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Combining Evidence and Practice to Optimise Neck Training aimed at Reducing Head 59 

Acceleration Events in Sport: A Systematic Review and Delphi Consensus Study 60 

Abstract  61 

Head acceleration events (HAEs) can potentially have adverse consequences for athlete brain health. In 62 

sports in which head injuries have the highest incidence, identifying strategies to reduce HAE frequency 63 

and magnitude is a priority. Neck training is a potential strategy to mitigate against the magnitude of 64 

HAEs. This two-part study aimed to I) systematically review the literature of neck training interventions 65 

in sport; and II) undertake an expert Delphi consensus on the best practices for neck training 66 

implementation to reduce HAEs in sport. Part I - a systematic search of four databases was undertaken 67 

from the earliest records to September 2024. The PRISMA guidelines were followed, and a quality 68 

assessment was completed using a modified Downs and Black assessment tool and the GRADE. Papers 69 

were eligible if they both i) implemented a reproducible exercise intervention targeting the neck within 70 

collision, combat or motor sport, and ii) assessed outcomes relating to either: the physical profile of the 71 

neck; head/neck injury incidence; and/or HAEs. Part II - Eighteen international experts, with experience 72 

in research and/or applied practice of neck exercise training, concussion, and/or HAEs, reviewed the 73 

part I findings before completing a three-round Delphi consensus process. Part I included 21 papers, 74 

highlighting the heterogeneity of existing interventions. Part II resulted in 57 statements coded into five 75 

categories: contextual factors (n=17), neck training periodisation (n=12), training adaptations (n=10), 76 

neck training content (n=15), and athlete adherence (n=3). This study presents recommendations for 77 

neck exercise training aiming to reduce HAEs in sport, supporting both practice and future research. 78 

 79 

 80 

 81 

 82 

 83 
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Key Messages 84 

What is already known on this topic 85 

- The reduction of head acceleration events in sport is a current priority due to the potential 86 

impact on athlete brain health.  87 

- There is mixed evidence that greater neck strength may be a protective factor against 88 

concussion and head acceleration events.  89 

What this study adds 90 

- A comprehensive overview of all neck training interventions that have been implemented 91 

within sports where HAEs may be common was conducted. 92 

- Studies showed variation in design, intervention, outcome assessment, and effectiveness.  93 

- A set of 57 statements achieved consensus to help guide future research and practice.  94 

How this study might affect research, practice or policy 95 

- The consensus recommendations produced from this study may be used by researchers and 96 

practitioners to inform future neck training interventions for research and applied purposes. 97 

 98 

 99 

 100 

 101 

 102 

 103 

 104 

 105 
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1. Introduction  106 

Head acceleration events (HAEs) are caused by an external force applied either directly to the 107 

head or indirectly through inertial loading of the body.1 Head acceleration events can result in acute 108 

injury (eg, concussion),2,3 with some developing evidence linking repeat non-concussive HAEs to 109 

possible long-term health consequences (eg, neurodegenerative disease).4–11  Head acceleration events 110 

can occur repeatedly during combat and collision sports as well as in motor sports.12–23 Therefore, the 111 

development of interventions to reduce the incidence and/or magnitude of HAEs is important for sport 112 

as this may mitigate the impact on athlete brain health.3,24–27 Aspects of the neck musculature (eg, 113 

maximal strength, rate of force development [RFD]) may have a protective factor.28–36 Improvements 114 

in neck strength and muscle function could improve trunk-neck-coupling and neck stability upon 115 

collision,29 increasing the capacity to ‘brace for impact’ and potentially reducing the HAE magnitude.37 116 

However, current research demonstrates mixed effects of neck training interventions across sporting 117 

populations, specifically those that focus on muscle-strengthening interventions, and literature reviews 118 

are limited by small sample sizes of included studies (n≤8),38–40 single sport cohorts,38 inclusion of non-119 

athletic populations,41 focus only on sport-related concussion/injury incidence,39,40,42 and a lack of 120 

longitudinal studies. To date, no study has systematically reviewed all scientific literature on the 121 

implementation of neck training interventions on neck characteristics (ie, the neck physical profile), 122 

head/neck injury, and/or head kinematics in sports where HAEs may frequently occur. 123 

In practice, sport-specific resources such as the Ultimate Fighting Championship (UFC 124 

Performance Institute) “Neck Strengthening Matrix”45 and World Rugby’s “Contact Confident”46 have 125 

been designed and implemented but their effects have not been evaluated in scientific peer-reviewed 126 

studies. Additionally, the results of peer-reviewed literature are conflicting and there is a lack of 127 

consensus on what constitutes an evidence-based neck training intervention, demonstrating a disconnect 128 

between applied practice and research. Expert knowledge of neck training interventions can be captured 129 

using a Delphi technique, which, alongside the current evidence base can inform future neck training 130 

interventions, in addition to policy and practice aimed at reducing HAE magnitudes and their potential 131 

effects. This is therefore an important research direction. Thus, this two-part study aimed to 1) 132 
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systematically review the scientific literature and present an overview of all current neck training 133 

interventions with neck characteristics, head kinematics and head/neck injury surveillance outcomes in 134 

collision and combat sport, and 2) undertake a Delphi consensus on the best practices for neck training 135 

implementation from a panel of experts with the aim of reducing HAEs in sport.  136 

2. Methods  137 

2.1. Overview of Parts I and II 138 

2.2.  Part I: A systematic review of neck training interventions in collision and combat sport 139 

2.2.1. Study design and research strategy 140 

A systematic review of the literature was conducted in accordance with the updated Preferred 141 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement47 and guidance for 142 

implementing PRISMA in Exercise, Rehabilitation, Sport Medicine and Sports Science (PERSiST).48 143 

Before initiating the review process, the protocol was registered on the International Prospective 144 

Register of Systematic Reviews (PROSPERO) database (ref: CRD42023421370). A systematic review 145 

of four databases (CINHAL, PubMed, SCOPUS, and SPORTDiscus) was conducted to identify primary 146 

research. The initial search was completed on 19/06/2023, no date filter was applied. Due to the time 147 

required to complete the study, the search was repeated to identify additional papers between 148 

01/01/2023 and 25/09/2024. Boolean operators were used to combine search terms relating to the neck, 149 

training, and sport. Keywords were combined for each term using the “OR” operator, and the final 150 

search phrase was constructed using the “AND” operator for all search concepts. Table 1 presents an 151 

example search strategy, including all search terms used. The exact search for all databases can be found 152 

in Supplementary Material 1. The neck muscles were identified as keywords and confirmed by an 153 

experienced sports medicine physician. Title and abstract searches were completed with filters for 154 

‘Human participants’, ‘Full text’, and ‘English language’ selected, where appropriate. Bibliographic 155 

screening and forward citation searching (via Google Scholar) of included articles and previous 156 

systematic reviews on neck training interventions were conducted by 30 August 2023. The original 157 

systematic review protocol and any changes made can be found in Supplementary Material 1. Changes 158 

included expanding and refining the literature search (eg, populations <16 years of age were included 159 
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due to the volume of papers published within youth athletes),  improvements in the reporting of study 160 

results (eg, use of PERSIST48 guidelines), accounting for the different study design.e.ie, the use of a 161 

modified Downs and Black assessment tool),49 and providing more information regarding the quality 162 

of the evidence (ie, the addition of a Grading of Recommendations, Assessment, Development and 163 

Evaluation (GRADE)50 assessment).  164 

Table 1. Sample search strategy terminology 165 

Search terms Keywords 

Neck Cervical OR Capitis OR Colli OR Cervicis OR Platysma OR Sternocleidomastoid OR Hyoid 

OR Trapezius OR Levator scapulae OR Scalene* OR Splenius* OR Multifidus OR 

Interspinales OR Intertransversarii 

 

Training Training OR Strength OR Power OR Endurance OR Conditioning OR Intervention OR 

Rehabilitation OR Exercise* OR Stability OR Proprioception 

 

Sport Sport* OR Player* OR Athlete* 

 166 

2.2.2. Study Selection 167 

Duplicate records were identified and removed prior to screening the remaining studies against 168 

inclusion and exclusion criteria (Table 2). 169 

 170 

 171 

 172 

 173 

 174 

 175 
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Table 2. Study inclusion and exclusion criteria for the systematic review 176 

Inclusion criteria Exclusion criteria 

The study included healthy participants participating 

in combat, collision and/or motor sports 

 

Participants were >40 years of age 

The study included an exercise intervention targeting 

the neck muscles 

 

Participants had experienced a head, neck, or back 

injury within six months of the intervention 

Study outcomes included changes in the physical 

profile of the neck (eg, strength) and/or changes in 

head kinematics or head/neck injury incidence 

 

 

Participants were not from an athletic population or 

did not participate in a sport where HAEs may be 

common 

The study was published in a peer-reviewed academic 

journal 

 

There were not sufficient details regarding the 

intervention to replicate it (eg, repetition and set 

numbers were missing) 

 

The study was original research 

 

Pre- and post-testing methodologies were not 

described 

English language, full text was available. 

 

 

HAEs = Head acceleration events  177 

 178 

The screening process was completed independently by two researchers (MFW and LM) and 179 

involved two phases. In phase one, study abstracts and titles were screened against the eligibility 180 

criteria. Studies deemed eligible then progressed to full-text screening in phase two. Reviewers 181 

remained blind to the other’s vote on individual papers until both had voted. Following the completion 182 

of the screening process, the reviewers met to discuss and resolve any conflicts for both study selection 183 
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and exclusion reasoning. Where papers were excluded, the exclusion reasoning was that which occurred 184 

first in the paper. For any papers where a conflict could not be resolved, a third reviewer (KT) made the 185 

final decision. Study selection and screening were completed using the Covidence systematic review 186 

software (Veritas Health Innovation, Melbourne, Australia). 187 

2.2.3. Quality Assessment 188 

A modified version of the Downs and Black checklist49 (Supplementary Material 2), which has 189 

been validated for use to assess both randomised and non-randomised trials and demonstrates adequate 190 

psychometric properties such as internal consistency, test-retest reliability, and criterion validity, was 191 

used to assess the quality of each study. This checklist has been ranked in the top six quality assessment 192 

tools suitable for use in systematic reviews.51 The checklist consists of 27 items that address the 193 

following methodological domains: reporting, external validity, internal validity (bias and 194 

confounding), and power. This modified version involves rating the final question ‘1’ or ‘0’, rather than 195 

‘5’, to indicate whether sample size power analyses were conducted a priori and has been used in 196 

previous reviews.52,53 Therefore, all questions are scored ‘1’ or ‘0’, other than question 5, which can be 197 

scored ‘2’. Additionally, question 14 (Was an attempt made to blind study subjects to the intervention 198 

they have received?) was removed as it is not possible to blind participants to the introduction of a 199 

physical training intervention. This results in a maximum score of 27 for each study. Studies have 200 

previously been categorised as poor (≤14), fair (15-19), good (20-25), and excellent (26-28).54 With the 201 

removal of question 14, studies were therefore categorised as poor (≤13), fair (14-18), good (19-24), 202 

and excellent (25-27). Quality assessment was completed independently by the two reviewers (MFW 203 

and LM) using Covidence. Following completion, all conflicts were resolved through a virtual meeting. 204 

Certainty of evidence for the effect of a neck training interventions on key outcomes with more than 205 

three studies were assessed using GRADE. Evidence was downgraded based on the risk of bias, 206 

inconsistency, indirectness, imprecision and risk of publication bias.50 The GRADE was completed by 207 

two members of the primary group (MFW and OH) and differences were resolved in person.  208 

 209 
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2.2.4. Data extraction 210 

Data extraction was completed using a standardised template designed in Covidence 211 

(Supplementary Material 3). The template included publication details, study type, participant 212 

characteristics, intervention content and methods, outcomes of interest (ie, neck characteristics, head 213 

kinematics, head/neck injury surveillance), methods of assessment, and study findings. Both reviewers 214 

(MFW and LM) completed data extraction independently.  Extracted data were compared to ensure all 215 

relevant study information was extracted and then exported to Microsoft Excel (Microsoft® Excel®, 216 

Version 2202). All conflicts were resolved through an in-person meeting. 217 

The authors of three studies with missing intervention details were asked to provide missing 218 

information via email.55–57 Two authors provided the necessary information.55,56 The data from these 219 

studies were extracted separately following the completion of the Delphi rounds. These studies are 220 

identified by an asterisk (*). Studies extracted following the updated search were not included in the 221 

Delphi consensus part of the study and are identified by a double asterisk (**). 222 

2.2.5. Data Analysis 223 

No formal data analyses took place as the systematic review aimed to inform the Delphi consensus 224 

in Part II of this study. Additionally, the data were expected to be heterogenous in nature; therefore, no 225 

summary measures, data exploration or additional quantitative analysis took place.58,59 Data presented 226 

are alphabetical by author and describe the intervention protocols used and changes in outcome 227 

variables for individual studies. Individual intervention designs are reported including intervention 228 

duration, neck exercise direction, muscle contraction types, exercise sets and repetitions, resistance and 229 

loads used, and intervention weekly frequency. Outcome variables (eg, neck strength) and how they 230 

were assessed (eg, hand-held dynamometer) are also reported. 231 

2.3. Part II: Consensus on guidelines for neck training interventions to reduce HAEs in sport 232 

2.3.1. Expert Panel 233 

The Delphi-consensus process was guided by the recommendations for the Conducting and 234 

Reporting of Delphi Studies (CREDES).60 A minimum of 10 experts are required for reliable results, 235 
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but including a greater number increases reliability.61,62 For the purpose of this study, experts were 236 

defined as either; (1) a practitioner with a minimum of five-years’ experience implementing neck 237 

training interventions within sports where HAEs or concussions are relatively common (eg, soccer, 238 

rugby, combat sports), or (2) a researcher in the area of concussion prevention, HAEs or neck training, 239 

who has at least one peer-reviewed published article. The primary research group (MFW, AS, BJ, KT, 240 

OH) invited twenty-six potential experts via purposive sampling techniques, involving the selection of 241 

knowledgeable individuals with expertise in neck training and/or HAE/concussion. Additionally, 242 

invited experts were asked to recommend other potential experts who might fit the expert criteria. A 243 

total of 30 experts were invited to form the panel and 18 completed the Delphi survey. One expert was 244 

unable to complete Round 2 but completed Round 3. The panel provided consent for the use of the data 245 

collected through the Delphi. The expert panel development process and characteristics are displayed 246 

in Figure 1. 247 

2.3.1.1. Equity, Diversity and Inclusion Statement 248 

Consideration was given to forming a diverse and inclusive panel representing different 249 

performance/medical applied and research roles. Emphasis was given to recruiting experts from 250 

multiple countries, especially female researchers/practitioners. The primary research group included 251 

three male and two female researchers with the lead author being an early-career, female researcher. 252 

 253 

*** Insert Figure 1 near here *** 254 

 255 

2.3.2. Round 1  256 

The primary research group guided the construction of survey questions for all Delphi rounds. The 257 

surveys were constructed and distributed using Qualtrics online software (Qualtrics, Provo, USA), and 258 

Round 1 was divided into four sections. Section 1 provided a study overview and included questions 259 

regarding expert demographics. In section 2, the panel was asked to read a summary of the results from 260 
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the systematic review (ie, Part I) as an overview of existing, published neck training interventions. In 261 

section 3, the panel provided important considerations for neck interventions within four overarching 262 

themes determined by the steering group (macrocycles (eg, annual), mesocycles (eg, monthly), 263 

microcycles (eg, weekly) and training sessions), as well as any information that did not fit these themes. 264 

In section 4, the panel provided considerations for contextual factors (biological age, training age, sex, 265 

sport, and any other contextual factors). Experts were given two weeks to complete this round, with 266 

email reminders sent one week and then two days before the deadline. A one-week extension was 267 

granted for experts who were recommended following the initial survey distribution and those who 268 

requested extra time.  269 

2.3.3. Round 2  270 

Round 1 survey answers were extracted from Qualtrics as a Microsoft Excel file. Responses were 271 

grouped by question, and inductive content analysis was performed by the primary researcher (MFW) 272 

to identify themes that were common across answers. Statements for Round 2 were constructed from 273 

the content of each response and grouped by category. Duplicate and similar responses were combined. 274 

Statements were reviewed by a second member of the steering group (OH) to ensure all information 275 

was captured in the final statements. All steering group members agreed on the final statements. The 276 

panel was asked to rank their agreement with statements on a five-point Likert scale (1=strongly 277 

disagree, 2=disagree, 3=neither agree nor disagree, 4=agree, 5=strongly agree). Consensus was defined 278 

as 70% expert agreement58,63–69. Statements that reached consensus for agree/strongly agree (score of 4 279 

or 5) were said to have reached agreement consensus. Statements that reached consensus for 280 

disagree/strongly disagree (score of 1 or 2) were said to have reached disagreement consensus. Experts 281 

were given 10 days to complete Round 2 with an email reminder sent out four days before; however, 282 

more time was provided if requested.  283 

2.3.4. Round 3  284 

Round 2 results were extracted and summarised in Microsoft Excel before distribution through 285 

Qualtrics. Statements that met consensus were not included in Round 3. Additional comments from 286 



13 
 

Round 2 were used to modify existing statements or create additional statements, as appropriate (eg, 287 

clarify statement meaning). Modified and new statements were highlighted to the panel. Experts were 288 

asked to re-rate the statements that did not meet consensus along with new/modified statements, using 289 

the same 5-point Likert scale. Descriptive feedback was presented with median and interquartile ranges 290 

of statements previously rated to enable reflection before expressing a final opinion58. An additional 291 

five questions were included to collect demographic data from the panel. Experts were given 10 days 292 

to provide their final responses, with an email reminder sent four days before the deadline. The response 293 

rates in this Delphi from all contacted experts (n=30) were 63% (n=19; Round 1), 57% (n=17; Round 294 

2), and 60% (n=18; Round 3). The expert retention rate was 95%. The surveys for all rounds of the 295 

Delphi process can be found in Supplementary Materials 4-6.  296 

 297 

3. Results  298 

3.1.   Part I. A systematic review of neck training interventions in collision and combat 299 
sport 300 

 301 
3.1.1. Overview 302 

Figure 2 shows the schematic for the PRISMA search and data extraction process. In total, 19 303 

studies were included in the initial review. Two studies were added following the repeated search.70,71 304 

Full study details and extracted data can be found in Supplementary Material 7. Table 3 lists the 305 

included studies. 306 

Study designs included randomised-control trials (n=9),72–80 non-randomised control trials 307 

(n=6),56,81–85 pre-post trials (n=3),55,71,86 cluster-randomised-control trials (n=1),87 cluster-non-308 

randomised control trials (n=1),70 and retrospective pre-post trials (n=1).88 The included studies 309 

represented a total of 980 participants, of which 653 (67%) were male and 327 (33%) were female.  A 310 

single study accounted for 364 participants (female, n=138).70 Data collection took place across multiple 311 

countries, including the USA (n=5),56,72,78,80,85 Australia (n=5),55,70,75,87,88 UK (n=4),71,73,74,82 Canada 312 

(n=2),84,86 Germany (n=2),81,83 Italy (n=1),77 New Zealand (n=1),76 and Japan (n=1).79 Participants were 313 

involved in multiple sports, including soccer (n=10),56,70,75,78,80,81,83,85–87 rugby union 314 
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(n=8),55,71,73,74,76,77,82,88 judo (n=1),79 Australian rules football  (n=1),75 and American Football (n=1).84 315 

A single study described participants as partaking in ‘contact and collision sport’.72 Athletes participated 316 

at school/junior (U18) (n=9),56,70,72–74,83,85–87 university (n=5),71,78–80,84 professional/elite, (n=4)55,75,82,88 317 

amateur senior (n=3),77,81,83 academy/scholarship (n=1),76 and semi-professional (n=1)82  318 

standards/levels. Eight studies included both male and female participants,70,72,78,80,83,85–87 ten included 319 

male participants only,55,73,74,76,77,79,81,82,84,88 and three studies included female participants only.56,71,75 320 

Full participant characteristics are displayed in Supplementary Material 7.   321 

3.1.2. Study Interventions 322 

Study interventions were heterogeneous in nature. Intervention durations varied from five to 27 323 

weeks in length with most interventions lasting 12 weeks or less (n=15, 71%).56,72–82,84,85,87 Of these, 324 

seven were implemented for six weeks or less.74,76,80–82,85,87 Six studies were implemented between 14 325 

and 27 weeks.55,70,71,83,86,88 Sessions took place between two and three times a week for all but two 326 

studies which took place between two and four times a week70 and progressed from daily sessions to 327 

three-to-four sessions a week.85 Studies varied in exercise movement planes (ie, sagittal, frontal, 328 

transverse), training modalities (eg, eccentric, isometric), and exercise sets and repetitions (eg, 1x1 to 329 

3x10). The majority of studies (n=13, 62%) used interventions including exercises in two 330 

planes55,56,70,71,73,75,76,80,82,85–88 (eg, frontal and sagittal), four included exercises across all planes72,74,77,83 331 

and three studies included exercises in a single plane (eg, extension/flexion only).78,79,81 One study 332 

implemented a single, repeated multiplanar circumduction movement84. Studies varied in training 333 

modality with most interventions (n=13, 62%) implementing isometric- (n=7) or isotonic-only (n=5) 334 

interventions.55,56,71–75,78–80,82,84,88 Six studies implemented a combination of isometric and isotonic 335 

modalities76,77,81,83,85,86 and two studies implemented a ‘Quasi-isometric’ intervention,70,87 whereby the 336 

participant had to keep their head and neck still during body movement. Studies specify that the 337 

interventions were led/overseen by a strength and conditioning coach (n=6),72,73,76,80,82,86 other 338 

club/school staff (n=4),55,74,86,87 coach (n=3),70,71,86 research group members (n=3),56,71,78 physiotherapist 339 

(n=2),70,74 and “expert operators” (n=1).77 One study utilised web-based videos85 and another study was 340 

self-directed by participants who were monitored for adherence by the research team.75 Other studies 341 
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(n=6) did not identify who led/oversaw the intervention.79,81,83,84,88 Studies took place outside of the 342 

competitive season (eg, pre-season, off-season) (n=5),73,78,82,84,87 during the competitive season 343 

(n=4),70,76,77,83 and during both pre-season and competition (n=4).55,71,85,88 Two studies stated that the 344 

intervention took place “over the course of one soccer season”56 and started “at the beginning of the 345 

season preparation”.81 A single study stated the intervention aligned with the “pre-season and/or in-346 

season”75.  Five studies did not specify where in the season the intervention took place.72,74,79,80,86 Ten 347 

studies report monitoring of intervention completion,70,73–75,77,78,84–87 adherence was encouraged by the 348 

researcher in one study71 and reported in five studies.73,77,84–86 A single study excluded players who were 349 

unable to complete all training sessions.81 350 

3.1.3. Study Outcome Measures 351 

All but one study70 assessed maximal neck strength. Maximal isometric neck strength was assessed 352 

in nineteen studies55,56,71–85,87,88 and a single study assessed the maximal possible load during concentric 353 

and eccentric neck flexion and extension.86 Half the studies assessing neck strength (n=10) used a head 354 

harness/strap attached to a load cell/force transducer/dynamometer55,72–74,76,81,82,85,87,88 which was fixed 355 

to a rack/wall or held by a tester to determine changes in isometric strength. Other studies used manually 356 

applied handheld-dynamometers (HHD) (n=5),56,75,78,80,84 specific devices (eg, cervical extension 357 

machine) (n=3),71,79,83 a custom-made ergometer (n=1),77 and the application of external weights 358 

(n=1).86 Fourteen studies72–79,82,84,85,87,88 conducted maximal neck strength assessments in seated 359 

positions, four56,80,81,86 completed testing in prone/supine positions, two55,83 studies conducted 360 

assessments in both seated and standing positions and one study conducted the assessment in a rugby-361 

specific prone position.71 Four studies investigated changes in neck size.56,72,75 Three studies assessed 362 

changes in neck girth using a measuring tape 56,72,75 and two studies assessed changes in cervical muscle 363 

cross-sectional area by scanning (ie, ultrasound, magnetic resonance imaging) (n=2).72,79 Neck range of 364 

motion was assessed in three studies utilising a bi-axial electrogoniometer (n=1)77 or specific cervical 365 

range of motion devices (ie, CROM basic; n=2).74,83 Head kinematics were assessed in eight studies 366 

utilising accelerometers (n=3),56,81,83 inertial measurement units (n=3),80,86,87 or a video-capture marker 367 

system (eg, PEAK motus motion analysis system; n=2).72,78 Three studies investigated changes in injury 368 
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incidence using the Orchard Sport Injury and Illness Classification System (n=1),88 by comparing team 369 

injury statistics (n=1),55 and via a self-reported survey.70 Neuromuscular changes (ie, fatiguability, 370 

changes in electromyography [EMG] activity, head-neck segment stiffness) were investigated in five 371 

studies using EMG sensors (n=3),72,77,78 a neuromuscular training device (n=1),84 a load cell (n=2),74,78 372 

and the PEAK motion analysis system (n=1).78 373 

3.1.4. Quality Assessment 374 

Of the 21 studies, two (10%) were rated “poor”, eight (38%) “fair”, 11 (52%) “good” and none 375 

were rated “excellent”. The results of the quality assessment can be found in Table 3. The certainty of 376 

evidence for the effect of neck training on neck strength, head kinematics, head/neck injury incidence 377 

and neuromuscular activity is presented in the summary of findings (Table 4). The GRADE evidence 378 

profile can be found in Supplementary Material 8. Overall, there was very low certainty in the evidence 379 

for the effect of neck training interventions on neck strength, head kinematics, head/neck injury 380 

incidence or neuromuscular activity. 381 

 382 

*** Insert Figure 2 near here **383 
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Table 3. Quality assessment of studies using a modified Downs and Black49 tool. 384 

Reference 
Reporting 

(/11) 

External Validity 

(/3) 

Internal Validity – 

bias (/6) 

Internal Validity – 

confounding (/6) 
Power (/1) Total Score Rating 

Attwood et al.73 10 3 5 4 1 23/27 Good 

Barrett et al.74 10 2 6 6 0 24/27 Good 

Becker et al.81 9 1 5 0 1 16/27 Fair 

Deng et al.75 11 1 6 5 0 23/27 Good 

Eckner et al. 72 7 1 4 1 0 13/27 Poor 

Geary, Green & Delahunt82 8 1 5 0 0 14/27 Fair 

* Gillies et al.55 11 2 5 1 0 19/27 Good 

Hamlin et al.76 9 1 4 3 0 16/27 Fair 

Le Flao et al.86 11 1 5 2 0 16/27 Fair 

Maconi et al.77 8 1 5 3 1 18/27 Fair 

Mansell et al.78 9 0 5 5 1 20/27 Good 

Müller & Zentgraf 83 11 1 5 3 1 19/27 Good 

Naish et al. 88 11 2 4 2 0 19/27 Good 

Peek et al.87 11 2 6 2 1 22/27 Good 

** Peek et al.70 10 2 5 2 1 20/27 Good 
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** Petrie et al.71 9 2 5 4 0 20/27 Good 

Tsuyama et al. 79 3 0 4 3 0 10/27 Poor 

Versteegh et al. 84 11 0 5 4 0 20/27 Good 

* Wahlquist et al. 56 8 1 4 1 0 14/27 Fair 

Waring et al.80 7 2 5 4 0 18/27 Fair 

Wilson et al.  85 9 2 4 2 1 18/27 Fair 

* Indicates study was included following contact with corresponding authors and was not presented to the expert panel; ** Indicates the study was included following the updated search, therefore 385 

was not included in Phase II. 386 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 
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Table 4. GRADE Summary of Findings 395 

Outcome of interest Studies (n) Participants (n) Certainty (Quality of Evidence) Report of Adverse Effects 

Neck Strength 20 609 
⊕○○○ 

Very Low a 
None 

Head Kinematics 8 218 
⊕○○○ 

Very Low a 
None 

Head/Neck Injury Incidence 3 430 
⊕○○○ 

Very Low b 
None 

Neuromuscular Activity 4 83 
⊕○○○ 

Very Low c 
None 

High quality: We are very confident that the true effect lies close to that of the estimate of the effect. Moderate quality: We are moderately confident in the effect estimate: The true effect is 396 

likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. Low quality: Our confidence in the effect estimate is limited: The true effect may be 397 

substantially different from the estimate of the effect. Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the 398 

estimate of effect.  399 

a inconsistencies and indirectness across interventions, assessment methods and results 400 

b inconsistency and imprecision in injury definitions 401 

c use of exploratory analysis and proxy measurements402 
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3.1.5. Intervention Outcomes 403 

A synopsis of the findings from all studies included in the systematic review can be seen in 404 

Supplementary material 7. 405 

3.1.5.1. Neck Strength  406 

Intervention effects on increases in maximal neck strength were demonstrated in 16 of the 20 (80%) 407 

studies assessing neck strength.55,56,71,73,75–80,82–87 Moderate to large effects of the intervention were 408 

reported for total/composite neck strength (n=3).73,84,87 Absolute and/or relative lateral neck strength 409 

increases were demonstrated in 10 studies.55,71,73,75,76,80,82,83,85,87 Five studies reported moderate to very 410 

large effects71,73,82,83,87, with other studies demonstrating significant change (ie, p<0.05).55,75,76,80,85 411 

Rotational neck strength significantly increased compared to the control group77 and with a large 412 

effect.84 Significant p-values (p<0.05) and small to large effects were found for both the impact of an 413 

intervention on neck flexor strength (n=8)55,71,77,78,82,83,85–87 and neck extensor strength (n=10).71,73,76–414 

79,82,83,85–87 Additionally, changes in the flexor/extensor ratio within a single study exceeded minimal 415 

detectable change in rugby forwards (n=1).55 Functional neck strength and neck strength endurance 416 

significantly improved following a neck flexor/extensor targeted intervention with large effects in a 417 

single study.83 Improvements in neck strength were found in soccer (n=8),56,75,78,80,83,85–87 rugby 418 

(n=6),55,71,73,76,77,82 judo (n=1),79 Australian rules football (n=1),75 and American football (n=1).84 419 

 Of the studies that demonstrated favourable effects of the intervention on neck strength, most 420 

interventions lasted ≥8 weeks (n=10, 63%)55,56,71,73,75,77–79,83,86 using isometric (n=6, 38%),55,56,71,73,75,82 421 

isotonic (n=4, 25%),78–80,84 quasi-isometric (n=1, 6%),87 and mixed (n=5, 31%)76,77,83,85,86 training 422 

modalities. Intervention exercises involved neck flexors (n=15, 94%),55,56,71,73,75–78,80,82–87 extensors 423 

(n=16, 100%),55,56,71,73,75–80,82–87 lateral flexors (n=12, 75%),55,56,71,73,76,77,80,82–85,87 and rotators (n=5, 424 

31%)75,77,83,84,86 with four studies utilising exercises and/or isometric holds in all directions (ie, 425 

extension, flexion, left/right lateral flexion, left/right rotation).55,77,83,84 Two of these studies 426 

implemented interventions with a neuromuscular focus,84,87 two were performed alongside existing 427 

injury prevention programmes (ie, GetaHEAD Safely Soccer™, FIFA 11+)56,87, three included 428 
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exercises targeting other body parts (eg, trunk, core)56,83,87 and one included a passive stretching 429 

protocol.77  430 

Of the four studies that did not find significant effects of the intervention,72,74,81,82 three lasted <8 431 

weeks. Interventions used isometric (n=2),74,82 isotonic (n=1)72 and mixed (n=1)81 training modalities 432 

across one (n=1),81 two (n=1),82 and three planes (n=2).72,74 All interventions involved neck flexors and 433 

extensors, three involved lateral flexors,72,74,82 and three involved neck rotators.72,74,88 Training 434 

frequency of both successful and unsuccessful interventions were implemented between two and three 435 

times a week. One study progressed from daily sessions to three-to-four times a week.85 436 

3.1.5.2. Head Kinematics 437 

 Head acceleration outcome data were reported in eight studies.56,72,78,80,81,83,86,87 Significant 438 

decreases in the magnitude of peak linear head accelerations were reported in two studies,83,86 whereby 439 

one of these studies also found a significant reduction in pitch (angular ROM in the sagittal plane). Both 440 

studies had no control group. A third, cluster-RCT demonstrated medium effects (η2=0.08) of the 441 

intervention on reductions in peak linear and peak angular head acceleration (p=0.04)87, exceeding the 442 

meaningful detectable change for both variables, during heading. Interventions were >14 weeks in 443 

length for two of the studies83,86 with the third lasting five weeks.87 All interventions included exercises 444 

involving neck flexors and extensors. One intervention included lateral flexors,87 the second included 445 

neck rotators86 and one intervention utilised movements across all planes targeting all muscle groups.83 446 

Two were mixed modality interventions83,86 and the final was quasi-isometric.87 447 

No significant changes in head kinematics were reported in four studies.56,72,80,81 A 40% increase in 448 

head-neck acceleration during post-intervention testing in both the intervention and control group was 449 

reported in a single study.78 Three of the studies that did not report a beneficial change in head 450 

kinematics, reported an increase in neck strength upon testing following the intervention56,78,80; none of 451 

these interventions included rotation exercises.  452 
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A single study investigating changes in head-neck displacement found that during forced flexion 453 

and extension, when the force-application was known, the magnitude of displacement was significantly 454 

lower78 (p<0.001). However, there was no effect of the intervention.  455 

Seven of the studies investigating changes in head kinematics involved soccer athletes56,78,80,81,83,86,87 456 

with the final study involving athletes from organised contact or collision sport.72 Studies involved 457 

youth (n=5),33,56,83,86,87 amateur (n=2),81,83 and university, (n=2)78,80 athletes. Four studies investigated 458 

changes in head kinematics during purposeful heading,80,81,83,87 three investigated changes in response 459 

to an external load/perturbation72,78,86 with the final study investigating changes in head kinematics 460 

within soccer games.56 461 

 462 

3.1.5.3. Cervical ROM and Neck Size  463 

Significant changes were found in two of three studies investigating changes in cervical ROM. One 464 

study showed a small (-1.13%) but significant reduction in ROM into right rotation in the intervention 465 

group compared to the control group.74 The other showed significant increases in flexion, rotation and 466 

side-bending ROM.77 Significant increases in neck muscle cross-sectional area were found in one 467 

study,79 with no intervention effects found on neck size (ie, neck girth and/or neck muscle cross-468 

sectional area), in four studies.56,72,78,81  469 

3.1.5.4. Neuromuscular Activation and Neck Stiffness  470 

 Beneficial effects of an intervention were found on neuromuscular activation77 (p<0.05) and 471 

neuromuscular device performance parameters84 (Hedges d≥1.55). One study demonstrated a 472 

knowledge x session x group interaction for male participants (p=0.029) for head-neck segment 473 

stiffness78 during extension with no effect of the intervention on muscle onset latency or on muscle 474 

activity.78 A final study found descriptive changes in muscle activation during exploratory analyses.72 475 

Study interventions were ≥7 weeks in length and implemented either isotonic (n=3)72,78,84 or mixed 476 

(n=1)77 training modalities with one implementing flexion and extension exercises alone78 and three 477 

using movements across all planes of motion.72,77,84 478 
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3.1.5.5. Cervical Spine and Head Injuries 479 

Significant reductions in cervical spine match-related injuries following the introduction of the neck 480 

training intervention were found in a single study88 (from 11 to 2, p=0.03). The second study reported 481 

non-significant reductions in all head/neck and sport-related concussion injuries of 11-45% (incidence 482 

rate ratio (IRR): 0.55-0.89)55 and the third reported a worthwhile effect on possible concussive events70 483 

(IRR: 0.38; 95% CI 0.14-0.90, p≤0.05). These interventions lasted 26,88 27,55 and 1670 weeks 484 

respectively, and were comprised of isometric exercises which targeted neck extensors, flexors, lateral 485 

flexors and rotators55,88 and a quasi-isometric exercise.70 486 

 487 

3.2.  Part II. Consensus Guidelines for a Neck Training Intervention to reduce HAEs in sport 488 

Figure 3 presents the Delphi-consensus process. Fifty-seven statements achieved consensus and 489 

were coded and categorised into five themes: “Contextual Factors” (n=17), “Neck Training 490 

Periodisation” (n=12), “Target Adaptation” (n=10), “Neck Training Content” (n=15), and “Athlete 491 

Adherence” (n=3). Seven statements achieved 100% consensus. All statements are presented in Tables 492 

5-9. Statements that did not reach consensus are included in Supplementary Material 9.  493 

 494 

*** Insert Figure 3 near here*** 495 

 496 

 497 
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Table 5. Neck training intervention guidelines categorised under the theme of “Contextual Factors”  498 

T5 Statement  Consensus 

(%) 

Median Interquartile 

Range 

S1 Neck training to reduce HAEs should be specific to the athlete (eg, playing position, playing level, skill level, maturation, age, 

training age).  100  4  1  

S2 Neck training to reduce HAEs should consider athlete access to coaching and equipment prior to design and implementation.  100  4  1  

S3 The content and aims of neck training to reduce HAEs will be similar across sports but may differ due to various contextual 

factors (eg, age, sporting demands). 100* 4  0  

S4 Neck training with youth athletes should follow principles for other resistance training (eg, LTAD, avoiding heavy weights, 

plyometrics and eccentric activities, competency based physical development framework).  94  4  1  

S5 Neck training to reduce HAEs with younger or less experienced athletes should begin with unloaded exercises and a lower 

exercise volume with focus on technical mastery and greater time spent in individual mesocycles (eg, monthly) before 

progressing load and intensity.  94  4  0  

S6 Neck training to reduce HAEs should be specific to the demands and training requirements of the athlete's sport.  94  5  1  

S7 Youth athletes (ie, athletes <18 years of age) should include neck training to reduce head acceleration events. 89* 4  1  

S8 Neck training may be beneficial in the reduction of HAEs within sport.  88  5  0  

S9 Neck training to reduce HAEs should be implemented with all athletes in sports where HAEs may occur.  88  5  1  

S10 Head impacts and training fatigue accumulated through other training modalities (eg, sparring, field sessions, wrestle) should 

be monitored to guide neck training.  88  4  1  
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S11 Neck training to reduce HAEs within female athletes should equally consider rotation, flexion, extension, lateral extension, and 

lateral flexion. 83* 4  1  

S12 Neck training to reduce HAEs should only be implemented for players with a history of neck/head injury.  82†  1  1  

S13 Neck training to reduce HAEs should be specific to the head acceleration mechanism of the sport (eg, force vectors, injury 

mechanisms, contact mechanisms [striking vs tackle; anticipated vs unanticipated]).  82  4  1  

S14 Neck training to reduce HAEs should be aligned with the overall training periodisation (ie, resistance training goals).  76  4  0  

S15 Neck training to reduce HAEs in younger athletes (eg, junior, scholarship, academy athletes) should initially follow isometric 

exercises. 72* 4  0.25  

S16 Neck training to reduce HAEs within older athletes requires increased caution due to degenerative effects of age and 

accumulation of contact.  71  4  1  

S17 Neck training to reduce HAEs should currently be implemented the same for male and female athletes (provided maturation 

and training age are accounted for).  71  4  2  

 No * indicates consensus was achieved in Round 2; * Achieved consensus in Round 3; † disagreement consensus; HAEs = head acceleration events; the median and interquartile 499 
ranges presented are the Round 3 agreement ratings for each statement. 500 
 501 

 502 

 503 

 504 

 505 

 506 
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Table 6. Neck training intervention guidelines categorised into the theme of “Neck Training Periodisation”  507 

T6 Statement  Consensus 

(%)  

Median  Interquartile 

Range   

S1 Neck training to reduce HAEs should utilise regular (valid and reliable) testing and/or normative data (eg, target strength 

ratios) to determine changes from baseline, periodisation, and prescription.  100  5  1  

S2 Neck training to reduce HAEs should follow traditional strength and conditioning principles (eg, Overload principles, 

Specific adaptation to imposed demand).  94  4  1  

S3 Within neck training, deloading of exercise intensity and volume should occur periodically throughout the macrocycle (eg, 

yearly) and prior to competition/matches.  94*  4  0  

S4 The duration of all mesocycles used within neck training to reduce HAEs should be determined by testing/retesting the 

athlete throughout the programme in conjunction with the period in the sporting calendar (eg, pre-season).  94*  4  0  

S5 Neck training to reduce HAEs should be periodised across the macrocycle (eg, yearly) in line with the sport-specific calendar 

(eg, general preparation phase, hypertrophy phase, max strength phase, maintenance phase).  89*  4  0.25  

S6 Neck training to reduce HAEs should be implemented throughout the year (ie, as an annual macrocycle).  88  4  1  

S7 Neck training mesocycles (eg, monthly) to reduce HAEs should be periodised and progressive (eg, isometric to dynamic 

exercises, bodyweight to resisted exercises, foundational to complex movements, technique to loaded exercise).  88  4  0  

S8 Sessions for neck training to reduce HAEs should be periodised through the week (eg, high, low, medium sessions)  83*  4  1  

S9 Neck training to reduce HAEs should be included in pre-contact-session activation/warm-up (eg, prior to field sessions, 

wrestle sessions, sparring).  82  4  1  
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S10 Neck training should continue during in-season/competition phases for maintenance, as opposed to physical adaptation.  78*  4  1  

S11 Neck training to reduce HAEs should be completed 2-3 times a week during development phases (eg, general physical 

preparation phases, off-season/pre-season).  76  4  1  

S12 Neck training to reduce HAEs should be integrated into existing weights sessions alongside primary exercises (eg, as a 

superset, as a circuit at the end of the session).  71  4  1  

No * indicates consensus was achieved in Round 2; * Achieved consensus in Round 3; † disagreement consensus; HAEs = head acceleration events; the median and interquartile 508 
ranges presented are the Round 3 agreement ratings for each statement. 509 
 510 

 511 

 512 

 513 

 514 

 515 

 516 

 517 

 518 

 519 

 520 

 521 

 522 
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Table 7. Neck training intervention guidelines categorised into the theme of “Target Adaptations”  523 

T7 Statement  Consensus 

(%)  

Median  Interquartile 

Range   

S1 Neck training to reduce HAEs should target physiological adaptations (eg, hypertrophy, maximal strength, rate of force 

development) determined through baseline testing.  100* 4  1  

S2 Neck training to reduce HAEs should target neuromuscular improvements.  94  5  1  

S3 Neck training to reduce HAEs should target static strength, slow dynamic, fast dynamic, and reactive strength.  88  4  1  

S4 Neck training to reduce HAEs should target multiple physiological adaptations throughout the macrocycle (eg, yearly) (eg, 

hypertrophy, maximal strength, rate of force development, endurance, neck stiffness).  76  4  1  

S5 Neck training to reduce HAEs should target both superficial and deep muscles.  76  4  1  

S6 Neck training to reduce HAEs should include a mesocycle (eg, monthly) targeting neck muscle maximal strength.  72*  4  0.25  

S7 Neck training to reduce HAEs should include a mesocycle (eg, monthly) targeting neck muscle rate of force development.   72*  4  0.5  

S8 Neck training to reduce HAEs should include a mesocycle (eg, monthly) targeting neck muscle muscular endurance.  71  4  1  

S9 Neck training to reduce HAEs should target primary stabilisers.  71  4  2  

S10 Neck training to reduce HAEs should aim to minimise muscle imbalances.  71  4  1  

No * indicates consensus was achieved in Round 2; * Achieved consensus in Round 3; † disagreement consensus; HAEs = head acceleration events; the median and interquartile 524 
ranges presented are the Round 3 agreement ratings for each statement.  525 
 526 

 527 

 528 
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Table 8. Neck training intervention guidelines categorised into the theme of “Neck Training Content” 529 

T8 Statement  Consensus 

(%)  

Median  Interquartile 

Range   

S1 Neck training to reduce HAEs should include exercises in all planes (ie, sagittal, frontal, and transverse).  94  5  1  

S2 Neck training to reduce HAEs should include oscillatory movements and external perturbations/challenges to stability.  94  4  1  

S3 Neck training to reduce HAEs should safely utilise a range of concentric velocities in rotation.  89*  4  0  

S4 Neck training to reduce HAEs should include varied exercise positions across the week, specific to sporting demands (eg, seated, 

standing, four-point hold).  88  4  1  

S5 Neck training to reduce HAEs should include exercises targeting neck flexion, extension, and lateral flexion.    88  5  1  

S6 Neck training to reduce HAEs only requires isometric exercises.  82†  1  1  

S7 Neck training with isometric exercises alone is not sufficient to reduce HAEs.  82  5  1  

S8 Neck training to reduce HAEs should include individual exercises that are both dynamic and multiplanar (eg, head 

circumduction with flexion, extension and lateral flexion).  82  4  1  

S9 Neck training to reduce HAEs only requires dynamic or isotonic exercises.  78*†  2  1.25  

S10 Neck training to reduce HAEs should include exercises targeting mobility and range of motion.  78*  4  0.5  

S11 Neck strength training should incorporate both lower (eg, 2/5s) and higher (eg, 15/30s) repetitions/isometric hold duration, 

depending on the phase of training.  78*  4  1.25  

S12 Neck training to reduce HAEs should include neurocognitive approaches (eg, visual tasks, reaction time tasks, response 

inhibition tasks, balance tasks, coordination tasks).  76  5  1  



30 
 

S13 Neck training to reduce HAEs should include isometric and isotonic/dynamic exercises.  71  5  2  

S14 Neck training should incorporate both lower (eg, 30% max, RPE 5) and higher (eg, 80% max, RPE 8+) efforts, depending on the 

phase of training.  71  4  2  

S15 Loads for neck training to reduce HAEs should be prescribed from maximal voluntary isometric contraction tests.  71  4  1  

 No * indicates consensus was achieved in Round 2; * Achieved consensus in Round 3; † disagreement consensus; HAEs = head acceleration events; the median and interquartile 530 
ranges presented are the Round 3 agreement ratings for each statement. 531 
  532 

 533 

 534 

 535 

 536 

 537 

 538 

 539 

 540 

 541 

 542 

 543 

 544 
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Table 9. Neck training intervention guidelines categorised into the theme of Athlete Adherence  545 

T9 Statement  Consensus 

(%)  

Median  Interquartile 

Range   

S1 Athletes should be educated on neck training to reduce HAEs to support buy-in and adherence.  100  5  0  

S2 Neck training adherence should be monitored.  100  5  1  

S3 Neck training to reduce head acceleration should encourage athlete autonomy (eg, some exercise self-selection) to support buy-

in and adherence.  

82  4  1  

 No * indicates consensus was achieved in Round 2; * Achieved consensus in Round 3; † disagreement consensus; HAEs = head acceleration events; the median and interquartile 546 
ranges presented are the Round 3 agreement ratings for each statement. 547 

 548 

 549 

 550 

 551 

 552 

 553 

 554 

 555 

 556 
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4. Discussion  557 

This two-part systematic review and Delphi-consensus study reviewed the existing literature on 558 

neck training interventions implemented within sports where HAEs may frequently occur (ie, collision, 559 

combat and motor sport) and developed an expert-consensus on guidelines to inform future neck 560 

training interventions for the potential reduction of HAEs, and their potential injurious consequences, 561 

in sport. The systematic review identified 21 studies highlighting the heterogeneity of previous research 562 

in study design, intervention, assessment methodology and equipment, outcomes, and effectiveness. 563 

Most of the literature demonstrated an increase in assessed neck strength following the intervention in 564 

differing muscle groups (eg, neck flexors vs lateral flexors), predominantly within soccer and rugby 565 

athletes. Changes in neck strength did not always translate into alterations in head kinematics and/or 566 

neuromuscular changes. The Delphi consensus included an international group of researchers and 567 

practitioners and, producing guidelines to influence future neck training interventions aimed at reducing 568 

HAEs in sport. Expert consensus was achieved for 57 statements categorised as “Contextual Factors”, 569 

“Neck Training Periodisation”, “Target Adaptations”, “Neck Training Content” and “Athlete 570 

Adherence”. Seven statements achieved 100% consensus. These statements provide guidance for future 571 

research and practitioners when designing and implementing neck training interventions to reduce 572 

HAEs.   573 

4.1.  Neck Training Guidelines: Contextual Factors 574 

Seventeen statements that achieved consensus were coded as ‘Contextual Factors’ (Table 5). 575 

Three achieved 100% consensus, including two that emphasised the importance of individualising the 576 

intervention to an athlete’s contextual factors (eg, age, sporting demands, playing level) (Table 5; 577 

Statements 1&3). For example, a flexor/extensor ratio of <0.60 has been associated with a greater 578 

prevalence89 and incidence55 of concussion in male rugby players.  Determining this at baseline testing 579 

may help individualise the programme and help avoid loads that may be a detriment to the athlete. 580 

Furthermore, individualisation of programming aligns with other statements in this category and other 581 

established training principles.90 The third statement to reach 100% highlighted the need to consider 582 

access to coaching and equipment (Table 5; Statement 2). Of the studies included in the review, seven 583 



33 
 

interventions required no equipment,56,70,73,75,82,85,87 nine studies included equipment readily available in 584 

gyms (eg, resistance bands, dumbbells),55,71,72,76,77,81,83,88 five required head harnesses (with/without 585 

elastic cords),55,74,76,83,88 one used a scrum machine,88 and three required specific (eg, a cervical 586 

extension machine) equipment.79,80,84 Interventions that are implemented using little and readily 587 

available equipment may be more effective in applied settings than those that require additional 588 

equipment.   589 

Experts believed neck training should be implemented across athletes in sports where HAEs 590 

may occur and may be beneficial in the reductions of HAEs (Table 5; Statements 8,9 & 12); however, 591 

one expert disagreed as they believed there was currently insufficient evidence. Current reviews 592 

investigating the relationship between assessed neck strength (ie, maximal isometric strength, peak 593 

isokinetic strength, neck muscle endurance) and head/neck injuries agree that current evidence is limited 594 

and conflicting,29,38,40,42,91 although many of these reviews are limited by small sample sizes of studies 595 

within sporting populations (n≤8). Additionally, previous reviews on neck training interventions have 596 

primarily focused on neck strength to reduce sport-related concussion as opposed to HAEs.29,39,40 A 597 

recent meta-analysis on four eligible prospective studies in invasion sports29 suggested very-low 598 

certainty evidence for a small, non-significant relationship between greater neck strength and reduced 599 

rates of sport-related concussions (r=0.008 – 0.14). In agreement with the current study, the results 600 

showed large study heterogeneity (I2= >90). Additionally, no studies in the present review were rated 601 

as ‘excellent’ following the methodological quality assessment, only half (52%) were rated as ‘good’, 602 

and the overall certainty in the evidence following the GRADE assessment was “very-low”. Further 603 

methodologically robust, high-quality studies are required to support and establish the relationship 604 

between neck strength and beneficial outcomes and the benefits of interventions targeting neck strength 605 

within multiple populations.29,38,40,41 Importantly, none of the studies reported any adverse effects as a 606 

consequence of the neck training intervention.  607 

Of note, experts believed that currently, male and female athletes should complete similar neck 608 

training when other factors (eg, training age) are accounted for (Table 5; Statement 17). While 10 of 609 

the studies included in the review involved solely male participants,55,73,74,76,77,79,81,82,84,88 only three 610 

interventions were implemented in a female population.56,71,75 Of the eight studies completed with both 611 
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male and female participants, six involved youth athletes.70,72,83,85–87 This highlights a lack of research 612 

within senior female populations. It may be that the requirements of neck training for male and female 613 

athletes will differ, however, further research is needed to determine this. 614 

4.2. Neck Training Guidelines: Neck Training Periodisation  615 

Twelve statements that achieved consensus were coded as ‘Neck Training Periodisation’ (Table 616 

6). Regular valid and reliable neck strength testing methods to monitor the effect of a neck training 617 

intervention, achieved 100% consensus (Table 6; Statement1). Whilst this indicates that testing should 618 

aid intervention as well as evaluation, only three studies in this review completed strength testing at 619 

more than two time points.55,75,85  A recent narrative summary by Peek (2022)92 highlighted how 620 

different testing protocols, equipment (eg, HHD or load cells using compression vs tension evaluation) 621 

and techniques (eg, make vs break techniques; standing vs seated) result in different values, which is 622 

important given the lack of consensus on best practice neck testing techniques in real-world settings. 623 

For example, the ‘break’ (ie, the tester exerts enough incremental force to break the isometric 624 

contraction to induce head movement) vs ‘make’ (ie, the athlete is asked to complete a maximal effort 625 

against a fixed or stationary resistance) technique yields greater maximal isometric neck strength values. 626 

Only three studies in this review, specify use of the ‘break’ technique.55,82,87 This is important if 627 

prescribing loads and highlights the need for consistent testing methodologies to assess change. 628 

Consistent testing protocols should be implemented, and all muscles groups should be tested under the 629 

same conditions, to allow for standardisation and aid comparisons.92 Sport-specific testing positions 630 

may then have additional benefits92.  631 

A further three statements with >90% consensus aligned to an overarching theme that neck training 632 

should follow principles of traditional resistance training (eg, periodisation, progressive overload)90,93 633 

(Table 6; Statements 2,5&7). Fourteen55,71,72,74,76–81,83–85,88 of the included studies involved interventions 634 

that were designed to be progressive (eg, by changes in repetitions, sets, loads used, and exercises 635 

introduced); however, none described progression between stimulus or targeted training adaptation (eg, 636 

progressing from a hypertrophy or strength focus to fast dynamic or RFD focus). Only five studies 637 
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included in the review that assessed neck strength implemented interventions that lasted more than 12 638 

weeks55,71,83,86,88 and five were completed across both pre-season and in-season phases.55,71,75,85,88 Of the 639 

interventions that lasted >12 weeks, all studies found a significant change in neck strength following 640 

the intervention. It could be hypothesised that longer intervention durations are more conducive to 641 

beneficial training effects. Longitudinal studies would help develop an understanding of the required 642 

neck-training dose and the longer-term outcomes of neck training interventions. 643 

4.3. Neck Training Guidelines: Target Adaptations  644 

Ten statements that achieved consensus were coded as “Target Adaptations” (Table 7). A single 645 

statement reached 100% consensus (Table 7; Statement 1) reiterating the importance of testing, athlete 646 

specificity, and considering multiple outcomes. Experts agreed that neuromuscular improvements 647 

should be targeted through neck training (Table 7; Statement 2). In the present study, three of the five 648 

studies that did not report a beneficial effect of the intervention on head kinematics demonstrated 649 

increases in maximal isometric strength.56,78,80 A suggested explanation for this is that neuromuscular 650 

changes (eg, RFD), were not assessed and that interventions lacked a dynamic/stability/perturbation 651 

component.29,38,39,42,91 However, whilst many testing devices have demonstrated reliability for 652 

measuring maximal isometric strength, many are unable to assess RFD92 meaning that maximal 653 

isometric strength is a more accessible outcome variable to determine. This limits interpretation of the 654 

current literature as intervention effects on RFD are rarely reported. 655 

A single-cohort study of 16 college-male athletes demonstrated significant increase in neck extensor 656 

and left-lateral flexor strength with trends towards increased neck flexor and right-lateral flexor 657 

strength. However, there was no effect on EMG activity or head kinematic data during an American 658 

football tackle.94 This study was excluded from the review as the participants had “previous high school 659 

football” experience but the study did not specify if they were currently engaged in collision or combat 660 

sports; therefore, the effects of the intervention could not be separated from those of a normal 661 

training/playing programme. However, to the author's knowledge, this is the only study to have 662 

investigated the effects of neck training during a tackle. These results support the premise that increases 663 
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in isometric strength alone may not be sufficient to impact changes in head kinematics,56,78,85 but further 664 

research within collision-sport athletes is required.  665 

Additionally, Mansell and colleagues (2005)78 demonstrated a greater head-neck displacement and 666 

reduced sternocleidomastoid peak activity when force-application was unknown compared to known 667 

during forced-flexion and/or extension following an intervention. It is possible that when force is 668 

anticipated, there is a pre-activation of neck muscles allowing for the development of greater peak force 669 

over less time. Gilchrist et al.,91 highlighted in their review the importance of short-latency strength 670 

developed before impact as key in the modification of post-impact head kinematics. Whilst they could 671 

not present consistent evidence for a protective effect of higher peak neck strength on head-neck 672 

kinematics after impact, they found an attenuating effect of short-latency isometric neck muscle tension 673 

from studies comparing anticipated and unanticipated impacts. They suggested targeting increased 674 

gains in short-latency RFD could be an important, modifiable component to target for the reduction of 675 

concussion risk. Furthermore, it highlights the need for research in collision sports where impact may 676 

be unanticipated (eg, rugby tackle) compared to anticipated contact (eg, soccer heading). Additionally, 677 

in American football, athletes with higher cervical stiffness had reduced odds of sustaining moderate 678 

(OR, 0.77; 95% CI, 0.61-0.96) and severe (OR, 0.64; 95% CI, 0.46-0.89) HAEs than athletes with lower 679 

cervical stiffness95 and, whilst the effect on HAEs has yet to be explored, deep neck flexor endurance 680 

test time showed a clinically significant relationship with recovery from concussion (R=0.47; 681 

p=0.001).96 This highlights that consideration should be given to multiple components of the neck 682 

musculature, not just maximal strength. Both static and dynamic strength should be targeted by a neck 683 

intervention to reduce HAEs (Table 7; Statement 3).   684 

4.4.  Neck Training Guidelines: Neck Training Content  685 

Thirteen statements that achieved consensus were coded as “Neck Training Content” (Table 8). 686 

Two statements achieved >90% (Table 8, Statements 1&2) supporting the use of dynamic exercises 687 

targeting stability and not just maximal strength and the inclusion of exercises in all planes. Eleven 688 

studies55,56,73,76,78–82,85,87 included in the review only utilised exercises in the frontal and/or sagittal 689 
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planes, neglecting the transverse plane. Including rotational movements may be important for neck 690 

training to reduce HAEs as both linear and rotational acceleration are important components and a high 691 

magnitude of both/either may influence concussion and future brain health.2,97 The present study 692 

supports this as the interventions that resulted in increases in neck strength without impacting head 693 

acceleration did not include cervical rotation; however further research is required to investigate this. 694 

Additionally, it has biomechanical studies have suggested that rotational acceleration may be the 695 

primary contributor of concussion and persisting symptoms associated with concussion.2,97,98    696 

Two statements achieved a disagreement consensus (Table 8; Statements 6&9). These, along with 697 

a third statement that achieved agreement consensus, (Table 8; Statement 7), highlight the 698 

recommendation for a combination of isometric and isotonic exercises. Of the studies included in the 699 

review, twelve utilised either isometric or isotonic exercises individually55,56,72–75,78–80,82,84,86,88 and one 700 

utilised quasi-isometric exercises.87 Including mixed training modalities across a programme may allow 701 

for change in multiple components of strength as recommended in the previous statements. 702 

4.5.  Neck Training Guidelines: Athlete Adherence  703 

Three statements that reached consensus were coded as ‘Athlete Adherence’ (Table 9). Two reached 704 

100% consensus (Table 9; Statements 1&2) suggesting neck training adherence should be monitored 705 

and that athlete buy-in should be facilitated through athlete education. The final statement achieved 706 

consensus at 83% with an expert suggesting that whilst athlete autonomy is important, this should be 707 

developed once relative targets have been met. Of the studies included in the review, only five reported 708 

adherence, with a sixth excluding participants who did not complete all training. Monitoring athlete 709 

adherence is important as whilst the intervention may have been efficacious, outcome results may be 710 

biased towards the null if implementation is ineffective and athlete adherence is low. 711 

4.6. Clinical and Prevention Implications 712 

Reducing the magnitude and frequency of HAEs may have positive implications for athlete brain 713 

health. Improving the ability of neck musculature to produce and resist force presents a potential 714 
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modifiable factor to reduce the magnitude of HAEs and their potential negative consequences as a result 715 

of repeat exposure to HAEs in sport. However, current understanding of the effects of neck training on  716 

neck properties, injury incidence, and head kinematics remains limited, partially due to the variation 717 

and limitations of the research conducted to date. The consensus statements produced in this study can 718 

guide the design of future interventions studies in research to aid understanding of the influence of neck 719 

training on neck properties, injury incidence and head kinematics. Additionally, these consensus 720 

statements can be used to guide practice in settings where neck training may be new to practitioners 721 

and athletes. 722 

4.7.  Strengths and Limitations 723 

A limitation of this study is that no quantitative or meta-analyses were conducted due to the 724 

heterogeneity in study design, intervention content and assessment methods, making it difficult to fully 725 

ascertain the effects of neck training interventions. Furthermore, due to the time required to complete 726 

the Delphi process, the systematic review search was repeated and two studies70,71 were added. 727 

Additionally, two studies55,56 that required correspondence with the lead author were also included 728 

following the first round of the Delphi. Therefore, the panel were not presented with these studies during 729 

the first round. Additionally, interpretation of the current literature base may be limited by the variation 730 

in assessing maximal isometric neck strength. Comparisons between tests using different devices and 731 

following different protocols in different body positions cannot be made. Similarly, interpretations of 732 

neck training effects on head kinematics may be limited by the assessment methods. Six studies assessed 733 

changes in acceleration of the head using IMU or accelerometers attached to the skin or to the head via 734 

a band/cap which are susceptible to poor coupling with the skull, potentially leading to erroneous 735 

results.100  736 

The Delphi consensus included a multidisciplinary panel who were able to offer multiple views and 737 

bridge the gap between practical and research settings. There is potential for selection bias due to 738 

purposive sampling recruitment meaning that other potential experts did not have the opportunity to 739 

contribute; additionally, by allowing experts to recommend other members for the panel, there is 740 
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potential for confirmation bias due to the recommendation of others with similar views. However, this 741 

step was taken to identify experts beyond the primary research group’s knowledge. Whilst the aim was 742 

to create as diverse a panel as possible, the majority of experts were from the UK and USA and members 743 

may therefore not fully represent all possible perspectives (eg, lower-income countries). However, a 744 

strength of the panel is their experience across sports and populations from grassroots to elite.  745 

This study is the first to review the effects of all currently published neck training interventions 746 

across sports where HAEs may be common on neck characteristics, head/neck injury or head 747 

kinematics. Furthermore, to the author’s knowledge, this study is the first to have developed a set of 748 

guidelines for neck strength training. The broad set of consensus statements produced allows for 749 

adaptation across multiple sports, playing levels, and ages increasing the translation into real-world 750 

practice. Should neck training have a positive effect on reducing the magnitude of HAEs sustained by 751 

an athlete, this may have a positive impact on their brain health. As neck exercise training is a growing 752 

research area, in the future, new, sport-specific statements may need to be developed considering new 753 

research and intervention publications.  754 

4.8. Future Research  755 

Further high-quality research is still needed to establish a clear relationship between changes in 756 

neck characteristics (eg, RFD, maximal strength) and HAEs across multiple sports as indicated by the 757 

“very-low” evidence ratings. Only eight of the included studies assessed a priori sample sizes, meaning 758 

results may have been underpowered. Future studies should aim to conduct sample size calculation a 759 

priori to prevent this. Additionally, future research should consider intervention design to ensure 760 

feasibility in practice (ie, use of little/available equipment; completed alongside normal training). All 761 

bar one study79, which was rated as ‘poor’ quality, in this review presents data from collision-based 762 

team sports. This makes it challenging to generalise findings to combat sports, such as mixed martial 763 

arts, where the training periodisation and sporting demands are likely to be different. Furthermore, 764 

whilst difficult to blind participants to the introduction of a physical intervention, future interventions 765 

could look to implement a sham technique alongside the training intervention and the control in order 766 
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to mitigate a placebo effect. Moreover, the presence of a control group is essential as athletes may 767 

experience increases in neck strength throughout the course of a playing season alone.101 Currently, 768 

interventions targeting changes in head kinematics focus on external weight drops and purposeful 769 

heading in soccer. Further studies should investigate the effect of neck training on head kinematics in 770 

sport-specific situations (eg, rugby tackle and carry), across other sporting populations (eg, boxing, 771 

mixed martial arts) where HAEs frequently occur. Additionally, research in more senior 772 

amateur/professional, female cohorts and sporting populations other than rugby and soccer (eg, combat 773 

sport) is needed to help develop athlete/sport-specific interventions and understand sport-specific 774 

mechanisms of HAEs to determine the impact of neck training.   775 

Future intervention studies should consider utilising these guidelines. Interventions of longer 776 

durations (eg, >12 weeks, a whole season or macrocycle), that are progressive in nature and target other 777 

strength components (eg, RFD), not just maximal strength, would aid future applied practice and 778 

develop current understanding of the impact of neck training interventions. This would be aided by the 779 

development of a standardised protocol to assess RFD as well as maximal isometric strength. Studies 780 

involving the assessment of head kinematics in a greater variation of sport-specific situations would 781 

help develop research within these populations, provide normative data, and aid in the individualisation 782 

and sport-specification of future neck training programmes. Whilst the link between neck training and 783 

HAEs is limited, this may in part be explained by limitations in existing research therefore further 784 

research addressing these limitations will allow researchers and practitioners to determine whether neck 785 

training can reduce HAEs and possibly link this to brain health. The statements produced in this paper 786 

can help to guide this. 787 

4.9.  Conclusion 788 

In conclusion, this two-part systematic review and Delphi study summarises existing literature and 789 

presents guidelines for future neck training interventions. The systematic review identified 21 studies 790 

which were heterogeneous in study design and intervention content. Whilst neck training may play a 791 

mitigating role in HAEs, further intervention studies assessing multiple components of neck 792 
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musculature and head kinematics in multiple sports are required. The Delphi consensus on neck training 793 

to reduce HAEs in sport included 18 international experts with applied and research experience. Fifty-794 

seven statements, coded into five categories (ie, contextual factors, neck training periodisation, target 795 

adaptations, neck training content, and athlete adherence), achieved consensus ≥70%. These statements 796 

can act as guidelines to inform and align the future development and implementation of interventions 797 

targeting neck muscle properties to reduce HAEs in both research and applied settings. Whilst 798 

recognising the broad nature of these guidelines, they provide the first step in guiding future neck 799 

training interventions founded in clinical reasoning and traditional strength and conditioning principles 800 

that have yet to be applied in this area within research. Additionally, the broad nature of the guidelines 801 

allows for adaptation to different sports and athletes.  802 
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