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ABSTRACT
Aim/objective There is ongoing controversy about
persistent neurological deficits in active and former
football (soccer) players. We reviewed the literature for
associations between football activities (including
heading/head injuries) and decline in brain structure/
function.
Design Systematic literature review.
Data sources MEDLINE, Embase, PsycINFO, CINAHL,
Cochrane-CRCT, SportDiscus, Cochrane-DSR=4 (accessed
2 August 2016).
Eligibility criteria for selecting studies Original
studies reporting on football-related persistent effects on
brain structure/function. Results from neurocognitive
testing, neuroimaging and EEG were compared with
controls and/or correlated with heading frequency and/or
head injuries. Methodological quality was rated for risk-
of-bias, including appropriateness of controls, correction
for multiple statistical testing and assessment of heading
frequency and head injuries.
Results 30 studies with 1691 players were included.
Those 57% (8/14) of case–control studies reporting
persistent neurocognitive impairment had higher odds for
inappropriate control of type 1 errors (OR=17.35 (95%
CI (10.61 to 28.36)) and for inappropriate selection of
controls (OR=1.72 (1.22 to 2.43)) than studies
observing no impairment. Studies reporting a correlation
between heading frequency and neurocognitive deficits
(6/17) had lower quality of heading assessment
(OR=14.20 (9.01 to 22.39)) than studies reporting no
such correlation. In 7 of 13 studies (54%), the number
of head injuries correlated with the degree of
neurocognitive impairment. Abnormalities on
neuroimaging (6/8 studies) were associated with
subclinical neurocognitive deficits in 3 of 4 studies.
Summary/conclusions Various methodological
shortcomings limit the evidence for persistent effects of
football play on brain structure/function. Sources of bias
include low-quality assessment of heading frequency,
inappropriate control for type 1 errors and inappropriate
selection of controls. Combining neuroimaging
techniques with neurocognitive testing in prospective
studies seems most promising to further clarify on the
impact of football on the brain.

INTRODUCTION
Concussions (ie, a subtype of mild traumatic brain
injury (mTBI) without structural abnormalities on
conventional CT or MRI)1 represent 1–5% of all
football-related (soccer-related) injuries.2–5 While
most players return to play within 7–10 days,
head-trauma-related symptoms may last for weeks
to months in 10–15% and even persist in selected

cases.6 Neurodegenerative disorders (such as
Alzheimer disease) have been reported in retired
professional football players and in athletes from
other contact sports as rugby and American foot-
ball.7 8 A postulated association between football
play and chronic traumatic encephalopathy,
however, remains controversial,9 and the effect of
football-related concussions is not well understood.
Likewise, the impact of purposeful heading

the ball to play and guide its direction—unique to
football—on the brain has been debated.10 11 On
average, players head the ball 1–16 times during a
competitive football match,12–16 accumulating over
a season to several hundred headings17–19 and to
many thousand headings during a professional
football career. This has raised concerns that
heading may—similar to boxers receiving punches
to the head—pose players at increased risk for ‘sub-
concussive’ trauma,20–24 potentially resulting in
neuronal damage similar to that in repetitive con-
cussions but not accompanied by overt symp-
toms.20–23 25 These considerations have led to
uncertainty in football players and their (medical)
attendants,1 albeit such a link is far from being
established and the impact of parameters such as
heading technique, player’s age and playing pos-
ition remains unclear. Nonetheless, with raising
concerns and facing a concussion litigation, the
football federation of the USA issued in November
2015 a ban for heading in children aged 10 years
or less and limited heading in children aged 11–
13 years.26 Concerns that the maturing brain could
be especially vulnerable to subconcussive head
injury may have supported this decision.
Research interest in associations between concus-

sion, heading and persistent changes of the human
brain has grown substantially. At the end of the last
century, a series of case–control studies indicated
persistent neurocognitive impairments in Dutch
professional16 19 and amateur27 football players.
These studies were the basis for further investiga-
tions addressing functional, structural and meta-
bolic brain changes in football players. While some
studies confirmed neurocognitive abnormalities
compared with controls,28 29 others found no such
evidence.14 15 30 31 Likewise, associations between
neurocognitive deficits and heading frequency were
reported by some,16 17 19 28 29 but not by
others.14 15 30–34

In accordance with neuroimaging for TBI,35 dif-
ferent protocols were applied to study structural
(diffusion tensor imaging (DTI),36 voxel-based MR
morphometry (VBM)) and metabolic (functional
MRI (fMRI), magnetic resonance spectroscopy
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(MRS)) brain changes in football players and to correlate with
neurocognitive function. In two small case–control studies,
memory impairment was linked to cortical thinning in former
professionals37 and to diffuse white matter abnormalities in
amateur players,17 while recently in a prospective case–control
study over 5 years in professional players, no such link could be
drawn.38

In summary, whether or not football play is linked to persist-
ent changes in brain function/structure remains controversial.
Against this background, we aimed to systematically review the
literature on associations between football play and persistent
changes in brain function/structure and the impact of heading
frequency and concussive head injuries. Assessing study quality
and identifying methodological limitations using standardised
tools for reporting risk-of-bias was a special focus.10

MATERIALS AND METHODS
Data sources and searches
A literature search (MEDLINE, Embase, PsycINFO, CINAHL,
Cochrane CRCT, SportDiscus, Cochrane DSR=4) was per-
formed (2 August 2016) to identify articles reporting on associa-
tions between football play and especially heading and
football-related head injuries and persistent structural/functional
changes of the brain. The MEDLINE (OVID) search strategy
was translated for each database, and is reported in online
supplementary file 1.

‘Persistent’ changes were defined as changes that were still rec-
ognisable >6 months after a potential impact or linked to
exposure to football play for >6 months or a full season. We
adhered to the time-frame usually applied for the persistent
postconcussive syndrome,39 albeit no consensus-based definition
of this term exists.

We also performed a manual search of reference lists from eli-
gible articles. We did not seek to identify research abstracts from
meeting proceedings or unpublished studies, nor non-English
language studies. Retrospective or prospective studies with five
or more participants were eligible. This review complies with
PRISMA guidelines.40

Study selection
We identified 2191 citations for screening and included 30
studies for quantitative synthesis (figure 1) based on abstract and
for selected studies full-text review by two experienced neurolo-
gists (NF-D, AAT). Articles were selected using predetermined
criteria (see online supplementary file 1).

Data extraction and quality assessment
Reports on neurocognitive testing, neuroimaging, postural
control and EEG were considered. Data extraction was per-
formed by AAT and confirmed by NF-D. When extracting data
from selected studies, we assessed the type of study, the type of
diagnostic tests performed, the frequency of heading and head
injuries and the level of play, distinguishing between youth, high
school/college (including interscholar), university, amateur,
active professional and former professional players. In studies
reporting on neurocognitive testing, all tests applied were
retrieved and assigned to the category that best described the
domain of neurocognitive function evaluated. Categories were:
abstract reasoning, attention, (verbal) creativity and divergent
thinking, decision-making, executive functions, intelligence, lan-
guage and language-associated functions, memory/learning,
mood, motor skills and visuospatial skills.

A standardised risk-of-bias assessment was performed using
the Newcastle–Ottawa Scale (NOS).41 Its use for non-

randomised case–control studies and observational studies has
been promoted by the Cochrane Collaboration.42 The NOS
requires rating the selection, comparability and exposure/
outcome for a total of nine items. Study quality was rated as
‘good’, ‘fair’ or ‘poor’ (see ref. 43 and online supplementary
file 2). Studies rated as ‘poor’ were excluded. The NOS included
an assessment of the response rate when asked to participate.
Studies with a low (<50%) participation rate, with participation
rates differing >10% between football players and controls or
studies that did not report response rates were rated as high risk
for selection bias. Whenever non-football playing controls were
available (n=21 studies), their suitability was rated. Only
control groups that were age-matched and gender-matched and
that participated in non-contact sports with a comparable phys-
ical activity profile (eg, swimming, track, tennis) were consid-
ered ‘appropriate’ or low risk for bias. A distinct (ie, lower/
higher) physical activity profile may introduce a bias and
observed differences may be attributed falsely to effects of foot-
ball play. Controls falling short of these criteria were considered
‘inappropriate’ or high risk of bias.

Based on previously described methodological limitations, we
further assessed the quality of included studies regarding assess-
ment of heading frequency and history of head injuries and
control for type 1 errors.10 Rutherford et al10 identified insuffi-
cient control for type 1 errors as a potential source for false-
positive statistical differences. To follow-up on this limitation,
we assessed methods for avoiding type 1 errors. Only studies
that reported sufficient controlling for multiple testing (eg, by
applying the Bonferroni correction) were considered ‘appropri-
ate’ or low risk for type 1 errors, while studies falling short of
these criteria were considered ‘inappropriate’ or high risk.
Heading frequency and head injuries may be overstated or
understated by players, posing them at risk for recall bias.
Therefore, only studies that prospectively collected data on
heading frequency (eg, by an independent observer) were con-
sidered low risk of bias, while studies falling short of these
requirements (eg, relied on self-reported numbers, a heading
exposure index44) were considered high risk. We did not require
loss of consciousness for making the diagnosis of concussion
and relied on the original study authors’ assessment.

Data synthesis and analysis
Excel 2011 (Microsoft Corp, Redmont, USA) and Matlab V.7.0
(The MathWorks, Nantuck, USA) were used for data analyses.
Statistical analyses were performed using two-sample t-tests
(with the Bonferroni correction) and ORs including 95% CIs.

RESULTS
From the 32 studies included for qualitative synthesis (figure 1),
one was excluded because of ‘poor’ quality on NOS45 and one
was removed because of duplicity of data.46 Among the 30
studies included for quantitative synthesis (n=1691, 22.4%
females), only 6 were prospective. Twenty-three studies (76.7%,
n=1518) reported on results of neurocognitive testing, while
data on neuroimaging were provided in eight studies (26.7%,
n=143). Information on EEG (6.7%, n=106) was available
from two; postural stability (3.3%, n=15) was provided in one
study (tables 1 and 2). Four studies reported on more than one
modality (see online supplementary file 3). NOS ratings were
‘good’ and ‘fair’, respectively, in 15 studies each (see online
supplementary file 2). Key domains for neurocognitive testing
of (sub)concussive brain injury (attention, executive functions,
memory) were assessed by 18 of 23 studies, while in the remain-
ing 5 studies, 1 (n=3) or 2 (n=2) key domains were missing.
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Case–control studies reporting on neurocognitive testing
Fourteen studies compared neurocognitive test results in football
players (n=581) with those from controls (n=348). On average,
8.7±5.8 tests covering 4.4±1.9 categories were administered.
Eight studies (57.1%) reported significantly lower results for the
football players than for the controls in at least one test (2.8
±2.7 tests, average±1 SD). Most frequently, deficits of atten-
tion, executive function and memory were noted (table 3 and
figure 2).

Studies reporting neurocognitive deficits had a higher rate of
inappropriate control of type 1 errors (OR=17.35 (95% CI
(10.61 to 28.36)) and higher odds for inappropriate controls
(OR=1.72 (1.22 to 2.43)) than studies not reporting any differ-
ences. The fraction of female players was about the same for
both groups (OR=0.82 (0.47 to 1.47)). The fraction of younger
players (youth/high school/college) compared with more elderly
players was larger in studies with negative findings than in those
with significant deficits (OR=1.92 (1.38 to 2.68)) (table 3).

Impact of heading on neurocognitive functions
A potential link between heading exposure and performance on
neurocognitive testing was analysed in 17 studies (n=1173,
26.4% females). On average, 8.5±5.1 neurocognitive tests cov-
ering 4.4±1.8 categories were obtained (table 3). Two-thirds of

the studies did not find any relation between heading frequency
and neurocognitive test performance, while six studies (35%)
reported a correlation in 2.0±1.1 tests. Deficits of attention,
memory and intelligence were most frequent (table 4). The
quality of heading frequency assessment was lower for those
studies reporting a link than for those studies without such a
link (OR=14.2 (9.0 to 22.4)). The rate of inappropriate
control of type 1 errors was similar in studies confirming or
discarding such a link (OR=0.74 (0.53 to 1.04)). The frac-
tion of players with more extensive exposure (amateurs, uni-
versity, (former) professionals) was significantly higher among
those studies reporting neurocognitive deficits than for those
studies that did not observe deficits (OR=2.15 (1.63 to
2.85)).

Impact of head injuries on neurocognitive functions
A potential association between previous head injuries and neu-
rocognitive deficits was investigated in 13 studies (n=1103,
26.6% females) (table 3). On average, 11.3±4.9 neurocognitive
tests covering 5.2±1.4 categories were obtained. Seven studies
(54%) reported a correlation, with abnormalities noted in
2.4±1.8 tests. Deficits of visuospatial functions, decision-
making, attention and executive function were most frequent
(table 4). The rate of inappropriate control of type 1 errors was

Figure 1 Flow chart depicting the selection process of identified articles. *One study was excluded because of duplicity of data;46 another study
was excluded because of a ‘poor’ risk-of-bias rating (Newcastle–Ottawa Scale).45
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Table 1 Metadata of included studies (n=30)

Citation, year Study design Level of play Control group

Sample size
(test/control
group) (n),
gender

Observation/exposure
duration to competitive
football play (mean±1 SD) Focus of study

NOS rating
(‘good’, ‘fair’
or ‘poor’)

Controls appropriate/
appropriate control of
type 1 errors/response
rate (%)

High-quality
assessment of
heading frequency

Abreau et al, 199047 Retrospective,
case–control

College College tennis players 31/31, male ≥2 seasons (college level) NCP football players vs
controls

Fair Yes/no/62/220 (28%) NA

Adams et al, 200748 Retrospective,
case–control

College Non-football playing
college students

10/10, male ≥8 years Grey matter density and
volume (VBM)

Fair No/yes/NR NA

Downs and
Abwender, 200228

Retrospective,
case–control

College/pro College swimmers 32/29, female
+male

≥4 years (collegiate/national
level)

NCP football players vs
controls, impact of
heading

Fair No/no/NR No (heading
exposure index)

Ellemberg et al,
200749

Retrospective,
cross-sectional

University NA 22/NA, female 6–8 months since concussion,
15 years of play

Impact of concussion on
NCP

Fair NA/yes/NR NA

Forbes et al, 201413 Prospective,
cohort

Interscholastic NA 210/NA, female 27±21 months since (last)
concussion, 9 years of play

Impact of concussion on
NCP

Good NA/unclear/NR Yes

Guskiewicz et al,
200231

Retrospective,
case–control

Collegiate Non-football contact
sports, (n=96), no
sports controls (n=53)

91/149, female
+male

≥5 years NCP football players vs
controls, impact of
concussion

Fair No/yes/NR NA

Janda et al, 200218 Prospective,
cohort

Youth NA 57/NA, female
+male

9 months (prospective) Impact of heading on
NCP

Good NA/unclear/NR Yes

Jordan et al, 199644 Retrospective,
case–control

Active pro Elite track athletes 20/20, male 17.7±3.1 years Structural abnormalities
(MRI)

Good Yes/no/20/25 (80%) NA

Kemp et al, 201638 Prospective,
case–control

Active pro Various non-contact
sports athletes from
local university

32/33, male ≥5 years of competitive
football play

NCP football players vs
controls, structural
abnormalities (MRI)

Fair Yes/yes/NR NA

Koerte et al, 201250 Retrospective,
case–control

Active pro Swimmers from
competitive clubs

12/11, male 13.3±2.9 years White matter integrity
(DTI)

Good Yes/yes/12/40 (30%) NA

Koerte et al, 201551 Retrospective,
case–control

Former pro Former non-contact
pro athletes

11/14, male Trained since childhood, >1
year as pro

Brain biochemistry
(MRS), correlation with
NCP

Good Yes/no/NR No (self-reported)

Koerte et al, 201537 Retrospective,
case–control

Former pro Former non-contact
pro athletes

15/15, male Trained since childhood, 4.7
±3.6 years as pro

Grey matter thickness
(VBM), correlation with
NCP

Good Yes/no (NCT), yes
(imaging)/NR

No (self-reported)

Kontos et al, 201112 Prospective,
cross-sectional

Youth NA 63/NA, female
+male

Btw. 6.7±3.0 and 8.5
±4.6 years

Impact of heading on
NCP

Good NA/yes/NR Yes

Lipton et al, 201317 Retrospective,
cross-sectional

Amateur NA 37/NA, female
+male

>5 years White matter
microstructure (DTI),
correlation with NCP

Good NA/yes/NR No (self-reported)

Matser et al, 199816 Retrospective,
case–control

Active pro Elite non-contact
sports athletes

53/27, male ≥4 years amateur
(median=12 years) and
≥1 year pro (median=5 years)

NCP, impact of heading/
head injuries

Good Yes/no/NR No (self-reported)

Matser et al, 199927 Retrospective,
case–control

Amateur Amateur athletes
(swimming/track)

33/27, male ≥5 years (avg=17 years) NCP football players vs
controls, impact of head
injuries

Good Yes/no/33/33 (100%) NA

Matser et al, 200119 Retrospective,
cross-sectional

Active pro NA 84/NA, male ≥1 year pro play
(median=4 years)

Impact of heading and
head injuries on NCP

Good NA/no/NR No (self-reported)

Continued
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Table 1 Continued

Citation, year Study design Level of play Control group

Sample size
(test/control
group) (n),
gender

Observation/exposure
duration to competitive
football play (mean±1 SD) Focus of study

NOS rating
(‘good’, ‘fair’
or ‘poor’)

Controls appropriate/
appropriate control of
type 1 errors/response
rate (%)

High-quality
assessment of
heading frequency

Rutherford et al,
200552

Retrospective,
case–control

University Rugby players (n=17),
non-contact sports
(n=24)

22/41, male ≥5 years NCP football players vs
controls, impact of
heading/head injuries

Good Yes/yes/109/156 (70%) Yes

Rutherford et al,
200914

Retrospective,
case–control

University Rugby players (n=30),
non-contact sports
(n=22)

25/52, male ≥5 years (avg=6.1±0.1 years) NCP football players vs
controls, impact of
heading/head injuries

Good Yes/yes/165/254 (65%) Yes

Salinas et al, 200953 Prospective,
cross-sectional

Youth NA 49/NA, female
+male

3.1±1.9 years Impact of heading on
NCP

Fair NA/unclear/NR Yes

Stephens et al,
201015

Retrospective,
case–control

High school rugby players (n=27),
non-contact sports
(n=16)

54/43, male 3.4±1.0 years NCP football players vs
controls, impact of
heading/head injuries

Fair Yes/yes/193/337 (57%) Yes

Straume-Naesheim
et al, 200532

Retrospective,
cross-sectional

Active pro NA 271/NA, male Btw. 2.8±2.4 and 3.3
±2.4 years at highest league

Impact of heading/head
injuries on NCP

Good NA/ no/271/300 (90%) No (self-reported)

Straume-Naesheim
et al, 200933

Prospective,
cohort

Active pro NA 144/NA, male 1 year (ie, 1 season) Impact of concussion on
NCP

Good NA/yes/NR NA

Svaldi et al, 201654 Prospective,
case–control

High school High school athletes
from various
non-collision sports

14/12, female 1 season plus 3–4 months Cerebrovascular reactivity
related to head
acceleration (heading)

Good Yes/yes/NR Yes (head
acceleration event
monitoring

Tysvaer and Storli,
198955

Retrospective,
case–control

Active pro Men with various
occupation

69/69, male 128 games in pro league
(avg)*

EEG disturbances Fair No/unclear/NR NA

Tysvaer et al, 198956 Retrospective,
case–control

Former pro Men from ‘different
occupational groups’

37/37, male 359 games in pro league
(avg)*

EEG disturbances Fair No/unclear/43/50 (86%) NA

Tysvaer and Lochen,
199157

Retrospective,
case–control

Former pro Patients hospitalized
for various disorders

37/20, male 359 games in pro league
(avg)*

NCP football players vs
controls, impact of
heading

Fair No/no/NR NR

Vann Jones et al,
201434

Retrospective,
case–control

Former pro UK-based MCI
prevalence study58

92/NA, male 14.5±3.2 years of pro play NCP football players vs
controls

Fair NA/no/138/300 (46%) No (heading
exposure index)

Witol and Webbe,
200229

Retrospective,
case–control

Interscholastic,
amateur/pro

Non-soccer playing
controls

60/12, male Btw. 9.1±5.0 and 13.9±6.5
years

NCP football players vs
controls, impact of
heading

Fair No/no/NR No (self-reported)

Zhang et al, 201359 Retrospective,
case–control

High school Non-football players
(high school level)

12/12, female 5–12 years (median: 8 years) NCP football players vs
controls, impact of
heading

Fair Unclear/unclear /NR No (self-reported)

*These studies did not provide years of play, but games played. Assuming a total of 30–60 games per season, in all cases, more than one season of professional play can be assumed.
avg, average; btw, between; DTI, diffusion tensor imaging; MRS, magnetic resonance spectroscopy; NA, not available; NCP, neurocognitive performance; NOS, Newcastle–Ottawa Scale, NR, not reported; pro, professional; VBM, voxel-based morphometry.
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lower in studies with positive findings compared with studies
with negative findings (OR=0.20 (0.15 to 0.26)).

Data on previous head injuries were available in 10 studies with
average numbers of concussions ranging between 1.0 and 2.1,
with the most recent event between 6 and 8 months and several
years ago. The assessment of previous head injuries was based on
players’ reports in all but two studies.13 49 Only football-related
concussions were considered in five of seven studies with positive
findings and in three of six studies with negative findings, while
the remaining five studies included other, non-football-related con-
cussions as well or did not further specify.

Neuroimaging studies
We identified eight studies (n=143, 15.4% females) using
imaging modalities focusing on brain structure (conventional
MRI, VBM, DTI) or brain metabolism (fMRI, MRS). DTI (2
studies, n=49), conventional MRI (2 studies, n=44) and VBM
(2 studies, n=25) were most frequently applied (table 5). All
studies used a case–control design with selection of controls
rated as ‘appropriate’ in six (75%). Most players were

professionals (active=56; former=26) or amateurs (n=37).
Only two studies were prospective.38 54 In one prospective
study, no conventional MRI changes could be depicted in pro-
fessional players (observation period=5 years).38 Prospectively
observing female high-school players over one season using
fMRI, significant reductions in frontotemporal cerebrovascular
reactivity persisting up to 4–5 months after the season had
ended were reported,54 resembling the pattern described in
mTBI.60 61 Retrospectively, in former professionals, VBM
demonstrated cortical thinning in the right inferolateral parietal,
temporal and occipital cortex37 and MRS showed higher
choline and myo-inositol levels in the posterior cingulate
gyrus.51 In professional players, DTI indicated widespread white
matter abnormalities (albeit no changes in fractional anisot-
ropy),50 but conventional MRI did not demonstrate changes
related to the years of football participation.44 In college-
football players, VBM showed decreased grey matter density
and volume within the anterior–temporal cortex.48

Four studies linked neuroimaging with neurocognitive
data.17 37 38 51 Cortical thinning was associated with worse

Table 2 Summary information about included studies (n=30)

Studies (n, (%)) Female football players (n (%)) Male football players (n (%)) All football players (n (%))

Control of type 1 errors
Appropriate 12 (40.0) 104 (27.4) 414 (31.6) 518 (30.6)
Inappropriate/unclear 18 (60.0) 275 (72.6) 898 (68.4) 1173 (69.4)
Total 30 (100.0) 379 (100.0) 1312 (100.0) 1691 (100.0)

Selection of controls
Appropriate 12 (40.0) 12 (11.1) 224 (54.2) 236 (45.3)
Inappropriate/unclear 8 (26.7) 96 (88.9) 189 (45.8) 285 (54.7)
NA 10 (33.3) NA NA NA
Total 30 (100.0) 108 (100.0) 413 (100.0) 521 (100.0)

Response rate*
High (>50%) 7 (23.3) 0 (0.0) 462 (35.2) 462 (27.3)
Low (≤50%) 3 (10.0) 0 (0.0) 135 (10.3) 135 (8.0)
Not reported 20 (66.7) 379 (100.0) 715 (54.5) 1094 (64.7)
Total 30 (100.0) 379 (100.0) 1312 (100.0) 1691 (100.0)

Gender
Football players NA 379 (22.4) 1312 (77.6) 1691 (100.0)
Control participants NA 108 (20.7) 413 (79.3) 521 (100.0)

Category†
NCT 23 365 1153 1751
Case–control studies 1414–16 27–29 31 34 37 38 47 52 57 59 56 525 512
Impact of heading 1712–19 28 29 32 34 37 52 53 57 59 310 863 1459
Impact of head injuries 1313–19 27 31–33 49 52 188 810 980
Neuroimaging 817 37 38 44 48 50 51 54 22 121 138
EEG 255 56 0 106 106
Postural control 137 0 15 15

Level of play‡
Youth 3 (10.0) 69 (18.2) 100 (7.6) 169 (10.0)
High school/college 9 (30.0) 280 (73.9) 234 (17.8) 514 (30.4)
University 3 (10.0) 22 (5.8) 47 (3.6) 69 (4.1)
Amateur 2 (6.7) 8 (2.1) 62 (4.7) 70 (4.1)
Professional 8 (26.7) 0 (0.0) 677 (51.6) 677 (40.0)
Former professional 5 (16.7) 0 (0.0) 192 (14.6) 192 (11.4)
Total 30 (100.0) 379 (100.0) 1312 (100.0) 1691 (100.0)

*Fraction of participants that agreed to participate after being invited to participate in the study. This includes football players and control participants.
†Some studies provided testing for more than one modality (eg, neurocognitive testing and neuroimaging or neuroimaging and balance testing), resulting in a total study number larger
than 31. Within neurocognitive testing, also some studies provided case–control data as well as a correlation analysis for, for example, heading frequency and neurocognitive deficits in
the football players.
‡Level of play as reported in the original studies. Age range for youth football players was 10–1318 and 13–18.12 The category ‘High school/college’ includes the ‘interscholastic’ as
well.
NA, not available; NCT, neurocognitive testing.
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Table 3 Studies reporting on neurocognitive testing (NCT) in football players*

Case–control studies Studies addressing the impact of heading frequency Studies addressing the impact of head injuries

Studies with
significant
differences in
NCT†

Studies without
sign. differences
in NCT

All
studies Stats

Studies with
significant impact
on NCT†

Studies
without sign.
impact on NCT

All
studies Stats

Studies with
significant impact
on NCT†

Studies
without sign.
impact on NCT

All
studies Stats

Studies (n (%)) 8 (57.1) 6 (42.9) 14 (100) 6 (35.3) 11 (64.7) 17
(100.0)

7 (53.8) 6 (46.2) 13
(100.0)

Control of type 1 errors (number of studies/number of participants (%))
Appropriate 1/22 (8.3) 4/194 (61.2) 5/216

(37.2)
OR=17.35
(10.61 to
28.36)‡

2/59 (20.5) 3/142 (16.0) 5/201
(17.1)

OR=0.74 (0.53
to 1.04)‡

4/242 (58.7) 3/153 (22.1) 7/395
(35.8)

OR=0.20
(0.15 to
0.26)‡Inappropriate/unclear 7/242 [91.7) 2/123 [38.8) 9/365

[62.8)
4/229 (79.5) 8/743 (84.0) 12/972

(82.9)
3/170 (41.3) 3/538 (77.9) 6/708

(64.2)
Selection of controls (number of studies/number of control participants (%))§

Appropriate 5/155 (58.2) 5/225 (71.0) 10/380
(65.4)

OR=1.72 (1.22
to 2.43)‡

NA NA NA NA NA NA NA NA

Inappropriate/unclear 3/109 (41.3) 1/92 (29.0) 4/201
(34.6)

NA NA NA NA NA NA

Response rate (number of studies)¶
High (>50%) 3 2 5 1 4 5 3 2 5

Low (≤50%) 0 2 2 0 1 1 0 0 0
Not reported 5 2 7 5 6 11 4 4 8

Football players according to gender (number of participants (%))
Females 23 (8.7) 33 (10.4) 56 (9.6) OR=0.82 (0.47

to 1.44)‡
19 (6.6) 291 (32.9) 310

(26.4)
OR=0.14 (0.09
to 0.23)‡

22 (5.3) 271 (39.2) 293
(26.6)

OR=0.09
(0.06 to
0.14)‡Males 241 (91.3) 284 (89.6) 525

(90.4)
269 (93.4) 594 (67.1) 863

(73.6)
390 (94.7) 420 (60.8) 810

(73.4)
Total 264 (100.0) 317 (100.0) 581

(100.0)
288 (100.0) 885 (100.0) 1173

(100.0)
412 (100.0) 691 (100.0) 1103

(100.0)
Gender controls (number of participants (%))

Females 27 (16.3) 69 (37.9) 96 (27.6) NA NA NA NA NA NA
Males 139 (83.7) 113 (62.1) 252

(72.4)
NA NA NA NA NA NA

Total 166 (100.0) 182 (100.0) 348
(100.0)

NA NA NA NA NA NA

Sample size (mean±SD)**
Football players 33±17 53±32 42±26 p=0.157 48±22 80±83 61±63 p=0.371 59±43 115±101 85±78 p=0.208
Controls 21±7 36±34 27±22 p=0.221 NA NA NA NA NA NA
NCTs (mean±SD)** 9.1±6.4 8.2±5.4 8.7±5.8 p=0.773 11.0±5.5 7.2±4.6 8.5±5.1 p=0.147 14.1±4.1 8.0±3.6 11.3±4.9 p=0.162
NCT categories (mean
±SD)**

4.6±2.0 4.0±2.0 4.4±1.9 p=0.573 5.2±1.6 4.0±1.8 4.4±1.8 p=0.213 5.9±1.2 4.5±1.4 5.2±.1.4 p=0.086

Heading assessment (number of participants)
Self-reported NA NA NA 234 (81.3) 298 (33.7) 532

(45.4)
OR=14.20
(9.01 to 22.39)
††

NA NA NA

Heading exposure index NA NA NA 32 (11.1) 92 (10.4) 124
(10.6)

NA NA NA

Continued
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Table 3 Continued

Case–control studies Studies addressing the impact of heading frequency Studies addressing the impact of head injuries

Studies with
significant
differences in
NCT†

Studies without
sign. differences
in NCT

All
studies Stats

Studies with
significant impact
on NCT†

Studies
without sign.
impact on NCT

All
studies Stats

Studies with
significant impact
on NCT†

Studies
without sign.
impact on NCT

All
studies Stats

Prospectively NA NA NA 0 (0.0) 433 (48.9) 433
(36.9)

NA NA NA

Combination NA NA NA 22 (7.6) 25 (2.8) 47 (4.0) NA NA NA
NR NA NA NA 0 (0.0) 37 (4.2) 37 (3.2) NA NA NA

Level of play (number of studies/number of participants (%))
Youth 0/0 (0.0) 0/0 (0.0) 0/0 (0.0) OR=1.92 (1.38

to 2.68)‡‡
0/0 (0.0) 3/169 (19.1) 3/169

(14.4)
OR=2.15 (1.63
to 2.85)‡‡

0/0 (0.0) 1/57 (8.2) 1/57
(5.2)

OR=7.13
(5.16 to
9.84)‡‡High school/college 3/104 (39.4) 3/176 (55.5) 6/280

(48.2)
2/92 (31.9) 3/276 (31.2) 5/368

(31.4)
1/54 (13.1) 2/301 (43.6) 3/355

(32.2)
University 1/22 (8.3) 1/25 (7.9) 2/47

(8.1)
1/22 (7.6) 1/25 (2.8) 2/47

(4.0)
2/44 (10.7) 1/25 (3.6) 3/69

(6.3)
Amateur 1/33 (12.5) 0/0 (0.0) 1/33

(5.7)
1/37 (12.8) 0/0 (0.0) 1/37

(3.2)
1/33 (8.0) 1/37 (5.4) 2/70

(6.3)
Professional 1/53 (20.1) 1/24 (7.6) 2/77

(13.5)
2/137 (47.6) 1/271 (30.6) 3/408

(34.8)
3/281 (68.2) 1/271 (39.2) 4/552

(50.0)
Former professional 2/52 (19.7) 1/92 (29.0) 3/144

(24.8)
0/0 (0.0) 3/144 (16.3) 3/144

(12.3)
0/0 (0.0) 0/0 (0.0) 0/0 (0.0)

All 8/264 (100.0) 6/317 (100.0) 14/581
(100.0)

6/288 (100.0) 11/885 (100.0) 17/1173
(100.0)

7/412 (100.0) 5/691 (100.0) 13/ 103
(100.0)

*Studies may have provided data both for neurocognition in football in general and specifically related to heading frequency and/or the number of head injuries.
†In these studies, statistically significant (p<0.05) differences (between cases and controls or related to heading frequency or the number of head injuries) in at least one neuropsychological test were reported.
‡OR (OR; including 95% CIs in parentheses) comparing fractions of a given condition (eg, appropriateness of type 1 errors or gender) between studies with or without significant differences in NCT.
§Controls were considered appropriate if the following criteria were met: (1) age-matched and gender-matched, (2) physical activities of comparable intensity but without body contact, that is, swimming, running or cycling, (3) no additional (recreational)
exposure to football or other contact sports.
¶This includes football players and control participants.
**Two-sample t-tests using the Bonferroni correction for multiple testing.
††OR for high-quality heading assessment (prospective recorded or combined prospective and retrospective approach) versus low-quality heading assessment (self-reported heading rates or calculation of heading-exposure-risk based on player’s position).
‡‡OR between studies with or without significant differences in NCT comparing younger (youth, high school, college, interscholastic) and more elderly (university, amateur, professional, former professional) football players.
NCT, neurocognitive testing; NR, not reported; OR, OR including 95% CIs.
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performance on 1 of 6 tests (Rey-Osterrieth complex-figure long-
delay recall),37 Glutathion levels were linked to inferior results in
1 of 4 tests (trail making test B)51 and lower levels of fractional
anisotropy in parieto-occipital areas were associated with 1 of 6
tests (poorer memory).17 In the only prospective study, neither
changes in neurocognitive performance nor in conventional MRI
could be depicted over an observation period of 5 years.38

A link between heading exposure and structural/metabolic neu-
roimaging changes was investigated in five studies.17 37 44 51 54

Lifetime estimates of heading numbers were inversely correlated
with cortical thickness in the right parietal/occipital lobes37 and
with myoinositol and glutathione levels.51 Fractional anisotropy
levels in temporoparietal white matter were inversely correlated
with the annual number of headings.17 A high cumulative head
acceleration exposure was linked to more profound reductions in
cerebrovascular reactivity, outlasting the end of the season by 4–
5 months before returning to baseline by month 8.54 No correl-
ation between career heading exposure and abnormalities on con-
ventional MRI were reported in another study.44 The potential
impact of remote head injuries on brain structure was examined
in two studies, both demonstrating no association.17 44

EEG studies
Two studies used EEG in active (n=69)55 and former (n=37)56

professional male players. In both studies, standard EEG record-
ings were examined by a clinical neurophysiologist and EEGs
were classified as ‘normal’, ‘slightly abnormal’ or ‘abnormal’
based on background activity and α-activity. EEG ratings in the
players were compared with those in age-matched men of
‘various occupations’. With information on matched physical
activities lacking in the controls, their quality was rated
‘inappropriate’. The rate of EEGs considered normal was lower
in active and former players compared with controls. Among
the active players, all abnormal EEGs were observed in players
who considered themselves as non-headers.55 Among former
players, there were no EEG differences between headers and
non-headers.56

Postural stability
One study (n=15) reported on balance, using the balance error
scoring system.37 This study described no significant differences
between players and controls.

Figure 2 Spider plots illustrating in how many studies the different neurocognitive categories were evaluated (in red) and how often an abnormal
test result was retrieved in this category (in blue). The number of studies is provided along the intersection of the web. Separate plots are provided
for all case–control studies (A), for all studies investigating the impact of heading on neurocognitive tests (B) and for all studies reporting on the
impact of head injuries on cognition (C). Irrespective of the study categorisation, attention, executive functions, memory and visuospatial functions
were the cognitive domains most frequently tested and also most frequently impaired.

Table 4 Distribution of neurocognitive testing categories (in alphabetical order) and percentage of abnormal tests*

Case–control studies (n=14)
Studies reporting on heading frequency
(n=17)

Studies reporting on the number of head
injuries (n=13)

Studies with
sign. effect/all
studies reporting
(%)

Studies with sign. effect/
all studies reporting
abnormal NCT in at least
one category (n=8) (%)

Studies with
sign. effect/all
studies reporting
(%)

Studies with sign. effect/
all studies reporting
abnormal NCT in at least
one category (n=6) (%)

All studies with
sign. effect/all
studies reporting
(%)

Studies with sign. effect/
all studies reporting
abnormal NCT in at least
one category (n=7) (%)

Abstract reasoning 0/3 (0) 0/2 (0) 0/2 (0) 0/2 (0) 0/3 (0) 0/3 (0)
Attention 5/12 (42) 5/7 (71) 3/15 (20) 3/6 (50) 4/13 (31) 4/7 (57)
Creativity 0/2 (0) 0/0 (0) 0/2 (0) 0/0 (0) 0/2 (0) 0/1 (0)
Decision-making 0/0 (0) 0/0 (0) 0/3 (0) 0/1 (0) 2/4 (50) 2/2 (100)
Executive functions 5/13 (38) 5/8 (63) 2/16 (13) 2/6 (33) 4/13 (31) 4/7 (57)
Intelligence 1/6 (17) 1/3 (33) 1/6 (17) 1/2 (50) 0/3 (0) 0/2 (0)
Language 0/4 (0) 0/3 (0) 0/6 (0) 0/2 (0) 0/6 (0) 0/4 (0)
Memory 3/10 (39) 3/5 (60) 3/14 (21) 3/5 (60) 1/13 (8) 1/7 (14)
Motor skills 1/3 (33) 1/3 (33) 1/3 (33) 1/3 (33) 0/3 (0) 0/3 (0)
Visuospatial
functions

2/7 (29) 2/5 (40) 0/9 (0) 0/4 (0) 3/8 (38) 3/5 (60)

*Studies may have provided data both for neurocognition in football in general and specifically related to heading frequency and/or number of head injuries. Categories with ≥50% of
studies with abnormal NCT results are in bold.
NCT, neurocognitive testing; sign, significant.
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DISCUSSION
With the recently issued ban for heading in child-football
players in the USA,26 the ongoing debate about potential persist-
ent effects of football and football-related (subconcussive)
trauma on brain function received increased attention and
caused uncertainty among football players, medical staff and
media. Given the worldwide popularity of football,62 football-
related health issues may have far-reaching implications that
have to be balanced and compared with benefits due to regular
activity. This emphasises the need to intensify hypothesis-driven
research and the study of associations between football play and
persistent structural/functional changes of the brain.

Under-representation of female players
For most aspects evaluated, female players were in a minority,
consistent with reportedly lower numbers of active female foot-
ball players.62 While no conclusions could be drawn on football-
related changes in neuroimaging and EEG, women were under-
represented in studies that reported neurocognitive impairment
compared with those not observing such deficits. This observa-
tion was unexpected since the rate of football-related head injur-
ies was reportedly higher in women.63–66 Of note, none of the
studies reported on (former) professional female players. Also,
for studies reporting on neurocognitive testing, female players
were over-represented in lower levels of play (youth, high

Table 5 Persistent effects of football on the brain: neuroimaging studies (n=8)

Effect confirmed (n (%)) No effect (n (%)) All (n (%))

Studies (n) 6 (75.0) 2 (25.0) 8 (100.0)
Selection of controls (number of studies/number of participants (%))*
Appropriate 4/52 (83.9) 2/37 (100.0) 6/89 (89.9)
Inappropriate/unclear 1/10 (16.1) 0/0 (0.0) 1/10 (10.1)
NA 1/NA 0/NA 1/NA
Total 6/62 (100.0) 2/37 (100.0) 8/99 (100.0)

Gender football players (number of participants (%))
Females 22 (22.2) 0 (0.0) 22 (15.4)
Males 77 (77.8) 44 (100.0) 121 (84.6)
Total 99 (100.0) 44 (100.0) 143 (100.0)

Gender controls (number of participants (%))
Females 12 (19.4) 0 (0.0) 12 (12.1)
Males 50 (80.6) 37 (100.0) 87 (87.9)
Total 62 (100.0) 37 (100.0) 99 (100.0)

Sample size (mean±1SD)
Football players 16.5±10.2 22.0±2.8 17.9±14.1
Controls 12.4±2.1 18.5±2.1 14.1±3.5

Type of imaging (number of studies/number of football players (%))
Conventional MRI 0/0 (0.0) 2/44 (100.0)38 44 2/44 (30.8)
Diffusion tensor imaging (DTI) 2/49 (49.5)17 50 0/0 (0.0) 2/49 (34.3)
Voxel-based MR morphometry (VBM) 2/25 (25.3)37 48 0/0 (0.0) 2/25 (17.5)
MR spectroscopy (MRS) 1/11 (11.1)51 0/0 (0.0) 1/11 (7.7)
Functional MRI (fMRI) 1/14 (14.1)54 0/0 (0.0) 1/14 (9.8)
Total 6/99 (100.0) 2/44 (100.0) 8/143 (100.0)

Level of play (number of studies/number of football players (%))

Youth 0/0 (0.0) 0/0 (0.0) 0/0 (0.0)
High school/college 2/24 (24.2) 0/0 (0.0) 2/24 (16.8)
University 0/0 (0.0) 0/0 (0.0) 0/0 (0.0)
Amateur 1/37 (37.4) 0/0 (0.0) 1/37 (25.9)
Professional 1/12 (12.1) 2/44 (100.0) 3/56 (39.2)
Former professional 2/26 (26.3) 0/0 (0.0) 2/26 (18.2)
Total 6/99 (100.0) 2/44 (100.0) 8/143 (100.0)

Correlating neuroimaging with NCT (number of studies)
Structural and NCT changes correlate 317 37 51 138 4
No correlation 0 0 0
NA 348 50 54 144 4

Correlating neuroimaging with heading frequency (number of studies)
Changes on neuroimaging and heading frequency correlate 417 37 45 51 0 4
No correlation 0 144 1
NA 248 50 138 3

Correlating neuroimaging with the number of head injuries (number of studies)
Changes on neuroimaging and number of head injuries correlate 0 0 0
No correlation 117 144 2
NA 537 45 48 50 51 0 5

*Controls were considered appropriate if the following criteria were met: (1) age-matched and gender-matched, (2) physical activities of comparable intensity but without body contact,
that is, swimming, running or cycling, (3) no additional (recreational) exposure to football or other contact sports.
NCT, neurocognitive testing; NA, not available.
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school/college) compared with higher levels (university, amateur,
(former) professional) (OR=28.57 (19.25 to 42.41)). These
observations suggest that cumulative exposure to football play
or cumulative intensity has been lower in female players, not
reaching levels that may be necessary to result in brain abnor-
malities. Future studies should pay special attention on func-
tional/structural brain changes in female players with more
extensive football exposure.

Neurocognitive testing in (former) football players
Applied in 77% of studies, neurocognitive testing remains the
most common approach to investigate potential associations
between football play and changes in brain function. Most
studies dealt with effects of heading (74%) and head injuries
(57%). Over 60 different neurocognitive tests were used, most
of them only in few studies. With all three key domains (atten-
tion, executive function and memory) assessed by 78% of
studies, risk for false-negative results due to inappropriate selec-
tion of neurocognitive test domains seems low. Even for the
most frequently used tests in those domains considered most
important in patients with (sub)concussive brain injury (see
online supplementary file 4), the fraction of abnormal test
results was low (0.29±0.18). This suggests that reported neuro-
cognitive impairments were rather subtle and their detection
may have depended on study-specific parameters as age, gender,
level of play and selection of controls. Also, among all tests
administered in a given study, those with abnormal outcome
were infrequent (fraction=0.21±0.27). In 19 of 23 studies,
more than one neurocognitive test was applied to evaluate a
single category (eg, TMT-B and Stroop for executive functions).
Noteworthy, in 42% of these studies, discrepant test results in a
given category were noted. This affected 37% (17/46) of all cat-
egories in studies that received multiple testing. These results
suggest that changes are subtle and may get identified only by
some tests. Moreover, these inconsistencies underline the
importance of standardised neurocognitive testing in football.

Persistent neurocognitive changes in (former) players compared
with controls
Fifty-seven per cent of case–control studies reported persistent
associations between football and neurocognitive impairment
focusing on attention, executive function and memory. These
categories are primarily mediated by the frontal and temporal
lobes and are typically involved in mTBI.67 Based on the quality
assessment performed, several confounders must be considered
to put the significance of these observations in context.
Probably of the most far-reaching implication is the finding that
the rate of appropriate control for type 1 errors was smaller
among studies with abnormal test results (OR=17.35 (10.61 to
28.36)). These studies thus bear an increased risk for false-
positive test results. Choosing the right controls is essential.
Including control participants without matching the profile of
physical activity might point to global effects of physical activity
rather than to football-related changes.14 While in our review,
controls were judged as ‘appropriate’ in 67% of case–control
studies, the odds for inappropriate controls were higher for
studies reporting neurocognitive deficits (OR=1.72 (1.22 to
2.43)). This indicates that inappropriate selection of control par-
ticipants may represent a serious source of bias. As a conse-
quence, caution is warranted when interpreting impairment in
neurocognitive testing based on the existing literature.
Noteworthy, with the fraction of younger players being larger in
studies with negative findings than in those with significant defi-
cits, this might suggest that the exposure duration was simply

not long or intense enough to cause a significant effect, further
limiting conclusions.

No clear evidence for heading-related persistent impairment of
neurocognitive function
Six of 17 studies that correlated heading frequency with neuro-
cognitive deficits reported a link (mostly for attention, executive
functions and memory), but these studies also contained more
methodological limitations than those reporting no link. Most
importantly, the assessment quality of heading frequency was
lower in studies with positive findings (OR=14.2 (9.0 to 22.4)).
Self-reported heading frequencies tend to be higher than those
obtained by more reliable approaches,68 indicating potential risk
of reporting bias. This emphasises the need for prospective
observer-based assessments of heading frequency in future
studies. Furthermore, studies so far remained incomplete in pro-
viding an accurate estimate of heading exposure, since heading
during practice sessions was not considered and other variables
such as heading technique and ball properties and ball velocity
were not available. Studies focusing on former players with
heading exposure decades ago45 56 57 may also be biased by dif-
ferences in the properties of the ball—heavy leather balls, in
common use until the mid-1970s and even heavier on wet
undergrounds, should not be compared with the more light-
weight balls used thereafter.

The ratio of more senior to more junior players was higher in
studies reporting significant impact of heading than in those
with negative findings (OR=2.15 (1.63 to 2.85)). For more
senior players, the lifetime heading number is higher and the
duration of exposure is longer. Current studies therefore cannot
exclude that in more senior players, neurocognitive deficits may
eventually arise due to a decreased cerebral reserve capacity in
view of accumulated (sub)clinical head trauma.14 69 Of note, in
retired professional UK-football players, no signs for accelerated
cognitive decline were found.34 Furthermore, female players
were under-represented in studies that noted a link between
heading frequency and neurocognitive impairments. A lower
heading frequency in female players18 and the skewed distribu-
tion of female players towards lower levels of play may explain
this seemingly ‘protective effect’ of female gender on heading
related neurocognitive impairments.

Based on our review, no firm conclusions on an association
between heading frequency and accelerated neurocognitive
decline can be drawn. Methodological limitations identified
more often in studies with positive findings emphasise caution
in linking heading to persistent neurocognitive deficits. This
extends conclusions of a previous review on acute and persistent
effects of concussions and heading in football.70 Whether or
not significant differences in neurocognition arise with increas-
ing heading exposure awaits further clarification, especially in
former professional players with extensive exposure and better
control for head injury.

Repetitive concussions may be linked to persistent cognitive
impairment
A negative impact of (repetitive) head injuries to brain function
has been reported for other contact sports as American foot-
ball,71 72 rugby52 or boxing.73–75 For football (soccer) play,
Barnes et al76 estimated a 50% risk that a professional male
player will suffer a concussion within a 10-year period, while
the corresponding figure for female players was 22%.
Neuropathological changes associated with mTBI are axonal
injuries with a focus on the orbitofrontal and temporal polar
zones.67 Cognitive functions affected most are delayed memory,
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executive functions, language and attention.77 78 Based on our
review, 54% of studies addressing the influence of head injuries
on neurocognitive test performance found a link in one or more
categories. Seventy-one per cent of studies with positive findings
restricted their analysis to football-related concussions, which
indicates a low risk that football-unrelated concussions biased
the results. Furthermore, the rate of studies with inappropriate
control of type 1 errors was even lower among studies with
positive findings compared with those with negative findings.

Distinguishing between effects secondary to heading and head
trauma,11 32 however, may be difficult or even impossible for
several reasons: first, up to 50% of concussions are not reported
by players or team physicians.63 79 80 Second, 89% of studies
controlled only for recent (3–6 months) head trauma or did not
take head trauma into account at all. Most studies relied on self-
reporting of head injuries, introducing risk of recall bias. Even
more importantly, lack of control for head injuries bears the risk
that effects of heading and head trauma are mixed as players
with higher heading frequencies tend to experience head injuries
more frequently.14 19 32 Third, definitions for football-related
head injuries have been applied differently,52 potentially result-
ing in inconsistencies between studies. Assuming that effects of
heading and head injury may have been intermingled, one
would expect overestimating the link between heading fre-
quency and neurocognitive deficits. In fact, the opposite was
true; refuting the assumption that head-injury-related effects
have significantly biased results in the assessment of
heading-related persistent effects. In summary, the link between
head injuries and persistent neurocognitive impairment was
moderate only and its impact may have been overestimated due
to several methodological shortcomings.

Structural and metabolic changes on neuroimaging
Neuroimaging in football players was driven by the hypothesis
that repetitive subconcussive head trauma result in structural/
metabolic changes similar to those known from mTBI.81 82

Along with the anterior–posterior gradient in brain vulnerabil-
ity,83 anterior regions may also be linked to executive and neu-
rocognitive deficits in mTBI.84

With a limited number of study participants (n=143) and
studies (n=8), different neuroimaging modalities and levels of
play, all but two studies reported significant brain changes in
football players. These changes were localised preferentially to
frontal and anterior–temporal regions.45 48 50 51 54 Structural
abnormalities located in parieto-occipital areas,17 37 that is, in
areas opposite to the presumed point of heading impact, may be
explained in analogy to the principle of contre-coup injury.17

In 3 studies with 63 players, changes depicted on neuroima-
ging could be linked to subclinical neurocognitive deficits, sug-
gesting that these changes may be functionally relevant.17 37 51

While these studies used advanced neuroimaging, no changes
could be observed on conventional MRI in the only prospective
study (5-year observation period). Whereas there is extensive
experience in the interpretation of standard MR sequences,
changes in advanced imaging as DTI, VBM and MR spectros-
copy are much more difficult to put into clinical context due to
their relatively recent use.

A correlation between heading exposure and persistent
changes on neuroimaging was observed in four out of five
studies,17 37 44 51 54 albeit reversible within 8 months after
season end in the only prospective study.54 While these findings
suggest a possible link between heading frequency and neurode-
generation, the heading exposure assessment was low quality in
four out of five studies, posing them at increased risk for recall

bias. Correction for multiple statistical testing was reported by
Svaldi et al54 and in one study by Koerte et al,37 but not in
another,51 indicating possible increased risk of false-positive cor-
relations. In the study by Lipton et al,17 a link was observed
only for players with more than 885–1500 headings per year,
suggesting that heading below this threshold may be safe.
Overall, taking the methodological limitations and the small
sample sizes into consideration, support for a link between
heading frequency and persistent structural brain changes seems
weak. Our review did not find any evidence for an association
between (repetitive) concussions and structural brain changes on
neuroimaging, albeit small sample sizes limit conclusions.17 44

Low quality of EEG-based studies
Both studies included reported higher incidences of EEG abnor-
malities in male professional players than in controls.55 56 With
only 106 players analysed, conclusions on persistent effects of
football on EEG can be considered preliminary only. Caution is
warranted as significant limitations were identified: control
groups were rated ‘inappropriate’ and the authors did not
control for remote head injury. The clinical implications of the
higher incidence of EEG abnormalities remain unclear, espe-
cially since no information on the location of EEG abnormal-
ities was provided. Both studies did not provide any evidence
for a link between heading and EEG changes as in the group of
active football players, all abnormal EEGs were observed in
players who considered themselves as non-headers.55 In the
group of former players, no EEG differences were detected
comparing headers and non-headers.56 Nonetheless, the authors
concluded that the reason for the EEG abnormalities was most
likely repeated minor head trauma. Considering the limitations
listed above, evidence in support of this conclusion is
unconvincing.

Limitations
Studies varied in the criteria for reporting previous concussions
and we were lacking details to validate the ratings.
Self-reporting was standard in most studies, posing them at high
risk for recall bias. Therefore, the impact of previous concus-
sions on brain structure/function may have been overestimated
or underestimated in our review. The impact of heading
depends on many parameters. However, only scarce information
about player’s position, circumstances of heading (purposeful,
passively hit) and heading skills could be retrieved. This limits
the assessment of a possible association between heading and
structural/functional brain changes. Lack of systematically con-
trolling for timing and time lags between exposure and testing
potentially weakens reported associations. Likewise, failure to
assess and/or correct for potential confounders as concussions
unrelated to football, different physical activity profiles, medical
conditions (hypertension, overweight, diabetes) and lifestyle
(eg, alcohol consumption, smoking) may have biased associa-
tions between (former) football play and structural/functional
brain changes.

A pooled analysis of individual study data (ie, a meta-analysis)
was not possible due to the heterogeneity in study design, data
collection and data analysis. This may have resulted in the incor-
rect detection or blinding of high-quality studies due to a higher
number of low-quality studies.

We did not identify any studies that compared the diagnostic
accuracy of different neurocognitive testing procedures that
assessed the same neurocognitive domains. Moreover, single
studies obtaining more than one neurocognitive test for a spe-
cific domain often demonstrated discrepancies. This limits any
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recommendation on specific neurocognitive tests and emphasises
the need for prospective, controlled studies comparing the diag-
nostic accuracy of neurocognitive tests.

CONCLUSIONS
There is weak to non-existent evidence from the medical litera-
ture for football-related persistent functional and structural
brain deficits and a putative role of (repetitive) head trauma in
the development of neurocognitive impairment. Comparison of
included studies was limited by various methodological short-
comings. Case–control studies reporting neurocognitive deficits
in football players significantly more often included inappropri-
ate controls and control of type 1 errors than studies reporting
no deficits. Furthermore, no clear link between heading fre-
quency and neurocognitive deficits could be established and
low-quality assessment of heading frequency was identified as
the major confounder. Of special interest were studies that com-
bined different modalities: while in four out of five neuroima-
ging studies, structural and metabolic deficits could be
correlated with heading exposure, the clinical and preventive

implications of these findings remain inconclusive, as most
studies used a low-quality assessment of heading frequency. In
three out of four small case–control studies, a link between neu-
roimaging abnormalities and subclinical neurocognitive deficits
could be established, suggesting that these morphological and
metabolic changes might be functionally relevant.

Further studies combining functional and structural modalities
in larger numbers of football players with long-lasting football
exposure appear most promising to shed more light on a poten-
tial link between football play and brain structure/function.
Such studies should include neurocognitive testing of attention,
executive functions and memory as well of objective tests of cer-
vical, vestibular and ocular motor function. They should also be
prospective to appropriately control for confounders as history
of head injuries, heading frequency and medical conditions.
Further validation and head-to-head comparison is required to
provide the basis of more standardised testing batteries to
improve the quality of studies and to allow for better compar-
ability between studies. A longitudinal and cross-sectional study
design will help to determine whether identified subclinical
structural and functional abnormalities eventually progress to
clinically relevant, symptomatic deficits or rather resolve again,
especially after finishing exposure to football play.

Acknowledgements The authors thank Dr K Alix Hayden (Libraries & Cultural
Resources University of Calgary, Calgary, Canada) for optimising the search strategy
and performing the literature search.

Contributors AAT conceived of the study, designed the search strategy, selected
suitable articles, extracted and analysed the data, drafted the manuscript and
approved the final version of the manuscript. PB was involved in the analysis of the
data, critically edited the manuscript and approved the final version of the
manuscript. DS was involved in conceiving the study design, critically edited the
manuscript and approved the final version of the manuscript. NF-D conceived of the
study, was involved in designing the search strategy, selected suitable articles,
critically edited the manuscript and approved the final version of the manuscript.

Competing interests None declared.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1 McCrory P, Meeuwisse WH, Aubry M, et al. Consensus statement on concussion in

sport: the 4th International Conference on Concussion in Sport held in Zurich,
November 2012. Br J Sports Med 2013;47:250–8.

2 Bruce DA, Schut L, Sutton LN. Brain and cervical spine injuries occurring during
organized sports activities in children and adolescents. Clin Sports Med
1982;1:495–514.

3 Boden BP, Kirkendall DT, Garrett WE Jr. Concussion incidence in elite college soccer
players. Am J Sports Med 1998;26:238–41.

4 Marar M, McIlvain NM, Fields SK, et al. Epidemiology of concussions among United
States high school athletes in 20 sports. Am J Sports Med 2012;40:747–55.

5 Junge A, Dvorak J. Injury surveillance in the World Football Tournaments 1998–
2012. Br J Sports Med 2013;47:782–8.

6 Tator CH, Davis HS, Dufort PA, et al. Postconcussion syndrome: demographics and
predictors in 221 patients. J Neurosurg 2016:1–11.

7 McCrory P, Meeuwisse WH, Kutcher JS, et al. What is the evidence for chronic
concussion-related changes in retired athletes: behavioural, pathological and clinical
outcomes? Br J Sports Med 2013;47:327–30.

8 McKee AC, Stern RA, Nowinski CJ, et al. The spectrum of disease in chronic
traumatic encephalopathy. Brain 2013;136(Pt 1):43–64.

9 Moon K, Theodore N. Football and chronic traumatic encephalopathy: how much
evidence actually exists? World Neurosurg 2016;89:720–1.

10 Rutherford A, Stephens R, Potter D. The neuropsychology of heading and head
trauma in Association Football (soccer): a review. Neuropsychol Rev
2003;13:153–79.

11 Spiotta AM, Bartsch AJ, Benzel EC. Heading in soccer: dangerous play?
Neurosurgery 2012;70:1–11; discussion 11.

12 Kontos AP, Dolese A, Elbin RJ, et al. Relationship of soccer heading to
computerized neurocognitive performance and symptoms among female and male
youth soccer players. Brain Inj 2011;25:1234–41.

What is already known?

▸ Repetitive head injuries and heading the ball were
suggested to be linked to persistent neurocognitive
impairments and structural brain abnormalities in advanced
neuroimaging in professional and amateur football players.

▸ However, there is ongoing controversy to what extent these
findings are real or rather result from methodological
limitations.

▸ A systematic assessment of existing studies using
prospectively defined criteria is therefore needed to improve
our understanding of persistent effects of football on the
brain and to better estimate the role of methodological
limitations in previous studies.

What are the findings?

▸ While the majority of studies, addressing the effect of
football play and football-related injuries on neurocognitive
functions, reported significant impairment in at least one
domain, methodological shortcomings were found to be
more frequent in studies with reportedly significant findings.

▸ Evidence for a correlation between heading frequency and
neurocognitive deficits was weak and likely biased by
inaccurate heading frequency estimates.

▸ Although the rate of football-related head injuries was
reportedly higher in women than men, women were
under-represented in studies that reported neurocognitive
impairment compared with those studies that did not
identify deficits, which may be related to the fact that none
of these studies included (retired) female professional
football players.

▸ Combining neuroimaging and neurocognitive testing in
prospective longitudinal and cross-sectional studies in male
and female players to link structural and functional deficits
seems most promising to further clarify associations between
football play and brain abnormalities.

Tarnutzer AA, et al. Br J Sports Med 2016;0:1–15. doi:10.1136/bjsports-2016-096593 13

Review

group.bmj.com on November 15, 2016 - Published by http://bjsm.bmj.com/Downloaded from 

http://dx.doi.org/10.1136/bjsports-2013-092313
http://dx.doi.org/10.1177/0363546511435626
http://dx.doi.org/10.1136/bjsports-2013-092205
http://dx.doi.org/10.3171/2015.6.JNS15664
http://dx.doi.org/10.1136/bjsports-2013-092248
http://dx.doi.org/10.1093/brain/aws307
http://dx.doi.org/10.1016/j.wneu.2016.03.073
http://dx.doi.org/10.1023/A:1025525613477
http://dx.doi.org/10.1227/NEU.0b013e31823021b2
http://dx.doi.org/10.3109/02699052.2011.608209
http://bjsm.bmj.com/
http://group.bmj.com


13 Forbes CR, Glutting JJ, Kaminski TW. Examining neurocognitive function in
previously concussed interscholastic female soccer players. Appl Neuropsychol Child
2016;5:14–24.

14 Rutherford A, Stephens R, Fernie G, et al. Do UK university football club players
suffer neuropsychological impairment as a consequence of their football (soccer)
play? J Clin Exp Neuropsychol 2009;31:664–81.

15 Stephens R, Rutherford A, Potter D, et al. Neuropsychological consequence of
soccer play in adolescent U.K. School team soccer players. J Neuropsychiatry Clin
Neurosci 2010;22:295–303.

16 Matser JT, Kessels AG, Jordan BD, et al. Chronic traumatic brain injury in
professional soccer players. Neurology 1998;51:791–6.

17 Lipton ML, Kim N, Zimmerman ME, et al. Soccer heading is associated with white
matter microstructural and cognitive abnormalities. Radiology 2013;268:850–7.

18 Janda DH, Bir CA, Cheney AL. An evaluation of the cumulative concussive effect of
soccer heading in the youth population. Inj Control Saf Promot 2002;9:25–31.

19 Matser JT, Kessels AG, Lezak MD, et al. A dose–response relation of headers and
concussions with cognitive impairment in professional soccer players. J Clin Exp
Neuropsychol 2001;23:770–4.

20 Punnoose AR. Study raises concerns about ‘heading’ in soccer, but jury is still out
on risks. JAMA 2012;307:1012–14.

21 Spiotta AM, Shin JH, Bartsch AJ, et al. Subconcussive impact in sports: a new era
of awareness. World Neurosurg 2011;75:175–8.

22 Putukian M. Heading in soccer: is it safe? Curr Sports Med Rep 2004;3:9–14.
23 Erlanger DM, Kutner KC, Barth JT, et al. Neuropsychology of sports-related head

injury: dementia pugilistica to post concussion syndrome. Clin Neuropsychol
1999;13:193–209.

24 Erlanger DM. Exposure to sub-concussive head injury in boxing and other sports.
Brain Inj 2015;29:171–4.

25 Bailes JE, Petraglia AL, Omalu BI, et al. Role of subconcussion in repetitive mild
traumatic brain injury. J Neurosurg 2013;119:1235–45.

26 Player safety campaign. 2015. http://www.ussoccer.com/about/recognize-to-recover/
concussion-guidelines/player-safety-campaign

27 Matser EJ, Kessels AG, Lezak MD, et al. Neuropsychological impairment in amateur
soccer players. JAMA 1999;282:971–3.

28 Downs DS, Abwender D. Neuropsychological impairment in soccer athletes. J Sports
Med Phys Fitness 2002;42:103–7.

29 Witol AD, Webbe FM. Soccer heading frequency predicts neuropsychological deficits.
Arch Clin Neuropsychol 2003;18:397–417.

30 Kaminski TW, Wikstrom AM, Gutierrez GM, et al. Purposeful heading during a
season does not influence cognitive function or balance in female soccer players.
J Clin Exp Neuropsychol 2007;29:742–51.

31 Guskiewicz KM, Marshall SW, Broglio SP, et al. No evidence of impaired
neurocognitive performance in collegiate soccer players. Am J Sports Med
2002;30:157–62.

32 Straume-Naesheim TM, Andersen TE, Dvorak J, et al. Effects of heading exposure
and previous concussions on neuropsychological performance among Norwegian
elite footballers. Br J Sports Med 2005;39(Suppl 1):i70–7.

33 Straume-Naesheim TM, Andersen TE, K Holme IM, et al. Do minor head impacts in
soccer cause concussive injury? A prospective case-control study. Neurosurgery
2009;64:719–25.

34 Vann Jones SA, Breakey RW, Evans PJ. Heading in football, long-term cognitive
decline and dementia: evidence from screening retired professional footballers.
Br J Sports Med 2014;48:159–61.

35 Yuh EL, Hawryluk GW, Manley GT. Imaging concussion: a review. Neurosurgery
2014;75(Suppl 4):S50–63.

36 Delouche A, Attyé A, Heck O, et al. Diffusion MRI: pitfalls, literature review and
future directions of research in mild traumatic brain injury. Eur J Radiol
2016;85:25–30.

37 Koerte IK, Mayinger M, Muehlmann M, et al. Cortical thinning in former
professional soccer players. Brain Imaging Behav 2016;10:792–8.

38 Kemp S, Duff A, Hampson N. The neurological, neuroimaging and
neuropsychological effects of playing professional football: results of the UK
five-year follow-up study. Brain Inj 2016;30:1068–74.

39 Legome EL, Wu T, Alt R. Postconcussive syndrome. http://emedicine.medscape.com/
article/828904-overview

40 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. BMJ 2009;339:b2535.

41 Wells G, Shea B, O’Connell D, et al. The Newcastle-Ottawa Scale (NOS) for
assessing the quality of nonrandomised studies in meta-analyses. 2009. http://www.
ohri.ca/programs/clinical_epidemiology/oxford.asp

42 Higgins JPT, Green S. Cochrane handbook for systematic reviews of interventions
version 5.1.0. (updated March 2011). 2011. http://www.cochrane-handbook.org

43 McPheeters ML, Kripalani S, Peterson NB, et al. Quality Improvement Interventions
to Address Health Disparities. Closing the Quality Gap: Revisiting the State of the
Science. Evidence Report No. 208. (Prepared by the Vanderbilt University
Evidence-based Practice Center under Contract No. 290-2007-10065.) AHRQ
Publication No. 12-E009-EF. Rockville, MD: Agency for Healthcare Research and
Quality, 2012.

44 Jordan SE, Green GA, Galanty HL, et al. Acute and chronic brain injury in United
States National Team soccer players. Am J Sports Med 1996;24:205–10.

45 Sortland O, Tysvaer AT. Brain damage in former association football players. An
evaluation by cerebral computed tomography. Neuroradiology 1989;31:44–8.

46 Stephens R, Rutherford A, Potter D, et al. Neuropsychological impairment as a
consequence of football (soccer) play and football heading: a preliminary analysis
and report on school students (13–16 years). Child Neuropsychol 2005;11:513–26.

47 Abreau F, Templer DI, Schuyler BA, et al. Neuropsychological assessment of soccer
players. Neuropsychology 1990;4:175–81.

48 Adams J, Adler CM, Jarvis K, et al. Evidence of anterior temporal atrophy in
college-level soccer players. Clin J Sport Med 2007;17:304–6.

49 Ellemberg D, Leclerc S, Couture S, et al. Prolonged neuropsychological impairments
following a first concussion in female university soccer athletes. Clin J Sport Med
2007;17:369–74.

50 Koerte IK, Ertl-Wagner B, Reiser M, et al. White matter integrity in the brains of
professional soccer players without a symptomatic concussion. JAMA
2012;308:1859–61.

51 Koerte IK, Lin AP, Muehlmann M, et al. Altered neurochemistry in former
professional soccer players without a history of concussion. J Neurotrauma
2015;32:1287–93.

52 Rutherford A, Stephens R, Potter D, et al. Neuropsychological impairment as a
consequence of football (soccer) play and football heading: preliminary analyses and
report on university footballers. J Clin Exp Neuropsychol 2005;27:299–319.

53 Salinas CM, Webbe FM, Devore TT. The epidemiology of soccer heading in
competitive youth players. J Clin Sports Psychol 2009;3:15–33.

54 Svaldi DO, McCuen EC, Joshi C, et al. Cerebrovascular reactivity changes in
asymptomatic female athletes attributable to high school soccer participation. Brain
Imaging Behav 2016; doi:10.1007/s11682-016-9509-6

55 Tysvaer AT, Storli OV. Soccer injuries to the brain: a neurologic and
electroencephalographic study of active football players. Am J Sports Med
1989;17:573–8.

56 Tysvaer AT, Storli OV, Bachen NI. Soccer injuries to the brain. A neurologic and
electroencephalographic study of former players. Acta Neurol Scand
1989;80:151–6.

57 Tysvaer AT, Lochen EA. Soccer injuries to the brain: a neuropsychologic study of
former soccer players. Am J Sports Med 1991;19:56–60.

58 Fish M, Bayer AJ, Gallacher JE, et al. Prevalence and pattern of cognitive
impairment in a community cohort of men in South Wales: methodology and
findings from the Caerphilly Prospective Study. Neuroepidemiology 2008;30:25–33.

59 Zhang MR, Red SD, Lin AH, et al. Evidence of cognitive dysfunction after soccer
playing with ball heading using a novel tablet-based approach. PLoS ONE 2013;8:
e57364.

60 Becelewski J, Pierzchała K. [Cerebrovascular reactivity in patients with mild head
injury]. Neurol Neurochir Pol 2003;37:339–50.

61 Len TK, Neary JP. Cerebrovascular pathophysiology following mild traumatic brain
injury. Clin Physiol Funct Imaging 2011;31:85–93.

62 Big count—a FIFA survey. 2006. http://www.fifa.com/worldfootball/bigcount/
allplayers.html.

63 Delaney JS, Lacroix VJ, Leclerc S, et al. Concussions among university football and
soccer players. Clin J Sport Med 2002;12:331–8.

64 Powell JW, Barber-Foss KD. Traumatic brain injury in high school athletes. JAMA
1999;282:958–63.

65 Covassin T, Swanik CB, Sachs ML. Sex differences and the incidence of concussions
among collegiate athletes. J Athl Train 2003;38:238–44.

66 Gessel LM, Fields SK, Collins CL, et al. Concussions among United States high
school and collegiate athletes. J Athl Train 2007;42:495–503.

67 Zappalà G, Thiebaut de Schotten M, Eslinger PJ. Traumatic brain injury and the frontal
lobes: what can we gain with diffusion tensor imaging? Cortex 2012;48:156–65.

68 Rutherford A, Fernie G. The accuracy of footballers’ estimations of their own
heading frequency. Appl Cognit Psychol 2005;19:477–87.

69 Satz P. Brain reserve capacity on symptom onset after brain injury: a formulation
and review of evidence for threshold theory. Neuropsychology 1993;7:273–95.

70 Maher ME, Hutchison M, Cusimano M, et al. Concussions and heading in soccer: a
review of the evidence of incidence, mechanisms, biomarkers and neurocognitive
outcomes. Brain Inj 2014;28:271–85.

71 Guskiewicz KM, McCrea M, Marshall SW, et al. Cumulative effects associated with
recurrent concussion in collegiate football players: the NCAA Concussion Study.
JAMA 2003;290:2549–55.

72 Erlanger D, Kaushik T, Cantu R, et al. Symptom-based assessment of the severity of
a concussion. J Neurosurg 2003;98:477–84.

73 Murelius O, Haglund Y. Does Swedish amateur boxing lead to chronic brain
damage? 4. A retrospective neuropsychological study. Acta Neurol Scand
1991;83:9–13.

74 Jordan BD. Neurologic aspects of boxing. Arch Neurol 1987;44:453–9.
75 McCrory P, Zazryn T, Cameron P. The evidence for chronic traumatic encephalopathy

in boxing. Sports Med 2007;37:467–76.
76 Barnes BC, Cooper L, Kirkendall DT, et al. Concussion history in elite male and

female soccer players. Am J Sports Med 1998;26:433–8.

14 Tarnutzer AA, et al. Br J Sports Med 2016;0:1–15. doi:10.1136/bjsports-2016-096593

Review

group.bmj.com on November 15, 2016 - Published by http://bjsm.bmj.com/Downloaded from 

http://dx.doi.org/10.1080/21622965.2014.933108
http://dx.doi.org/10.1080/13803390802484755
http://dx.doi.org/10.1176/jnp.2010.22.3.295
http://dx.doi.org/10.1176/jnp.2010.22.3.295
http://dx.doi.org/10.1212/WNL.51.3.791
http://dx.doi.org/10.1148/radiol.13130545
http://dx.doi.org/10.1076/icsp.9.1.25.3324
http://dx.doi.org/10.1076/jcen.23.6.770.1029
http://dx.doi.org/10.1076/jcen.23.6.770.1029
http://dx.doi.org/10.1001/jama.2012.231
http://dx.doi.org/10.1016/j.wneu.2011.01.019
http://dx.doi.org/10.1249/00149619-200402000-00003
http://dx.doi.org/10.1076/clin.13.2.193.1963
http://dx.doi.org/10.3109/02699052.2014.965211
http://dx.doi.org/10.3171/2013.7.JNS121822
http://www.ussoccer.com/about/recognize-to-recover/concussion-guidelines/player-safety-campaign
http://www.ussoccer.com/about/recognize-to-recover/concussion-guidelines/player-safety-campaign
http://www.ussoccer.com/about/recognize-to-recover/concussion-guidelines/player-safety-campaign
http://www.ussoccer.com/about/recognize-to-recover/concussion-guidelines/player-safety-campaign
http://www.ussoccer.com/about/recognize-to-recover/concussion-guidelines/player-safety-campaign
http://www.ussoccer.com/about/recognize-to-recover/concussion-guidelines/player-safety-campaign
http://www.ussoccer.com/about/recognize-to-recover/concussion-guidelines/player-safety-campaign
http://www.ussoccer.com/about/recognize-to-recover/concussion-guidelines/player-safety-campaign
http://dx.doi.org/10.1001/jama.282.10.971
http://dx.doi.org/10.1093/arclin/18.4.397
http://dx.doi.org/10.1080/13825580600976911
http://dx.doi.org/10.1136/bjsm.2005.019646
http://dx.doi.org/10.1227/01.NEU.0000340681.12949.6D
http://dx.doi.org/10.1136/bjsports-2013-092758
http://dx.doi.org/10.1227/NEU.0000000000000491
http://dx.doi.org/10.1016/j.ejrad.2015.11.004
http://dx.doi.org/10.1007/s11682-015-9442-0
http://dx.doi.org/10.3109/02699052.2016.1148776
http://emedicine.medscape.com/article/828904-overview
http://emedicine.medscape.com/article/828904-overview
http://emedicine.medscape.com/article/828904-overview
http://emedicine.medscape.com/article/828904-overview
http://dx.doi.org/10.1136/bmj.b2535
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.cochrane-handbook.org
http://www.cochrane-handbook.org
http://www.cochrane-handbook.org
http://dx.doi.org/10.1177/036354659602400216
http://dx.doi.org/10.1080/092970490959629
http://dx.doi.org/10.1037/0894-4105.4.3.175
http://dx.doi.org/10.1097/JSM.0b013e31803202c8
http://dx.doi.org/10.1097/JSM.0b013e31814c3e3e
http://dx.doi.org/10.1001/jama.2012.13735
http://dx.doi.org/10.1089/neu.2014.3715
http://dx.doi.org/10.1080/13803390490515504
http://dx.doi.org/10.1123/jcsp.3.1.15
http://dx.doi.org/10.1007/s11682-016-9509-6
http://dx.doi.org/10.1007/s11682-016-9509-6
http://dx.doi.org/10.1007/s11682-016-9509-6
http://dx.doi.org/10.1007/s11682-016-9509-6
http://dx.doi.org/10.1007/s11682-016-9509-6
http://dx.doi.org/10.1007/s11682-016-9509-6
http://dx.doi.org/10.1177/036354658901700421
http://dx.doi.org/10.1111/j.1600-0404.1989.tb03858.x
http://dx.doi.org/10.1177/036354659101900109
http://dx.doi.org/10.1159/000115439
http://dx.doi.org/10.1371/journal.pone.0057364
http://dx.doi.org/10.1111/j.1475-097X.2010.00990.x
http://www.fifa.com/worldfootball/bigcount/allplayers.html
http://www.fifa.com/worldfootball/bigcount/allplayers.html
http://www.fifa.com/worldfootball/bigcount/allplayers.html
http://dx.doi.org/10.1097/00042752-200211000-00003
http://dx.doi.org/10.1001/jama.282.10.958
http://dx.doi.org/10.1016/j.cortex.2011.06.020
http://dx.doi.org/10.1002/acp.1091
http://dx.doi.org/10.1037/0894-4105.7.3.273
http://dx.doi.org/10.3109/02699052.2013.865269
http://dx.doi.org/10.1001/jama.290.19.2549
http://dx.doi.org/10.3171/jns.2003.98.3.0477
http://dx.doi.org/10.1111/j.1600-0404.1991.tb03952.x
http://dx.doi.org/10.1001/archneur.1987.00520160083020
http://dx.doi.org/10.2165/00007256-200737060-00001
http://bjsm.bmj.com/
http://group.bmj.com


77 Belanger HG, Curtiss G, Demery JA, et al. Factors moderating neuropsychological
outcomes following mild traumatic brain injury: a meta-analysis. J Int Neuropsychol
Soc 2005;11:215–27.

78 Binder LM, Rohling ML, Larrabee GJ. A review of mild head trauma. Part I:
meta-analytic review of neuropsychological studies. J Clin Exp Neuropsychol
1997;19:421–31.

79 McCrea M, Hammeke T, Olsen G, et al. Unreported concussion in high school
football players: implications for prevention. Clin J Sport Med 2004;14:13–17.

80 Andersen TE, Arnason A, Engebretsen L, et al. Mechanisms of head injuries in elite
football. Br J Sports Med 2004;38:690–6.

81 Koerte IK, Lin AP, Willems A, et al. A review of neuroimaging findings in repetitive
brain trauma. Brain Pathol 2015;25:318–49.

82 Eierud C, Craddock RC, Fletcher S, et al. Neuroimaging after mild traumatic brain
injury: review and meta-analysis. Neuroimage Clin 2014;4:283–94.

83 Brandstack N, Kurki T, Tenovuo O, et al. MR imaging of head trauma: visibility of
contusions and other intraparenchymal injuries in early and late stage. Brain Inj
2006;20:409–16.

84 McCrea M, Guskiewicz KM, Marshall SW, et al. Acute effects and recovery time
following concussion in collegiate football players: the NCAA Concussion Study.
JAMA 2003;290:2556–63.

Tarnutzer AA, et al. Br J Sports Med 2016;0:1–15. doi:10.1136/bjsports-2016-096593 15

Review

group.bmj.com on November 15, 2016 - Published by http://bjsm.bmj.com/Downloaded from 

http://dx.doi.org/10.1017/S1355617705050277
http://dx.doi.org/10.1017/S1355617705050277
http://dx.doi.org/10.1080/01688639708403870
http://dx.doi.org/10.1097/00042752-200401000-00003
http://dx.doi.org/10.1136/bjsm.2003.009357
http://dx.doi.org/10.1111/bpa.12249
http://dx.doi.org/10.1016/j.nicl.2013.12.009
http://dx.doi.org/10.1080/02699050500487951
http://dx.doi.org/10.1001/jama.290.19.2556
http://bjsm.bmj.com/
http://group.bmj.com


review of the literature
brain structure and function: a systematic
associated (subconcussive) head trauma on 
Persistent effects of playing football and

A A Tarnutzer, D Straumann, P Brugger and N Feddermann-Demont

 published online November 4, 2016Br J Sports Med 

 http://bjsm.bmj.com/content/early/2016/11/04/bjsports-2016-096593
Updated information and services can be found at: 

These include:

References

 #BIBL
http://bjsm.bmj.com/content/early/2016/11/04/bjsports-2016-096593
This article cites 76 articles, 16 of which you can access for free at: 

service
Email alerting

box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the

Collections
Topic Articles on similar topics can be found in the following collections 

 (224)Football (soccer)
 (130)Trauma CNS / PNS

 (842)Trauma
 (952)Injury

 (191)BJSM Reviews with MCQs

Notes

http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

http://journals.bmj.com/cgi/reprintform
To order reprints go to:

http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

group.bmj.com on November 15, 2016 - Published by http://bjsm.bmj.com/Downloaded from 

http://bjsm.bmj.com/content/early/2016/11/04/bjsports-2016-096593
http://bjsm.bmj.com/content/early/2016/11/04/bjsports-2016-096593#BIBL
http://bjsm.bmj.com/content/early/2016/11/04/bjsports-2016-096593#BIBL
http://bjsm.bmj.com//cgi/collection/bjsm_education
http://bjsm.bmj.com//cgi/collection/injury
http://bjsm.bmj.com//cgi/collection/trauma
http://bjsm.bmj.com//cgi/collection/trauma_cns_pns
http://bjsm.bmj.com//cgi/collection/football
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bjsm.bmj.com/
http://group.bmj.com

	Persistent effects of playing football and associated (subconcussive) head trauma on brain structure and function: a systematic review of the literature
	Abstract
	Introduction
	Materials and methods
	Data sources and searches
	Study selection
	Data extraction and quality assessment
	Data synthesis and analysis

	Results
	Case–control studies reporting on neurocognitive testing
	Impact of heading on neurocognitive functions
	Impact of head injuries on neurocognitive functions
	Neuroimaging studies
	EEG studies
	Postural stability

	Discussion
	Under-representation of female players
	Neurocognitive testing in (former) football players
	Persistent neurocognitive changes in (former) players compared with controls
	No clear evidence for heading-related persistent impairment of neurocognitive function
	Repetitive concussions may be linked to persistent cognitive impairment

	Structural and metabolic changes on neuroimaging
	Low quality of EEG-based studies
	Limitations

	Conclusions
	References


