L

P
brought to you by .. CORE

View metadata, citation and similar papers at core.ac.uk

provided by University of Regensburg Publication Server

BRAIN IMPAIRMENT voLumE 19 NUMBER 2 SEPTEMBER pp. 133-140 (© Australasian Society for the Study of Brain Impairment 2017
doi:10.1017/Brimp.2017.4

Investigating Cognitive Performance
Deficits in Male and Female Soccer
Players after a 4-week Heading-
Training Programme: A Controlled
Study

Petra Jansen and Jennifer Lehmann
Institute of Sport Science, University of Regensburg, Regensburg, Germany

This experimental study with a controlled pre-test and post-test group design in-
vestigated the possible effects of four sessions of heading training on cognitive
performance. A total of 118 participants (mean age of 22.25 years) were as-
signed to one of the three following groups: a heading-training group, a passing-
training group and a waiting control group. The participants completed a cognitive
test battery of attention (D2-test), working memory (Paced Auditory Serial Addi-
tion Task, PASAT-2) and visual spatial intelligence (Mental Rotation Test) tests
before, immediately after the second training session and one week after the
fourth training session. There were no between-group differences in cognitive
performance after the second or the fourth heading training sessions. However,
within the heading-training group, women complained more of headaches than
men after the fourth training session. These results build on the results from
the study of Rieder and Jansen (2011) that showed no neuropsychological con-
sequences after one heading session, showing no cumulative effects of repeat
heading.

Keywords: soccer, heading, cognitive impairment, sex effect, headache, concussion, mild traumatic brain
injury

Soccer is very popular with more than 265
million players around the world (see Stephens,
Rutherford, Potter, & Fernie, 2010). Even though
millions of players are fascinated with this sport,
it bears a high risk of injuries, especially in the
lower extremities (knees and ankles). In addition,
head injuries also play an important role (Dvorak
& Junge, 2000). The head injuries can be differen-
tiated into concussions arising due to (a) collisions
or (b) the impact of headings, with the latter further
differentiated into cumulative and acute events.
Concussions can be subsumed under the term of
‘traumatic brain injury’ (TBI). Symptoms include
headaches, memory loss and vegetative symptoms

such as dizziness or nausea. More specifically,
Rutherford and Stephens (2007) characterized
mild TBI as including neck ache, vegetative symp-
toms and brief changes of consciousness. Since
November 2015, much attention has been focused
on the possible negative impacts of heading in the
media around the world. This was due to the United
States Soccer Federation banning players less than
11 years of age from heading. Furthermore, they
announced that for 11-13-years-old’s, headers
should be reduced. Although it is well known that
concussions due to collisions lead to neurological
complaints (Talavage et al., 2014), the neurological
impact of heading is not well investigated.
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Effects of Cumulative and Acute
Heading

Cumulative Effects

When investigating cumulative effects, elite ath-
letes have often been compared to non-elite ath-
letes and their heading activity has been estimated
retrospectively. Therefore, those cumulative ef-
fects were mostly investigated in quasi-
experimental designs (e.g., Stephens et al., 2010).
The results showed, for example, that elite soccer-
players suffered from brain impairments which
were comparable to those of patients with brain le-
sions. This effect was not visible in brain-imaging
studies (Koerte, Ertl-Wagner, Reiser, Zafonte,
& Shenton, 2012). Furthermore, soccer players
showed a cortical thinning in the inferolateral-
parietal, temporal and occipital cortex, which was
associated with lower cognitive performance (Ko-
erte et al., 2016). Lipton et al. (2013) conducted
a study with diffusion-tensor magnetic resonance
imaging to quantify the impact of heading in soc-
cer players, with the impact of heading quanti-
fied retrospectively. It was shown that extensive
heading-training related to microstructural differ-
ences in white matter and a decline in memory
performance (Lipton et al., 2013). In a review
by Mahler, Hutchinson, Cusimano, Comper and
Schweizer (2014), it is concluded that the neu-
rocognitive outcome of concussions in soccer is
similar to that found with other sports. Otherwise
stated, with the studies at hand, one cannot con-
clude that concussions in soccer lead to different
effects than concussions with other types of sport.
This shortcoming is related to the fact that studies
were mostly retrospective. Furthermore, it should
be discussed if brain changes following prolonged
soccer training must be perceived as brain damage
or rather represent an adaptive reaction of the brain.

Acute Effects

Concerning acute effects of heading on cognitive
performance, there are, to our knowledge, only four
studies. Putukian, Echemendia and Mackin (2000)
investigated the impact of heading-training com-
pared to passing-training in a group of adults. The
authors did not find any change in cognitive func-
tions due to the heading-training. However, it might
be possible that in this study, the practice effects
counteracted acute changes in cognitive function.
Every participant served as his own control and
underwent the testing three times. A control group
was missing.

This methodological flaw was overcome by
a study of Rieder and Jansen (2011). In this
experimental study, a pre-test and post-test de-

sign with three groups (one heading group, one
passing group and one waiting control group),
who were matched according to their age, sex
and IQ were used. Instantly after the training,
neuropsychological tests of attention and work-
ing memory were conducted. The results showed
that the heading-training did not affect the neu-
ropsychological performance. However, within the
heading group, women complained more about
headaches than men. The no-effect result was con-
firmed by a study of Dorminy et al. (2015). They
showed in a controlled setting that an acute bout
of soccer heading across various ball velocities
neither affected S-100B serum concentration (ng
mL~") nor the performance in concussion test
scores. In a recently published study, the authors
(Elbin et al., 2015) investigated a heading-training
of 15 minutes with and without protective soccer
headgear. Before and after the heading-training,
neurocognitive performance and symptom reports
were assessed. Participants wearing soccer head-
gear showed worse performance concerning verbal
memory than the group without headgear. More-
over, this control group, the group without head-
gear, improved their reaction time compared to the
headgear-group. Thus, in this study, head protec-
tion did not protect from possible cognitive decline
due to heading.

The Role of Gender Concerning the Impact
of Heading

Gender differences in soccer are well known in-
cluding different kinematics such as a higher joint
velocity for the knee and the hip while kicking
for males (Katis, Kellis, & Lees, 2015), or a sud-
den stiffening of the knee and the lower leg while
landing in a single-leg task (Lephart, Ferris, Rie-
mann, Myers, & Fu, 2002). Concerning concus-
sion, women seem to suffer more than men (Co-
vassin & Elbin, 2011). It was shown that women
have a higher risk of sustaining a concussion, and
need a longer time to recover (Covassin, Swanik,
& Sachs, 2003). Differences between men and
women in concussion recovery have also been in-
vestigated by Colvin et al. (2009). Their results
showed that female soccer players had a lower
performance than males on computer-based neu-
ropsychological testing (reaction time, memory,
visual motor-speed composite scores) with the
ImPACT test battery. Furthermore, women com-
plained more about concussion symptoms.

Goal of the Present Study

The present study builds on the earlier study of
Rieder and Jansen (2011) by extending the time of
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training from one session to four sessions with 100
headings each. According to the study of Lipton
et al. (2013), the median for one-year retrospective
heading experience was 432 headings per year. For
this, the influence of heading in four sessions of 100
headings each seemed to be reasonable to inves-
tigate in more detail, using a prospective design.
It was hypothesized that a total of 400 headings
in four sessions is more likely to lead to cognitive
impairments than 100 headings conducted in one
session. Furthermore, based on the results from
Rieder and Jansen (2011), it was hypothesized that
women would complain more about symptoms in
the heading group than men.

Methods

Participants

The selected sample for this study included 118
healthy students of sport science at a University
(69 females, 49 male). Sports students were cho-
sen as participants due to the following reason: first
to achieve comparability to the study of Rieder and
Jansen (2011) and second, it could be assumed that
they know how to play soccer and could perform
headings correctly. The average age of the sample
was 22.25 years (SD =2.39), with a mean age of
23.02 (SD =2.77) years for the male participants
and 21.70 (SD=1.92) years for the female par-
ticipants. Three groups were investigated in this
study: a heading-training group (TG), a passing-
training control group (PCG) and a waiting control
group (WCG). Each of the groups consisted of
male and female subgroups: TG (19 males, 16 fe-
males), PCG (21 males, 18 females) and the WCG
(9 males, 35 females). All the participants had al-
ready played soccer in some way before, but the
two active groups did not differ regarding the in-
tensity of their former soccer training (measured as
training time per week; Kruskal-Wallis, p =.79)
and the level of the league (between the 9th and
4th highest class in the German-soccer classifica-
tion) (Kruskal-Wallis, p = .85). All participating
students gave their voluntary informed consent.

Materials

The test battery was similar to the one used in the
study by Rieder and Jansen (2011) and was chosen
to achieve comparability. It comprised a Personal-
Data Questionnaire (see Rieder & Jansen, 2011),
a Cognitive Speed Measurement (ZVT; Oswald
& Roth, 1987), a Neuropsychological Test Bat-
tery measuring attention, working memory, and
speed of information processing (D2-test, Brick-
enkamp, 2002; Paced Auditory Serial Addition
Task, PASAT, Gronwall, 1977), a Mental Rota-

tion Test (MRT; Vandenberg & Kuse, 1978) and a
Physical Questionnaire.

The ZVT is the equivalent of the Trail Mak-
ing Test A (Reitan, 1956). In this test, partici-
pants are asked to connect the numbers on a sheet
of paper in ascending order as fast as possible
within the time limit of 30 seconds. The inter-
nal consistency as well as 6 months of test-retest
reliability of the ZVT is about .90 to .95. The
D2-Test is a letter cancellation test that taps con-
centration and selective attention. The dependent
variable is the ‘Concentration-Performance Score
(CPS)’. The CPS correlates with a value of .78
with the mosaic-test of the ‘Hamburg—Wechsler-
Intelligence Test for Adults - HAWIE’. The test—
retest reliability for 4—18 days is .93.

The speed of information processing, sustained
attention and working memory were assessed with
the Paced Auditory Serial Addition Task (PASAT).
The test-retest coefficients across the testing inter-
vals spanning 0, 5, 6, 12 and 18 months range from
.9 to .96 (McCaffrey, Westervelt, & Haase, 2001).
The MRT is a paper—pencil test in which the spa-
tial ability is assessed to mentally imagine what an
object would look like when rotated. Due to the
different test times in this study and to exclude a
learning effect, versions A, B and C of the MRT
were used.

The tests measuring working memory as well
as attention were chosen because the cognitive
performances are processed at least partly in the
prefrontal cortex, which in turn is the brain’s re-
gion most affected by heading (compare to Witol
& Webbe, 2003). Because concussion symptoms
are only expected only for the heading group (see
Rieder & Jansen, 2011), the Physical Question-
naire, which was constructed for this study, was
administered only to this group. The questionnaire
comprised four items: (a) Do you have a headache
now? (b) Did you have a headache during the train-
ing? (c) Do you feel nauseated? (d) How intensive
was the headache? The first three questions had to
be answered with ‘yes =1’ or ‘no=0’; the fourth
question with a number between 1 (no complaints)
and 10 (strong complaints).

Training Intervention

The heading-training in the TG was based on
the guidelines of the German Soccer Associa-
tion (Deutscher Fuflballbund) and included four
different exercises. Before each of the training
session, a warm-up was performed and each of
the relevant techniques was presented to the par-
ticipants (e.g., heading while standing, heading
while jumping). In the heading group, around 100
headings were conducted per session. Thereby,
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the heading tasks were varied (i.e., heading had
to be conducted from different positions in the
field, with different partners, etc.). The participants
in the PCG received passing-training without any
heading-training at all. The training lasted for 4
weeks with one-hour training sessions per week.

Procedure

The study comprised three different test times. All
groups were tested at the beginning, immediately
after the second and one week after the fourth
training session. At the first testing point (Pre-test),
all participants completed the Personal-Data Ques-
tionnaire and afterwards completed the ZVT, MRT-
A, D2 and the PASAT with the three- and two-
second variation. The ZVT was only used at Pre-
test because it served as a control-measurement.
The Post-test immediately after the second session
(Post-2) and one week after the four-week inter-
vention (Post-4) for all groups, consisted of the
MRT-B (after second session) and MRT-C (after
fourth session), D2 and the PASAT. The tests were
administered in the order they are mentioned here.
The duration of each testing session was around
50 minutes. We decided to conduct the Post-4 test
one week after the fourth session to test the im-
mediate effect of the heading-training. Only the
participants of the TG had to answer the Physical
Questionnaire at the Post-4 testing point.

Statistical Methods

To analyse the neuropsychological data, 3x2x3
analyses of variance with test time (Pre-test, Post-
2 session and Post-4 session) as a within-subject
factor and group (TG, PCG, WCG) and sex (male,
female) as between subject factors for each of the
dependent variables (D2-Test, PASAT-Test, MRT)
were conducted. Because the participants of each
group differed in their cognitive processing speed,
(F(2,115)=3.34, p < .05, n’= .06), the ZVT was
used as a co-variate. For the analysis of the items of
the Physical Questionnaire, chi-square and Mann
Whitney U-Tests were used. This was applied to
examine differences between the groups concern-
ing the frequency of headache during and after the
training, and nausea after the training. The signif-
icance level of the test was corrected according to
the Bonferroni-method, resulting in a significance
level of @ = .005.

Results

All descriptive data of the three cognitive tests are
shown in Table 1.

MRT

The only effects we found were significantly bet-
ter performance of males compared to females,
(F(1,95)=23.81, p < .001, n*> = .20). This result
was qualified (F(2,95)=4.80, p <.05, n°> = .09)
by the fact that the mental rotation performance
of the males and females did not differ in the TG,
(TG: F(1,32) =.95, n.s.), but in both of the other
groups (PCG: F(1,36)=11.31, p < .01, n’= 24;
WCG: F(1,43)=21.93, p<.001, n> = .35). In
these two groups, males showed better perfor-
mance than females.

D2

The analysis of variance showed at first that the
performance was better after the Post-2 session
and Post-4 session compared to the Pre-test (F(2,
170)=5.885, p < .005, n*>= .07). Furthermore, it
was shown that there was no performance differ-
ence in the TG and PCG between males and fe-
males, but in the WCG, females showed better
performance than males (F(2,170) =3.78, p < .05,
n* =.04). A significant three-way interaction be-
tween group, sex and test time, (F(4, 170) =3.95,
p<.01, n* =.09) showed that the effects men-
tioned above should be analysed in detail. The rel-
evant result here is that the difference between the
Pre-test and both the Post-2 session and Post-4 ses-
sion was larger in the PCG for females compared
to males (F(1,25) = 13.40, p < .001, n> = .35).

PASAT

The only two effects occurring in the 2-sec PASAT
were that (i) males showed a better performance
than females (F(1,94)=11.07, p < .01, n*> =.11)
and that (ii) the performance was better in the Post-
2 session and Post-4 session compared to the pre-
test (F(2, 188) = 73.20, p <. 05, n*=.03). The only
effect in the 3-sec PASAT was that males showed
better performance than females (£(1,95) =5.027,
p < .05, n* =.05).

Physical Questionnaire

The number of males and females who suf-
fered from symptoms is given in Table 2.
Females reported the presence of headaches
more frequently than males during the train-
ing x? (1, N=33)=5.66, p <.05). They also
complained more frequently about headaches
than males shortly after the training x? (1,
N=33)=8.56, p < .01). Furthermore, the intensity
of the headaches was higher for females than for
males (U (18,15)=69.5, p <.05).
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TABLE 1

Means and Standard Deviations Dependent on Time of Testing and Group for the Four Cognitive Tests, MRT, D2, PASAT 2 and 3

MRT (correct items) D2 (CPS) PASAT 2 (percent correct) PASAT 3 (percent correct)
Post-2 Post-4 Post-2 Post-4 Post-2 Post-4 Post-2 Post-4
Pretest session session Pretest session session Pretest session session Pretest session session
TG 13.26 17,21 10.06 208.53 246.53 253.40 63.32 78.17 81.56 91.27 97.29 98.08
(4.28) (4.57) (4.03) (39.05) (38.40) (38.18) (23.68) (17.90) (16.77) (10.74) (4.24) (3.23)
PCG 12.07 16.76 8.69 204.61 235.10 242.90 73.19 85.69 83.33 91.57 98.16 98.08
(4.75) (5.37) (4.00) (37.47) (40.37) (41.05) (22.41) (14.21) (17.36) (11.7¢) (16.41) (3.51)
WCG 11.13 14.51 8.02 213.97 247.36 258.07 66.87 83.52 85.12 94.39 97.43 98.00
(4.69) (5.55) (4.32) (35.09) (32.8¢) (30.32) (21.52) (13.39) (12.99) (7.02) (4.80) (2.30)
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TABLE 2

Number (Percent) of Males and Females Who Complained of Neuropsychological Symptoms

Headache during Headache after Intensity of Nausea during the
the training the training headache' training

Males (18) 7 (39%) 3(17%) 3(17%) 0 (0%)

Females (15 12 (80%) 10 (67%) 7 (47%) 0 (0%)

Note. Given are the numbers of people who scored the intensity of headache as moderate, strong and very strong (=4 on

a scale from O to 10).

Discussion

The results show that there were no negative con-
sequences of 400 headings on cognitive functions.
Furthermore, and as hypothesized, women com-
plained more about symptoms in the heading group
than males. The results of the current prospec-
tive study are in line with the study of Rieder
and Jansen (2011). The study extended the for-
mer work by showing no effects after four sessions
of heading-training, which was based on the nor-
mal practice routines in soccer clubs. The cognitive
tasks investigated in this study included attention,
working memory as well as visual spatial intelli-
gence. Those tasks are processed at least partly in
the prefrontal cortex, the brain region affected by
heading. Thus, we conclude that the tests would
be sensitive to detecting cognitive impairment due
to heading. Furthermore, the PASAT test was de-
veloped to differentiate between persons who had
sustained a concussion and uninjured persons. In
summary, it seems that even if the training was ex-
tended from one (Rieder & Jansen, 2011) to four
sessions, cognitive performance did not decline.

The Importance of the Amount of Heading

At first glance, this seems to contradict retrospec-
tive studies that heading-training leads to changes
in the brain, both at a neurocognitive level (e.g.,
visual working memory deficits), as well as neu-
rophysiological level (e.g., altered activation in
the dorsolateral prefrontal cortex) (Talavage et al.,
2014). In the study by Lipton et al. (2013), cog-
nitive changes were detected above a threshold of
1800 headings. But because of the retrospective
nature of the study, in which soccer players had to
remember how many headings they had done in
the past, the threshold should be considered with
caution. In this study, participants made a total
number of 400 headings, around 100 headings per
session, which is far less than 1800, mentioned
above. However, 400 headings were chosen be-
cause this fitted to the median of headings per year,
mentioned by Lipton et al. (2013). Besides, the
number of 100 headings in one session was cho-

sen due to the well-established number of headings
in a soccer-training unit, according to the German
Soccer Association. However, this benchmark is 10
times higher than the reality of the number of head-
ings that occur in a competitive game (Rodrigues,
Lasmar, & Caramelli, 2016). Therefore, the result
that women complained more of headaches needs
to be interpreted with caution. On the other hand,
one might argue that in reality, there might be more
than one training session per week. The question
of how many headings have to be performed un-
til adverse effects can be expected in a prospec-
tive study is difficult to answer. In this study,
we increased the number of headings compared
to the two prospective studies (Putukian et al.,
2000; Rieder & Jansen, 2011) published to date.
Further investigation about the optimum number of
headings, which may involve a greater number of
headings, must be done carefully and step-by-step,
with careful consideration of the ethical issues.

The Role of Gender Concerning the Impact
of Heading

Beside the replication of the null-findings regard-
ing cognitive performance change after one head-
ing session (Rieder & Jansen, 2012), we replicated
the finding that women suffered headaches more
frequently during and after the training. Reasons
for this might include a higher headache occur-
rence outside of the football sessions, less neck
muscles, or also a higher lack of heading expe-
rience of women compared to men. Symmetrical
strength in neck muscles, for example, could pro-
hibit neurological symptoms, which might appear
from heading. It has been shown that a stiffen-
ing effect of the cervical muscles occurs when a
soccer player who is trained in heading, antici-
pates a heading. Also, the strong neck muscles
can dampen the oscillations of extensions and flex-
ions during the heading process (Dezman, Ledet, &
Kerr, 2014). The gender-related results really give
a hint that more studies concerning gender differ-
ences regarding the impact of heading are war-
ranted, as well as the investigation of the reasons
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for this: Do women suffer from physical symp-
toms more often than males due to different hor-
monal status, or due to different neck strength, or
does the headings experience play an important
role?

Limitations and Future Research

While this study examines possible effects of
heading in soccer players, it also has its limitations.
First of all, the number of women and men in the
three groups differed and should be equalized in
further studies. Second, it is still an exploratory
study with only a specific number of cognitive
measurements. However, it is only the second
study, as far as we know, to attempt to control for
confounding variables (like 1Q) while using a pre-
test and post-test design and a control. Third, due
to the study of Rieder and Jansen (2011), we only
expected physical complaints in the heading group,
and the Physical Questionnaire was therefore
only administered to the heading group. This is a
limitation, which should be ameliorated in further
studies. Moreover, the design of this study might
be worth expanding in further research by varying
the number of heading-training sessions and
investigating further variables, like neck strength,
hormones, or also the age of first exposure to
soccer or football. The latter might influence brain
structure before the testing (e.g., Stamm, Bourlas
et al., 2015; Stamm, Koerte et al., 2015). Also,
to understand the neurological and neuropsycho-
logical consequences of heading in more detail,
it is important to conduct prospective studies over
years with professional as well as amateur football
teams.

Conclusion

To conclude, this prospective study with a pre-
test and post-test design, and a control group did
not show any cognitive impairment immediately
after a heading-training of one and four sessions
with 400 headings. However, significantly more
women than men complained of headaches during
and after the training.
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