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Truls M. Straume-Næsheim 

Abstract 

 
Objective: To determine whether minor head trauma in elite football (soccer) matches 

causes measurable impairment in brain function. 

Method: Baseline neuropsychological testing was completed by professional football 

players in the Norwegian elite league, Tippeligaen, prior to the 2004 or 2005 seasons 

(N=462). A player who experienced a head impact during a league match completed a follow-

up test the following day (Head Impact Group). Video tapes of all the impacts were collected 

and reviewed. A group of players without head impacts were also tested after a league match 

to serve as controls (Match Control Group, N=47). 

Results: A total of 228 impacts were identified and 44 of these were followed up with a 

CogSport test (19.3%, i.e. shift towards more severe, but only 6 cases with loss of 

consciousness). The Head Impact Group had a greater change in reaction time from baseline 

to follow-up compared to the Match Control Group with regard to the three simplest tasks. 

The largest deficits were seen among the players reporting acute symptoms after the impact, 

but deficits were also demonstrated among asymptomatic players. Players who experienced 

one or more head impacts during the 2004 season showed a reduction in neuropsychological 

performance when tested prior to the 2005 season. However, none of these footballers were 

impaired when compared to the test manufacturer’s normative data. 

Conclusion: A reduced neuropsychological performance was found after minor head 

impacts in football, even in allegedly asymptomatic players. However, the long-term 

cognitive consequences are uncertain. 
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Introduction 

Football (soccer) is a vigorous sporting activity, where one event having an injury potential 

occurs every sixth second of a competitive game, resulting in approximately one injury every 

45 minutes (30). Between 6% and 15% of these injuries are head injuries (2, 14) which 

mainly result from aerial challenges for the ball with an unprotected head (1, 14).  

Results from cross-sectional studies performed in the nineties suggested that repetitive sub-

concussive head impacts, including heading, could cause cognitive impairment among 

footballers (11, 22, 23, 37-39). However, a comprehensive review of the literature on this 

topic raised several concerns regarding the methods and study designs used, finding that there 

was no conclusive evidence that cognitive impairment occurred as a result of general football 

play or normal heading (31). This is consistent with biomechanical studies of linear and 

angular head acceleration during normal heading (4, 27). A study from the Norwegian 

football elite league, revealed an incidence of events with a head injury potential of 22.0 per 

1000 playing hours (1), compared to a reported concussion incidence of 0.3 per 1000 playing 

hours.  Thus, it has been suggested that four out of five concussions are not recognized by the 

players themselves (10). There are also concerns regarding the potential consequences of 

repetitive head impacts during football play (18). 

The main objective of our study was therefore to determine whether minor head impacts 

caused measurable brain function impairment among elite football players. A secondary 

objective was to investigate whether there was any change in neuropsychological test 

performance from one year to the next for players who had experienced one or more minor 

head impacts during the course of the previous season. 
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Methods 

Study Design and Participants 

A prospective case-control study was undertaken. Players contracted at the start of the 2004 

and 2005 seasons in all 14 teams in the Norwegian elite football league, Tippeligaen, were 

invited to participate. Written informed consent was obtained at baseline for all participants. 

The study design was approved by the Regional Committee for Medical Research Ethics, 

Helse Sør, and the Data Inspectorate. 

Baseline testing was performed for all players prior to the 2004 and the 2005 seasons. Players 

suffering a head impact during a regular league match were asked to participate in a follow-up 

test the next morning (Head Impact Group). These were compared to a league players who 

experienced no head impact (Match Control Group). A one-year follow-up was conducted 

where the cases, defined as players who had experienced one or more head impacts, were 

compared to the players in the cohort without any recorded head impacts. 

Assessments 

At baseline the participants were asked to complete a questionnaire to document their history 

of head injuries, neurological disease, age at which they started organized football training, 

mean number of headings per match, learning disabilities, activity disorders, alcohol intake 

and use of other drugs. In addition, a symptom assessment (Post Concussion Symptom Scale) 

(19) was completed at baseline and at all follow-ups. 

Neuropsychological performance was assessed using a commercially available computer- 

based test battery (CogSport, CogState Ltd, Charlton South, Victoria, Australia). The test 

battery consists of six different tasks (Psychomotor function, Decision making, Simple 

attention, Divided attention, Working memory, and Learning & Memory). The tasks and the 
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sensitivity and reliability of the test is described elsewhere (6, 8, 9, 12, 21, 32, 33). Only the 

reaction time measurements were considered in this study. 

At baseline two consecutive CogSport tests were performed and the first was regarded as a 

practice run and discarded from further analyses (12, 33). 

Head Impact Cases - Sampling and Evaluation  

The participants were observed during all regular league matches and all ‘head impacts’ were 

recorded by local medical personnel present at the football arena (the team’s medical 

personnel or other medical personnel with a background in football recruited by the 

administrators of the study). The study’s definition of a head impact was: 1) the player 

appeared to have received an impact to the head (including the face and the neck), irrespective 

of the match situation, 2) the match was interrupted by the referee, and 3) the player laid 

down on the pitch for more than 15 seconds (1). 

Players who met the head impact definition, irrespective of whether or not he was taken out of 

play, were evaluated clinically by the local medical personnel immediately post match. 

Follow-up testing was performed the following day supervised by a member of the team’s 

medical staff. 

Video of all matches, provided by the Norwegian Broadcasting Corporation (NRK), were 

reviewed the morning after the match. If one or more head impacts were identified, the 

respective team’s medical personnel were contacted by phone to check on the follow-up status 

and, if possible, arrange for follow-up testing. Video images of all head impacts were copied 

to a computer and saved for more detailed analysis. 

Details of head impacts that resulted in actual time-loss injuries (13) were collected from the 

injury surveillance system in Tippeligaen (TISS) administrated by Oslo Sports Trauma 

Research Centre (2). 
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Match Control Group 

Players from the same cohort were recruited as controls (Match Control Group). After playing 

a regular league match in which they did not experience a head impact (as per the study 

definition) or other injuries, they completed the same follow-up regime as the Head Impact 

Group with post-match symptom assessment and neuropsychological testing the following 

day. 

One Year Follow-up 

The group of players who had experienced one or more head impacts during the 2004 season, 

irrespective of the follow-up status of these impacts, were defined as the Season One Head 

Impact Group and compared to players who had not experienced any head impacts during the 

2004 season (Season One Control Group). 

Video Analysis 

All head impact cases were analyzed independently on video by two of the authors (TMSN 

and AM) according to the predefined general and specific impact severity assessments 

presented in table 2. The results were then compared and disagreements were re-reviewed in a 

consensus group meeting (TMSN, AM and TEA), where a final decision was made. Both AM 

and TEA were blinded to the injury outcome of the head impact cases. 

To assess whether there was any selection bias with respect to follow up status and impact 

severity, the severity of head impacts that were followed up with neuropsychological testing 

were compared with head impacts with no follow up.   

Effect Variables and Statistical Methods 

The main effect variable was the global change in neuropsychological test performance from 

baseline to follow-up for the head impact groups (Head Impact and Season One Head Impact) 

compared to the controls (Match Control and Season One Control, respectively). If a 
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significant difference was found, a post-hoc test was performed to identify potential 

differences on each of the six sub-tasks. A within-person comparison was also performed to 

identify individual players with significant deteriorations from baseline to follow-up.  

The test-retest differences in reaction times (delta values) for all six subtests were divided by 

their corresponding mean baseline reaction time to create a percentage change score. The 

global changes in neuropsychological performance between the groups were assessed using a 

(multivariate linear) model where the percent change for all six subtasks were entered at the 

same time (Multivariate Analysis of Variance, MANOVA). Post-hoc pair-wise t-test 

comparisons with Bonferroni-corrected p-values were performed to reveal significant 

differences between the examined groups for any of the six subtasks.  

All statistics were performed using the Statistical Package for the Social Sciences (SPSS, 

SPSS Inc. Chicago, USA).  

Results 

Sample Population 

Due to the considerable turnover of players within each team in the pre-season (transfer) 

period, the exact number of the players in the A-squad at the time of testing was difficult to 

assess (Table 1). A total of 326 players played in at least one regular match in Tippeligaen in 

2004 and 334 players in 2005 (League players in Table 1). The cohort comprised 455 

individuals and 660 “player seasons” (one player playing one season, 326 + 334, Table 1). 

The mean age was 25.2 (18 to 34) years and 317 (79.1%) of the players were Norwegian or 

Scandinavian. Preseason neuropsychological testing was completed for 68.3% (452 of the 660 

one season league players). 
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A total of 205 of these players were active in both seasons, and 144 (70.2%) of them 

completed the preseason neuropsychological testing both years (2004 and 2005) and were 

thus available for one year follow-up.. 

Table 1 The compliance with the test protocol for the prospective league study 

 

  Pre-season Baseline  Season Follow up 
    Head Impact Group Match Control Group 
  N* Cog-Sport 

League 
players§ N†  Cog-Sport N Cog-Sport 

2004 cohort 300 
271  

(90%) 
 

326 105 17 (16%) 53 47 (89%) 

2005 cohort         
 

Players from 2004 205 

37 (18%) 
(Impact)† 
107 (52%) 
(Control) † 

 

205 59 18 (31%) - - 

 New 2005 181 
133  

(73%) 
 

129 64 9 (14%) - - 

 Total 2005 386 277 (72%)  334 123 27 (22%) - - 
          

Totals for both seasons 
686 

548  
(80%) 

 
660 228 44 (19%) 53 47 (89%) 

*In the pre-season period there was considerable turnover within each team, and thus the exact number of the 
players in the A-squad in this period is difficult to assess. Consequently, some players who were tested at 
baseline did not play any matches the following season. §The term league players represent all players who have 
been registered in the official match statistics for that particular season, including those who joined the teams 
after the baseline testing. †Head impacts identified on video review of the league matches. 

Head Impact Identification and Video Evaluation 

A total of 228 head impacts to 141 players that met the inclusion criteria were identified on 

video from the 352 matches observed (i.e. 19.6 incidents per 1000 playing hours). Of these, 

44 (19.3%) were followed up with neuropsychological testing the following day (Head Impact 

Group). A player removed from the match due to a head impact was more likely to be 

followed up than a player who returned to play (RR=5.1; 95% confidence interval: 2.7 to 9.5). 

Of the incidents followed up, 29.5% (N=13) were characterized as “severe” on the global 

impression of impact severity, compared to 13.6% (25) of the missed incidents (RR=2.2; 95% 

confidence interval: 1.2 to 3.9) (Table 2).  
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Table 2 Distribution of risk factors for the head impact which were followed up and the 

impacts that were not followed up. Distributions were compared using chi square test. 

Head impact follow-up status 

 
Followed up 

(N=44, 19.3%) 
Not followed up 
(N=184, 80.7%) p 

General assessments    
Definite 35 (79.5%) 144 (78.3%) 
Doubtful 2 (4.5%) 21 (11.4%) 

Classification 
of the impact 

Could not be assessed 7 (16.0%) 19 (10.3%) 

0.27 

     
Severe 13 (29.3%) 25 (13.6%) 
Not severe 30 (68.2%) 154 (83.7%) 

Global 
impression of 
severity Could not be assessed  1 (2.3%) 5 (2.7%) 

0.04 

     
No 17 (38.6%) 12(6.5%) Returned to 

play Yes 27 (61.4%) 172 (93.5%) 
<0.001 

     
Specific impact severity assessment    

No relative speed 10 (23.3%) 61 (34.1%) 
Low speed (towards) 21 (48.8%) 87 (47.8%) 
High speed (same 
direction) 

9 (20.9%) 30 (16.5%) 

Horizontal 
speed and 
direction 

High speed (towards) 3 (7.0%) 3 (1.6%) 

0.15 

     
No head movement 26 (59.1%) 127 (69.1%) 
One player 6 (13.6%) 21 (11.4%) 
Both 8 (18.2%) 24 (13.0%) 

Head 
movement 
contribution  

Could not be assessed 4 (9.1%) 12 (6.5%) 

0.64 

     
Frontal  3 (6.8%) 13 (7.1%) 
Temporal/parietal 11 (25.0%) 31 (16.8%) 

Location 

Other 30 (68.2%) 140 (76.1%) 

0.45 

     
Head 15 (34.1%) 41 (22.3%) 
Shoulder 3 (6.8%) 12 (6.5%) 
Elbow 5 (11.4%) 34 (18.5%) 

Striking body 
part 

Other 21 (47.7%) 97 (52.7%) 

0.36 

 

The 228 impacts resulted in 13 (5.7%) “time-loss” injuries (13) that were reported through 

TISS. Six of these were superficial cuts or facial fractures, while 7 (3.1%) were reported as 

concussions (0.6 per 1000 playing hours). Six of these concussions were included among the 

44 cases in the Head Impact Group including 5 with loss of consciousness and two of these 
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had also post-traumatic amnesia. In two of the cases, where ultimately a “time-loss” 

concussion was reported, the player had returned to play in the same game after the head 

impact. 

Neuropsychological Testing 

Global testing of the reaction time change from baseline to follow-up for all six 

neuropsychological test variables revealed a significant difference between the Head Impact 

Group and the Match Control Group (Wilks’ lambda 0.82, p=.008). 

Post-hoc tests revealed that the Head Impact Group had a significant decline in performance 

on the follow-up test for the two simplest tasks; Psychomotor function and Decision-making 

compared to the Match Control Group (Fig. 1). 

Figure 1:  
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A total of 22 (50%) of the players in the Head Impact Group reported one or more symptoms 

at the time of the incident. Headache was the most common symptom and was reported by 17 

(38.6%) of the players in the Head Impact group, followed by dizziness (N=12, 27.3%) and 

concentration problems (N=8, 36.4%). 

Both the symptomatic and the asymptomatic players were significantly different from the 

Match Control Group on the global test (Wilks’ lambda: Symptomatic =.76, p=.008, 

Asymptomatic =.78, p=.016). Even though performance on the three simplest tasks was 

reduced among the asymptomatic and symptomatic players compared to the Match Control 

Group, significant differences were only demonstrated for the two simplest tasks, and for the 

symptomatic group only (Figure 1).  

Among the 27 cases from the Head Impact Group who returned to play (RTP Group), a total 

of eleven reported playing with one or more symptoms. The RTP Group was significantly 

slower than the Match Control Group on the follow-up test (Wilks’ lambda: .76, p=.004). The 

post-hoc analyses of each subtest revealed the same trend as for the whole Head Impact 

Group.  

Neuropsychological Performance at One-year Follow-up 

From the 144 players that completed the preseason neuropsychological testing both years we 

identified 107 (74.3%) players who did not experience any head impacts in the 2004 season 

(Season One Control Group) and 37 (25.7%) players who had experienced at least one impact 

(Season One Head Impact Group). Most players (N=31, 83,7%) only experienced one impact.  

The Season One Head Impact Group also had a higher proportion of players playing in a 

position with an increased risk of experiencing a head trauma and headed more frequently 

compared to the Season One Control Group. 
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At the one-year follow-up (baseline 2005), the Season One Head Impact Group showed a 

larger increase in reaction times compared to the Season One Control Group 

(Wilks’ lambda = 0.91, p = 0.043). Figure 2 shows the change for the six subtests for the two 

groups. The post-hoc tests revealed that the Decision-making task was the only task that was 

significantly different between the two groups, while there was a trend in the same direction 

for the Psychomotor function task.  

Figure 2: 
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Dis
cussion 

This prospective study was designed to assess acute neuropsychological effects of minor head 

impacts in football. Players who had experienced a minor head impact showed significantly 

poorer performance as a group compared to controls, when tested the following day. Still, 

50% of the followed-up cases claimed to be initially asymptomatic, 61% returned to play 
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directly after the impact and only six concussions were diagnosed by the teams themselves. 

However, the differences were limited to the two simplest subtasks in the test battery, and 

deficits were mainly found among the players reporting to be symptomatic directly after the 

head impact.  

Limitations of the Study  

In spite of the presence of observers at every venue and contacting all teams the day after the 

match if a head impact was identified on the video review of the match, only 19.3% of the 

head impacts were followed up with neuropsychological testing. In general, the video 

analyses revealed that the impacts that appeared to be more severe, and where the player did 

not return to play, were more likely to be followed up. The main reason for the low 

compliance was that players were reluctant to be tested after these impacts, which they 

regarded as trivial. As reflected by the lack of symptoms and the low concussion rate, the vast 

majority of the followed-up impacts were benign, and thus representative of the minor head 

impacts that occur in competitive football. Nevertheless, the low compliance with follow-up 

testing represents the main limitation of this study, and must be kept in mind when 

interpreting the findings. 

Interpretation of the Neuropsychological Performance 

This study is the first to assess prospectively neuropsychological changes after head impacts 

during regular football matches, irrespective of whether the impacts were diagnosed as 

concussions or not. On the other hand, several studies have assessed initially concussed 

athletes where the symptoms had resolved after a few minutes or by the time of testing (7, 20, 

28). Consistent with the findings in our study, there seems to be an agreement that the largest 

deficits in neuropsychological performance are found for the players who are symptomatic at 

the time of testing (15). Other studies have revealed electrophysiological changes (40) as well 
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as neuropsychological deficits (10) among concussed athletes where the symptoms have 

allegedly resolved. Our study is the first to demonstrate neuropsychological deficits after 

minor head impacts where the player did not report any acute concussive symptoms. 

The participants in the Head Impact Group and the Match Control Group did not differ with 

respect to the mean number of headers per player per match, and thus, the main difference 

between the two groups were the head impacts. This is in contrast to the previous studies, 

where a retrospective design makes it difficult to separate the effects of heading versus sub-

concussive head trauma (26).  

The study protocol included assessment of S100B as a serum marker for brain cell injury, and 

in line with the neuropsychological findings, the blood sample analyses did not reveal any 

evidence of significant brain cell injury after these minor head impacts (35). Nevertheless, 

some deficits in cognitive function were observed in the Head Impact Group when compared 

to footballers that had played a match without experiencing any head impacts.  

Long-term Effects 

Neuropsychological impairments from concussions have been shown to resolve within 3-7 

days after the incident (5, 24). In contrast, this study found that the players who experienced a 

head impact during the 2004 season exhibited a significant, albeit small, reduction in 

neuropsychological performance from one year to the next. These players both headed more 

frequently and had a larger proportion of players playing in a position with an increased risk 

of injury, compared to their uninjured colleagues. However, the 2004 baseline assessment of 

the same cohort, revealed no effects of heading frequency and concussion history on 

neuropsychological performance (34). Pre-post test comparisons for each individual have 

been suggested as more sensitive than control group comparisons for detecting head injury 

related neuropsychological effects (36), and this could partly explain this discrepancy. Putting 
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the Season One Head Impact group results in context, all 37 follow-up tests were within the 

normal range defined by the test manufacturer and only 4 (10.8%) showed a declined 

performance on two or more subtests. Consequently, the clinical significance of the statistical 

deficits demonstrated for the Season One Head Impact Group compared to the Season One 

Controls is not known. 

Clinical Implications  

These findings support the suggestion that concussive symptoms are often not recognized by 

the players (25) and that, if recognized, symptoms are often not reported (17). Even though 

the footballers in the RTP Group were allegedly asymptomatic and considered fit to play the 

rest of the match, many reported at the time of testing that they had indeed experienced 

symptoms of concussion directly after the impact or experienced a delayed onset of such 

symptoms.  

There is currently no consensus in the literature whether returning to play in the same match 

when asymptomatic after a concussion involves a risk of prolonged symptoms or further 

damage to the brain (3, 16, 29). However, these athletes do exhibit reduced reaction time, 

perceptual skills etc. that might make the player susceptible of experiencing an injury to other 

parts of the body as well. 

Of all the 228 incidents verified, only 7 concussions were reported. Five players had 

experienced loss of consciousness and two of them had also post-traumatic amnesia. Thus it 

seems obvious that the team’s medical personnel still refers to the pre-Vienna (3) concussion 

criteria, where loss of consciousness or amnesia was mandatory. In this respect, our findings 

emphasize the need for an increased awareness of concussion signs and symptoms, not only 

among the teams’ medical personnel, but also among the players themselves.  
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Conclusion 

A reduced neuropsychological performance was found after minor head impacts in football, 

even in allegedly asymptomatic players. However, the followed-up impacts represented the 

more severe spectrum of the head impacts in football. Still, only six of these impacts were 

reported as concussions. In addition, pre-season test performance was somewhat reduced from 

one year to the next in footballers who had experienced one or more head impacts during the 

season, although not when compared to the test manufacturer’s normal range. Consequently, 

the clinical significance of this finding is uncertain. 
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 Figure legends 

Figure 1 Change (%) in reaction time from baseline to follow-up for the Head Impact Group 

and the Match Control Group. Data are also shown for symptomatic and asymptomatic 

players in the Head Impact Group. *p<.05 vs. the Match Control Group; **p<.01. 

Figure 2 Change (%) in reaction time from baseline 2004 to baseline 2005 for players with 

(Season One Head Impact) and without (Season One Control) a registered head impact during 

the 2004 season (N=144). 
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