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Abstract
There is increasing concern regarding the effects of heading in football on brain health including cognitive, behavioural and 
neuromotor function, with research suggesting an association between repeated ball-head impacts and neurodegenerative 
disease. While longitudinal studies to determine the long-term consequences of heading are challenging, there have been 
short-term ‘acute’ studies conducted, with some studies lacking appropriate methodology to ensure valid results. The Union 
of European Football Associations (UEFA) established a panel of experts to determine methodological recommendations 
for the conduct of studies that explore the acute effects of heading (defined as a single session of heading conducted either 
in a laboratory setting or following match play or a training session). The aim of this panel was to create quality criteria for 
acute heading studies that will form part of the eligibility assessment when applying for UEFA research funding (although 
the criteria can be applied to the conduct of acute heading research more widely). This process was deemed necessary to 
counter studies with poor methodological quality that used heading trials that did not accurately represent player exposure 
to ball-head impacts through football practice and match play (such as small sample sizes, unrealistically high heading 
exposure, and a lack of consideration of confounding variables). The panel identified core design decisions that authors 
should consider when designing and conducting acute heading research, with key methodological requirements for each 
domain pertaining to participants, heading trials, confounding variables, statistics and dependent/target variables and their 
measurement. After two rounds of reviews, the final list of quality criteria was agreed by the panel and will be applied to the 
next round of UEFA grant applications.

Key Points 

There are concerns that studies exploring the acute 
effects of heading lack appropriate methodology to 
ensure valid results.

This Current Opinion article provides recommendations 
on the minimum quality criteria that should be con-
sidered when designing and conducting acute heading 
research studies specifically related to: participants, 
heading trials, confounding variables, statistics, and 
dependent/target variables and their measurement.

1  Introduction

In recent years, an increasing number of scientific stud-
ies have been published regarding the effects of (repeated) 
heading on brain structure and function (including cogni-
tion) [1–3]. The need for these studies is in response to the 
reported association between heading and the development 
of neurodegenerative disease in later life [4–6]. Theoreti-
cally, such an effect might be caused by accumulated damage 
from all performed headers, football-related head injuries 
including concussion (most likely sustained during heading 
duels), a combination of both and/or other factors associated 
with the game of football. However, neurodegeneration is 
likely to develop only after a delay of many years or even 
decades, meaning that the degree of association between 
heading and the development of neurodegenerative disease 
remains unclear [2]. Given the difficulty in conducting lon-
gitudinal studies (or even cross-sectional studies that include 
heading or head injury prevalence data) to determine the 
long-term consequences of heading, many researchers have Extended author information available on the last page of the article
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instead investigated the short-term (‘acute’) effects (i.e. after 
a single session of heading conducted either in a laboratory 
setting or following match play or a training session) [1]. 
The feasibility of such studies means that results can real-
istically be expected within a time frame more acceptable 
for researchers and football stakeholders, who are required 
to draft policies and guidelines based on the best available 
knowledge at that time. However, some methodological 
requirements should be considered by authors to ensure that 
the outcomes of their studies are valid.

The Union of European Football Associations (UEFA) 
has already developed and published recommendations for 
heading in youth football in 2020 as well as sponsored stud-
ies in this area, including the UEFA Heading Study [7]. In 
2022, its medical committee nominated an ‘Expert Panel 
on Heading’ which formulated minimum methodological 
requirements for acute heading research as part of the eligi-
bility criteria when applying for funding from UEFA. It was 
felt that minimum quality criteria were warranted based on 
published studies that either lacked external validity despite 
claiming to be designed to inform football practice [1] or 
failed to make a proper distinction between the effects of 
heading and head injuries (including concussion) [2].

2 � Examples of Studies with an Inappropriate 
Design

A number of studies have explored the acute effects of 
heading on various outcome measures, including cognitive 
function and biochemical changes [7–10]. However, they 
have employed laboratory-based heading trials that may not 
represent typical match play or training because of the high 
number of headers (e.g. 15–20 headers within one head-
ing session) [8–10], the frequency at which headers occur 
(e.g. 20 headers within 3 min or one header every 9 s) [8] 
or the ball delivery method (including balls dropped from 
a height) [11]. These methodological decisions are impor-
tant to note as data from a recent systematic review dem-
onstrated that the mean number of headers per player per 
game ranged from 0 to 11 headers in boys (aged 11 years 
and older) and men, and from 0 to 7 headers in girls (aged 
11 years and older) and women [2]. Considering that most 
matches are 70–90 min in duration (depending on the age 
group), these data suggest that the mean number of headers 
is conservatively estimated at one header per player every 
6–10 min. While it is accepted that heading frequency will 
not be uniform across every playing position with many 
players completing a series of headers within a short amount 
of time, the speed, distance and delivery of these balls will 
also vary [12]. For instance, research has consistently shown 
that headers from long balls, particularly goal and corner 
kicks, demonstrate higher head impact magnitudes during 

heading (generally known as high-force or high-velocity 
headers) than balls from free play and throw-ins [12, 13]. 
Additionally, it is more likely that there will be longer time 
periods between headers from goal and corner kicks than 
during free play within any given match. It is also impor-
tant that researchers use balls that are the appropriate size 
for the age group of participants as well as being inflated to 
ball pressures that conform to International Football Asso-
ciation Board ‘Laws of the Game.’ It is also important that 
researchers consider participants’ technical proficiency in 
the execution of headers as both technique and location of 
head contact (i.e. forehead, top of the head) can also influ-
ence head impact magnitudes during heading [14].

The speed of ball delivery also needs consideration to 
ensure that the speed (and angle of flight) replicate match 
scenarios. Studies on the acute effects of heading have used 
ball speeds varying from 21.6 to 88.5 km/h [15, 16]. While it 
is acknowledged that ball speeds vary considerably between 
ball delivery methods, the concern is that studies that deliver 
more than ten high-velocity balls within an unrealistically 
short period of time could be exposing research participants 
to unnecessary risk while at the same time not being repre-
sentative of football match play. As a general observation, 
studies that employ ten or more headers delivered within a 
shorter period of time (i.e. one header every 30–60 s) are 
more likely to demonstrate acute changes in participants 
than studies using a lower number or more time between 
headers [1, 9, 17, 18].

Other methodological issues in earlier published acute 
heading studies include the study design and exertional 
level of comparator activities. Common study designs 
include cross-over designs (to demonstrate within-partici-
pant effects) as well as experimental designs with a separate 
control group of participants (to demonstrate between-par-
ticipant effects) [1]. If experimental and control groups are 
included, participants should be matched for age, sex and 
athletic ability. In terms of the exertional level of comparator 
activities, the confounding effect of exercise and physical 
fatigue on results should be considered [1]. Therefore, the 
control or comparator condition needs to be matched in exer-
tional demands to the heading trials, with exertion measured 
using reliable and valid tools for both groups.

Studies also need to be sufficiently powered, with many 
acute heading trials having either small sample sizes [19, 20] 
or high heterogeneity between participants in terms of age/
years of experience or sex of players [1]. In an earlier sys-
tematic review and meta-analysis on the effects of heading, 
eight out of 37 studies (22%) had insufficient data to enable 
effect size calculations [20]. From the remaining 29 studies, 
16 studies explored the acute effect of heading, with nine 
studies having sample sizes with fewer than 32 participants 
(mean 54 years; range 10–240 years) despite most studies 
using an experimental research design [20].
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3 � Procedure to Determine 
Recommendations for Quality Criteria

The members of the Expert Panel were convened to draw 
on expertise from a range of countries and football asso-
ciations as well as considering diversity in professional 
backgrounds. Members of the group included: Kerry Peek 
(KP, Australia), Martino Franchi (MVF, Italy), Koen Lem-
mink (KL, The Netherlands), Paul Balsom (PB, Sweden) 
and Tim Meyer (TM, Chair, Germany). The members were 
chosen based on expertise in heading research (KP, TM), 
exercise physiology and biomechanical expertise (MVF), 
physiological expertise in football research (KL) and 
involvement in policy making for header training (KP, PB, 
TM). Members were also selected to be representative of 
UEFA member associations in covering not only countries 
with similar heading regulations.

The first step in the discussion on determining mini-
mum quality criteria for acute heading research was to 
screen existing heading research. Knowledge was gained 
from a recent literature review led by KP (with co-authors 
from Football Australia and TM) [14] as well as a lit-
erature search on the short-term, medium-term, and long-
term effects of heading completed on behalf of UEFA. 
This search led to the retrieval of references from database 
searching as well as the reference lists of the included 
studies. The search terms employed were deliberately 
broad (“football” or “soccer” and “head*”) to capture as 
many studies as possible. The Appendix in the Electronic 
Supplementary Material details the acute heading studies 
identified through the literature review process.

The second step consisted of identifying core design 
decisions made by authors of the retrieved studies when 
designing and conducting their research on the acute 
effects of heading. The specific methodological elements 
were extracted from the retrieved studies by KP and TM. 
These elements were then reviewed, refined and agreed 
upon by the entire panel.

The third step, prepared by KP and TM, included a for-
mulation of methodological requirements for the identi-
fied design decisions. Two rounds of reviews led to a final 
agreement on the list of quality criteria that will be applied 
to the next round of UEFA grant applications (Table 1).

4 � Explanations for the Chosen Quality 
Criteria

A key design necessity for acute heading studies is that 
studies should have good external validity rather than 
focussing on a high likelihood of “significant results”. This 

is underpinned by a safety concern that participants should 
not be exposed to unnecessary risk. This is particularly 
important because if the heading trial protocol does not 
reflect football practice or match play, then the results will 
lack external validity and could be misleading. Studies 
aiming to maximise the contrast (particularly for mecha-
nistic research) should clearly state this and consider the 
ecological validity of the study when interpreting results. 
Table 1 demonstrates the minimum criteria agreed by 
the Expert Panel for acute heading studies, which can be 
applied to the broader heading research literature but cer-
tainly should be considered when drafting project propos-
als that seek UEFA funding. These criteria will be applied 
in addition to general aspects of good study design, which 
are important for any study irrespective of the topic area 
(such as The Strengthening the Reporting of Observational 
Studies in Epidemiology [STROBE]) [21].

4.1 � Participants

The recruitment strategy should be designed to minimise 
selection bias and to ensure that the study participants are 
representative of the target population particularly where 
participants ‘self-select’ to participate [22]. For instance, 
one option could be to recruit football players from the same 
team or club with participation rates collected and reported 
as well as any reasons for non-participation considered when 
interpreting the results [22].

4.1.1 � Control Group/Comparator Condition

Studies that have reported their findings based on one group 
of participants who complete heading trials in the absence of 
a control group or comparator condition are problematic for 
a few reasons. Most importantly, for one group of pre-study 
and post-study designs, it is almost impossible to determine 
whether any effects can be attributable to heading only. 
Cross-over designs are the preferable study design method 
where the same group of players are exposed to heading tri-
als as well as another one or two conditions, such as a simu-
lated heading (where the participant pretends to head a ball 
but no actual ball-head impact occurs) or other exertional 
activity (such as kicking a ball). If using a cross-over study 
design, it is also vital that the order in which each individual 
player completes each condition is randomised to reduce the 
potential confounding effects of fatigue [1].

Where a control group of participants is employed, it is 
important that the intervention and control participants are 
matched in terms of age, sex, playing position, level and 
experience as well as being similar with respect to other 
confounding factors and the careful consideration of exclu-
sion criteria such as a history of concussion and co-exist-
ing conditions such as mental health disorders or epilepsy. 
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Consideration should be given to exclusion of participants 
with no or limited experience of heading unless this is part 
of the aim of the study (which should be clearly stated). Sim-
ilarly, goal keepers, a position shown to infrequently head 
the ball [23], should be either matched between groups or 
excluded altogether. Ideally, heading studies should employ 
equal numbers of male and female participants with a priori 
sample sizes calculated to allow adequately powered sub-
group analyses by sex.

4.2 � Heading Trials

As emphasised earlier, justification should be provided by 
researchers on how and why the ‘header dosage’ as well 
as the time interval between headers were determined and 
should be representative of match play or football prac-
tice and supported by appropriate references, given that an 
increasing number of studies are now available to facilitate 

such a procedure [2, 7, 23–26]. The same criterion applies 
to ball delivery speeds, which should be calculated for all 
studies regardless of whether a ball launching machine is 
used or the ball is thrown. Consistency between each ball 
delivery must be demonstrated using an angle of deliv-
ery that is ecologically valid (e.g. balls dropped from a 
height directly above the player, while consistent in deliv-
ery speed and distance, will not reproduce the flight of a 
kicked or thrown ball) [1].

Further, it is recommended that forces to the head 
should be reported using 6 degrees of freedom (based on 
anatomical considerations) as any force to the head (even 
linear force) will lead to some rotational forces on the 
brain. Some discussion also needs to be provided on how 
any external force measurements (such as head accelera-
tion) translate to internal forces within the head or brain 
(even if this is hypothesised) and supported by appropriate 
references (where the evidence does not currently exist).

Table 1   Quality criteria to be applied by the Union of European Football Associations when considering funding for acute heading research

Questions that will be considered to assess quality criteria
 Participants
 Is a control group/comparator condition used?
 Does the control group/condition simulate a heading movement?
 Is the control group matched with the intervention group (e.g. age, sex, experience)?
 Has heading experience and exposure (including age of first exposure) of all participants been reported?
 Will history of concussion/s be considered and reported?
 Will playing level and experience of football participants be considered and reported?
 Heading trials
 Is the heading trial representative of match play or football practice? A reference has to be given to justify ‘header dosage’
 Is a ball machine (or equivalent) used to ensure consistent speed, distance and direction?
 Will forces to the head be reported using 6 degrees of freedom (based on anatomical considerations)?
 Is there any evidence that the measured “external” forces on the head validly describe the forces experienced by the brain?
 Confounding variables
 Will all confounding variables be sufficiently considered and reported to enable an assessment of their influence on the results?
 Statistics
 Are appropriate statistical analyses being proposed including the reporting of effect sizes and 95% confidence intervals instead of only 

p-values?
 Is there a sample size calculation and power analysis?
 What considerations have been made in the case of low sample sizes?
 Are all tests reported with considerations of corrections for multiple testing (related target variables)?
 Will sub-group analyses be performed (i.e. for sex or age group)?
 Will the results be considered in the context of clinical impairment?
 Dependent/target variables and their measurement
 Will the study use established tests or, alternatively, adequately demonstrate validity of all tests being used?
 Are the timepoints of measurements considered to adequately capture recovery time where changes to outcome measures from baseline scores 

are demonstrated post-heading trials or control condition?
 Has test familiarisation been considered to reduce the effect of repetition alone?
 Is head acceleration being measured during all conditions (or only with heading trials)?
 Are blood or other biomarkers being used (and will these be compared to other ‘active’ conditions)?
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4.3 � Confounding Variables

It is important that any potential confounding variables are 
sufficiently considered with a view to including them within 
the analysis and reporting of results to enable an assessment 
of their influence. Confounding and relevant variables might 
include: concussion history, concussion symptoms, neuro-
logical disorders and history of head, neck or facial injury, 
consumption of alcohol and drugs, mental illness, player 
position (goalkeeper specifically), heading exposure (given 
that heading exposure will vary greatly between players even 
with a similar length of playing career and experience), and 
age of first exposure to heading, skill level and football expe-
rience, participation in other contact or collision sports (such 
as rugby or American Football) and neck muscle properties 
[27, 28]. Where possible, an objective valid measurement 
of confounding variables should be used, with limited use 
of self-reported measures (unless this is the only option).

4.4 � Statistics

In addition to the reporting of a priori sample size calcula-
tion to determine whether the study was adequately powered 
for the primary outcome measure, it is also expected that 
study methodology conforms to study design quality crite-
ria such as STROBE [21] or the Consolidated Standards of 
Reporting Trials (CONSORT) statement extended for cross-
over trials [29]. This includes the use of appropriate statisti-
cal analyses based on study design and outcome measures 
including the reporting of effect sizes and 95% confidence 
intervals instead of only p-values. It is also important that 
all statistical tests are reported, preferably with access to 
data via an accessible research data repository. Sub-group 
analyses should also be considered for appropriate groups 
of participants such as by age or sex. To the authors' knowl-
edge, no study in this area has been published to date with 
the utmost transparency as a registered report.

4.5 � Dependent/Target Variables and Their 
Measurement

Four categories of target variables broadly exist for heading 
studies: structural (e.g. magnetic resonance imaging), func-
tional (e.g. postural control, balance, biomarkers), cognitive 
(e.g. verbal learning, working memory, executive function, 
psychomotor speed, attention) and behavioural (e.g. impulse, 
emotional changes).

Researchers should give preference to the selection of 
appropriate tools with established reliability and valid-
ity. For instance, the International Traumatic Brain Injury 
Common Data Elements Project aims to standardise defi-
nitions and protocols for traumatic brain injury research, 
and information provided on reliable and valid outcome 

measures might also be applicable to studies exploring 
the acute effects of heading on brain function [30]. Where 
such a tool does not currently exist, researchers should 
undertake to demonstrate reliability and validity them-
selves before applying these tools in their acute heading 
study.

Careful consideration should also be given to the longitu-
dinal collection of data even for acute effects. If an effect is 
demonstrated immediately after completing heading trials, 
the time taken to return to baseline is an important contribu-
tion to the literature. Measurements taken at regular intervals 
or on consecutive days without further interventions (or head 
impacts) are preferred and may have a larger influence.

Test familiarisation might be necessary to reduce the 
effect of repetition alone and, therefore, the number of 
familiarisation tests required to achieve a stable score for 
each measure [31] will need to be considered in the research 
protocol, with appropriate pilot testing of measures before 
the study commences. This may be particularly important 
for heading studies in a youth football population.

If head acceleration is to be measured during the heading 
trials, then this measurement should also be applied to the 
other active control conditions (such as simulated heading 
or a kicking condition). Likewise for any blood biomarkers 
(e.g. S100B), determination of these levels in comparison to 
other active conditions should be considered.

5 � Conclusions

The Expert Panel recommends minimum standards for 
research that explore the acute effects of heading. Studies 
should consider the use of a cross-over design, or if a con-
trol group is used, participants should be matched for age, 
sex, position, playing level and football experience, while 
carefully considering exclusion criteria. Consistency in ball 
size/mass/pressure, ball delivery, angle and speeds as well 
as accurate measurement of head impact magnitude are 
important, using tools that measure using 6 degrees of free-
dom. Appropriate statistical analyses with reporting of effect 
sizes (with confidence intervals) and sub-group analyses are 
expected. The potential target variables of structural, func-
tional and cognitive effects of heading should be measured 
using established tools with appropriate longitudinal data 
collection. By applying minimum standards for research that 
explore the acute effects of heading, it is hoped the quality of 
heading research will be improved and the evidence base to 
support any potential changes to heading policy or practice 
will be grounded in high-quality evidence.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40279-​023-​01977-z.

https://doi.org/10.1007/s40279-023-01977-z


	 K. Peek et al.

Funding  Open Access funding enabled and organized by CAUL and 
its Member Institutions.

Declarations 

Conflict of Interest  All authors are members of UEFA’s Expert Panel 
on Heading. Martino Franchi and Koen Lemmink have no conflicts 
of interest that are directly relevant to the content of this article. Tim 
Meyer is the Chair of UEFA’s and the DFB’s (German FA) Medical 
Committee. Kerry Peek is a contracted Injury Spotter for FIFA organ-
ised tournaments. Paul Balsom works in high performance with the 
Swedish Football Association.

Ethics Approval  Not applicable.

Consent to Participate  Not applicable.

Consent for Publication  Not applicable.

Funding  No funding was received to complete this study.

Data Availability  Not applicable.

Code Availability  Not applicable.

Author Contributions  KP: conceptualization, methodology, formal 
analysis, investigation, writing- original draft, visualization, project 
administration. TM: conceptualization, methodology, formal analysis, 
writing- original draft, visualization. MF: methodology, formal analy-
sis, writing- review and editing. KL: methodology, formal analysis, 
writing- review and editing.  PB: methodology, formal analysis, writ-
ing- review and editing. All authors read and approved the final version.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Snowden T, Reid H, Kennedy S, et al. Heading in the right 
direction: a critical review of studies examining the effects of 
heading in soccer players. J Neurotrauma. 2021;38(2):169–88. 
https://​doi.​org/​10.​1089/​neu.​2020.​7130.

	 2.	 McCunn R, Beaudouin F, Stewart K, et al. Heading in football: 
incidence, biomechanical characteristics and the association 
with acute cognitive function: a three-part systematic review. 
Sports Med. 2021;51:2147–63.

	 3.	 Tarnutzer AA, Straumann D, Brugger P, et al. Persistent effects 
of playing football and associated (subconcussive) head trauma 
on brain structure and function: a systematic review of the lit-
erature. Br J Sports Med. 2017;51(22):1592–604.

	 4.	 Russell ER, Mackay DF, Stewart K, et al. Association of field 
position and career length with risk of neurodegenerative 

disease in male former professional soccer players. JAMA Neu-
rol. 2021;78(9):1057–63.

	 5.	 Mackay DF, Russell ER, Stewart K, et al. Neurodegenerative 
disease mortality among former professional soccer players. N 
Engl J Med. 2019;381(19):1801–8.

	 6.	 Ueda P, Pasternak B, Lim C-E, et al. Neurodegenerative disease 
among male elite football (soccer) players in Sweden: a cohort 
study. Lancet Public Health. 2023;8(4):e256–65.

	 7.	 Beaudouin F, Gioftsidou A, Larsen MN, et al. The UEFA Head-
ing Study: heading incidence in children’s and youth’ football 
(soccer) in eight European countries. Scand J Med Sci Sports. 
2020;30(8):1506–17.

	 8.	 Ashton J, Coyles G, Malone JJ, et al. Immediate effects of an 
acute bout of repeated soccer heading on cognitive perfor-
mance. Sci Med Footb. 2021;5(3):181–7.

	 9.	 Di Virgilio TG, Hunter A, Wilson L, et al. Evidence for acute 
electrophysiological and cognitive changes following routine soc-
cer heading. EBioMedicine. 2016;13:66–71.

	10.	 Rieder C, Jansen P. No neuropsychological consequence in male 
and female soccer players after a short heading training. Arch Clin 
Neuropsychol. 2011;26(7):583–91. https://​doi.​org/​10.​1093/​arclin/​
acr055.

	11.	 Stalnacke BM, Sojka P. Repeatedly heading a soccer ball does 
not increase serum levels of S-100B, a biochemical marker of 
brain tissue damage: an experimental study. Biomark Insights. 
2008;2008(3):87–91.

	12.	 Harriss A, Johnson AM, Walton DM, et al. Head impact magni-
tudes that occur from purposeful soccer heading depend on the 
game scenario and head impact location. Musculoskelet Sci Pract. 
2019;40:53–7. https://​doi.​org/​10.​1016/j.​msksp.​2019.​01.​009.

	13.	 Caccese JB. Head accelerations across collegiate, high school 
and youth female and male soccer players. Br J Sports Med. 
2018;52(2):98–9.

	14.	 Peek K, Duffield R, Cairns R, et al. Where are we headed? Evi-
dence to inform future football heading guidelines. Sports Med. 
2023;53(7):1335–8.

	15.	 Harriss AB, Abbott K, Kimpinski K, et al. An evaluation of heart 
rate variability in female youth soccer players following soccer 
heading: a pilot study. Sports (Basel). 2019;7(11):229.

	16.	 Broglio SP, Guskiewicz KM, Sell TC, et al. No acute changes 
in postural control after soccer heading. Br J Sports Med. 
2004;38(5):561–7.

	17.	 Bamaç B, Tamer GS, Colak T, et al. Effects of repeatedly head-
ing a soccer ball on serum levels of two neurotrophic factors of 
brain tissue, BDNF AND NGF, in professional soccer players. 
Biol Sport. 2011;28(3):177–81.

	18.	 Wirsching A, Chen Z, Bevilacqua ZW, et al. Association of acute 
increase in plasma neurofilament light with repetitive subconcus-
sive head impacts: a pilot randomized control trial. J Neurotrauma. 
2019;36(4):548–53. https://​doi.​org/​10.​1089/​neu.​2018.​5836.

	19.	 Haran FJ, Tierney R, Wright WG, et al. Acute changes in postural 
control after soccer heading. Int J Sports Med. 2013;34(4):350–4.

	20.	 Kontos AP, Braithwaite R, Chrisman SP, et al. Systematic review 
and meta-analysis of the effects of football heading. Br J Sports 
Med. 2017;51(15):1118–24.

	21.	 Von Elm E, Altman DG, Egger M, et al. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
statement: guidelines for reporting observational studies. J Clin 
Epidemiol. 2008;61(4):344–9.

	22.	 Hammer GP, du Prel J-B, Blettner M. Avoiding bias in obser-
vational studies: part 8 in a series of articles on evaluation of 
scientific publications. Dtsch Ärztebl Int. 2009;106(41):664.

	23.	 Peek K, Vella T, Meyer T, et al. The incidence and characteristics 
of purposeful heading in male and female youth football (soccer) 
within Australia. J Sci Med Sport. 2021;24(6):603–8.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1089/neu.2020.7130
https://doi.org/10.1093/arclin/acr055
https://doi.org/10.1093/arclin/acr055
https://doi.org/10.1016/j.msksp.2019.01.009
https://doi.org/10.1089/neu.2018.5836


Quality Criteria for Football Heading Studies

	24.	 Weber J, Ernstberger A, Reinsberger C, et al. Video analysis of 
100 matches in male semi-professional football reveals a head-
ing rate of 5.7 headings per field player and match. BMC Sports 
Sci Med Rehabil. 2022;14(1):132. https://​doi.​org/​10.​1186/​
s13102-​022-​00521-2.

	25.	 Weber J, Reinsberger C, Krutsch V, et al. Heading and risk of 
injury situations for the head in professional German football: a 
video analysis of over 150,000 headers in 110,000 match minutes. 
Sci Med Footb. 2023;7(4):307–14. https://​doi.​org/​10.​1080/​24733​
938.​2022.​21146​02.

	26.	 Peek K, Meyer T, Beaudouin F, et al. Heading incidence in boys’ 
football over three seasons. Sci Med Footb. 2021;5(3):175–80.

	27.	 Nutt S, McKay MJ, Gillies L, et al. Neck strength and concus-
sion prevalence in football and rugby athletes. J Sci Med Sport. 
2022;25(8):632–8. https://​doi.​org/​10.​1016/j.​jsams.​2022.​04.​001.

	28.	 Manley G, Gardner AJ, Schneider KJ, et al. A systematic review 
of potential long-term effects of sport-related concussion. Br J 
Sports Med. 2017;51(12):969–77.

	29.	 Dwan K, Li T, Altman DG, et al. CONSORT 2010 statement: 
extension to randomised crossover trials. BMJ. 2019;366:I4378.

	30.	 NINDS. Traumatic brain injury: common data elements US2023. 
https://​www.​commo​ndata​eleme​nts.​ninds.​nih.​gov/​Traum​atic%​
20Bra​in%​20Inj​ury#​pane-​89. Accessed 19 Sep 2023.

	31.	 Duncan MJ, Al-Nakeeb Y, Nevill AM. Influence of familiarization 
on a backward, overhead medicine ball explosive power test. Res 
Sports Med. 2005;13(4):345–52.

Authors and Affiliations

Kerry Peek1   · Martino Franchi2 · Koen Lemmink3 · Paul Balsom4 · Tim Meyer5 

 *	 Kerry Peek 
	 kerry.peek@sydney.edu.au

	 Martino Franchi 
	 martino.franchi@unipd.it

	 Koen Lemmink 
	 k.a.p.m.lemmink@umcg.nl

	 Paul Balsom 
	 Paul.Balsom@uefa.ch

	 Tim Meyer 
	 tim.meyer@mx.uni-saarland.de

1	 Discipline of Physiotherapy, Sydney School of Health 
Sciences, Faculty of Medicine and Health, The University 
of Sydney, Sydney, NSW, Australia

2	 Department of Biomedical Sciences, University of Padova, 
Padua, Italy

3	 Department of Human Movement Sciences, University 
Medical Centre Groningen, University of Groningen, 
Groningen, The Netherlands

4	 Swedish Football Association, Solna, Stockholm, Sweden
5	 Institute of Sports and Preventive Medicine, Saarland 

University, Saarland, Germany

https://doi.org/10.1186/s13102-022-00521-2
https://doi.org/10.1186/s13102-022-00521-2
https://doi.org/10.1080/24733938.2022.2114602
https://doi.org/10.1080/24733938.2022.2114602
https://doi.org/10.1016/j.jsams.2022.04.001
https://www.commondataelements.ninds.nih.gov/Traumatic%20Brain%20Injury#pane-89
https://www.commondataelements.ninds.nih.gov/Traumatic%20Brain%20Injury#pane-89
http://orcid.org/0000-0002-2194-3353
http://orcid.org/0000-0003-3425-4546

	Quality Criteria for Studies Assessing the Acute Effects of Heading: Results from a UEFA Expert Panel
	Abstract
	1 Introduction
	2 Examples of Studies with an Inappropriate Design
	3 Procedure to Determine Recommendations for Quality Criteria
	4 Explanations for the Chosen Quality Criteria
	4.1 Participants
	4.1.1 Control GroupComparator Condition

	4.2 Heading Trials
	4.3 Confounding Variables
	4.4 Statistics
	4.5 DependentTarget Variables and Their Measurement

	5 Conclusions
	Anchor 14
	References


