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Abstract 43 

 44 

Introduction: A concussion is a trauma caused by the impact of the brain against the skull, which can result in 45 

minor injuries with significant physiological and psychological consequences. Symptoms observed include 46 

sleep disturbance, vertigo, headache, and photophobia. In the psychological context, perturbations are 47 

observed, such as, depression and anxiety and altered mood. Changes in attention, concentration, language, 48 

and executive function (EF), which can be divided into working memory, inhibitory control, and cognitive 49 

flexibility.  50 

Objective: The aim of this study was to investigate which executive functions are associated with concussions 51 

symptoms reported by mixed martial arts (MMA) athletes. 52 

Method: The Five Points Test and the Trail Making Test were used to evaluate cognitive flexibility. Inhibitory 53 

control, solving problem, and working memory were evaluated using the Stroop Test, the Tower of Hanoi, and 54 

Digit Span tasks, respectively. Self-reported concussion symptom history was assessed using the Sport 55 

Concussion Assessment Tool (SCAT); athletes reported post-concussion symptoms for early and later phases. 56 

Tests were administered to 16 professional MMA athletes. A stepwise multiple linear regression was 57 

calculated to predict combined concussion symptom history using EF test scores as the independent variables.  58 

Results: The Five Points Test, the Tower of Hanoi, and the Trail Making Tests were strongly related to 59 

concussion symptom history. The model explained 61.4% of the variance in symptom history. The strongest 60 

correlation between symptoms history and EF was with the Trail Making test (Part B). 61 

Conclusion: Frontal regions of the brain are responsible for cognitive flexibility and problem solving. Therefore, 62 

it makes sense that these executive functions are two of the most affected as MMA athletes receive a large 63 

number of impacts in this area. 64 

 65 

Key words: concussion; cognition; executive function; mixed martial arts; professional athlete 66 

67 
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Introduction 68 

 In the last few decades, many studies have investigated the neuropsychological consequences of brain 69 

concussions in contact sports, such as football (Omalu et al., 2005), soccer (Dias, Ávila, Rocha, Pinto, & Ribeiro, 70 

2014; Tarnutzer, Straumann, & Brugger, 2017), rugby (Hume et al., 2016), hockey (Renton, Howitt, & Marshall, 71 

2019), kickboxing (Melo & Filgueiras, 2018), and boxing (Förstl, Haass, Hemmer, Meyer, & Halle, 2010; Jamora 72 

et al., 2017; Payman, Yates, & Cullum, 2018; Shahid, Verma, & Youngblood, 2018). Despite growing interest in 73 

this area, little is known about the neuropsychological consequences experienced by mixed martial arts (MMA) 74 

athletes in terms of their executive functions, which are fundamental cognitive processes utilized in everyday 75 

living (Diamond, 2013). 76 

 Executive functions (EFs) are separated into two groups: low-order and high-order EFs. The low-order 77 

EFs, considered the main EFs, include inhibitory control, working memory, and cognitive flexibility. Inhibitory 78 

control refers to control of processes such as attention, emotion, and behavior. In other words, it is the ability 79 

to control automatic or impulsive responses. Working memory is related to the manipulation of relevant 80 

information stored in memory. Cognitive flexibility is the ability to alternate between different perspectives. 81 

The high-order EFs consist of planning and problem solving. Planning involves the identification and 82 

management of the steps and resources required to achieve a goal. As its name suggests, problem solving is 83 

the cognitive process related to the ability to find solutions to problems (Diamond, 2013; Friedman & Miyake, 84 

2017; Miyake & Friedman, 2012; Miyake et al., 2000; Morris & Ward, 2005; Nowrangi, Lyketsos, Rao, & Munro, 85 

2014; Barbey, Colom, & Grafman, 2013; Newman, Carpenter, Varma, & Just, 2003). Another important aspect 86 

of cognition is processing speed, which is related to ability to perform cognitive tasks quickly and fluently. A 87 

fast processing speed enables more resources to be available to further evaluate information (Primi & Nakano, 88 

2015; Clay et al, 2019; Tourva, Spanoudis, & Demetriov, 201; Salthouse, 1996; Gorman et al., 2016).  89 

 A concussion is a trauma resulting from an impact to the head or any other part of the body where the 90 

shock rattles the brain against the skull (Dias et al., 2014). This reverberation can be understood as abrupt 91 
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acceleration and deceleration of the brain (Förstl et al., 2010; Ianof et al., 2014) perturbing brain cells (Omalu 92 

et al., 2005) and resulting in damaging physiological and psychological consequences. Psychophysiological 93 

consequences include sleep disturbance, photophobia, headache, and vertigo (Dias et al., 2014; Ellis, Leddy, & 94 

Willer, 2015; Ianof et al., 2014; Leddy, Baker, Haider, Hinds, & Willer, 2017). It is important to highlight that 95 

although loss of consciousness is frequently associated with concussions, it is not always a consequence of 96 

brain trauma (Dias et al., 2014). Additional psychological manifestations of concussion are: onset of depression 97 

and anxiety, and changes in general mood, attention, concentration, language, and executive function (Ellis et 98 

al., 2015; Melo & Filgueiras, 2018; Melo et al., 2018; Mez et al., 2017; Moore et al., 2016). 99 

 Outside the context of sports, many studies (Lambregts et al., 2017; Whiting, Deane, Simpson, Mcleod, 100 

& Ciarrochi, 2017) have shown a relationship between concussions and poor performance on 101 

neuropsychological tests, as well as the development of mood disorder symptoms. Kaup et al. (2019) 102 

conducted a study with retired military veterans to compare the neuropsychological profile of those who 103 

suffered brain trauma and needed medical attention versus those who did not suffer significant trauma. The 104 

results showed that veterans who suffered brain trauma were more likely to develop symptoms of depression 105 

and substance abuse, in addition to presenting a deficit in processing speed and executive function. Kochhann 106 

and Zimmermann (2014) conducted a study of 81 hospital patients with brain trauma, ages 18 to 72, finding 107 

that this damage was associated with inhibitory control deficits. Pereira et al. (2016) observed similar results 108 

in a study of 96 adults who suffered mild or severe brain trauma. The greater the severity of trauma, the more 109 

cognitive deficits appeared. Specifically, deficits in inhibitory control, episodic memory, initiation, and verbal 110 

planning were observed. 111 

 In context of sport, Omalu and colleagues (2005) were among the first to document a case of a retired 112 

professional American football player who displayed neurodegenerative changes because of brain trauma. 113 

This case included symptoms of Parkinson’s disease, mood disorders, difficulties with memory, and impaired 114 

judgement. Subsequently, Omalu, Bailes, Hammers, and Fitzsimmons (2010) studied five cases of retired 115 
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American football players who committed or attempted suicide, where head trauma was identified as a risk 116 

factor. This association was also observed by Abreu, Cromartie, and Spradley (2016). Mez and colleagues 117 

(2017) studied 202 donated brains, including 111 brains of former National Football League (NFL) players. In 118 

line with other studies (Abreu, Cromartie, & Spradley, 2016; Montenigro et al., 2017; Omalu, Bailes, Hammers, 119 

& Fitzsimmons, 2010; Omalu et al., 2005; Aaron M Yengo-kahn, Johnson, Zuckerman, & Solomon, 2016), they 120 

found a relationship between brain trauma and psychological changes. These included onset of anxiety, 121 

depression and mood disorders, incidences of outbursts and violent behavior, as well as disorders involving 122 

language, memory, attention and executive function. 123 

 Such findings are not limited to American football, but are evident in almost all sports with forceful 124 

physical contact. For instance, Dias and colleagues (2014) reported a concussion case in soccer where the 125 

athlete presented with symptoms of dysarthria, severe headache and amnesia, but fortunately returning to 126 

practice after short-term symptoms resolved. Ling et al. (2017) described cases of retired soccer players who 127 

reported symptoms of anxiety, depression, irritability, memory disorder, and impulsivity following a 128 

concussion. In these cases, athletes also developed dementia associated with the brain trauma. 129 

 In boxing, a study showed that out of the 291 injuries sustained during championships 48% were 130 

concussions (Payman et al., 2018). In addition to cognitive, mood, and behavioral disorders, the incidence of 131 

brain trauma can lead an athlete to die in the ring (Förstl et al., 2010) or develop serious medical conditions.  132 

Payman et al. (2018) reported cases of dementia in retired boxers that were probably caused by distal factors 133 

related to concussion (such as alcohol and family history). Shahid et al. (2018) reported a case of a previously 134 

healthy amateur boxer who developed diabetes insipidus shortly after suffering a concussion. Jamora et al. 135 

(2017) collected data from seventeen retired boxers and observed a relationship between the number of 136 

concussions suffered and the onset of Parkinson's symptoms. Additionally, in kickboxing, a boxing variant, 137 

Melo and Filgueiras (2018) found a relationship between symptoms of depression and concussions. 138 
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 Out of all the combat sports, MMA presents a higher number of matches that are interrupted due to 139 

concussions, the most reported injury (Buse, 2006; García & Malcolm, 2010; Oliveira, 2013). MMA, also known 140 

as extreme fighting, cage fighting, and “no holds barred” sport fighting, can trace its roots to around 648 BC, 141 

if not earlier. It combines techniques of different martial arts: boxing, karate, judo, kung-fu, taekwondo, jiu-142 

jitsu, and others. The fight is decided by a knockout or submission, and the techniques that are more effective 143 

for securing victory also frequently cause concussion in the opponent (Buse, 2006; Jensen, Maciel, Petrigliano, 144 

Rodriguez, & Brooks, 2017; Lystad, Gregory, & Wilson, 2014; Oliveira, 2013; Rainey, 2009; Slowey, Maw, & 145 

Furyk, 2012). 146 

 The repeated experience of concussion in MMA (Curran-sills & Abedin, 2018, Hutchison, Lawrence, 147 

Cusimano, & Schwizer, 2014) can be especially dangerous for the neurological health of an athlete. However, 148 

there is evidence that even with a single concussion there is a risk of progressive brain changes over a short 149 

period of time (Mayer et al., 2015, 2017). As with studies in American football, soccer and boxing, research in 150 

MMA has pointed to an association between brain trauma and declining processing speed, memory, inhibitory 151 

control, and attention (Banks et al., 2014; Bernick et al., 2015; Hubbard et al., 2018; Lockwood, Frape, Lin, & 152 

Ackery, 2018; Mayer et al., 2015, 2017). For instance, Lim, Ho, and Ho (2019) reported the case of a former 153 

MMA athlete who arrived at a clinic in 2010 with complaints of memory and concentration difficulties. This 154 

male MMA athlete, age 40, fought MMA for 10 years and was an instructor for 5 years. Concussion episodes 155 

were recurrent during his time in the sport. During physical examination, he presented with hand tremors and 156 

coordination problems. An MRI showed slight asymmetry in his parahippocampal structures. The patient 157 

reported increased irritability, distraction, and fatigue. In addition, the patient reported difficulties in 158 

maintaining employment due to memory and concentration problems. Indeed, a neuropsychological 159 

assessment identified a deficit in working memory. Years later, a follow-up neuropsychological assessment 160 

showed a progressive decline in attention, memory, and executive functions. Such studies reveal the 161 
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complexity of effects of single versus multiple exposure to brain trauma, along with short-term and long-term 162 

effects to executive functions. 163 

 Although these findings highlight that MMA athletes experience a high incidence of concussions and 164 

suffer the consequence of neuropsychological impairment, there remains a limited number of studies that  165 

investigate the specific cognitive effects of concussion in this sport. Thus, the aim of this study was to 166 

investigate which executive functions are associated with concussion-related symptoms in professional MMA 167 

athletes.  168 

 169 

Methods 170 

Participants 171 

 This study consisted of a convenience sample of 16 male professional MMA athletes between the ages 172 

of 21 and 34 years old (M = 26.19; SD = 4.3). Their education ranged from 9 to 16 years (M = 11.81; SD = 2), 173 

and each athlete participated in at least three national or international matches. The athlete’s tenure in 174 

combat sports varied between 3 and 21 years (M = 7.87; SD = 5.18), and the numbers of fights varied between 175 

3 and 32 (M = 12.5; SD = 8.56). 176 

 177 

Instruments 178 

The Sport Concussion Assessment Tool (SCAT) was developed in 2004 at the Second International Conference 179 

on Concussion in Sport to evaluate concussions in sport in an objective and standardized way. SCAT accesses 180 

neurocognitive and neurological functions, as well as concussion symptoms including amnesia, loss of 181 

consciousness and other physiological and psychological changes (Yengo-kahn et al., 2016). The instrument is 182 

divided in three scales, two to assess symptoms of concussion (early and late symptoms) using a Likert scale 183 

(“0 – None” to “6 – Severe”) and one for medical evaluation by doctors and neuropsychologists. As the medical 184 

evaluation needs to be completed immediately following a concussion; however, the present study used only 185 
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the symptom scales, where athletes were asked to share their concussion symptoms history by using the 186 

prompt: “Please, respond about these symptoms for each instance you can recall that you were knocked down, 187 

felt drowsy, and/or had a loss of consciousness after a hit to your head”. The interview was conducted by a 188 

trained neuropsychologist who recorded the athlete’s responses according to the SCAT’s instructions. 189 

Although SCAT assesses the severity of symptoms after concussion, the present study used this instrument to 190 

assess the self-reported history of concussion symptoms, asking the athlete to recall all instances of head 191 

trauma suffered during sports practice. 192 

 193 

The Tower of Hanoi, an instrument with three pins and different sized disks, was used to measure problem 194 

solving ability (Brião & Campanholo, 2018). The test begins with a sequence of disks on the first pin with the 195 

objective being to move the disks to repeat the initial sequence on the last pin. The rules include only moving 196 

one disk at a time and not placing a larger disk on top of a smaller disk.  The time and number of movements 197 

to complete the sequence on the last pin are used to evaluate problem solving. The present study used five 198 

discs requiring a minimum of thirty-one movements to reach the final goal. In this study, only the time to 199 

complete the test was used as a score, not the number of movements, to measure the level of problem solving 200 

ability (Ahonniska, Ahoren, Aro, & Lyytinen, 2000). 201 

 202 

The Stroop Test was used to assess inhibitory control (Diamond, 2013; Friedman & Miyake, 2017b; Miyake & 203 

Friedman, 2012). It consists of displaying names of various colors, where the font color differs from the 204 

displayed color name. For example, the word "blue" is displayed in yellow font. Thus, the athlete had to select 205 

the option corresponding to the font color (yellow). Consequently, it is necessary to inhibit the impulse to 206 

select the option that corresponds to the displayed word in order to correctly select the option corresponding 207 

to the font color. An electronic version of the Stroop Test was used - the application Speed Color (Genesio, 208 

2014) in “time attack” mode. The app presented incongruent words at the top of screen and nine colored 209 
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squares at the bottom, where the athlete needed to select the square that corresponded to the font color. 210 

Athletes had 30 seconds to correctly match the incongruent words and colored squares. The wrong answers 211 

were subtracted from the number of correct answers to generate the final score.  212 

 213 

The Five Point Test is a nonverbal fluency test that assesses cognitive flexibility (Lopes-Silva, Starling-Alves, 214 

Moura, & Haase, 2017). It consists of drawing figures by connecting five points in a square, without lifting the 215 

pen from the paper and without intersecting back through a line that has already been drawn. The test has a 216 

total of forty squares. Athletes were instructed to make different figures in each square during a three-minute 217 

period. The score was calculated by subtracting the wrong answers from the correct answers. If a figure was 218 

repeated, the first appearance was counted as correct and the following appearance counted as incorrect.  219 

 220 

The Trail Making Test (TMT) was used to assess cognitive flexibility and processing speed (Salvador, Martins, 221 

Moura, & Haase, 2017; Moll, Oliveira-Souza, Moll, Bramati, & Andreioulo, 2002). The test is divided into part 222 

A and part B. Part A requires one to connect a sequence of numbers from one to 25 as quickly as possible, 223 

which assesses visual searching ability. Part B assesses cognitive flexibility and consists of alternating 224 

sequences of numbers and letters as quickly as possible. The Parker-O’Brien and Associates electronic version 225 

of the TMT was used (Parker-O’Brien and Associates, 2013a, 2013b). The score of the test was the time it took 226 

the athlete to complete each part of the TMT. 227 

 228 

The Forward- and Backward-digit Span Tasks were used to assess short-term memory and working memory, 229 

respectively (Diamond, 2013; Melo & Filgueiras, 2019). Forward-digit Span consists of repeating items in the 230 

order they were presented. Backward-digit Span, in contrast, consists of memorizing the items presented and 231 

repeating them in reverse order. Consequently, the Forward-digit Span only requires memorization of the 232 

presented items. Conversely, the Backward-digit Span requires the athlete to use working memory, as the 233 
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athlete has to memorize the items and mentally manipulate the information in order to repeat the items in 234 

the reverse order. An electronic version of the span tasks was used (UCLA, 2014). The score corresponds to 235 

the number of items that athletes could remember in eight rounds of testing. 236 

 237 

Procedure 238 

 Athletes were recruited from martial arts academies in Rio de Janeiro.  They received a free and 239 

informed consent form outlining the study objectives. Those who signed the consent form agreeing to 240 

participate in this study continued with assessments. This study was approved by the Ethics Committee of Rio 241 

de Janeiro State University. Participants completed a sociodemographic questionnaire. In order to answer the 242 

SCAT items, the participants were interviewed by one of the authors (RM) about all concussion episodes during 243 

MMA practice they could recall. Then participants performed each of the following EF tests. All data was 244 

collected in a single laboratory session. The test order was: 1) the Tower of Hanoi, 2) the electronic version of 245 

the Stroop test, 3) the Five Points Test, 4) the Trail Making Test (TMT), parts A and B, and 5) an electronic 246 

version of the Forward- and Backward-digit Span test.  247 

  248 

Data Analysis 249 

 The early- and late-phase symptoms of concussions were summed to generate the total self-reported 250 

concussion symptom history, which was the dependent variable. The executive function tests were the 251 

independent variables in a stepwise multiple linear regression analysis calculated using R data analysis 252 

software (R Package, Vienna, Austria). 253 

 254 

Results 255 

 Means and standard deviations were calculated for all demographic variables, including years of 256 

practice and the executive function tests, which are presented in Table 1. Normality of all variables was tested 257 
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using the Kolmogorov-Smirnov test, and no significant difference was found, leading to the assumption that 258 

the variables are normally distributed. 259 

--------------------------------------- 260 

INSERT TABLE 1 ABOUT HERE 261 

--------------------------------------- 262 

 The stepwise multiple linear regression showed a significant difference between the final model and 263 

the null hypothesis. The ANOVA statistics comparing the null hypothesis and the suggested output from the 264 

stepwise regression were F(5,10)=5.767; p<0.001; f²=1.591; power=0.772. According to the effect size rule 265 

established in Aguinis et al. (2005), a f²≥0.35 means high effect and power≥0.80 is an adequate power of the 266 

test. The ANOVA of the multiple linear regression presented a high effect with moderate power. However, the 267 

smallest sample size in the literature to reach the acceptable power of 80% was 17 participants, one less than 268 

this study’s sample size. The coefficient of determination of the model revealed high levels of explained 269 

variance (r²=0.614). The intercept and the coefficients of stepwise regression for each variable included in the 270 

model are depicted in Table 2. The EF tests associated with history of concussion were the 5 Points tests (both 271 

p < .001, the Tower of Hanoi test (p = .022), and the Trail Making Tests (Parts A and B; p = .017 and <.001, 272 

respectively). The Stroop test and the Forward- and Backward-digit Span tests did not predict self-reported 273 

concussion symptom history.  274 

 275 

--------------------------------------- 276 

INSERT TABLE 2 ABOUT HERE 277 

--------------------------------------- 278 

 279 

 280 

 281 
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Discussion 282 

 In the present study, we aimed to understand which facets of executive function would be associated 283 

with concussion symptoms in MMA athletes. For this, we calculated self-reported concussion symptom history 284 

by summing the early and late symptoms scores of SCAT, which was the dependent variable. The executive 285 

function tests were the predictor variables. We also examined whether length of practice and the age of 286 

athlete (both in years) were related to symptom history. According to the present results, symptom history is 287 

tightly associated with the scores from the Tower of Hanoi, the Trail Making Test parts A and B, and the 5 288 

Points Test. The Stroop test and the Forward- and Backward-digit Span tests did not predict concussion 289 

symptom history. This means that the executive functions most affected by brain trauma suffered during MMA 290 

practice are problem solving (Brião & Campanholo, 2018), processing speed (Salvador et al., 2017), and 291 

cognitive flexibility (Lopes-Silva et al., 2017; Salvador et al., 2017), respectively.  292 

The literature shows evidence of a strong association between concussions and deficits in executive 293 

function, in and out of the context of sport (Ling et al., 2017; Pereira et al., 2016; Tarnutzer et al., 2017). 294 

Consistent with our results, Moore et al. (2016) found a relationship between concussions and low problem 295 

solving ability, in addition to a deficit in inhibitory control in children who retired from sport training due to 296 

head trauma. Another finding in sport is from Lim et al. (2019), they identified progressive cognitive 297 

impairments in a former MMA athlete. This former MMA athlete had poor performance in a processing speed 298 

task, in addition to deficits in memory, planning, and attention. Hume et al. (2016) found similar results when 299 

investigating the impact of prior concussions on cognition. They compared groups of former elite rugby 300 

athletes with former non-contact sport athletes. The results showed that the group with concussion history 301 

had the worse performance in processing speed and cognitive flexibility, measured by the CNS-VS test battery.  302 

 Outside of sport, Whiting et al.(2017) investigated cognition after a brain trauma. Results showed that 303 

people who suffered from concussions presented deficits in cognitive flexibility. Kaup et al. (2019) investigated 304 

the cognition of older military veterans with concussion history. These veterans presented a significant deficit 305 
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in processing speed when compared to older veterans without concussion history. A study conducted by 306 

Lambregts et al. (2017) found that a number of participants with head injury presented with deficits in 307 

processing speed, inhibitory control, cognitive flexibility, and memory.   308 

 309 

Significance of executive functions 310 

 Given that executive functions are fundamental skills in everyday life (Diamond, 2013), deficits in 311 

executive function can negatively affect the ability to do daily tasks and even interpersonal relationships. This 312 

is because thoughts and attitudes, such as each new situation, require good management of cognitive skills. 313 

Each executive function has an important purpose in our lives.  314 

 Inhibitory control is the ability to inhibit automatic or impulsive reactions, allowing one to maintain 315 

focus and concentration (Miyake et al., 2000). It also gives one the ability to control one’s thoughts, feelings 316 

and behaviors which allows one to choose how and when to act (Diamond, 2013). There are different types of 317 

inhibitory control: inhibitory control of attention, cognitive inhibition, and self-control. Inhibitory control of 318 

attention is what allows one to focus only on what one chooses or needs, blocking out any other stimuli 319 

(Miyake et al., 2000; Diamond, 2013). During a fight, MMA athletes need a high level of concentration to avoid 320 

the opponent's blows and thus reducing the risk of injury, especially head injury. Therefore, it is necessary to 321 

silence the surrounding stimuli (audience noise, narrators, etc.) using inhibitory control of attention that allows 322 

one to focus on only what is needed.  323 

 Cognitive inhibition is related to regulating unpleasant memory or thoughts, as well as blocking out 324 

previous knowledge that may interfere with the acquisition of new information. Self-control involves having 325 

discipline to perform tasks, even if they are boring tasks or there are distractions. In addition, self-control is 326 

related to resisting temptation (e.g., not eating sweets when on a restricted diet) and postponing gratifications 327 

for a greater reward (e.g., postponing a moment of leisure to train for a fight; Diamond, 2013). 328 
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 Working memory involves monitoring and coding information by relevance according to the task to be 329 

performed. In one’s working memory, information is stored and worked gradually. It allows individuals to 330 

mentally manipulate information even when stimuli are unfamiliar. In addition, any mathematical operation 331 

that is completed mentally requires the use of working memory. The same is true when one thinks of a to-do 332 

list, when one translates something, or when one needs to connect information to reach a conclusion. Working 333 

memory differs from short-term memory because short-term memory only stores information for a period of 334 

time and working memory mentally manipulates information received (Diamond, 2013; Miyake et al., 2000).  335 

 Cognitive flexibility refers to the ability to switch between spatial or interpersonal perspectives, 336 

alternating tasks, mental sets, or calculations. It is strongly related to inhibitory control and working memory 337 

as changing perspective requires inhibiting prior knowledge in order to be open to new information and to 338 

mentally work with it. Another aspect of cognitive flexibility is related to viewing things from various 339 

perspectives, considering possible alternatives for accomplishing something. In addition, it is also associated 340 

with being flexible to meet demands and admitting when one makes a mistake (Diamond, 2013; Miyake et al., 341 

2000). In the study by Whiting et al. (2017), they found that cognitive flexibility was impaired due to brain 342 

trauma in addition to a deficit that implies poor problem solving ability.  343 

 Regarding high-order executive functions, problem solving can be understood as an interaction 344 

between the subject and the environmental demands, which requires a mental representation of a problem 345 

and an outline of the necessary steps to solve it. An outline of ways to reach a goal refers to another cognitive 346 

skill: planning (Morris & Ward, 2005; Primi & Nakano, 2015). Working memory seems to directly imply the 347 

ability to plan as it is necessary not only to access information contained in memory, but also managing this 348 

information to reach an effective solution (Morris & Ward, 2005; Primi & Nakano, 2015).  349 

 Processing speed, another important aspect of cognition, is a skill related to how quickly an individual 350 

processes various types of information. It is considered essential for the performance of other cognitive skills, 351 

especially working memory, due to its relationship with stimulus processing time. Thus, a deficit in processing 352 
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speed could suggest poor performance in other cognitive functions (Clay et al, 2019; Tourva, Spanoudis, & 353 

Demetriov, 201; Salthouse, 1996; Gorman et al, 2016).  354 

 355 

Neurophysiological implications 356 

 The brain works through intricate neural connections that facilitate interaction between different brain 357 

regions (Zanto & Gazzaley, 2013; Cole et al., 2013). Neuroimaging studies show the regions most associated 358 

with executive functions are the frontal, parietal and cerebellar lobes (Nowrangi et al., 2014). During training 359 

and fights, MMA athletes receive several blows to the head, especially in the most frontal and lateral regions 360 

of the head (Jensen et al., 2017; Hutchison et al., 2014). The relationship found in this study between 361 

concussion symptoms and deficits in cognitive flexibility, processing speed, and problem solving may possibly 362 

be due to damage to specific brain regions. In a study by Moll and colleagues (2002), a strong association was 363 

found between the prefrontal cortex and cognitive flexibility. The study was conducted using fMRI during 364 

completion of the TMT test. Data indicated substantial activation of the prefrontal, dorsolateral, and medial 365 

cortices; areas having important influences on cognitive flexibility. Activation of the prefrontal cortex is also 366 

associated with processing speed (Barbey et al., 2015; Whiting et al., 2017) and problem solving (Newman et 367 

al., 2003).  368 

 369 

Long-term exposure to head trauma in MMA 370 

 No relationship was found between years of sport practice and the concussion history.  This differs 371 

from the literature that highlights a significant relationship between these variables. Melo and Filgueiras 372 

(2018) found a relationship between years of practice and concussion history when comparing amateur and 373 

elite kickboxers showing that the longer the athletic career, the greater the concussion history. Similarly, 374 

Renton, Howitt and Marshall (2019) conducted a study with hockey players, where a significant relationship 375 
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was found between years of practice and concussion history. The explanation for this finding is that athletes 376 

with longer athletic careers would have more exposure to the risk of concussion.  377 

 There are four possible hypotheses to explain why the results about years of practice differ from the 378 

literature. The first hypothesis considers the number of hours of practice per week. Second, the participants 379 

may have been able to develop an ability to avoid blows to the head, unlike athletes from other close contact 380 

sports, like hockey (Renton, Howitt, & Marshall, 2019). Certainly, a key objective of MMA is to avoid head 381 

traumas that could lead to a knockout. The third hypothesis relates to the ceiling effect, as the sample only 382 

consisted of elite athletes, all at the same level of technical ability, which was in contrast to previous findings. 383 

For instance, the sample from Melo and Filgueiras (2018) included both elite and amateur kickboxers. The 384 

fourth hypothesis is that the sample size was not adequately powered to find results consistent with the 385 

literature.  386 

 387 

Limitations and future research 388 

 One limitation of the present study is that data were cross-sectional, being collected all in one day. In 389 

the literature, there is a lack of longitudinal studies on MMA athletes investigating the long-term risks of 390 

concussions. Another limitation is the sample of the present study. Our sample included 16 athletes, a quantity 391 

that is not representative of the population. We also did not include a comparison group of age-matched 392 

controls, which might inform about any effects of aging. Therefore, further studies are needed to investigate 393 

the consequences of concussions on the executive functions of MMA athletes and how these develop over 394 

time. 395 

 396 

Conclusion 397 

 In recent decades, studies on concussion in sport have gained increased visibility because these injuries 398 

result in the development of neuropsychological deficits, and they are also associated with increased risk of 399 
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death due to severe brain trauma. Our findings suggest that due to the high incidence of concussions, MMA 400 

athletes tend to suffer deficits in executive function. More specifically, the executive functions most associated 401 

with concussion symptoms were cognitive flexibility, processing speed, and problem solving. This finding is in 402 

line with previous studies that have investigated the consequences of concussion on executive function in and 403 

out of sports. MMA does not appear to be different from boxing in terms of neuropsychological risks for 404 

athletes, as concussions can result in the development of dementia and depression symptoms. Therefore, 405 

careful monitoring of important indices of executive function in mixed martials arts may be important for both 406 

athletic success, health, and vitality both in the short-term and long-term – even well after retirement. 407 

 408 

Acknowledgements 409 

None 410 

 411 

Funding 412 

None 413 

 414 

References 415 

 416 

Abreu, M. A., Cromartie, F. J., & Spradley, B. D. (2016). Chronic Traumatic Encephalopathy ( CTE ) and Former 417 

National Football League Player Suicides. 1–8. 418 

Aguinis, H., Beaty, J. C., Boik, R. J., & Pierce, C. A. (2005). Effect size and power in assessing moderating 419 

effects of categorical variables using multiple regression: a 30-year review. Journal of Applied 420 

Psychology, 90(1). 421 

Ahonniska, J., Ahoren, T., Aro, T., & Lyytinen, H. (2000). Suggestions for revised scoring of the Tower of Hanoi 422 

test. Assessment, 7(3), 311–320. 423 

Banks, S. J., Mayer, B., Obuchowski, N., Shin, W., Lowe, M., Phillips, M., … Bernick, C. (2014). Professional 424 

Fighters. 44–50. 425 

Barbey, A. K., Colom, R., & Grafman, J. (2013). Architecture of cognitive flexibility revealed 426 

 by lesion mapping. Neuroimage, 82, 547–554. doi:10.1016/j.neuroimage.2013.05.087 427 

Bernick, C., Banks, S. J., Shin, W., Obuchowski, N., Butler, S., Noback, M., … Modic, M. (2015). Repeated head 428 

trauma is associated with smaller thalamic volumes and slower processing speed : the Professional 429 

Fighters ’ Brain Health Study. 1007–1011. https://doi.org/10.1136/bjsports-2014-093877 430 



Executive function and concussion symptoms      18 
 

Brião, G. J., & Campanholo, K. R. (2018). Funções Executivas. In E. C. Miotto, K. R. Campanholo, V. T. Serrao, 431 

& B. T. Trevisan (Eds.), Manual de avaliação neuropsicológica: A prática da testagem cognitiva. São 432 

Paulo: Memnon. 433 

Buse, G. J. (2006). No holds barred sport fighting: A 10 year review of mixed martial arts competition. British 434 

Journal of Sports Medicine, 40(2), 169–172. https://doi.org/10.1136/bjsm.2005.021295 435 

Cole, M. W., Reynolds, J. R., Power, J. D., Repovs, G., Anticevic, A., & Braver, T. S. (2013). Multi-task 436 

connectivity reveals flexible hubs for adaptive task control. Nature Neuroscience, 16(9), 1348-1355. 437 

https://doi.org/10.1038/nn.3470 438 

Curran-sills, G., & Abedin, T. (2018). Risk factors associated with injury and concussion in sanctioned amateur 439 

and professional mixed martial arts bouts in. 1–8. https://doi.org/10.1136/bmjsem-2018-000348 440 

Diamond, A. (2013). Executive Funtions. Annual Reviews Psychology, 64, 135–168. 441 

https://doi.org/10.1146/annurev-psych-113011-143750 442 

Dias, A., Ávila, D. V., Rocha, F. L., Pinto, F. L., & Ribeiro, B. (2014). Concussão cerebral num jogador de futebol 443 

profissional. Revista de Medicina Desportiva, 5(1), 4–6. 444 

Ellis, M. J., Leddy, J. J., & Willer, B. (2015). Physiological, vestibulo-ocular and cervicogenic post-concussion 445 

disorders: An evidence-based classification system with directions for treatment. Brain Injury, 29(2), 446 

238–248. https://doi.org/10.3109/02699052.2014.965207 447 

Förstl, H., Haass, C., Hemmer, B., Meyer, B., & Halle, M. (2010). Boxing—Acute Complications and Late 448 

Sequelae: From Concussion to Dementia. Deutsches Arzteblatt, 107(47), 835–839. 449 

https://doi.org/10.3238/arztebl.2010.0835 450 

Friedman, N. P., & Miyake, A. (2017a). Unity and diversity of executive functions: Individual differences as a 451 

window on cognitive structure. CORTEX, 86, 186–204. https://doi.org/10.1016/j.cortex.2016.04.023 452 

Friedman, N. P., & Miyake, A. (2017b). Unity and diversity of executive functions: Individual differences as a 453 

window on cognitive structure. Cortex, 86, 186–204. https://doi.org/10.1016/j.cortex.2016.04.023 454 

García, R. S., & Malcolm, D. (2010). Decivilizing, civilizing or informalizing? the international development of 455 

mixed martial arts. International Review for the Sociology of Sport, 45(1), 39–58. 456 

https://doi.org/10.1177/1012690209352392 457 

Genesio. (2014). Speed Color Stroop. App Device. 458 

Hubbard, R., Stringer, G., Peterson, K., Roberto, M., Vaz, F., Finnoff, J. T., … Vaz, F. (2018). The King-Devick 459 

test in mixed martial arts : the immediate consequences of knock-outs , technical knock-outs , and 460 

chokes on brain functions. Brain Injury, 00(00), 1–6. https://doi.org/10.1080/02699052.2018.1553068 461 

Hume, P. A., Theadom, A., Lewis, G. N., Quarrie, K. L., Brown, S. R., Hill, R., & Marshall, S. W. (2016). A 462 

Comparison of Cognitive Function in Former Rugby Union Players Compared with Former Non-Contact-463 

Sport Players and the Impact of Concussion History. Sports Medicine, 47(6), 1209–1220. 464 

https://doi.org/10.1007/s40279-016-0608-8 465 

Hutchison, M. G., Lawrence, D. W., Cusimano, M. D., Schweizer, T. A. (2014). Head trauma in mixed martial 466 

arts. The American Journal of Sports Medicine, 42(6), 1352-1358. 467 

https://doi.org/10.1177/0363546514526151 468 

Ianof, J. N., Freire, F. R., Tomé, V., Calado, G., Lacerda, J. R., Coelho, F., … Anghinah, R. (2014). Sport-related 469 

concussions. 8(1), 14–19. 470 

Jamora, R. D. G., Shu, L. L. S., Paz, C., Dioquino, C., Ann, P., Canto, D., & Cenina, A. R. F. (2017). Parkinsonism 471 

among retired Filipino boxers. Basal Ganglia, 10(July), 1–3. https://doi.org/10.1016/j.baga.2017.07.001 472 

Jensen, A. R., Maciel, R. C., Petrigliano, F. A., Rodriguez, J. P., & Brooks, A. G. (2017). Injuries Sustained by the 473 

Mixed Martial Arts Athlete. 90404. https://doi.org/10.1177/1941738116664860 474 

Kaup, A. R., Peltz, C., Kenney, K., Kramer, J. H., Diaz-arrastia, R., & Yaffe, K. (2019). Neuropsychological Profile 475 

of Lifetime Traumatic Brain Injury in Older Veterans. 23, 56–64. 476 

https://doi.org/10.1017/S1355617716000849 477 



Executive function and concussion symptoms      19 
 

Kochhann, R., Pereira, N., Branco, L. D., Cotrena, C., Holz, M. R., Zimmermann, N., & Fonseca, R. P. (2014). 478 

Déficits Primários e Secundários de Funções Executivas Pós-TCE : análise de dissociações. Interação 479 

Psicológica, 18(3), 309–317. 480 

Lambregts, S. A. M., Smetsers, J. E. M., Verhoeven, I. <. A. J., Kloet, A. J., Van de Port, I. G. L., & Catsman-481 

Berrevoets, C. E. (2017). Cognitive function and participation in children and youth with mild traumatic 482 

brain injury two years after injury. Brain Injury, 32(2), 1–12. 483 

https://doi.org/10.1080/02699052.2017.1406990 484 

Leddy, J., Baker, J. G., Haider, M. N., Hinds, A., & Willer, B. (2017). A physiological approach to prolonged 485 

recovery from sport-related concussion. Journal of Athletic Training, 52(3), 299–308. 486 

https://doi.org/10.4085/1062-6050-51.11.08 487 

Lim, L. J. H., Ho, R. C. M., & Ho, C. S. H. (2019). Dangers of Mixed Martial Arts in the Development of Chronic 488 

Traumatic Encephalopathy. Int. J. Environ. Res. Public Health, 16(254), 1–8. 489 

https://doi.org/10.3390/ijerph16020254 490 

Ling, H., Morris, H. R., Neal, J. W., Lees, A. J., Hardy, J., Holton, J. L., … Williams, D. D. R. (2017). Mixed 491 

pathologies including chronic traumatic encephalopathy account for dementia in retired association 492 

football (soccer) players. Acta Neuropathologica, 133(3), 337–352. https://doi.org/10.1007/s00401-017-493 

1680-3 494 

Lockwood, J., Frape, L., Lin, S., & Ackery, A. (2018). Traumatic brain injuries in mixed martial arts : A 495 

systematic review. 20(4), 245–254. https://doi.org/10.1177/1460408617740902 496 

Lopes-Silva, J. B., Starling-Alves, I., Moura, R., & Haase, V. G. (2017). Fluência de desenhos: teste dos cinco 497 

pontos. In Compêndio de testes neuropsicológicos: Atenção, funções executivas e memória (2nd ed.). 498 

São Paulo: Hogrefe. 499 

Lystad, R. P., Gregory, K., & Wilson, J. (2014). The epidemiology of injuries in mixed martial arts: A systematic 500 

review and meta-analysis. Orthopaedic Journal of Sports Medicine, 2(1). 501 

https://doi.org/10.1177/2325967113518492 502 

Mayer, A. R., Ling, J. M., Dodd, A. B., Gasparovic, C., Klimaj, S. D., & Meier, T. B. (2015). A Longitudinal 503 

Assessment of Structural and Chemical Alterations in Mixed Martial Arts Fighters. Journal of 504 

Neurotrauma, 32(22), 1–46. https://doi.org/10.1089/neu.2014.3833 505 

Mayer, A. R., Ling, J. M., Dodd, A. B., Meier, T. B., Hanlon, F. M., & Klimaj, S. D. (2017). A prospective 506 

microstructure imaging study in mixed-martial artists using geometric measures and diffusion tensor 507 

imaging: methods and findings. Brain Imaging and Behavior, 11(3), 698–711. 508 

https://doi.org/10.1007/s11682-016-9546-1 509 

Melo, G. F., & Filgueiras, A. (2019). Métodos quantitativos de avaliação psicológica na Psicologia do Esporte. 510 

In E. Conde, A. Filgueiras, L. Angelo, A. Pereira, & C. Carvalho (Eds.), Psicologia do Esporte e do Exercício: 511 

Modelos Teóricos, Pesquisa e Intervenção. São Paulo: Pasavento. 512 

Melo, R., & Filgueiras, A. (2018). Do Depression , Concussion Frequency and Symptoms differ Between Elite 513 

Kickboxers and Amateur Athletes ? Journal of Cognitive Neuropsychology, 2(1). 514 

Melo, R., Ribeiro, P. S., Lacerda, A., Habib, L. R., Landeira-Fernandez, J., & Filgueiras, A. (2018). Last decade of 515 

research in depression and concussion among athletes: a systematic review. Revista Brasileira de 516 

Psicologia Do Esporte, 7(2), 1–12. https://doi.org/10.31501/rbpe.v7i2.8806 517 

Mez, J., Daneshvar, D. H., Kiernan, P. T., Abdolmohammadi, B., Alvarez, V. E., Huber, B. R., … Mckee, A. C. 518 

(2017). Clinicopathological Evaluation of Chronic Traumatic Encephalopathy in Players of American 519 

Football. 02118(4), 360–370. https://doi.org/10.1001/jama.2017.8334 520 

Miyake, A., & Friedman, N. P. (2012). The nature and organization of individual differences in executive 521 

functions: Four general conclusions. Current Directions in Psychological Science, 21(1), 8–14. 522 

https://doi.org/10.1177/0963721411429458 523 

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T. D. (2000). The Unity and 524 



Executive function and concussion symptoms      20 
 

Diversity of Executive Functions and Their Contributions to Complex “Frontal Lobe” Tasks: A Latent 525 

Variable Analysis. Cognitive Psychology, 41(1), 49–100. https://doi.org/10.1006/cogp.1999.0734 526 

Moll, V., Oliveira-Souza, R., Moll, F. T., Bramati, I. E., & Andreioulo, P. A. (2002). The cerebral correlates of 527 

set-shifting: na fMRI study of the trail making test. Arq Neuropsiquiatr, 60(4), 900-905. 528 

Montenigro, P. H., Alosco, M. L., Martin, B. M., Daneshvar, D. H., Mez, M., Chaisson, C. E., … Tripodis, Y. 529 

(2017). Cumulative Head Impact Exposure Predicts Later-Life Depression, Apathy, Executive Dysfunction, 530 

and Cognitive Impairment in Former High School and College Football Players Philip. 340, 328–340. 531 

https://doi.org/10.1089/neu.2016.4413 532 

Moore, D. R., Pindus, D. M., Raine, L. B., Drollette, E. S., Scudder, M. R., Ellemberg, D., & Hillman, C. H. 533 

(2016). The persistent influence of concussion on attention, executive control and neuroelectric 534 

function in preadolescent children. International Journal of Psychophysiology, 99, 85–95. 535 

https://doi.org/10.1016/j.ijpsycho.2015.11.010 536 

Newman, S. D., Carpenter, P. A., Varma, S., & Just, M. A. (2003). Frontal and parietal participation in problem 537 

solving in the Tower of London: fMRI and computational modeling of planning and high-level 538 

perception. Neuropsychologia, 41, 1668-1682. https://doi.org/10.1016/S0028-3932(03)00091-5 539 

Nowrangi, M. A., Lyketsos, C., Rao, V., & Munro, C. A. (2014). Systematic review of neuroimaging correlates 540 

of executive functioning: converging evidence from different clinical populations. J Neuropsychiatry Clin 541 

Neurosci, 26(2), 114-125. 542 

Oliveira, S. N. De. (2013). Principais lesões nas artes marciais mistas ( MMA ). (May). 543 

Omalu, B. I., Bailes, J., Hammers, J. L., & Fitzsimmons, R. P. (2010). Chronic Traumatic Encephalopathy, 544 

Suicides and Parasuicides in Professional American Athletes. 31(2), 130–132. 545 

https://doi.org/10.1097/PAF.0b013e3181ca7f35 546 

Omalu, B. I., DeKosky, S. T., Minster, R. L., Kamboh, M. I., Hamilton, R. L., & Wecht, C. H. (2005). Chronic 547 

traumatic encephalopathy in a National Football League player. Neurosurgery, 57(1), 128–133. 548 

https://doi.org/10.1227/01.NEU.0000163407.92769.ED 549 

Parker-O’Brien and Associates. (2013a). Trail Making Test A. Retrieved from http://itunes.apple.com. 550 

Parker-O’Brien and Associates. (2013b). Trail Making Test B. Retrieved from http://itunes.apple.com. 551 

Payman, V., Yates, S., & Cullum, S. (2018). Early onset dementia in New Zealand Paci c boxers : a case series. 552 

N Z Med J, 131(1474), 20–27. 553 

Pereira, N., Holz, M., Pereira, A. H., Bresolin, A. P., Zimmermann, N., & Fonseca, R. P. (2016). Frequency of 554 

Neuropsychological Deficits After Traumatic Brain Injury. Acta Colombiana de Psicología, 19(2), 127–555 

137. https://doi.org/10.14718/ACP.2016.19.2.6 556 

Primi, R., & Nakano, T. C. (2015). Inteligência. In F. H. Santos, V. M. Andrade, & O. F. A. Bueno (Eds.), 557 

Neuropsicologia hoje (2nd ed.). Porto Alegre: Artmed. 558 

Rainey, C. E. (2009). Determining the prevalence and assessing the severity of injuries in mixed martial arts 559 

athletes. North American Journal of Sports Physical Therapy : NAJSPT, 4(4), 190–199. Retrieved from 560 

http://www.ncbi.nlm.nih.gov/pubmed/21509103%0Ahttp://www.pubmedcentral.nih.gov/articlerender561 

.fcgi?artid=PMC2953351 562 

Renton, T., Howitt, S., & Marshall, C. (2019). Lifetime prevalence of concussion among Canadian ice hockey 563 

players aged 10 to 25 years old , 2014 to 2017. 3194(C). 564 

Salvador, L. S., Martins, G. A., Moura, R., & Haase, V. G. (2017). Teste de Trilhas. In A. Júlio-Costa, R. Moura, 565 

& V. G. Haase (Eds.), Compêndio de testes neuropsicológicos: Atenção, funções executivas e memória 566 

(2nd ed.). São Paulo: Hogrefe. 567 

Shahid, M. H., Verma, A., & Youngblood, L. (2018). From Mechanical to Chemical : A Case of Diabetes 568 

Insipidus Induced by Concussive Brain. The American Journal of Medicine, 131(7), e293–e294. 569 

https://doi.org/10.1016/j.amjmed.2018.02.027 570 

Slowey, M., Maw, G., & Furyk, J. (2012). Case report on vertebral artery dissection in mixed martial arts. EMA 571 



Executive function and concussion symptoms      21 
 

- Emergency Medicine Australasia, 24(2), 203–206. https://doi.org/10.1111/j.1742-6723.2011.01496.x 572 

Tarnutzer, A. A., Straumann, D., & Brugger, P. (2017). Persistent effects of playing football and associated ( 573 

subconcussive ) head trauma on brain structure and function : a systematic review of the literature. 574 

1592–1604. https://doi.org/10.1136/bjsports-2016-096593 575 

UCLA. (2014). Digit Span Test. Los Angeles: University of California: Retrived from 576 

https://www.appadvice.com/app/digit-span-test/834048597. 577 

Whiting, D. L., Deane, F. P., Simpson, G. K., Mcleod, H. J., & Ciarrochi, J. (2017). Cognitive and psychological 578 

flexibility after a traumatic brain injury and the implications for treatment in acceptance-based 579 

therapies : A conceptual review. Neuropsychological Rehabilitation, 27(2), 263–299. 580 

https://doi.org/10.1080/09602011.2015.1062115 581 

Yengo-kahn, A. M., Hale, A. T., Zalneraitis, B. H., Zuckerman, S. L., Sills, A. K., & Solomon, G. S. (2016). The 582 

Sport Concussion Assessment Tool: a systematic review. 40(4), 1–14. 583 

https://doi.org/10.3171/2016.1.FOCUS15611. 584 

Yengo-kahn, Aaron M, Johnson, D. J., Zuckerman, S. L., & Solomon, G. S. (2016). Concussions in the National 585 

Football League A Current Concepts Review. 801–811. https://doi.org/10.1177/0363546515580313 586 

 587 

 588 

 589 
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 591 

Table 1 Mean and standard deviation of demographic variables and executive functions tests. 592 

Variables Athletes (n=16) 

M SD 

Demographic Data   

 Age (y) 26.19 4.31 

 Education (y) 11.81 2.00 

 Years of Practice 7.88 5.19 

 Number of Fights 12.5 8.56 

 Total concussion symptom 
history 

36.69 23.39 

ExecutiveFunctioningTests   

 Tower of Hanoi 358.50 237.31 

 5 Points – Repeated 3.12 0.96 

 5 Points - Different 5.75 2.79 

 Foward-DigitSpan 6.31 1.01 

 Backward-DigitSpan 5.69 1.14 

 Trail Making Test – Part A 22.00 6.50 

 Trail Making Test – Part B 54.58 31.71 

 Stroop 19.25 6.17 

   593 

 594 

 595 

 596 

Table 2 Results of multiple linear regression to predict total concussion symptom history. 597 

  598 

Intercept and Coefficients of Regression 

Executive Functions Tests ẞ SE T-Test P 

5 Points – Repeated 14.283 4.949 2.886 0.001 

5 Points - Different 4.492 1.517 2.961 0.001 

Tower of Hanoi -0.023 0.018 -1.287 0.022 

Trail Making Test – Part A -0.927 0.632 -1.466 0.017 

Trail Making Test – Part B 0.604 0.144 4.179 <0.001 

Intercept -37.772    

Note: The Stroop Test and Forward- and Backward-digit Span tests 
were not significant and were dropped in the stepwise analysis. 
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