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        Abstract 

The results showed that the temperature of the incoming feed, the concentration of Amin 

used the height of the column of adsorption and desorption, and etc. are effective to reduce 

energy consumption and increase the retrieval amount of carbon dioxide. Background and 

goal: Amateur boxing has for a long time attracted athletes and boxing fans. But no accurate 

information exists regarding the neuropsychological complications of this sport. On this 

basis, the present study has compared the neuropsychological disorders of professional and 

amateur boxers. Methodology: Two groups of amateur boxers with identical sports 

background, height, weight and age, one of whom (N=20) had at least one year experience of 

national team membership and the other group (N=20) had no experience of national team 

membership, were compared with 40 non-athletic men. To understand mental disorder, 

physician interview was used. Then, the tests of Wisconsin, Bonardele, Bender-Gestalt, 

KARAD visual memory, Benton, and Wechsler’s memory scale (form 1) were performed in 

identical conditions. Findings: Compared with non-athletes, professional and amateur 

boxers had weaker performance in visual perception, visual memory, fundamental visual 

abilities and performance ( 0.05P  ). Furthermore, professional boxers had more critical 

neuropsychological consequences in visual memory, intelligence quotient, visual perception 

and fundamental visual abilities than amateur boxers ( 0.05P  ). Conclusion: It could be 

suggested that amateur boxing leads to neuropsychological disorders. However, boxers 

involved in national scale competition in this sport have more critical neuropsychological 

consequences than those with no experience of national team membership.  

           Keywords: Amateur boxing, Neuropsychological disorders, Professional boxer. 

 

Introduction 

        Risk of injury is an inseparable part of participation in recreational or organized sport activities. Although 

many people who take part in these sports never undergo head injuries, damage caused by blow to the head is 

the main reason for neurological disorders (Förstl et al., 2010; Cantu, 1998). In sport, head injury covers a range 

of mild damages from temporary consciousness disorder to severe injuries such as death (Teasdale & Engberg, 

2003). Mild brain damages caused by blow and are common in contact sports. Frequency of brain injuries varies 

depending on sport type and athlete’s age. A great majority of head injury statistics are not reported because 

they are essentially light and these injuries are not much noticed by the coach or even the athlete. But, boxing, 

soccer, ice-hockey and wrestling are considered among risky sports in terms of head blows and brain injuries. 

However, in boxing, brain and head injuries are reported to be more than any other sport (Förstl et al., 2010). 
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That is because among different sport activities, amateur boxing is a contact sport in which victory is achieved 

based on the number of blows inflicted successfully upon the opponent’s head and body (Purcell & Leblanc, 

2012). Thus, in some researchers in medical associations believe that athletes in this sport are subject to severe 

neurological injuries (Bianco et al., 2005; Toth et al., 2005). On this basis, physicians of the American Medical 

Association, American Academy of Pediatrics (Purcell & Leblanc, 2012;), Australian Medical Association 

(1997), British Medical Association (2009) and World Medical Association (2003) issued announcements 

regarding prohibition of taking part in amateur and professional boxing, especially for people under 18. 

However, consider side effects of this sport lower than other contact sports such as American football, rugby, 

ice-hockey, wrestling and soccer and believe that side effects of this sport is not more than other sports (Zazryn 

et al., 2008; Gambrell, 2007).  

        Explaining the mechanism of brain injury in boxing is complicated, because it depends on both direct glove 

blows on skull as well as instant motor response of brain and skull. Upon collision of blow to the skull, a 

transient acceleration is given to the head. Because of inertia, the skull moves faster than brain. Brain continues 

moving while the skull tends to stop (Walilko et al., 2005). Effects of blows hit to the head are in two 

categories: central and diagonal. In its central form, impact axis of the punch passes the skull’s center of gravity 

and results in a linear or transitional acceleration. In many blows, punch blow axis does not pass the skull’s 

center of gravity and therefore, leaves a diagonal effect which in turn results in combination of linear and rotary 

(angular) accelerations. Linear acceleration induces a pressure gradient in the brain which leads to central 

preliminary effects. However, rotary acceleration leads to greater movement of the brain than linear 

acceleration. In this regard, Waliko et al (2005) showed that Olympic boxers can inflict an average force of 

3427 newtons with the hand velocity of 9.14 m/s and rotary acceleration of 6343 radians per second squared on 

the opponent’s head. Considering that, a rotational acceleration of 4500 radians per second squared leads to 

traumatic brain injury (Ommaya et al., 2002). Such blows in boxing have signs that brain surgeons and 

neurologists consider them accountable for traumatic brain injury. Convulsion caused by brain trauma is not 

much popular in high-contact sports, but there is a significant relationship with slight head injuries. Typically 

these convulsions occur two seconds after physical shock, but are not simultaneous with damage in brain 

structure and their fate depends on cause of injury, position, severity, and neurologic domain. Lack of structural 

damage with long-term neuropsychological loss also shows their benign nature (Gambrell, 2007).  

        On the other hand, brain trauma might involve headache, dizziness, cognitive problems, personality 

change, depression, motivation, and emotional/behavioral disorders (Butler, et al 1993). In this respect, 

cognitive loss is the main aspect of brain trauma injuries in sport (Master et al., 2000). Neuropsychological tests 

examine disorders concerning the function of central neural system (CNS) and have been proposed as the best 

tool for measuring possible cognitive loss. The science of neuropsychology studies the biological basis of 

behaviors and mental processes as well as functions of different body systems in these phenomena and considers 

higher mental functions. Science of neuropsychology as an interdisciplinary knowledge and using neurology, 

neurophysiology, and psychology and psychotherapy and linguistics investigates the relationship between 

human structure and behavior. In fact, it discusses the role of human brain in mental activities and pursuit of 

neural organization (Teasdale & Engberg, 2003). Except boxing, there is no evidence showing long-term risks 

of frequent brain blows and extent of cognitive performance decline in boxers depends on total number of 

matches they play in their sport career (Ravdin et al., 2003). Furthermore, other factors such as professional 

sports, age, weak defense reflections, frequent knockouts, and resistance against blows are also effective in 

reducing cognitive performance (Rabadi & Jordan, 2001). In general, brain atrophy in boxers tends to occur 

mostly in deep pre-central area of brain rather than cortex tissue, and is most probably caused by punch blows 

delivered to the head. Also, chronic amnesia has been observed in some boxers. In this situation, destruction of 

concentration, attention and reminding occurs. However, pleasant childhood memories are not affected and the 

individual can remember them. Boxer’s dementia and boxer’s amnesia syndromes are among chronic blow-

induced brain injuries in boxing. Such injuries are accumulation of long-term repeated sequences of blow-

induced brain damages. These injuries often occur among professional boxers but amateur boxers are exposed to 

concussions for a longer time, also these damages occur. In this respect, Heilbronner et al (2009) reported 

memory and attention problems as without severe complications in athletes who had experienced concussions 

irrespective of whether they lost their conscience or not . Reports by the World Medical Association regarding 

neuropsychological disorders of boxing indicate direct evidences concerning memory and learning loss in 

studies conducted on boxers, so that changes were observed in boxers’ hippocampus structure, showing specific 

memory decline in boxers.  

        Scientific literature on professional boxing suggest serious risks in occurrence of chronic brain damage 

known as boxer’s dementia (Heilbronner et al., 2009; Clausen et al., 2005). But, consequences of brain injury in 

amateur boxing are not much clear and neuropsychological disorders have been proved in some studies (Master 

et al., 2000; Brayne et al., 1998) but no in others (Moriarity et al., 2004; Haglund & Bergstrand, 1990). For 

example, Haglund and Eriksson (1993) examined possible brain injury of amateur boxers using a control group 

of track and field and soccer athletes. Although there were observable differences in EEG of boxers, soccer 
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players, and track and field players, the differences were not significant. Nonetheless, no severe unnatural EEG 

was observed. Porter and O’Brien (2001) reported in their 9-year (1992 – 2001) neuropsychological scientific 

literature that there is no evidence of boxing being harmful in terms of neuropsychology. This researcher 

showed that although neural radiology provides suitable objective signs on the status of neural tissue for 

identifying brain injury, no judgment can be made on its basis regarding the condition of the injured person, and 

this is one of the main roles of measuring possible neuropsychological injuries that should be considered 

specifically in investigation of brain disorders caused in boxing. Furthermore, severe clinical symptoms of 

concussions mostly involve performance disorder rather than structural injury, so CT scan and MRI neural 

images are apparently natural in the event of a concussion (Ravdin et al., 2003).  

        In general, available literature regarding measurement of boxers’ brain tissue performance using EEG, CT 

scan, and neuropsychological aspects is not much consistent and factors such as sample size, technical 

limitations and sport experience affect inhomogeneity of results. Also, considering that boxers’ level of 

techniques can result in lack of neurological and neuropsychological disorders (Rabadi & Jordan, 2001), the 

present study has examined possible neuropsychological disorders among professional and amateur boxers.  

 

Methodology 

        Study plan: This study uses a causative-comparative method and a retrospective post-event plan.  

        Participants: Statistical population consisted of three groups who were selected randomly. The first groups 

were 20 amateur boxers with at least two years of national team membership experience, the second group was 

20 amateur boxers with no national team membership experience, and the third group was 40 non-athletes. Also, 

by using the following inclusion and exclusion criteria, the homogeneity criterion for subjects was respected: a) 

inclusion criteria: having 20 – 35 years old, an IQ over 85, no background in using alcohol, drugs, and brain 

injury over last year and during the study, and with regards to boxers, no matches over the last three months 

before the study; b) exclusion criteria: severe associated disorders such as learning disorders and depression, IQ 

below 85, medical illness which makes the individual seek immediate treatment.  

        Instrument: In short, characteristics of the tests used in the present study are displayed in table 1. It is 

noteworthy that all principles required for conducting neuropsychological tests were extracted from references 

and incorporated.  

1 – Wechsler’s Memory Scale (form a): This study is used as an objective measure for evaluating memory. In 

terms of memory, it is practical, easy to use, and fast and offers information for distinction of organic and active 

memory disorders. Wechsler’s test is used to measure different dimensions of intelligence in people ranging 

from minors to adults (Koenigs et al., 2009).  

2 – Bender-Gestalt Test: Bender-Gestalt Visual-Motor Test is first used as a screening tool in investigating 

possible brain injuries by measuring visual-structural abilities. Exact combination and interpretation of objects 

requires healthy visual perception along with visual-spatial and visual-motor abilities. Each of these three areas 

(perceptual, spatial, visual-motor) might undergo disorders causing problems for visual structure. Reliability and 

retest with time interval of 3 to 12 months in mentally ill patients, Alzheimer patients, and the elderly were 

reported to be 0.79, 0.66, and 0.57 to 0.63 respectively. It is noteworthy that in the present study, given the high 

credibility of Lex method for measuring brain disorders, this system was used to score performance of 

individuals in Bender-Gestalt Test.  

3 – Benton Visual Retention Test: Preservation and retention of revised visual test is a clinical research tool 

designed for evaluating scales of visual perception, visual retention, and fundamental visual abilities. There are 

three different card types of C, D, and E in this test. Each type is composed of 10 designs and each design is 

composed of one or more forms. Validity factor of this test is acceptable (r=0.81) (Brickman et al., 2011).  

4 – Wisconsin Test: This test was prepared as the result of efforts made by Grant and Berg at large to study 

abstract behavior and collection change and is attributed to frontal lobe, and validity coefficient of this test is 

over 0.75.  

5 – Bonnardel’s Nonverbal Intelligence Test: This test is used to measure general intelligence and is composed 

of 65 pictorial questions. Validity coefficient for this test is over 0.75.  

6 – Kim Karad’s Visual Memory Test: This test is composed of a 20 cell paperboard, with a colored image in 

each cell, and a paperboard with 20 white cells, as well as 20 paper pieces on each of which one of the images of 

the main test screen has been drawn. This test can evaluate short-term, mid-term and long-term visual memory. 

Reliability of this test is acceptable (r=0.81).  

 

 

 

 



Intl. J. Basic. Sci. Appl. Res. Vol., 4(9), 527-534, 2015 
 

 

530 

 

Table 1. Characteristics of tests used in the present study.  

Test Neuropsychological performance under 

consideration 

Relevant brain structure 

Wechsler Memory Practical memory, general intelligence Superior parietal cortex (Koenigs et 

al., 2009) 

Bender-Gestalt Visual-motor perception and integration Frontal lobe (Javanmard ,2011) 

Benton Visual perception, visual memory and 

fundamental abilities 

Occipital lobe and hippocampus 

(Brickman, 2011) 
Wisconsin Practical performance posterior-lateral regions of pre-

frontal tissue (Jodzio & 

Biechowska,2010) 

Bonnardel Non-verbal intelligence Right temporal lobe (Blanke et al., 

1999) 
Kim Karad Visual memory Posterior formation and 

hippocampus slots (Stern et al., 

1996) 

 

Procedure: Information concerning personal characteristics, head injury experience, sport background, 

background of psychological disorders and medical interference were obtained via questionnaire. Also, study 

groups were matched in terms of weight, age, height, and education via one-way ANOVA and physician 

interview was used to assess brain disorder. Then, in certain time, in a calm room with equal conditions, 

neuropsychological tests were conducted on the subjects under supervision of a psychological expert. This set of 

tests was performed to measure multifold cognitive functions and performance of different brain parts over 

duration of 1½ to 2 days on two consecutive days (table 1). The study groups completed medical consent sheets 

for participation in the study and were also informed of the results qualities. In addition, all stages of the present 

study were done under supervision of the Ethics Committee of Lorestan University. For data analysis, 

descriptive statistics were used in measuring mean and standard deviation and inferential statistics (one-way 

ANOVA) were used to compare variances in the three groups. Tukey Post Hoc Test was used to perform 

complementary tests. Significance level was also assumed to be 5%  .  

 

 

Results 

 

        Statistical test showed no significant difference between the factors of weight, height, age, and education 

for the study groups. In other words, the groups were selected as identical (table 2).  

  

Table 2.  Comparison of education and anthropometrical characteristics of the three groups (standard deviation 

± mean). 
 

 Characteristics 

 

Groups 

Age 

(years) 

Sports 

background 

National 

team 

background 

Height (cm) Weight (kg) Education 

(years) 

Professional 

boxers 

25.9±5.31 8.3±4.46 3.5±2.94 180±8.98 76.6±15.1 13±1.65 

Amateur boxers 26.8±4.1 9.4±4.1 - 177.8±6.9 74±11.9 12.6±1.8 

Non-athlete 24.4±3.47 - - 178±5.14 70.15±9.4 13.7±1.86 

F 2.4 0.5 - 1.37 2.68 1.87 

P value 0.12 0.48 - 0.24 0.1 0.21 

Information in table 3 shows that from among 7 Wechsler’s memory subtests, in visual review, the lowest score 

was that of boxers. Although significant difference was observed between visual review scores of professional 

and amateur boxers, the lowest score belonged to professional boxers (P<0.05). Statistical test on IQ 

neuropsychology showed no significant difference between amateur boxers and non-athletes (P>0.05). 

However, significant difference was observed between IQ scores of professional boxers and non-athletes 

(P<0.05). In Wisconsin Test also, the lowest score belonged to professional and amateur boxers (P<0.05). 

Furthermore, in Bonnardel’s Non-Verbal Intelligence Test, significant difference was not observed between the 

subjects (P>0.05). 
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Table 3. Comparison of groups in the three tests (mean (standard deviation). 
W

ec
h

sl
er

 
M

em
o

ry
 

S
u

b
te

st
s 

(f
o

rm
 a

) 
Subtests Professional 

boxer 

Amateur 

boxer 

Non-athlete F P-value 

General 

information 

5.7 (0.5) 5.3 (0.65) 5.7 (0.68) 1.4 0.24 

Navigation 4.5 (0.5) 4.9 (0.44) 4.9 (0.42) 1.74 0.19 

Mental 

control 

7.5 (1.3) 8 (0.82) 8.3 (0.8) 2.61 0.11 

Logical 

memory 

13.4 (2.1) 13.4 (2.1) 13.5 (1.8) 0.001 0.97 

All figures 9.8 (1.5) 9.8 (1.2) 9.9 (0.9) 0.01 0.9 

Visual review 8.9 (1.9) 10.4 (2.3) 11.9 (1.4) 8.84 0.005
* 

Associations 18.5 (0.9) 18.5 (1.2) 19.1 (1.1) 1.7 0.19 

Wechsler 

Memory 

Raw score 68.1 (3.9) 67.3 (4.7) 67.9 (2.6) 0.24 0.62 

Intelligence 

quotient 

101.6 (4.6) 105.9 (6.97) 106.3 (6.5) 5.48 0.02
* 

Wisconsin Perseveration 7.1 (5.7) 6.9 (3.5) 3.7 (1.7) 4.8 0.01
* 

Total errors 15.5 (10.3) 15.9 (8.6) 9.7 (6.6) 3.9 0.02
* 

Bonnardel Marked 31.6 (3.42) 31.7 (5.6) 32.95 (8.85) 0.22 0.8 
*
significant in the 0.05P   level 

Table 4 shows that except measurement error, in all Benton errors the lowest score belonged to professional 

boxers (P<0.05). Furthermore, although no significant difference was obtained between errors of omissions, 

perseveration, rotations, and misplacement of amateur boxers and non-athletes (P>0.05), but total errors in 

professional boxers were significantly higher than in amateur boxers (P<0.05). Also, in Karad visual memory 

test, the lowest score for short-term, mid-term, and long-term visual memory belonged to professional boxers 

(P<0.05). In this regard, amateur boxers, as well, showed lower performance in mid-term and long-term visual 

memory (P<0.05). Furthermore, a weaker performance was observed in short-term visual memory of 

professional boxers than amateur boxers (P<0.05). In general, boxers showed the highest errors in Bender-

Gestalt Test (P<0.05). However, significant difference was also observed between errors of professional boxers 

and amateur boxers, with the lowest score belonging to professional boxers (P<0.05).  

Table 4. Comparison of groups in the three tests (mean (standard deviation). 

B
en

to
n

 T
es

t 
er

ro
rs

 

Subtest Professional 

boxer 

Amateur 

boxer 

Non-athlete F P-value 

Distortion 9.8 (5.3) 5.7 (2.1) 2.8 (2.2) 19.6 0.001
* 

Omissions 1.7 (1.5) 0.9 (0.7) 0.4 (0.8) 6.92 0.002
* 

Perseveration 1.9 (1.4) 1.2 (0.4) 0.6 (0.1) 8.43 0.001
* 

Misplacement 3.8 (1.9) 1.9 (0.7) 1.8 (1.4) 12.05 0.001
* 

Size error 1.1 (1.4) 1.9 (1) 0.6 (0.9) 21.22 0.001
* 

All errors 21.5 (8.3) 14.2 (3.38) 8.4 (4.1) 26.63 0.001
* 

Karad 

Visual 

Memory 

Long-term 3.9 (1.6) 5.8 (0.99) 5.9 (2.6) 6.92 0.002
* 

Mid-term 7.8 (4.1) 7.5 (1.2) 10.4 (3.5) 4.9 0.01
* 

Long-term 8.7 (4.3) 9.5 (1.5) 12.85 (3.99) 7.86 0.001
* 

Bender-

Gestalt  

All errors 4.7 (3.42) 3.5 (1.75) 2.2 (1.3) 23.58 0.001
* 

*Significant in the 0.05P   level. 

Conclusion 

        In the present study, the difference between injuries of different brain parts of professional and amateur 

boxers and non-athletes was investigated using neuropsychological analysis. Results of the present study 

showed that boxing develops more serious neuropsychological implications in people who compete 

professionally and in national level than those with no national team membership background, in terms of visual 

memory, intelligence quotient, visual perception, and fundamental visual abilities. This result is in agreement 

with studies that showed reduction in cognitive performance of boxers depended upon all matches played during 
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their sports career (Ravdin et al., 2003). This finding shows that given homogeneity of the boxers studied in the 

present study in terms of sport background, height, weight, and age and, on the other hand, the different nature 

of drill and match in amateur boxing, repetition of blows delivered to the head can be stated as the main cause of 

disorders in neuropsychological functions in this sport. In agreement with this, given the greater number of 

matches in professional boxing, studies conducted on professional boxers explicitly reported serious risks with 

regard to chronic brain injuries (Heilbronner et al., 2009; Clausen et al., 2005).  

       Also, results of the present study revealed that neuropsychological function of visual memory, visual 

perception, fundamental visual abilities, and practical performance of amateur boxers also get impaired. In 

agreement with this result, Heilbronner et al (1991) reported, from neuropsychological point of view, defects in 

memory, practical and motor performance of amateur boxers. Also, McLatchie et al (1987) examined 20 active 

amateur boxers by neurologic and neuropsychological experiments and EEG and CT scan; they reported 

abnormal neurologic results for 7 individuals, abnormal EEG for 8 individuals and neuropsychological defects 

in 9 individuals, especially in areas such as attention, verbal memory, and visual memory, which are consistent 

with the results of the present study. 

        In contrast to the findings of the present study, Butler et al (1993) considered cognitive effects of amateur 

boxers by neuropsychological evaluation in pre-, on-, and post-match conditions and two years after match, and 

reported no neuropsychological malfunction. Also, Porter (2003) reported in a broad five-month-long 

neuropsychological study that there are no evidence available that boxing is harmful in neuropsychological 

terms. This contradiction results from their use of different study methodology, in such a way that they 

compared neuropsychological performance of amateur boxers only with water polo and rugby athletes, and had 

generally no non-athlete groups, which implies that water polo and rugby athletes might have also be suffering 

from neuropsychological defects. In neuropsychological view, observed disorders of professional boxers in the 

present study suggests functionality disorder of posterior-lateral areas, pre-frontal lobe, occipital lobe, 

hippocampus, posterior parietal lobes, and upper parietal cortex. Although results of the present study show that 

all these parts except upper parietal cortex which serve in functional memory, might get impaired in amateur 

boxers as well. It is reported that damages caused by damage to posterior parietal lobes also involve disorders in 

spatial navigation in which action disorders are affected by sensual limitations, verbal problems and ability 

changes which can well be measured in Benton Test. In this disorder, the patient’s problem is that they do not 

pay attention to part of spatial information and the injury is in the opposite hemisphere. It has been shown that 

injury in the right hemisphere of the brain leads to disorder in interpretation of spatial information (Eun-Joo Kim 

et al., 2013). In the present study, from among Benton Test errors, 75% of professional boxers’ errors and 67% 

percent of amateur boxers’ errors was due to left-hemisphere impairment. Therefore, it could be concluded that 

possibility of spatial navigation disorder in boxers’ right hemisphere of brain exists. Also, the present study 

revealed that boxing might also lead to boxers’ visual memory disorder as hippocampus function in the brain. 

Slemmer et al (2002) also showed that repetition of moderate brain injuries in mice lead to accumulated disorder 

of hippocampus cells . However, Brickman et al (2011) showed via magnetic resonance imaging of brain that 

functionality disorder of visual memory is related to injury of hippocampus sub-regions. In addition to that, 

boxers in the present study showed no neuropsychological malfunction in Bonnardel’s Nonverbal Intelligence 

Test as the function of the right temporal lobe (Blanke et al., 1999).  Considering hippocampus placement in 

deeper parts of temporal lobe, blows delivered onto it didn’t inflict much injury to the brain.  

        Also, impaired performance of boxers in Wisconsin and Bender-Gestalt tests show disorder in function of 

frontal lobe and posterior-lateral regions of pre-frontal lobe, which affect visual perception and functional 

performance processes (Javanmard, 2011). Stewart et al (1994), performing a longitudinal on 484 American 

amateur boxers from 1986 to 1990, showed disorders in their memory, and visual-structural and perceptual-

motor capabilities.  

        Generally, the present study shows that individuals who compete professionally in amateur boxing are 

more likely to suffer neuropsychological consequences than those with no national team background. 

Furthermore, boxing in national or non-national levels affects neuropsychological performance of these athletes, 

showing up in the functionality of frontal lobe, occipital lobe, hippocampus and parietal lobe. Therefore, with 

regard to application of the present study it is recommended that neuropsychological tests be considered as part 

of neuropsychological experiments of active boxers so that essential steps could be taken to ensure health, 

prevent injury and increase sport lifetime of amateur boxers. Limitations of the present study were, inter alia, 

impossibility of controlling congenital characters affecting neuropsychological disorders of boxers, 

inhomogeneity in nutrition regime, relaxation, and motivation of subjects before conducting the tests and 

different levels of skills and techniques used during matches and all their careers, which is typical of post-event 

ex post facto studies. It is recommended that in future studies, in addition to neuropsychological tests, neural 
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radiography be also employed in measuring likely injuries of boxers’ central neural system in order to be able to 

more accurately and credibly consider possible injuries of athletes active in this field.  
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