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Abstract
Background  Head acceleration is often used as a proxy measurement for concussion risk. It is unclear what factors contribute 
to head acceleration during a purposeful header.
Objective  The objective of this systematic is to identify what factors influence head acceleration during a header and high-
light areas that have not been explored.
Methods  Studies were included if they assessed the effect of an independent variable on head acceleration during a purpose-
ful header. There were no exclusion criteria relating to age, sex, playing level, study design, or publication date. Databases 
included Scopus, Web of Science, MEDLINE, EMBASE, CINAHL, SPORTDiscus and ClinicalKey, and grey literature was 
also searched. Searches were re-run in January 2024. Each included study underwent a risk of bias or quality assessment, 
using several tools owing to varied study designs (ROBINS-I, RoB2, modified Downs and Black and AXIS). Results are 
presented in tabular form, categorised by independent variable(s) and accompanied by a narrative results section.
Results  A total of 60 studies were included. Study designs included one-off measurements with variable(s), cohort, cross-
sectional and randomised controlled trials (RCTs). Influencing factors included ball velocity and characteristics, header type, 
impact location, neck training interventions, fatigue protocols, neck strength, demographics, playing scenario and personal 
protective equipment. A wide range of heading trials and methods of measuring head acceleration were used. Results were 
conflicting for several variables. There was some consistent evidence that increased ball speed/mass/inflation increased head 
acceleration. Female players sustained greater head accelerations than males, and some evidence suggested that increased 
neck strength reduced head acceleration, but not in all cases. This review confirmed traditional neck strengthening is not 
effective in reducing head acceleration; however, adding neuromuscular exercises appeared to be effective. There was a lack of 
evidence investigating other systems that may affect head acceleration such as vestibular function, oculomotor performance, 
rate of force development and cervical spine proprioception.
Discussion  This review highlights the range of studies investigating head acceleration during a purposeful header. Included 
studies were of varying quality, and one limitation was the lack of transformation of the acceleration measures to a consistent 
frame of reference. Implications from this study suggest potential measures that may reduce head acceleration and therefore 
improve the safety of performing a purposeful header. These include reducing ball inflation pressure, limiting headers from long 
range/high speed balls (especially in children/adolescents and females) and ensuring neuromuscular exercises are incorporated 
into neck training programmes. Dynamic muscle strength outcomes, including measures such as rate of force development, 
are challenging to measure but should be considered an essential component of neck training when the aim is to reduce head 
acceleration in a ballistic task such as a header.
The review is registered under the PROSPERO registry (CRD42022359294).
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Key Points 

A range of intrinsic and extrinsic variables affect head 
acceleration during a purposeful header.

Ball properties and ball speed along with the type of ball 
delivery all affect head acceleration.

While neck strength may influence head acceleration, 
traditional neck strengthening exercises do not.

Incorporating neuromuscular neck exercises appears to 
reduce head acceleration during a header.

1  Introduction

1.1 � Rationale

Soccer is unique as the only sport where players intentionally 
use their head to pass, shoot or clear the ball. Performance 
of purposeful headers has recently come under scrutiny with 
respect to player welfare, and this concern is twofold. First, 
there is a potential relationship between headers and the 
high rates of concussion seen in soccer [1]. Most commonly, 
acute concussions in soccer are related to opponent contact 
(49.6%) such as head-to-body (27.9%) or head-to-head 
contact (21.7%) [2], often when players compete for an 
aerial ball. However, concussion can also occur from ball-
to-head contact, with a study of collegiate athletes showing 
32.7% of concussions were caused by this mechanism (both 
intentional and unintentional ball-to-head contact) [2]. 
Second, concern has been raised about the potential long-
term effects on brain health from repetitive ball-to-head 
impacts, which is not yet fully understood [3, 4].

Heading the ball involves head impact and acceleration 
and deceleration of the brain inside the skull, and it may 
also cause rotation of the brain [5]. While studies in other 
sports have linked increasing head acceleration to an 
increased risk of concussion [6, 7], the factors influencing 
head acceleration leading to an increased risk of concussion 
have not been fully evaluated. Considering the number of 
headers a player performs over their playing career, and the 
concern around potential long-term consequences (from 
overall heading burden) [8–11], understanding factors that 
are causing greater burden (i.e. greater magnitude impacts) 
will help to inform risk reduction programmes and potential 
rule changes to improve player safety.

Neck strength has recently been proposed as a possible 
factor influencing head acceleration [12]. Neck strength is 

suggested to influence concussion risk, although evidence 
is conflicting. Literature supporting this is viewed as 
‘emerging’ [13] or ‘low certainty’ [14]. Systematic reviews 
investigating the primary prevention of concussion conclude 
that neck strength and head acceleration show potential 
value for concussion prevention. They also highlight the 
need to further investigate the relationship between neck 
strength and head acceleration with concussion risk [15, 
16]. It may also be that neuromuscular performance of neck 
muscles or other features of sensorimotor performance are 
relevant to head acceleration, especially in response to the 
ballistic task of heading a soccer ball. Recent studies point to 
the importance of neuromuscular exercises and considering 
the rate of force development when aiming to alter head 
kinematics and reduce head acceleration [17, 18]. Synthesis 
of current data relating to neck strength, morphology and 
neuromuscular or sensorimotor performance on head 
acceleration needs to be further investigated in the context 
of purposeful heading.

Other factors that might be important influencers of head 
acceleration in response to heading are sex, head impact 
mechanism and extrinsic factors such as ball speed and 
ball characteristics. As discussed, both ball-to-head contact 
and contact with an opponent while contesting for a header 
may cause concussive events [19]. In high school players, 
heading was associated with 28% of concussions in boys and 
26.5% of concussions in girls [19]. Of these heading-related 
concussions, most were related to player-to-player contact 
for boys, and only 23.6% were due to ball contact [19]. In 
contrast, for high school girls, over 50% of heading-related 
concussions were due to ball contact [19]. Female soccer 
players sustain a greater rate of concussions compared with 
their male counterparts [20], have greater head acceleration 
during a header and are more likely to sustain a concussion 
from a ball-to-head impact [21]. Female sex is a known risk 
factor that has shown a correlation with increased risk of 
concussion [14, 20], and it is possible that the increased 
head acceleration may play a role in this. Systematically 
reviewing the results of studies investigating these individual 
risk factors will provide more conclusive insights about 
influencing factors for head acceleration during heading.

There is uncertainty around what factors influence head 
acceleration during a header (and therefore influence header 
safety). Considering the concern due to both the relationship 
between head acceleration and concussion risk and the 
potential long-term effects due to repeated exposure to head 
accelerations, this is important to understand. To develop 
risk-reduction strategies and training interventions for 
heading and reduce overall heading burden over a playing 
career, we must first understand what factors influence head 
acceleration during a purposeful header. Understanding 
this will allow a critical step forward in developing targeted 
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training interventions with the goal of improving header 
safety.

1.2 � Objectives

This systematic review aims to synthesise results of existing 
literature investigating the influence of intrinsic and extrinsic 
variables on head acceleration during a purposeful header 
in soccer players. The specific research question is: what 
factors influence head acceleration during a purposeful 
header in soccer players?

For this review, a purposeful header is defined as the 
intentional act of the player using their head to redirect the 
ball.

2 � Methods

A systematic review was undertaken following best 
evidence-based practice guidelines, including the 
Preferred Reporting for Systematic Review and Meta-
analysis (PRISMA) statement [22] and Joanna Briggs 
institution (JBI) review manual [23]. The objectives, 
inclusion criteria and methods of analysis for this review 
were specified in advance and documented in an a priori 
protocol [23] registered under the PROSPERO registry 
(CRD42022359294).

2.1 � Eligibility Criteria

Longitudinal, experimental, observational and cross-
sectional studies published in any language, with no 
restriction on publication year, were eligible for inclusion. 
To be included, studies must have: (i) included a population 
of soccer players (any age, sex or skill level); (ii) measured 
head acceleration during a purposeful header using either 
an instrumented mouth guard, an accelerometer fixed to 
the participant’s head or video analysis (motion capture or 
two-dimensional (2D) video analysis); (iii) measured head 
acceleration during specific header trials and, if measured 
during ‘live’ trainings or games, a specific analysis or 
breakdown showing acceleration during purposeful headers 
was reported or headers/ball-to-head impacts made up the 
large majority of impacts; (iv) had an aim of the study to 
investigate relationships between intrinsic or extrinsic 
factors and head acceleration and (v) had the full-text paper 
available, including theses and conference papers. Studies 
were excluded if: (i) they were of qualitative design; (ii) they 
did not differentiate the analysis of purposeful header impacts 
from other incidental head impacts, such as contact with the 
ground or opposing players or (iii) they were review papers, 
posters, conference abstracts or books.

2.2 � Information Sources

Databases including Scopus, Web of Science, MEDLINE, 
EMBASE, CINAHL, SPORTDiscus and ClinicalKey 
were initially searched between 20 September 2023 and 
30 September 2023. Grey literature was searched using 
Google, MedNar, TRIP and clinical trial sites search engines 
(Table 1). Reference lists and citations of eligible studies 
were also searched and screened. The lead author re-ran and 
screened the main databases just prior to the final analysis 
and write-up to check for new papers eligible for inclusion 
(with the most recent search undertaken on 28 January 2024).

2.3 � Search Strategy

The search strategy was developed in consultation with a 
medical librarian and reviewed following an initial database 
search, following which new keywords were added and 
searches re-run on each database. No limits or filters were 
placed on main database searches. Similar strategies were 
used for grey literature searching, but filters could be 
applied. The final search strategies for each database and 
filters applied for grey literature search engines can be 
found in Appendix I. Table 2 presents the search strategy 
keywords.

2.4 � Selection Process

2.4.1 � Data Management

All results from database searching were exported to 
EndNote20 (Clarivate Analytics, Pennsylvania, USA), and 
once searching was complete, records were de-duplicated 
within EndNote. Following de-duplication, results were 
exported to Rayyan (Rayyan Systems Inc., Cambridge, 
Massachusetts, USA). Two reviewers (R.B. and G.F.) then 
screened the titles and abstracts with the blinding feature 
enabled to ensure an independent review and screening 
process.

2.4.2 � Selection Process

The two reviewers (R.B. and G.F.) met prior to screening to 
discuss inclusion criteria and clarify understanding of the 
selection process. Following screening, any conflicts were 
resolved following discussions between the two reviewers. 
Following title/abstract screening, full texts of papers 
were retrieved where available. Where full texts could 
not be accessed, authors or universities were contacted. 
Once located, full texts were screened by two independent 
reviewers (R.B. and G.F.) to be deemed eligible for inclusion 
in the review.
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2.5 � Data Collection Process

Two independent researchers (R.B. and G.F.) extracted data 
for a random sample of the eligible studies using the data 
extraction tool (Appendix II). The tool was developed by the 
lead researcher and reviewed by the review team. A random 
number generator was used to select six studies which 
represented 11% of initially included studies. Following 
the independent review, the two researchers met to check 
consensus of the data extracted from the sample of studies. 
Once agreement concerning data extraction was confirmed, 
the lead researcher (R.B.) extracted data from all remaining 
studies, and the second reviewer (G.F.) checked all data 
extraction for accuracy once completed. Where there was 
disagreement, this was resolved via discussion between 
the two reviewers. Data were extracted from each full text 
deemed eligible for inclusion in the review.

2.5.1 � Data Items

Data were sought and charted for items presented in Table 3.

Table 1   Information sources 
searched

* Australian New Zealand Clinical Trials Registry (ANZCTR), EU Clinical Trials Register, International 
Clinical Trials Registry Platform (ICTRP) hosted by the World Health Organisation (WHO) and Clinical 
Trials

Database Initial search date Search alert set 
and reviewed

Dates of search re-run (new records screened)

Scopus 20 September 2022 Yes 28 January 2024 (147)
20 January 2023 (29)

Web of Science 20 September 2022 Yes 16 January 2024 (266)
20 January 2023 (173)

MEDLINE 20 September 2022 Yes 16 January 2024 (74)
20 January 2023 (27)

EMBASE 20 September 2022 Yes 16 January 2024 (127)
20 January 2023 (56)

CINAHL 20 September 2022 Yes 16 January 2024 (39)
20 January 2023 (6)

SPORTDiscus 20 September 2022 Yes 16 January 2024 (51)
20 January 2023 (12)

ClinicalKey 20 September 2022 No Not re-run 2024 owing to change in database
20 January 2023 (2)

Google 30 September 2022 No 19 January 2023 (280)
24 January 2023 (8)

MedNar 23 September 2022 No 18 January 2024 (28)
24 January 2023 (17)

TRIP 30 September 2022 No 18 January 2024 (109)
24 January 2023 (49)

Clinical trial sites* 23 September 2022 No Not re-run

Table 2   Search strategy

Concept 1 Concept 2

“head acceleration”
OR
“head impact*”
OR
“head impact magnitude”
OR
“head kinematic*”
OR
“head movement*”
OR
“head stabil*”
OR
“head motion”
OR
“head velocity”
OR
header*
OR
heading
OR
“purposeful header*”
OR
“purposeful heading”

soccer
OR
football
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2.6 � Risk of Bias/Quality Assessment

Risk of bias (RoB) or quality assessment were performed 
by two independent reviewers (R.B. and A.Z.) using an 
appropriate RoB or quality assessment tool for each included 
study. Any disagreements were resolved via discussion. 
Owing to different designs of eligible studies, a single RoB 
tool could not be used for all studies without significant 
modification of the tool. In total, four tools were required 
to assess RoB or study quality; Appendix III defines each 
study design to determine which tool was used to assess 
methodological quality. A copy of each tool can be found 
in Appendix IV.

•	 The ROBINS-I tool [24] was used for non-randomised 
trials of an intervention. The ROBINS-I tool views each 
study as an attempt to mimic a hypothetical RCT and 
covers seven domains of study bias [24]. The ROBINS-I 
tool is specific to assessing one outcome, which, for this 
review, was head acceleration.

•	 The RoB2 tool [25] was used to assess RCTs. The RoB2 
tool assesses five domains of bias and is a revised version 
of the Cochrane RoB tool for RCTs [25].

•	 A modified version of the Downs and Black tool [26] 
was used for cohort and one-off measurement studies 
involving different variables. This tool was not initially 
listed in the protocol, but after the search was completed, 
it was added as the most appropriate tool for the listed 
study designs. The Downs and Black tool was modified 
by the lead researcher to remove or adapt questions that 
were not suitable for the included studies. The modified 
version (Appendix IV) was then piloted by a team 
member (G.S.) with experience in quality assessment 
tool modification processes, to ensure that it covered all 

appropriate quality assessment domains. Modification of 
the Downs and Black tool is commonly undertaken when 
assessing methodological quality of included studies in 
systematic reviews within the sports medicine field [27–
29]. The modified version included 20 items marked as 
‘yes’, ‘no’, ‘not applicable’ or ‘unable to determine’. To 
account for items marked as ‘not applicable’, each study 
was given a percentage score. Previous research using the 
full Downs and Black checklist (scored out of 28) defined 
scores as excellent (26–28), good (20–25), fair (15–19) 
and poor (< 14) quality [30]. Converting these scores to 
percentages for this systematic review, study quality was 
categorised as excellent (> 92%), good (71–91%), fair 
(53–70%) and poor (< 53%).

•	 The AXIS tool [31] was used for cross-sectional study 
designs, designed using a Delphi expert panel to assess the 
quality and RoB in cross-sectional studies [31]. As two of 
the items were marked as ‘not applicable’ for all included 
studies, the total score was out of 18. To be consistent with 
the other tools used for this systematic review, study quality 
was categorised as excellent (16–18), good (13–15), fair 
(10–12) or poor (< 10).

2.7 � Effect Measures

In cases where studies had not included statistical analysis but 
had provided raw non-transformed data for head acceleration 
(linear acceleration (LA) (g, m/s  or m/s2), rotational 
acceleration (RA)/angular acceleration (AA) (rad/s2 or krad/
s2 or deg/s2) and/or rotational velocity (RV)/angular velocity 
(AV) (rad/s or deg/s)), we calculated mean difference (MD) 
and 95% confidence intervals (CI) to evaluate the influence 
of factors being investigated on head acceleration [32]. In all 

Table 3   Data items

1 Citation details: author(s), date, title, journal, volume, issues and pages
2 Study design and setting
3 Study aim/purpose
4 Participants: the age, sex and playing level of the soccer players and the number of participants in the study
5 Participant recruitment procedures utilised
6 Exposure: the method of performing a purposeful header
7 The factor that the study is investigating in relation to head acceleration
8 Outcomes: how head acceleration was measured and the resulting acceleration
9 Measurement of head acceleration during a purposeful header and the relationship of this measurement 

with the influencing factor assessed by the study. Linear acceleration (LA), rotational/angular 
acceleration (RA/AA) and rotational velocity (RV) were all outcomes of interest

10 Any data analysis methods including statistical techniques
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other cases, the studies’ reported results were extracted and 
reported.

2.8 � Synthesis Methods

Following the study selection process and data extraction, 
studies were grouped into categories to synthesise the 
data. Results were presented in tabular format displaying 
the study characteristics, methods and results/conclusion. 
Owing to the large number of studies and the breadth of the 
results extracted, more detailed information was tabulated 
for display in Appendix V. Along with the tabular results, 
a narrative description compared and contrasted the results 
within each category.

2.9 � Reporting Bias Assessment and Certainty 
Assessment

Reporting bias was assessed in each of the RoB or quality 
assessment tools. Within the RoB/quality assessment 
tools, the outcomes and results presented by the authors 
were reviewed along with their reported methods to assess 
for any reporting bias.

The GRADE approach [33, 34] was used to rate the 
quality of evidence and to determine the strength of 
recommendations. The GRADE approach provides a 
structured and transparent process to rate the certainty 
of evidence in systematic reviews [34, 35]. Owing to 
the varied study designs included and the number of 
different RoB/quality assessment tools used, full GRADE 
assessment was not possible, but the framework was used 
to assess the overall quality of evidence.

3 � Results

3.1 � Study Selection

In total, 60 papers were included in the review (Fig. 1). 
There was excellent agreement between the two reviewers 
(R.B. and G.F.), with 1.8% of citations being ‘conflict’ cases 
for title/abstract screening and 29 papers at the full-text 
screening stage. All conflicts were resolved with discussion. 
Of the 169 records deemed eligible for full text screening, 
4 full-text papers [36–39] were unable to be located and 
4 [40–43] were embargoed theses. Reasons for exclusion 
at the full-text stage can be seen in Fig. 1. Reference list 
and citation review of included articles located one further 
paper for inclusion, and re-running the search on each main 
database prior to final analysis located ten further papers. 
Meta-analyses were not possible owing to the heterogene-
ity of the study designs, independent and dependent vari-
ables (such as methods of ball delivery), head acceleration 

measurement methods and locations of the head/mouthguard 
mounted accelerometers without consistent transformation 
to a frame of reference. One author was contacted regard-
ing a suspected transcription error in the results table. The 
correct value was provided by the author on reviewing the 
results table for reporting in this review. No non-English 
papers meeting the inclusion criteria were found. A total 
of six studies [44–49] were included that did not specifi-
cally differentiate between purposeful headers and other 
ball-to-head impacts. These studies were included on the 
basis of defining ball-to-head impacts separately to other 
head impacts (head-to-ground or player-to-player) and/or as 
the vast majority (89–95%) of the impacts recorded were 
headers. The very small number of incidental ball-to-head 
impacts (~ 10% or less) included in those studies would be 
unlikely to change the results. In cases where a range of dif-
ferent head impacts were included and differentiated, only 
the data for header impacts were extracted.

3.2 � Risk of Bias and Quality Assessments

Results are presented in Figs. 2 and 3 and in Tables 4 and 
5. Figure 4 shows the results of RoB and quality assess-
ment grouped for each of the different independent variables. 
Considerable variability for RoB and quality assessment 
scoring across the papers was identified. All initial conflicts 
were resolved with discussion between the two independent 
reviewers (R.B. and A.Z.). The four RCT papers [17, 50–52] 
were all scored as ‘some concerns’, with bias around the 
randomisation and selection of the reported results being 
common issues. Of the seven studies assessed using the 
ROBINS-I tool, three studies [53–55] were considered at 
serious RoB, commonly owing to confounding factors, while 
the remaining five studies were all at moderate RoB [56–60].

The seven cross-sectional studies assessed using the 
AXIS tool showed varying levels of quality. In total, two 
[61, 62] were scored as ‘excellent’ quality, four [63–66] were 
‘good’ quality, and one [67] was ‘fair’ quality. The two most 
common questions answered as ‘no’ or ‘not reported’ related 
to the justification of sample size (only completed in one 
cross-sectional study [61]) and the selection of participants 
being representative of the target population. Most (n = 41, 
68%) studies were assessed using the modified Downs and 
Black tool, with results ranging from 39 to 90%. In total, 19 
studies (46%) were ‘good’ quality [44, 45, 68–84], 20 studies 
(49%) were ‘fair’ quality [46–49, 85–100] and two studies 
(5%) were ‘poor’ quality [101, 102]. The accuracy of the 
measurement of head acceleration, the representativeness 
of the sample, the reporting of potential adverse events and 
the presence of sufficient power to detect relationships were 
items that were commonly scored as ‘no’ on this tool.
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Fig. 1   PRISMA flow chart [22]
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3.3 � Study Characteristics/Methods of Included 
Studies

The 60 studies had various study designs, participant demo-
graphics and data collection methods (Fig. 5, Appendix V). 
The methods of delivering heading trials and measuring 
head acceleration varied. The most common methods of 
ball delivery were live games/trainings (35%), ball launch-
ing devices (31%) and hand-thrown balls (19%). Head accel-
eration was mostly measured using a head mounted inertial 
measurement unit (IMU), usually consisting of a tri-axial 

accelerometer with or without a gyroscope (52%). Follow-
ing this, 27% of studies used an instrumented mouthguard 
(iMG) or biteplate, usually consisting of a tri-axial acceler-
ometer with or without a gyroscope, with one paper using 
a combination of a head mounted IMU and an iMG. The 
remaining studies used a skin-mounted accelerometer over 
the mastoid process, three-dimensional (3D) motion cap-
ture/video analysis or an ear-plug accelerometer. Of the 60 
studies included, only 18 studies transformed accelerometer 
data to a frame of reference (mainly centre of gravity of 
the skull), which is necessary to standardise data to account 
for different locations of accelerometer devices [104]. 
Finally, included studies reported varying measures of head 

Fig. 2   Risk of bias (ROB)2 
assessments of RCTs [103]

Fig. 3   Risk of bias in non-
randomised studies of interven-
tions (ROBINS-I) assessments 
of non-randomised intervention 
studies [103]
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acceleration from three possible variables (LA, RA/AA and 
RV/AV). In total, 20 studies reported LA only, 16 studies 
reported LA and RA/AA, 5 studies reported LA and RV/AV 
and 11 studies reported all three variables.

3.4 � Factors Affecting Head Acceleration

The results are grouped in categories of factors affecting 
head acceleration. Tables 6, 7, 8, 9, 10, 11, 12 review the 
results of each study. The narrative review accompanies 
this to outline key findings, agreement in the literature 
and where conflicting evidence is present. Several studies 
are included in more than one table where the study 
investigated more than one independent variable. Of note, 
no studies were identified that investigated sensorimotor 
factors such as cervical spine proprioception, oculomotor 
control and vestibular function and their relationship to head 
acceleration when performing a header.

3.4.1 � Ball Characteristics and Speed

In total, 16 studies investigated the effect of ball speed and 
ball characteristics (Table 6) [52, 63, 78–80, 85–87, 91, 
93–95, 97–100]. Agreement was seen across studies that 
head acceleration increased with increasing ball speed/
velocity, with only 2 [80, 97] of the 12 studies rejecting 
this trend. Across the 12 studies that investigated the effect 
of ball speed, 6 [80, 85–87, 91, 97] undertook statistical 
analysis to investigate the relationship between ball speeds/
velocities and resulting head acceleration (LA and/or RA/
AA and/or RV/AA), while the remaining 6 [52, 63, 94, 95, 
99, 100] reported raw acceleration data. Of studies where 
this relationship was investigated (n = 6), two found that with 
increasing ball speed, there was a statistical trend [87] and 
a statistically significant relationship with increased head 
acceleration [91]. One study found that greater pass distance 
(ball velocity) resulted in significantly higher LA, AA and 
AV [86]. A total of two studies had contrasting results [80, 
97], with one finding no significant difference between low- 
and high-speed clearing headers (defensive header to clear 
the ball) [80]. Another compared two different ball speeds 

Table 4   AXIS tool scores of cross-sectional studies

Y, yes (1); N, No (0); NR, not reported (0)
a Item is reverse scored—no is a positive: 1

Question # Bretzin et al. [63] Caccese et al. [61] Caccese et al. [62] Dezman 
et al. [64]

Gutierrez 
et al. [65]

Ludwig [66] Worsey 
et al. 
[67]

1 Y Y Y Y Y Y Y
2 Y Y Y Y Y Y Y
3 N Y N N N N N
4 Y Y Y Y Y Y N
5 Y Y Y NR Y Y N
6 NR Y Y NR N NR N
7 N/A N/A N/A N/A N/A N/A N/A
8 Y Y Y Y Y Y Y
9 NR Y Y Y Y Y Y
10 Y Y Y Y Y Y N
11 Y N Y Y Y Y N
12 N Y Y Y N Y Y
13a N N N N N N N
14 N/A N/A N/A N/A N/A N/A N/A
15 NR Y Y Y Y Y Y
16 Y Y Y Y Y N Y
17 Y Y Y Y Y Y Y
18 Y Y Y Y Y Y N
19a N N N N NR NR N
20 Y Y Y Y Y Y Y
Total (/18) 13 17 17 15 14 14 11
Quality Good Excellent Excellent Good Good Good Fair
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Table 5   Modified Downs and 
Black scores of cohort and one-
off measurement with variables 
studies

Study % score Quality Study % score Quality

Austin et al. [85] 65% Fair Narimatsu et al. [77] 74% Good
Barnes-Wood et al. [86] 67% Fair Naunheim et al. [95] 61% Fair
Becker et al. [68] 72% Good Nevins et al. [46] 68% Fair
Brooks et al. [69] 76% Good Peek et al. [78] 90% Good
Caccese et al. [70] 88% Good Pereira et al. [79] 85% Good
Chrisman et al. [44] 79% Good Pritchard et al. [47] 61% Fair
den Hollander and Gouttebarge [71] 78% Good Robinson [101] 47% Poor
Dorminy et al. [87] 55% Fair Sandmo et al. [96] 63% Fair
Filben et al. [72] 83% Good Saunders et al. [48] 68% Fair
Filben et al. [73] 72% Good Self et al. [97] 53% Fair
Filben et al. [45] 78% Good Segars et al. [49] 67% Fair
Filben et al. [88] 67% Fair Shewchenko et al. [80] 76% Good
Hanlon and Bir [89] 56% Fair Shewchenko et al. [98] 59% Fair
Harriss et al. [90] 67% Fair Sokol-Randell et al. [81] 78% Good
Kalichova and Lukasek [91] 55% Fair Stelzer-Hiller et al. [102] 39% Poor
Kenny et al. [74] 72% Good Stucker [82] 88% Good
Lamond et al. [75] 83% Good Tierney et al. [83] 74% Good
Larson [92] 68% Fair Tomblin et al. [84] 88% Good
Liberi [93] 53% Fair Wang [99] 60% Fair
Lukasek and Kalichova [94] 68% Fair Withnall et al. [100] 67% Fair
Miller et al. [76] 83% Good
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Ball speed and
ball characteris	cs
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impact loca	on

Fa	gue interven	ons

Strength/anthropometrics/
demographics

Neck training
interven	ons

Game scenario/
player posi	on

Personal protec	ve
equipment

Excellent Good Some concerns Fair Moderate Serious Poor

Fig. 4   Risk of bias/quality assessment results shown grouped for the different variables explored. Numbers within the bars represent the number 
of studies
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using two different header types; therefore, the effect of ball 
speed could not accurately be compared [97]. One study 
found increasing ball velocity had a significant effect on 
increasing AA, but the difference for LA did not reach sig-
nificance [85]. Where studies did not undertake statistical 
analysis, our calculated MD and 95% CIs showed varying 
results. One study had a single participant, which meant MD 
and 95% CIs were not relevant [100]. One study found that 
head acceleration was significantly increased with increased 
ball speed [94]. However, in three studies [52, 63, 95], the 
increasing head acceleration was significant for LA only, 
with the calculated 95% CI for RA/AA crossing zero in all 
three studies. One further study found a significant increase 
in LA and AV, but no significant difference in AA [99].

A total of three studies found that heading balls with 
reduced mass or heading balls with lower pressure resulted 
in lower head accelerations [78, 79, 98]. The relationship 
between ball characteristics and head acceleration was 
stronger than the effect of age or sex [78], and the magnitude 
of change in head kinematics was equal to or greater than 

the changes observed with heading technique [98]. Increased 
ball pressure showed significant increases in peak linear 
acceleration (PLA) and peak angular velocity (PAV) [79]. 
One study found no effect of inflation pressure on LA or 
RA; however, this study noted the low velocities tested and 
that the head impact kinematics may have been too low to 
be affected by ball characteristics [85]. One study comparing 
wet and dry soccer balls found that LA of the head was 
greater in the wet ball condition [93]. Although statistically 
significant in the authors’ analysis, the authors questioned 
the clinical significance [93], and our MD and 95% CI 
calculation demonstrated no significant difference between 
wet and dry balls.

3.4.2 � Header Type and Head Impact Location

In total, 14 studies investigated the effect of the type of 
header (jumping, standing, running, clearing and flick-on) 
and/or the location of the head impact to the player’s head 
(Table 7) [45, 50, 58, 68, 74, 81, 84, 88–90, 92, 96, 97, 101]. 

Fig. 5   Study design, participants and methods. The figure represents 
the number of studies for each variable. one study used combined 
instrumented mouthguard and head mounted IMU; therefore, the HA 

measurement device section of this graph sums to 61 rather than 60 
as all other sections. HA head acceleration, IMU inertial measurement 
unit
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Appendix VI contains definitions of each header type from 
the included papers.

Results were mixed for the type of header and the 
effect on head acceleration. A total of two studies using a 
pendulum device for ball delivery found that running headers 
had the greatest head acceleration, followed by standing 
headers, then jumping headers [58, 68]. In contrast, two 
studies measuring headers during ‘live’ games or trainings 
found that jumping head impacts were significantly higher 
than non-jumping impacts (p < 0.001) [74], and 50th and 
95th percentile LA and RA were both greater in jumping 
headers than in standing headers [84]. Filben et al. [88], 
found that jumping headers had greater PLA, peak rotational 
acceleration (PRA) and peak rotational velocity (PRV) when 
compared with standing headers. In total, two further studies 
found no difference in head kinematics between standing 
and jumping headers [45] and mixed results between 
running and standing headers for LA and RA measures 
[101]. Regarding studies investigating the type of header, 
one study found that finishing headers had higher PLA 
and PRA than redirectional and direct headers; however, 
no statistical analysis was performed by those authors, and 
it was not possible, as acceleration data were not provided 
[96]. When pooling the data of males and females for each 
header type, significance was met when comparing flick-on 
with driven headers (flick-on header with greater LA), with 
no difference between the other two header types [92]. 
Another study found no difference between straight and 
redirectional headers [97], and Sokol-Randell et al. [81] 
found no difference in PLA or peak angular acceleration 
(PAA) between six different header types. When comparing 
frontal and oblique headers, frontal headers had greater PLA 
while oblique headers had greater AA and AV [50].

There was some agreement in relation to the location of 
the head impact and resulting head acceleration. Headers 
performed with the top of the head had significantly greater 
LA and AA (p < 0.001) [74] and significantly greater RV 
[90] than headers performed with the front of the head/
forehead. Comparing a wider variety of impact locations, 
it was found that side-of-the-head impacts had greater LA 
than impacts to the back of the head, and front- and side-of-
the-head impacts had greater AA than back-of-head impacts 
[89]. As headers are not often performed with the back of 
the head, further calculations were made between top-, front- 
and side-of-head headers, with no significant differences in 
LA or AA between front- and top-of-head impacts [89]. 
However, a significant difference in LA (not significant for 
AA) was found between side-of-the-head and front-of-the-
head impacts, with side impacts having greater acceleration 
[89]. One further study found no difference in mean peak 
kinematics between top-of-head, side-of-head or forehead 
impacts [45].

3.4.3 � Fatigue Protocols

In total, four studies investigated the effect of fatigue 
protocols, with the hypothesis that fatigue would increase 
head acceleration (Table 8) [53, 56–58]. A total of three of 
these studies used core and trunk muscle fatigue protocols, 
utilising the Bourban test (a trunk muscle strength test), with 
additional exercises performed until complete exhaustion 
[56–58]. Contrary to their hypothesis, two of these studies 
[57, 58] showed a slight reduction in head acceleration 
following the fatigue intervention, while the third study 
[56] found no changes in head acceleration with fatigue. 
One study used a more generalised fatigue intervention with 
cardiovascular and strength-based exercises (more specific 
to expected game fatigue from playing soccer), noting 
increased LA and RA following the intervention, reaching 
significance for LA only [53].

3.4.4 � Neck Strength, Anthropometrics and Demographics

In total, 18 studies investigated the effect of neck strength 
and/or various anthropometric and demographic measures 
on head acceleration (Table 9) [44, 46, 48, 59, 61–65, 67, 
68, 71, 79, 83, 88, 91, 92, 101].

3.4.4.1  Neck Strength  Female athletes exhibited signifi-
cantly lower maximal neck strength compared with males 
[63, 83, 92]. Several studies found a negative correlation 
between neck strength and head acceleration, meaning 
players with weaker necks had greater head kinematics 
[59, 61, 63, 65, 79, 83]. The significance of this result 
varied between studies; some papers found strength only 
correlated with either PLA or PRA, and others found that 
only the strength of certain muscle groups correlated with 
head acceleration. One study showed moderate, consistent 
negative correlations with all directions of neck strength 
and resulting LA, suggesting that increased neck strength 
was related to reduced magnitude of head impacts during 
heading [65]. Examining the strength ratio between neck 
flexors and extensors, one study found that having equal 
strength in the neck flexors and neck extensors may reduce 
head acceleration [64]. Pereira et al., [79] found that peak 
isometric neck flexor and extensor strength significantly 
predicted PLA and PAV, with higher maximal isometric 
neck strength reducing head acceleration. Most of these 
studies used isometric neck strength as the outcome 
measure, either using a hand-held dynamometer or some 
form of fixed dynamometer. From the study methods, it 
appears these studies used ‘make’ measurements (exert-
ing a maximal force against a fixed resistance). However, 
Muller and Zentgraf [59] included a novel functional neck 
strength assessment. They found that functional neck 
strength assessment was the only significant predictor of 
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head acceleration [59]. Every 10 N increase in neck flexor 
strength, specifically, predicated a reduction for PLA by 
0.53 g and 0.84 g for low- and high-velocity conditions, 
respectively [59].

A study investigating different header types found 
conflicting results in relation to the association with 
neck strength [92]. Neck strength positively correlated 
with head acceleration during flick-on headers, meaning 
athletes with greater neck strength had greater head 
acceleration [92]. For driven headers, there was a 
statistically significant negative correlation between linear 
neck strength and head acceleration in females, suggesting 
that increased neck strength reduced head acceleration 
[92]. Another study found that when an experienced player 
gave a novice player the instruction to activate the neck 
muscles, there was an increase in neck muscle activation 
and a reduction in head acceleration [67].

3.4.4.2  Anthropometric Variables  Smaller neck girth [63] 
and smaller head size [61] were both shown to have a rela-
tionship with greater LA and RA. Cylindrical neck volume 
was also a significant predictor of head acceleration dur-
ing low velocity headers [59]. Female players had reduced 
head–neck segment mass (body mass × sex-specific head–
neck segment to total body mass percentage) and length and 
less neck girth than male players, and their head accelera-
tion was 10% higher than men (not statistically significant) 
[83]. There was no significant relationship between head–
neck–torso alignment and head acceleration [68].

3.4.4.3  Demographic Characteristics  In terms of biologi-
cal sex, there was some consistency that female players 
sustained greater head accelerations than male players, 
with increased PLA and PRA [48, 62] and increased RV 
[63] during purposeful headers. A further study also found 
higher PLA in females; however, when adjusted for cylin-
drical neck volume, there was no difference between sexes 
[59]. Male players sustained more head impacts owing to 
performing headers more frequently than female players 
[44, 46]; however, when considering specifically at the head 
impacts measuring greater than 15 g, females sustained 
head impacts of greater magnitude [44]. In contrast to this, 
one study found males had a larger proportion of higher 
impact acceleration magnitude than females; however, the 
maximum impact magnitudes were comparable between 
sexes [46]. Furthermore, den Hollander et al. [71] found that 
males had greater head acceleration than female players, but 
this relationship’s significance was not investigated.

Regarding age, in one study, as age increased, head 
acceleration decreased, with significant differences between 
under 11 years and under 17 years age groups [91]. One 
study concluded that older athletes experienced greater 
head-impact exposure than younger athletes (owing to 

more frequent heading), and that the age effect in this study 
was only significant for female players [44]. A descriptive 
study found that the two youngest participants had two of 
the highest PLA values of the participants included [101]. In 
contrast to these findings, one study found no difference in 
PLA or PRA across youth (12–14 years), high school (15–17 
years), and collegiate (18–24 years) aged players [62].

Regarding heading proficiency/technique, two studies 
examined heading proficiency (identified as excellent, good, 
decent or poor by coaching staff) and experience. Novice 
players [67] and those considered to have ‘poor’ heading 
technique [101] had increased head acceleration and a larger 
range of head acceleration. Those with ‘excellent’ heading 
technique [101] and those with more playing experience [67] 
had more consistent head acceleration. One study focused 
more specifically on heading technique and found that better 
technique reduced PRA in practices but not in games, and 
reported trends suggest that technique may be associated 
with small reductions in head impact magnitude; however, 
this study was underpowered [88].

3.4.5 � Neck Training Interventions

In total, 8 studies assessed the effect of neck or plyometric 
training interventions to improve neck strength or 
neuromuscular control, with the aim of altering head 
kinematics during a header (Table 10) [17, 51, 52, 54–56, 
59, 60]. Protocols had different durations and exercises 
and identified conflicting results regarding the effect of 
neck training programmes on head kinematics. A potential 
confounder in several studies was that the control group(s) 
continued with ‘usual training’ which could affect strength 
and control, depending on what ‘usual training’ entails.

A 6-week strength training programme targeting the neck 
flexors and extensors using resistance bands and an isometric 
head push found no significant changes in either strength 
or head acceleration in the intervention group [56]. A total 
of three studies found that following strength interventions, 
there was significant improvements in various strength 
measurements, but this did not translate to changes in head 
acceleration or head kinematics [52, 54, 60]. Continuing 
this trend, a 6-week strengthening intervention of resisted 
neck flexion, extension and lateral flexion found significant 
anterior and anterolateral strength improvements, but 
no significant changes in PLA or PRA [52]. Moreover, 
Doewes et al. [55] found no effect on heading biomechanics 
following 8 weeks of neck flexor and extensor strengthening. 
One study implemented an 8-week plyometric and functional 
training programme that involved three different header 
drills performed three times per week [51]. This study 
found no significant changes in neck strength, and while the 
control group showed a slight reduction in head acceleration, 
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the intervention group showed a small increase in head 
acceleration [51].

In total, two studies that incorporated neuromuscular 
exercises into the intervention showed changes in head 
kinematics [17, 59]. A 14-week intervention of neck and 
trunk strengthening and neuromuscular stabilisation 
exercises showed significant differences in all strength 
variables and a significant difference in PLA post-
intervention for the low-ball velocity (but not high-ball 
velocity) conditions [59]. A 5-week intervention in youth 
soccer players using dynamic neuromuscular exercises 
showed a large effect in increasing isometric neck strength 
and a reduction in head impact magnitude when compared 
with controls [17]. PLA was reduced in both male and 
female players following the intervention [17]. The effect on 
AA was significant in females (27.7% reduction); however, 
only a small non-significant effect on AA was seen in male 
players (11.5% reduction) [17].

3.4.6 � Game Scenario and Player Position

In total, 17 papers investigated the effect of game scenario 
and player position (Table 11) [45, 47–49, 66, 69, 70, 72–76, 
81, 82, 84, 90, 102]. Most of these studies were undertaken 
with female players of youth and collegiate age groups 
during live practices or games.

Studies assessing different types of ball delivery found 
that headers performed from long range kicks, such as goal 
kicks, punts and corners, had the highest LA and RA [45, 
69, 70, 72–74, 76, 90]. Sokol-Randell et al. [81] found that 
headers from goal kicks significantly increased PAA, but 
there was no significant difference in PLA. Headers from 
throw-ins, a header or a deflection tended to have lower head 
acceleration values [69, 70, 72, 74, 76]. Segars et al. [49] 
found that set pieces had greater LA, RA and RV compared 
with technical training (qualitative conclusion, as there was 
no statistical investigation).

Results for head acceleration in practices versus games 
were varied. A total of two studies found no difference in 
mean peak kinematics between practices and games [45, 
75]; however, it was noted that the games had greater 95th 
percentile head kinematics compared with those collected at 
practice sessions across the season(s) [45]. One study found 
that games had significantly higher mean PLA and PRA 
than practices [74], and Pritchard et al. [47] found greater 
LA, RA and RV in games when compared with training. 
However, it was also noted that there was an equivalent 
number of high-magnitude impacts in training owing to 
greater time spent training compared with game play [47]. 
A further study showed greater acceleration in both PLA 
and PRA in games compared with practices, but this was 
found to be non-significant when calculating MD and 95% 
CI [48]. Conflicting with these findings, Stucker et al. [82] 

found that PLA and PRA sustained in practices was greater 
than in games, and players were 1.13–1.18 times more likely 
to sustain a severe head acceleration event in a practice 
compared with games [82]. Finally, the results of Tomblin 
et al. [84] were mixed, with LA being higher in practices 
and RA being higher in games. Regarding pitch location, no 
difference in head kinematics in headers performed inside or 
outside of the penalty box was found [102].

With respect to outfield player position, three studies 
measuring head impacts in games and practices across 
a playing season found no differences in mean head 
acceleration across defenders, midfielders and forwards [45, 
75, 84]. One of these studies did note that defenders had 
the highest 95th percentile LA and RA [84]. Results from 
Kenny et al. [74], who collected data across two playing 
seasons, found significantly higher mean peak kinematics 
in defenders compared with midfielders and forwards [74].

Head acceleration in female players who were classified 
as ‘frequent headers’ compared with those classified as 
‘infrequent headers’ was compared in one study [66]. 
Although group comparison was not possible, qualitatively, 
it appeared that frequent headers had lower LA, suggesting 
that technique may play a role in head kinematics [66].

3.4.7 � Personal Protective Equipment

In total, three studies investigated the effect of protective 
equipment on head acceleration: protective headgear [83, 
100] and clenching with and without a mouthguard [77] 
(Table 12). Withnall et al. [100] assessed head acceleration 
in a single subject in free heading and compared this to 
three different types of headgear, showing that there was 
no difference in head acceleration. Tierney et  al. [83] 
investigated the use of headgear in both male and female 
soccer players and found that while there was a small 
preventative effect for males while wearing the headgear, 
females had increased LA using both types of headgear.

Narimatsu et al. [77] investigated the use of clenching 
with and without a mouthguard during heading. Clenching 
was associated with significant reductions in head 
acceleration, both with and without the mouthguard, and 
the results were more pronounced when clenching with the 
mouthguard [77].

3.4.8 � Summary of Key Findings

1.	 Neck strength and sex affected head acceleration 
(reduced head acceleration associated with greater neck 
strength [59, 61, 63, 79, 83] and male sex [48, 62, 63, 
71]), although this was not consistent across all studies 
and all head acceleration variables.
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2.	 Functional neck strength was found to be a more 
significant predictor of head acceleration compared with 
isometric neck strength [59].

3.	 Despite the trend that increased neck strength reduced 
head acceleration, traditional neck-strengthening 
interventions did not affect head kinematics [51, 52, 
54–56, 60].

4.	 Neck training interventions that included neuromuscular 
exercises [17, 59] reduced head acceleration.

5.	 Ball characteristics affect head acceleration, with 
reduced ball pressure and ball mass significantly 
reducing head acceleration [78, 79, 98].

6.	 Increased ball speed [52, 63, 86, 87, 91, 94, 95, 99] 
tended to result in greater head acceleration. In line 
with this, long-range kicks such as goal kicks, corners 
and punts [45, 69, 70, 72–74, 76, 90] consistently and 
significantly resulted in greater head acceleration.

7.	 Playing scenario and head impact location showed 
mixed results, with some evidence that better heading 
technique/more experience [67, 88, 101] and forehead 
impact location [74, 90] lowers head acceleration.

8.	 There was no conclusive evidence that age or player 
position affects head acceleration and no consistent 
difference in head acceleration between practices and 
games.

9.	 No studies were identified that investigated sensorimotor 
factors such as cervical spine proprioception, 
oculomotor control and vestibular function and their 
relationship to head acceleration when performing a 
header.

3.5 � Reporting Bias

Reporting bias was assessed in each RoB or quality 
assessment tool. As such, the item related to reporting bias 
was marked for each study and was included as part of the 
overall RoB/quality assessment scoring.

3.6 � Certainty of Evidence

The GRADE approach [33, 34] was used as a guide to rate 
the certainty of evidence and strength of recommendations. 
Owing to the complexity of the review, with a number of 
different study designs and RoB/quality assessment tools 
used, full GRADE assessment was not possible. However, 
the GRADE approach could still be used as a framework 
to guide the certainty of evidence assessment. The results 
of the RoB/quality assessment tools were used to guide the 
certainty of evidence assessment. Certainty of evidence 
was graded as very low, low, moderate or high. Certainty 
of evidence could be rated down owing to risk of bias, 
inconsistency, indirectness, imprecision and publication bias 

[34]. The reasons for marking up (having a large magnitude 
effect, dose–response gradient and the effect of plausible 
residual confounding [34]) were not relevant for any of the 
studies/outcomes in this review.

We defined very low certainty of evidence across nearly 
all independent variables investigated in relation to head 
acceleration. The main reason for this was that only four of 
the included studies were RCTs, indicating that the starting 
point for most of the studies in this review using the GRADE 
approach was ‘low’ certainty of evidence. In total, five of 
the included studies were considered at ‘serious’ RoB or 
‘poor’ quality, which means the certainty of evidence 
for these specific studies would be ‘very low’. However, 
pooling the total included studies, with most studies being 
rated as ‘good’, ‘fair’ or ‘some concerns’, the overall rating 
at this point was ‘low–very low’ certainty. The certainty 
of evidence was also marked down owing to indirectness 
and inconsistency. Indirectness was an issue as there were 
different population groups, differences in interventions and 
differences in outcome measures. Inconsistency was marked 
down as across most of the independent variables, there were 
mixed results, often without a clear direction of influence to 
head acceleration. These inconsistencies likely relate to the 
heterogeneous study designs and methodologies.

The three areas where there was greater consistency in 
the findings and acceptable–good quality evidence were: 
ball inflation pressure or mass, neuromuscular training 
interventions and the type of ball delivery. The certainty 
of evidence for these three variables was graded higher 
than the other variables and is considered low certainty 
of evidence. A total of three studies of acceptable–good 
quality found that reduced inflation pressure and/or mass 
of the soccer ball reduced head acceleration [78, 79, 98]. In 
total, two studies of acceptable quality found that including 
neuromuscular exercises in a neck training programme 
reduced head acceleration [17, 59]. A total of eight studies 
(seven rated good quality and one fair quality) all found that 
head acceleration was increased with longer kicks such as 
goal kicks, punts and corners [45, 69, 70, 72–74, 76, 90].

Considering the above certainty of evidence discussion, 
the strength of recommendations for the outcomes of this 
systematic review would be considered weak.

4 � Discussion

The results of this study demonstrate that a range of 
intrinsic and extrinsic factors affect head acceleration 
during a header. With evidence suggesting a link between 
head acceleration and concussion risk [6, 7] and concerns 
around the potential long-term effects secondary to repetitive 
non-concussive impacts involved with heading [8–11], it is 
important that we understand these factors shown to affect 
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head acceleration. Of note, some papers measured LA only, 
while others included a rotational measure (RA and/or RV). 
This is important to consider as LA and RA are thought 
to be related to different injury mechanisms (intracranial 
pressure response and strain response respectively), with 
both contributing to concussion risk [6, 7]. More recently, 
RV has been suggested as having a stronger correlation to 
relative brain motion [7].

4.1 � Intrinsic Factors

4.1.1 � Neck Strength

Several studies showed that greater neck strength [59, 61, 
63, 79, 83] reduced head acceleration during a header, 
with functional neck strength a more significant predictor 
of head acceleration [59]. These findings suggest that 
players with weaker neck musculature sustained greater 
head accelerations, possibly putting them at greater risk for 
sustaining a concussion and having a greater overall head 
acceleration exposure over their career. However, males 
had higher neck strength and higher head acceleration for 
flick-on headers in one study when compared with females, 
suggesting that stronger muscles do not necessarily reduce 
head acceleration [92]. One potential limitation is that only 
one study normalised the strength data to body mass [79]. 
However, as several studies used one group rather than 
comparing groups, and most studies in which groups were 
compared showed no significant difference in body mass 
between groups, this is not expected to impact the results. 
Whether neck strength has a direct correlation with head 
kinematics and concussion risk is yet to be well-understood, 
but the results of this study suggest that greater neck strength 
may reduce head acceleration during a purposeful header. 
This is in conflict with the finding from this review that 
traditional neck-strengthening interventions did not reduce 
head acceleration (despite several of these interventions 
resulting in increased neck strength). With the ballistic 
nature of a header, more than isometric neck strength alone 
is needed to affect head acceleration, which is a possible 
explanation for this difference. Measuring rate of force 
development of neck muscles is challenging [105] but 
may be a more relevant outcome in this case compared 
with isometric neck strength. It is important to note the 
variability of methods used for assessing neck strength in 
the included studies. Differences between studies not only 
in neck strength measurement but also in the methods of 
measuring head acceleration and the chosen ball delivery 
method may account for some of the inconsistencies in the 
relationship between neck strength and head acceleration.

4.1.2 � Demographics and Anthropometrics

There was agreement that female athletes had greater 
head acceleration than males across a range of different 
age groups, from youth to collegiate athletes [48, 62, 63]. 
A study evaluating postural responses to perturbations 
identified that males and females use different strategies 
to stabilise the head in response to impulsive loads [106]. 
The inference from this study is that females demonstrate 
increased reliance on neuromuscular activation, while males 
appear to rely on greater muscle size and strength [106]. 
This perturbation study offers a potential explanation for 
the finding in this review that females had greater head 
acceleration, especially as greater neuromuscular activation 
may result in more rapid fatigue [106]. Females may also 
experience greater head accelerations owing to lower 
head mass and lower neck strength [63], thus creating less 
effective mass opposing the ball-to-head contact [107]. It 
should also be noted that a recent study found that females 
were less likely to be trained in headers compared with males 
[108], which may lead to poorer technique and execution of 
the skill.

Results respecting the influence of age on head 
acceleration were inconsistent. It is thought that one of the 
reasons younger players sustain greater head accelerations 
is due to not having fully developed muscular control and 
comparatively weaker necks than adult populations [107]. 
Kalichova et al. [91] consolidated this hypothesis showing 
that as age increased, head acceleration decreased. However, 
Caccese et al. [62] showed no significant differences between 
age groups, and Chrisman et al. [44] showed greater head-
impact exposure in older athletes. These differences are 
possibly explained by older athletes being exposed to greater 
ball velocities and more frequent heading. While there is 
some conflict in the findings of this review, it is widely 
accepted that younger athletes should be a group targeted 
for risk reduction programmes [17, 107] owing to their 
less developed neck musculature, relative inexperience in 
heading technique, increased concussion risk and increased 
recovery times following a concussion [109]. In these 
formative years, it is important players are safely taught the 
correct techniques and physically prepared for the task of 
performing a header. Researchers in Australia are developing 
a framework (HeaderPrep) to prepare players for heading the 
ball, which is a positive step forwards for the safety of our 
youngest players [110]. This is an important consideration, 
with limitations and/or bans being imposed globally to 
prevent the number of repetitive ball-to-head impacts [111, 
112]. This creates a dilemma in being able to train players to 
head the ball well from a performance and injury prevention 
standpoint. A recent study using immersive virtual reality 
header training showed that the intervention group had 
significantly improved heading performance and improved 
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perceptions of confidence in heading ability and self-efficacy 
[113]. Further research is needed in this area, but this result 
is promising for training the skill of heading without the 
repetitive head impacts.

4.1.3 � Header Technique and Impact Location/Playing 
Experience

One study [88] suggested that better header technique 
reduced PAA in practices, but not games; however, it 
should be noted that this study was underpowered. Although 
heading technique was not specifically investigated, studies 
investigating the effect of head impact location showed 
increased acceleration with top and side of the head impacts 
when compared with a header performed with the forehead. 
It should be noted that while one study showed no significant 
difference in head acceleration between impact locations 
[45], other studies showed significantly higher LA and RA 
[74] and significantly increased RV [90] in top-of-head 
impacts (compared with the forehead). Correct heading 
technique would be considered using the forehead to contact 
the ball [114]; these studies demonstrate that suboptimal 
header technique may result in greater head accelerations. 
This makes a case for ensuring players have adequate header 
technique prior to starting to head the ball.

Although they did not have a direct objective measure 
of technique, two studies explored header proficiency and 
the relationship to head acceleration [67, 101]. Players 
considered to have ‘poor’ header technique and novice 
players had greater head acceleration than those with 
‘excellent’ technique and greater experience. Another 
important aspect related to technique is that the player is an 
active part of the header and meets the ball with purpose, 
as opposed to the ball hitting them and causing greater 
displacement of the head. A study using mathematical 
models based on Newton’s second law showed that the 
players’ ‘effective mass’ is a major determinant of head 
acceleration during a header [107]. The effective mass is 
the mass that opposes the acceleration, and the greater the 
effective mass of the player, the smaller the acceleration 
of the head [107]. A greater effective mass was created by 
having good technique, greater neck strength and stiffness 
and greater size [107]. This model also supports the findings 
from this review that players with weaker necks, smaller 
cylindrical neck volume and female and younger athletes 
had increased head acceleration.

4.2 � Extrinsic Factors

4.2.1 � Neck Training Interventions

With the correlation identified between increased neck 
strength and decreased head acceleration, authors from 

several studies hypothesised that a neck training intervention 
would reduce head acceleration. A total of six studies [51, 
52, 54–56, 60] found no changes in head acceleration 
following a traditional neck strengthening intervention, 
despite a number of these studies showing improved neck 
strength. The two programmes [17, 59] that were able 
to show a reduction in head acceleration both included 
neuromuscular training exercises. Benefits of performing 
isometric and/or isotonic exercises with the aim of reducing 
concussion risk in contact sports have been discussed for 
several years, and neck strengthening programmes have 
previously been thought of as concussion prevention 
tools. More recently, there has been growing evidence that 
isometric and isotonic strengthening are not enough, and 
recent reviews [18, 115] have questioned the reliability 
and sensitivity of the strength measures used in the Collins 
et al., 2014 [116] study which suggested benefits of neck 
strength for reducing concussion risk. A number of review 
papers published in recent years [15, 16, 18, 115] have 
highlighted that traditional neck strengthening alone may 
not be an effective concussion prevention tool and that 
interventions need to target improving neuromuscular 
control, neck muscle activation, dynamic strength and rate of 
force development. Since players require quick and effective 
recruitment of neck musculature when heading, the need for 
an appropriate motor strategy is clear, and neuromuscular 
exercises should be incorporated when the training aims 
to influence controlling the head in a ballistic task such as 
heading the ball.

4.2.2 � Fatigue Protocols

A total of three [56–58] of the four studies assessing 
head acceleration following fatigue protocols rejected the 
hypothesis that head acceleration would increase following 
a fatigue protocol, with one showing no change and two 
showing a slight reduction in head acceleration. It was 
hypothesised that inducing fatigue would cause greater head 
acceleration during a header, potentially owing to reduced 
head control and poorer technique. It should be noted that 
these three studies were all at moderate RoB, used a core 
fatigue protocol and used a hanging pendulum device for the 
header protocols. The one other study assessing the effect 
of a fatigue protocol [53] did show a significant increase 
in LA (and a non-significant increase in RA) following a 
more generalised fatigue protocol of both cardiovascular and 
strength exercises. This fatigue protocol would be considered 
more specific to expected fatigue in a soccer training session 
or game, but it should also be noted this study was at serious 
risk of bias owing to confounding.
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4.2.3 � Ball Speed, Ball Delivery and Ball Characteristics

Reduced-mass and pressure balls appear to have a significant 
effect on reducing head acceleration [78, 79, 98]. With these 
findings in mind, it seems sensible to consider both inflation 
pressure and ball weight and reduce these or ensure balls are 
at the lowest end of manufacturer pressure recommendations 
to reduce head acceleration during headers. It is of particular 
importance in younger players, with a smaller effective mass 
as described above, that they are playing with the correct 
size/weight/inflation balls. The effect of ball velocity was 
more mixed but generally showed that increasing velocity 
led to higher acceleration values, which was often more 
significant for linear acceleration [52, 63, 87, 91, 94, 95, 
99]. Head acceleration increased with long range kicks such 
as goal kicks, corners and punts [45, 69, 70, 72–74, 76, 90]. 
Some literature calls for bans on heading balls from long 
range kicks such as goal kicks and punts from the keepers’ 
hands, especially in ‘high-risk’ populations such as children/
youth and females [70]. Conversely, other studies note that 
headers from punts and goal kicks are uncommon in female 
youth players. Heading is more common from passes in 
the air or throw-ins, suggesting that if passing the ball was 
limited to along the ground, the number of headers could 
be reduced by as much as 41% [90]. While this may not 
reduce the highest magnitude headers, it would affect the 
overall head-impact exposure. Both measures could be 
useful to lower the rate of headers and to remove headers 
with the greatest acceleration. Considering overall heading 
exposure over a playing career, simple steps even prior to 
any heading bans such as encouraging short corners, short 
goal kicks and playing out from the back (therefore reducing 
the number of long distance and high velocity balls) could be 
beneficial. These recommendations (and those in relation to 
ball pressure and neuromuscular exercises) are in line with 
a recent narrative review [114] which also suggested that 
such strategies are worthwhile to implement while further 
research is ongoing.

4.2.4 � Playing Scenario, Player Position and Header Type

The literature was inconclusive for any consistent significant 
differences in head acceleration between either player 
position or in games versus practices. There was limited 
evidence that defenders may sustain higher accelerations 
compared with midfielders and forwards [74]; this may 
relate to the fact they are more likely to head long-range 
kicks from corners and goal kicks. With there being no 
consistent difference in head acceleration between games 
and practices, limiting heading during practices, particularly 
repetitive headers from long-range kicks (as would happen at 
a set-piece training), could be a useful way to reduce overall 
head acceleration exposure.

4.2.5 � Personal Protective Equipment

In agreement with a recent systematic review including 
soccer and rugby players which concluded that there was 
no protective effect of wearing headgear on concussion 
risk [117], this review found that wearing headgear did not 
provide any benefit, with no reduction in head acceleration. 
As previously discussed, the use of headgear may be 
problematic as it has no benefit from a concussion-risk 
standpoint [117], but it can often provide players with a 
false sense of security or feeling of being protected. While 
only investigated by one study, there is some evidence that 
jaw clenching, particularly clenching with a mouthguard 
in place, may reduce head acceleration during a header 
through increased masseter and sternocleidomastoid 
(SCM) activation [77]. There was increased masseter and 
SCM activity with the clenching conditions in this study 
[77], which suggests that increased muscle activation and 
strength of these muscles could reduce head acceleration. 
While mouthguards are not routinely worn by soccer players, 
further research into the relationship between mouthguard 
use in soccer and concussion risk would be beneficial.

Given the number of studies eligible for inclusion in 
this review (and the number of new studies (nine) included 
following re-running the search strategy), it is evident that 
there is growing interest in the head acceleration involved 
with performing a purposeful header. Much of this interest 
stems from the debate around the safety of performing 
headers in relation to concussion risk and, more so, in 
relation to the potential long-term effects on brain health 
of repetitive ball-to-head impacts over a playing career. 
This review highlights factors that are known to affect 
head acceleration and proposes several measures that 
can be taken to reduce head acceleration with the aim of 
improving the safety of purposeful headers. In addition, the 
lack of evidence surrounding a wider range of sensorimotor 
outcomes that are likely to affect head acceleration is 
highlighted.

4.3 � Methodological Considerations

While conducted in accordance with best practice guidelines 
(PRISMA [22] and JBI [23]), this systematic review is not 
without limitations. Large variability in the study design, 
methodology and measurement of head acceleration 
within included studies meant that study results were too 
heterogeneous to synthesise, and pooling of data via meta-
analysis (and full GRADE assessment) was not possible. 
Differences in study quality and substantial variability 
in study methods mean that the results of some studies 
must be interpreted with care. Due to the variability in 
studies assessing head kinematics, an expert group created 
methodological guidelines to reduce the risk of bias and 
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improve the consistency, rigor and quality of studies using 
head kinematic devices [118]. One limitation of this review 
is that, for 70% of studies included, the acceleration data 
were not transformed to the head-centre of gravity (or other 
suitable frame of reference), which is a checklist point in the 
guidelines [118]. This made pooling of data implausible and 
comparison of results between studies challenging [104]. 
However, as this review was investigating the relationship 
between variables and head acceleration in each paper and 
not comparing numerical acceleration data across papers 
(but rather comparing the relationships found), the lack of 
transformation of the data had less of an effect on this review 
and is not a major limitation. It does, however, mean that the 
acceleration data found in individual studies should not be 
compared with each other. It is important to consider that 
the methodological guidelines discussed above [118] were 
published in 2022, and 75% of the studies included in this 
review were published before 2022. It was noted that the 
more recent studies included more commonly transformed 
data to the head-centre of gravity, suggesting that these 
guidelines are being utilised. Along with the variability 
in the measurement of head kinematics, there was also 
large variation in the heading trial methods (ball speed, 
method of delivery, number of headers performed). This 
is important to ensure participant safety and that heading 
trials are representative of game scenario headers. Recently, 
guidelines for studies in acute heading research have been 
published [119]. The application of these guidelines for 
future heading studies, along with continued implementation 
of the head kinematic methodology guidelines [118], will 
improve the methodological quality of heading studies.

4.4 � Implications of Results

The implications of this review are twofold. First, areas 
highlighted in relation to ball characteristics/playing style 
that are shown to increase head acceleration (increased 
ball velocity, long range kicks, higher ball weight and 
inflation) should be noted. Measures could be considered 
to potentially reduce head-impact exposure in ways such as: 
ensuring correct ball inflation/weight at the lower end of 
the manufacturer’s pressure/weight recommendations and 
limiting the number of headers performed from long range 
kicks, particularly in higher risk groups such as children/
adolescents and female players. Additionally, studies 
suggest that neuromuscular exercises need to be included 
in training programmes that are targeting concussion 
prevention and/or altering head kinematics. This review 
highlights that traditional neck strengthening did not affect 
head acceleration, while programmes with neuromuscular 
exercises and/or dynamic training were more likely to reduce 
head acceleration. This shows the importance of designing 

training interventions specific to the task of performing a 
header.

4.5 � Directions for Future Research

Researchers should continue the work exploring 
neuromuscular neck exercises, which is underway [17], 
following the lack of translation from peak isometric 
strength gains to reducing head kinematics with traditional 
neck-strengthening interventions. There may be a required 
level of neck strength, but with the focus correctly shifting 
to neuromuscular control and dynamic head stability, 
there is a need to consider other factors that contribute to 
head and neck control in heading the ball. Factors such as 
cervical spine proprioception, oculomotor control, vestibular 
function and balance all have a role to play in position sense, 
ball tracking and head control. A review [120] assessing 
visual and sensorimotor performance in relation to 
concussion risk highlighted the lack of research in this area, 
despite it being an area that warrants further investigation, 
with potential effects of visual and oculomotor performance 
and anticipation on the frequency and severity of head 
impact in helmeted sports. Such factors listed above have 
not yet been investigated in relation to head acceleration 
during a purposeful header. Understanding whether these 
modifiable and intrinsic factors influence head acceleration 
during a header would mean training interventions could 
be trialled. This would be a useful addition to the body of 
work investigating neuromuscular exercises, as well as to the 
evidence relating to extrinsic factors, such as changes to ball 
characteristics/playing style, as discussed.

5 � Conclusions

This systematic review provides a comprehensive overview 
of the current evidence base surrounding factors that 
influence head acceleration during a purposeful header. 
While there are several areas where evidence is conflicting 
and study quality is mixed, there are some extrinsic factors 
related to the game (ball pressure and mass, ball delivery 
method and ball speed) and individual factors related to 
the player (neck strength, sex and heading technique) that 
influence head acceleration during heading. Implementation 
of neuromuscular exercises reduced head acceleration. There 
is a lack of evidence for a broader range of modifiable 
potential risk factors and in understanding how other 
sensorimotor factors influence head acceleration during 
a header. Further research into factors such as vestibular 
and oculomotor function will provide information to assist 
the current research base aiming to improve the safety of 
headers.
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