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Evaluation of Effective Interventions and Preventions for Sport-Related Concussion: An Umbrella Review of the Evidence

Abstract
Introduction: Concussion is a type of mild traumatic brain injury caused by impact to the head, neck, or chest, damaging the brain as a result. Sports-Related Concussion is the most common rugby match-play injury. 
Methods: Multiple databases were systematically searched for populations for sports athletes involved in an intervention/prevention programme to reduce rates of concussion incidence.
Results: 11 systematic reviews were reviewed which reported inconsistent results in protective equipment, educational programmes, rule changes, and neck strength.
Conclusion: Educational programmes and rule changes may reduce collisions and head impacts. Protective equipment may reduce severity of SRC. Neck strengthening interventions may reduce SRC. It is apparent that many interventions and prevention strategies are necessary to mitigate the forces absorbed by the brain leading to TBI/SRC, though more research is necessary in all interventions to further evaluate their full effectiveness. 
Background
Concussion is type of traumatic brain injury (TBI) caused by a violent blow, or impact, to the head or upper chest causing the brain to knock against the side of the skull resulting in damage/ injury to the brain (Knight et al 2021).  Symptoms include headache, dizziness, confusion, memory loss, and cognitive impairment (Martini & Broglio, 2018). Sport related concussion (SRC) are considered to be mild TBI and have been indicated, by emergency department visits, to have increased by more than 85% in 8 -13-year-olds, and 200% in 14-19 year-olds (Knight et al., 2021). Though the increase may be a result of more accurate reporting due to improved awareness and education, there remains a prevalence of under-reporting by athletes (Griffin et al., 2017). According to Attwood et al. (2021) concussion is the most common rugby match-play injury. As rugby has over six million participants worldwide and the intense physical nature of the sport concussions account for as much as 4.5-25% of all injuries (Fraas & Burchiel, 2016; Griffin et al., 2017). During a season, professional rugby union athletes are likely to sustain multiple concussions and range from 4.73-9.05 (6-8%, Griffin et al., 2017) concussions per 1000 player exposures (Fraas & Burchiel, 2016). Within 7-10 days of the initial injury 80-90% of the signs and symptoms usually resolve themselves (Griffin et al., 2017). Though it is reported that some symptoms such as headache and dizziness may persist for months after initial injury (Martinin & Broglio, 2018). Attwood et al. (2021) shows that there is an increased risk in ‘second impact syndrome and subsequent injuries, and documented links with reduced cognitive function later in life (Griffin et al., 2017). 
Preventative measures for the reduction of concussions include head gear, mouth guards, rule changing on tackle height and contact, as well as playing technique to reduce exposure, and neck muscle strengthening exercises to reduce the incidence of concussion (Attwood et al., 2021; Knight et al., 2021). Though some such as head gear has lack of rigorous scientific research to gauge the benefit or risk of usage (Knight et al., 2021). Educational programs have been implemented in New Zealand (RugbySmart), South Africa (BokSmart), and UK (Activate) to reduce the incidence of concussions in rugby sport (Fraas & Burchiel, 2016). Activate is not strictly concussion related but injury prevention though it has concussion related components such as neck strengthening exercises (Attwood et al., 2021). 
According to Attwood et al. (2021) a decrease in acceleration of the head has been associated with greater neck strength and maybe a means to reduce incidence of concussions. Fraas & Burchiel (2016) have shown that after the implementation BokSmart program in South Africa have reported a decline in head, neck, and spine injuries. This shows a positive outcome of educational and exercise programs to reduce the incidence of concussions in rugby.
The evidence shows the high incidence of concussion in rugby and the short and possible long-term effects is an issue worth continued exploration. With the prospect of reducing concussions in rugby is possible with current evidence there are still problems with reporting, education, and training. With the risk of long term and later-life cognitive issues, making every effort to educate, train, and look after player’s health is of an utmost importance.
Methods
Protocol
The protocol for this umbrella review was completed #date# and followed the Prisma-P guidelines but was not registered with the PROSPERO database. The protocol contained the search strategy for this umbrella review outlining methods involved in the search, databases that will be used, keywords, and use of data. The populations included in the protocol were sports athletes of any age or gender, with an intervention compared to a control group with concussion or SRC incidence as an outcome. No significant deviations were made from the protocol. 
Search strategy
Search was carried out between 3/12/2021 and 15/12/2021 in the following databases: Trinity Library, ProQuest Central, Springer Journals, EBSCOhost, and SPORTDiscus. These were searched to identify relevant published literature that was peer-reviewed using key search terms. Key words for the search included: “sports related concussion”, prevention, intervention, protection, “head impact”, and “head injury”. These terms were used to develop search queries that narrowed down the returned and relevant articles. The search query that returned the most appropriate results and narrowed these results were a combination of the above key words in a Boolean search strategy. Databases were searched from 2010 as older papers may no longer be relevant to modern sport practice and up to date research. 

Inclusion Criteria
The inclusion criteria for studies were:
1. systematic reviews,
2.  measuring the effectiveness interventions, equipment, preventative measures, and/or reductions in sport related concussion (SRC). 
3. Including all age groups and sports,
4. The outcome was head injuries, head impacts and concussions, 
5. English language only unless translation was available (as there was no access to a translator, other languages were left out).

Exclusion Criteria
1. Articles other than systematic reviews.
2. Studies that did not analyse the effect an intervention or preventative measure of SRC.
3. Studies that were not in English without translation (as no access to a translator).
Quality Assessment
The included systematic reviews were assessed with the Amstar 2 (A Measurement Tool to Assess Systematic Reviews) tool (Shea et al., 2017). The ratings of the included reviews are provided in Table 1. in the appendix. Overall ratings for reviews included critically low, low, moderate and high score for critical appraisal. Though, it is strongly recommended by the authors that the individual rating of each question not be combined for an overall score, but rather consider the potential impact of each item rating (Shea et al., 2017). 
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	Table 1. Individual AMSTAR-2 item ratings and overall quality assessment of Sport-Related Concussion Prevention and Intervention Strategies Systematic Reviews (items 1-8)

	

	 
	AMSTAR-2 critical appraisal item

	 
	1
	2
	3
	4
	5
	6
	7
	8

	Systematic review/meta-analysis
	Did the research questions and inclusion criteria for the review include components of PICO?
	Did the report of the review contain an explicit statement that the review methods were established prior to conduct of the review and did the report justify any significant deviations from the protocol?
	Did the review authors explain their selection of the study designs for inclusion on the review?
	Did the review authors use a comprehensive literature search strategy?
	Did the review authors perform study selection in duplicate?
	Did the review authors perform data extraction in duplicate?
	Did the review authors provide a list of excluded studies and justify the exclusions?
	Did the review authors describe the included studies in adequate detail?

	Benson et al. (2013)
	Yes
	No
	No
	Partial Yes
	No
	No
	No
	No

	Cusimano et al. (2021)
	No
	Yes
	Yes
	No
	No
	No
	Partial Yes
	No

	Daly et al (2021)
	No
	No
	Yes
	Partial Yes
	Yes
	Yes
	Yes
	Partial Yes

	Elliot et al (2021)
	Yes
	Partial Yes
	Yes 
	No
	Yes
	Yes
	Yes
	No

	Emery, C.A et al., 2017     
	Yes
	No
	No
	Partial Yes
	Yes
	Yes
	No 
	No

	Enniss, T.M et al., 2018
	Yes
	No
	No 
	No
	No 
	No 
	No 
	No

	Fraas, M.R. and Burchiel, J. 2016
	No 
	No 
	No 
	Partial yes
	No
	No
	Partial Yes
	No 

	Knapik et al., 2019
	Yes 
	No
	No
	Partial Yes
	Yes 
	Yes 
	Partial Yes
	No 

	Makovec Knight et al. (2021)
	Yes
	No
	No
	No
	Yes
	No
	No
	Partial Yes

	Peek et al. (2019)
	Yes
	No
	No
	No
	Yes
	Yes
	No
	Partial Yes

	Phillips et al. (2016)
	Yes
	No
	No
	No
	No
	No
	No
	Partial yes

	Schneider et al. (2016)
	Yes
	No
	No
	No
	No
	No
	No
	No



	Table  (continued) Individual AMSTAR-2 item ratings and overall quality assessment of Sport-Related Concussion Prevention and Intervention Strategies Systematic Reviews (items 9-16)

	
	
AMSTAR-2 critical appraisal item

	 
	9
	10
	11
	12
	13
	14
	15
	16
	 

	Systematic review/meta-analysis
	Did the review authors use a satisfactory technique for assessing the risk of bias in individual studies that were included in the review?
	Did the review authors report on the sources of funding for the studies included in the review?
	If meta-analysis was justified, did the review authors use appropriate methods for statistical combination of results?
	If meta-analysis was performed, did the review authors assess the potential impact of risk of bias in individual studies on the results of the meta-analysis or other evidence synthesis?
	Did the review authors account for risk of bias in individual studies when interpreting/discussing the results of the review?
	Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review?
	If they performed quantitative synthesis, did the review authors carry out an adequate investigation of publication bias (small study bias) and discuss its likely impact on the results of the review?
	Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the review?
	AMSTAR-2 Quality Assessment

	Benson et al. (2013)
	No
	No
	No Meta
	No Meta
	No
	No
	No
	No
	Critically Low

	Cusimano et al. (2021)
	Partial Yes
	No
	No Meta
	No Meta
	No
	No
	No
	No
	Critically Low

	Daly et al (2021)
	Partial Yes
	Yes
	No Meta
	No Meta
	No
	No
	No
	Yes
	Critically Low

	Elliot et al (2021)
	Partial Yes
	No
	No
	No
	No
	Yes
	No
	Yes
	Critically Low

	Emery, C.A et al., 2017     
	Partial yes 
	No
	No
	No
	No
	No 
	No 
	No
	Critically Low

	Enniss, T.M et al., 2018
	No
	No
	No Meta
	No Meta
	No
	No
	No Meta
	No
	Critically Low

	Fraas, M.R. and Burchiel, J. 2016
	No
	 No
	No Meta 
	No Meta
	No 
	No 
	No Meta 
	No
	Critically Low

	Knapik et al., 2019
	No
	No 
	No
	No
	No
	No
	No
	No
	Critically Low

	Makovec Knight et al (2021)
	Partial Yes
	No
	No Meta
	No Meta
	No
	Yes
	No Meta
	Yes
	Critically Low 

	Peek et al. (2019)
	Partial Yes
	Yes
	No Meta
	No Meta
	No
	No
	No Meta
	No
	Critically Low

	Phillips et al. (2016)
	Partial Yes
	Yes
	No Meta
	No Meta
	Yes
	No
	No Meta
	No
	Critically Low

	Schneider et al. (2016)
	Partial Yes
	No
	No
	No
	Yes
	No
	No
	Yes
	Critically Low



Study Selection and Data Extraction
The following data was collected into a summary table (Table 2.): reference, review characteristics and objectives, databases searched & inclusive dates, primary and secondary outcome measures, number of primary studies or publications included, number of participants & characteristics, included & excluded studies & groups, intervention summary, main results, other results, and authors’ conclusion.
Results
Search Results
The Figure 1. is a flow chart that depicts the study selection. A total of 54 results were returned in the initial results. These were further reduced by removing any duplicates, and articles by title and abstract review not meeting the inclusion criteria. Fifteen articles were reviewed in full, with four papers being removed, as on further inspection did not include the appropriate criteria. 
Fig. 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of databases
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Studies included in review
(n =11)

Included

The excluded studies are (with references at end of paper): 
Castellanos et al. (2020)- on further inspection, this paper did contain reference to concussion but was not a systematic review.
Dobrosielski et al. (2021)- although being a systematic review, this paper was not measuring an intervention in relationship to a control group, specifically of concussion. 
Mooney et al. (2020)- not a systematic review on further inspection. This was a comprehensive review that did not contain adequate information and was excluded. 
Peek et al. (2020)- was excluded from the summary table as there was no direct evaluation of the intervention on SRC.  
Characteristics of studies
The twelve included reviews assessed the effect of an intervention or prevention to reduce sport-related concussions which are summarised in Table##. The systematic reviews included study designs such as: RCT (n=6), pilot RCT (n=1), cross-sectional (n=6), prospective cohort (n=5), retrospective cohort (n=4), ecological (n=3), case study (n=1), case control (n=3), controlled laboratory (n=1), quasi-experimental pilot (n=3), observational (n=2). Of these the reviews included interventions/preventions such as: helmets (n=2), softshell headgear(n=6), face shields (n=1), mouthguards (n=5), educational programmes (n=6), tackling technique (n=3), neck strengthening exercises (n=4), policy/rule change (n=5), safety coach (n=1), fair play rules (n=1), injury surveillance (n=1), and alternatives to tackle sport(n=1). 
Participants  
Many different sports were examined by the reviews included: American football (n=4), rugby (n=6), basketball (n=2), ice/field hockey (n=3), hand ball (n=1), soccer (n=2), bicycling (n=1), and taekwondo (n=1). The study participants were reported in ranges from youth 14 years and under (n=1), 15 years and older (n=1), years 12 and up (n=2), 12-29 years (n=), 19-29 years (n=1), 18-27 years (n=1), 16-25.5 years (n=1), and 5 years old football player to >40 cyclists. One review’s participants were recorded only as sports participants of any age, sport, or gender (Emery et al., 2017). Another review’s participants were reported by the sports included and not by how many participants were included (Knapik et al., 2019). 
Preliminary Interventions Effects/Main Findings/Discussion
Headgear (softshell)/Helmets/Face Shields
Headgear and helmets (and face shields) have been used as a counter measure to reduce injury to the head during sport and activities such as rugby, soccer, American football, hockey, skiing/snowboarding, and cycling. A total of six papers included in this review covered evaluation of the effectiveness of these interventions in reducing and preventing SRC. Benson et al (2013) reviewed headgear in rugby and revealed that concussion rates had no significant difference between those with headgear and those without. This result is also the same in a more recent review by Cusimano et al. (2021) that reported four studies showed insignificant reductions in neurological injuries (SCR) with the use of headgear. Research reviewed by Emery et al. (2017) shows headgear/helmets reduce the risk of traumatic brain injury including concussion in skiing and snowboarding. Though there was evidence in the same paper to support the proper fitting of helmets in youth American Football which reduced the severity of symptoms and duration. Regarding headgear in rugby and soccer, Emery et al. (2017) report inconsistent results form the review as two papers showed a significant protective effect while three papers demonstrated no protective effect against concussion with the use of headgear. The review by Ennis et al. (2018) reported a strong recommendation for the use of head protective equipment for the reduction of concussion in paediatric athletes. For the use of head protection in adult amateur athletes was the same strong recommendation. In the reported findings the sue of headgear/helmets reduced the risk of the severity of the head injury and mild traumatic brain injury (Ennis et al., 2018). These results showed a decrease in severe symptoms and increased play time missed due to SRC, though the overall incidence of concussion showed no difference. In the review by Makovec Knight et al. (2021) found no difference in the rates of concussion with or without HG in football and rugby. However, contrasting findings were reported in two included studies showing significantly lower risk of concussion with non-HG users (risk ratio (RR 0.63; 95% CI 0.41 to 0.98) and another reported a higher risk for non-HG users (RR 2.65; 95% CI 1.23 to 3.12). The results from Schneider et al. (2017) evaluated headgear and helmets reported a limited impact on reducing incidence of SRC during rugby. However, the authors report a possible complication by risk compensation, by which there is increased reckless activity by those wearing protective equipment (Schneider et al. 2017). The authors also report that well designed helmets may offer protection by diminishing trauma sustained from impacts that lead to skull fractures and superficial injuries, though doesn’t reduce brain movement within the cranium typical of SRC. In conclusion, helmets and headgear may not reduce SRC incidence in athletes though they may be able to reduce severe trauma and damage due to impact thus reducing severity of and time missed due to SRC. 
Mouthguards
Mouthguards have been proven to reduce orofacial injuries by Knapik et al. (2019) but little current evidence for the reduction or protection from concussion. Theories are that MGs absorb and dissipate the forces hitting the glenoid fossa by way of the mandible (Schneider et al., 2017). Benson et al. (2013) review literature on mouthguards in American football and reported the evidence for protection from SRC by using a custom fitted MG was limited. Cusimano et al. (2021) showed four studies showed inconclusive results of the effectiveness of mouthguards in reducing neurological injuries in rugby union. The use of mouthguards in basketball, hockey, and rugby reported in Emery et al. (2017) showed mixed results. Six papers in the review suggested a protective effect on the risk of concussion though none of the results were statistical significance. In the same review five studies compared custom mouthguards in football players which failed to show protective effects with exception of two papers that reported a reduced risk in wearing a custom mouthguard in high school football players (Emery et al., 2017). Ennis et al. (2018) reported no effect of MG protection from concussion in rugby players. Knapik et al. (2019) reviewed the impact of MG on the incidence of orofacial injuries and concussion. The risk of concussion between groups wearing and not wearing MGs was minimal. It was also reported that most of the included studies examining SRC did not include criteria for how they determined the injury. This may have skewed results due to under reporting or self-reporting inaccuracies. In the review by Schneider et al. (2019) two studies reported no reduction of TBIs in rugby players wearing MGs, while one study reported an increase in incidence in MG wearers. There was also reporting of the same increase in SRC in high school American football athletes wearing custom MGs. In contradiction, there was also reporting of custom MGs reducing incidence of SRC in the same population compared to using over the counter MGs attributed to custom MG being thicker. The reporting in these reviews showing inconsistent results to the effectiveness of MGs reducing SRC, though a custom MG may reduce risk of concussion due to a thicker material. 
Educational programmes and Rule Changes
Educational programmes to reduce injury, including SRC have been introduced in many countries such as RugbySmart (New Zealand) and BokSmart (South Africa).  Four studies included in the review by Cusimano et al. (2021) reported beneficial effects of management programmes and side-line checklists in reducing claims made to the Accident Compensation Corporation (ACC) for concussions and brain injuries. Emery et al. (2017) reported rule changes such as limiting contact practices (American football), and stricter enforcement of red cards for high elbows in soccer while heading, and disallowing body checking in hockey showed promising results. Reducing collision practice to not more than two per week led to 53% reduction of head contacts in practice 42% reduction in games high school football. Stricter red cards for high elbows in soccer heading duals demonstrated a reduced risk of 19%. A 67% reduction of SRC was reported in hockey leagues that disallowed body checking. A similar finding by Ennis et al. (2018) reports a reduction of SRC in younger ages playing ice hockey that prohibit body checking. The review by Ennis et al. (2018) reported a programme showing an improvement in attitude and increase in ability to identify SRC in youth coaches but evaluation of concussion incidence was not included in the study. Another included study on hockey reported increase in knowledge but not in behaviour or aggression and another a decrease in practice rate of SRC but not total concussions in youth American football. In 15 years and older a significant risk reduction of SRC was demonstrated in high school football reported by Ennis et al. (2018). This is suggested to lead to a possible reduction in high-risk activities. Fraas and Burchiel (2016) reviewed only educational programmes in rugby and concussion reduction. It was reported that all but two programmes did not report effectiveness in SRC risk reduction, with only two reporting on this. It was reported that brain/concussion injury claims with ACC showed a 10.7% reduction, and the number of days the athlete took to seek medical treatment decreased by two days from 6 to 4. It was suggested implementation of a nationwide multifaceted injury prevention strategy, with a focus on education, showed significant reductions in neurological injuries in rugby union. Philips and Crisco (2020) evaluated interventions in youth, high school, and collegiate American football of educational programmes and rule changes on concussion rates. These findings were shown to be that practice rates were lower, but game SRC rates were not significant in youth football. High school football showed overall SRC rate was not significant, practice rates were lower, game concussion rate was not significant, and practice and game impact rates were lower. Collegiate football reported game concussion rate lower and practice impact rate had team dependent decreases with rule changes. With educational intervention the overall impact rate was lower. Schneider et al. (2017) reported an educational programme that stresses awareness of pertinent issues in sports medicine, injury reduction strategies, proper tackling technique and restricting contact between players sustained significantly lower concussion rates in age-matched teams of 11–15-year-old football players. The authors suggest that the findings for SRC prevention utilising practice time restrictions and technique training may only afford limited benefits to an at-risk specific subset of the athletic population. From these results we can conclude that educational programmes and rule changes may reduce SRC rates in training and may also reduce impact rates in both practice and games. This may be by reducing collision practice, instilling proper tackling technique, and/or reducing high risk behaviours. To fully understand the impact of these changes and programmes implementation of record keeping evaluating the effectiveness of these interventions is required, though it is clearly of some benefit.
Neck strength
An increase in neck strength has been proposed to reduce incidence in SRC. The results from Daly et al. (2021) reported significant improvement in isometric neck strength in participants after intervention but not reducing incidence of SRC, while one included study showed dynamic neck strengthening training may reduce SRC injury risk. However, the overall results of the review reported a lack of evidence supporting neck strengthening interventions to reduce SRC in adult populations. The studies included in this review only reported on male participants, two of which focused on rugby union and one on American football. The authors advise to regard the three papers in the review with caution as there is a lack of power in the sample sizes. Elliot et al. (2021) reviewed literature containing neck strengthening exercises as an injury reduction program for SRC. Two observational studies included in the review reported higher neck strength was associated with lower risk of SRC. Four intervention studies reported injury reduction programmes which included neck exercises reduced the incidence of head and neck injuries including SRC. Ennis et al. (2018) reported studies that showed neck mass had an impact on concussion rates in athletes. Those participants that were measured to have lower neck circumference, lower neck to head circumference ratio, and lower overall neck strength in athletes who suffered SRC. The authors gave a conditional recommendation as an acceptable intervention to reduce SRC in adult amateur athletes. As the results are inconclusive as to whether neck strengthening exercise reduce incidence of SRC there is a moderate demonstration of evidence showing individuals with lower neck strength and lower neck mass had higher incidence of SRC. We can postulate that a higher neck strength may indeed reduce SRC incidence. 
Discussion
This systematic umbrella review aimed to summarise and evaluate effective interventions and preventions for sustaining a sports-related concussion from the published literature of systematic reviews since 2010. From the 11 included reviews all showed limited evidence to propose a single intervention or prevention strategy that reported a conclusive effect on reducing sport-related concussion rates. If the evidence is reviewed each intervention may have a small effect and combined may lead to a reduction in overall concussion incidence. As Ennis et al. (2018) was in favour of headgear/helmets not to reduce incidence but because the evidence reported a decrease in severity of concussion and reduction of time off due to SRC. This is a positive finding as mitigating the severity of concussion is the ultimate outcome of protecting athletes from traumatic brain injury. 
Neck strength was another factor that showed promise in mitigating head acceleration and brain injury. As reported by Peek et al. (2020) increases in neck strength leads to lower head acceleration, both linear and rotational, in purposeful heading in soccer. The authors suggested that lower head acceleration may reduce incidence of SRC, though the aim of that study was to measure head acceleration and after neck strengthening, not as an intervention to reduce SRC. With the limited evidence of the neck strengthening reducing concussion rates, it can be argued that the only benefit would be a strengthening of the neck muscles with a possibility to protect the brain from traumatic injury or at least reduce the severity. 
Educational programmes were shown to at least bring awareness to SRC and improve recognition and therefore early treatment. Although, it was shown not to reduce behaviour and aggression in hockey players the evidence does show that changing rules to reduce collision practice, head impacts, and stricter penalties for head impacts did reduce SRC incidence. 
Conclusion
In conclusion, the current evidence reported in this review suggests that comprehensive educational programmes, appropriate rule changes to avoid collisions and head impacts may reduce the incidence of impact in practice and games, and rates SRC in practice. While custom mouthguards and headgear/helmets show reductions in severity of head injuries and sports-related concussions and less time off from those injuries. And as an adjunct adding neck strengthening programmes may also help to reduce SRC incidence. It is apparent that many interventions and prevention strategies are necessary to mitigate the forces absorbed by the brain leading to TBI/SRC, though more research is necessary in all interventions to further evaluate their full effectiveness. 
Limitations
As the research contained here shows there are inconsistent findings from all the included reviews. Some showing a minimal effect with an intervention while another in the same review showed no significant effect. The inconsistent findings may be due to low critical quality of all the reviews included in this umbrella review as reported by the Amstar 2 critical appraisal tool. These may be due to a lack of methodology and reporting in the primary studies included in the systematic reviews as these were not able to be critically appraised by the author.
Funding/Conflicts
Not conflicts of interests were reported by the author and has received no funding in regard to writing this umbrella review. 
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Conclussion

		Benson et al., 2013		Systematic review of cross-sectional, prospective case series, case control, retrospective and prospective cohort, quasi-experimental or experimental study designs. To critically review the evidence to determine the
efficacy and effectiveness of protective equipment, rule
changes, neck strength and legislation in reducing sport
concussion risk.		Medline, Sports Discuss, EMBASE, PubMed, from 1946?/1998? to 2012		Concussion, game injury or time loss		1 cluster-randomised controlled trials, 2 cross-sectional		6921 participants aged 12+ years 		INCLUDED: a longitudinal cross sectional study of mouthguards, using 28 AFL players over 3 seasons. Incidence of concussion and assess risk factor in Austrailian non-pro male rugby players. Concussion rates in 3 arms of study: no headgear, standard headgear, modified headgear 		Customised mandibular orthotic (CMO), headgear 		Mean self-reported incidence prior to CMO use. Players reported always using headgear = reduced risk of sustaining concussion. No significant risk between 3 arms of the study. 				Little new evidence found for successful interventions to reduce concussion. No new valid evidence to suggest standard headgear in rugby reduces concussion. Limited evidence that mouthguards in american football reduce concussion.  
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		Cusimano et al., 2021		Systematic review. Objective was to evaluate the effectiveness of current neurological injury prevention strategies in rugby union		OVID Medline (1950 to May 2010), OVID HealthStar (1966 to May 2010), CINAHL (1981 to May 2010), Sport Discus (1800 to May 2010), PubMed (1948 to May 2010), Scholar's Portal Physical Education Index, Web of Science (1976 to May 2010), and the Cochrane Controlled Clinical Trials Register (CENTRAL from 1991 to May 2010)		Evaluated injury prevention strategies for rugby players and reported on neurological outcomes.		Systematic review including: 2 Randomised controlled trials, 2 prospective cohort design, 1 ecological study, 3 case series studies, 1 cohort study, 1 case-control study		12,151 participants aged from 12+ years old. (12-29 years)		Two studies assessed the effectiveness of headgear, 2 studies assessed the effectiveness of mouthguards 2 studies assessed the effectiveness of both headgear and mouthguards to prevent concussion during rugby.		Mouthguard, head gear, education prevention programme (RugbySmart) designed to educate rugby participants regarding physical conditioning, injury management, and safe tackling techniques in rugby. 		No association between mouthguards and reduction in concussion. 55 (48.2%) had previosuly suffered from concussion, 39 (71%) were not wearing gum shields and 16 (29.1%) were. No significant difference between the concussion injury rates of players with and without headgear. 				Current available evidence suggests multifaceted intervention programs combining education and rule enforcement implemented in a mandatory fashion are likely to be effective in reducing the incidence of neurological injuries among rugby players. Limited evidence that headgear and mouthguards prevent neurological injuries in rugby. 
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		Daly et al., 2021		The objective of this systematic literature review was to evaluate the evidence regarding the development of neck strength in reducing concussion and cervical spine injuries in adult amateur and professional sport populations. 		PubMed , CINAHL, Science Direct, and Web of Science databases		Primary objective: Investigate how effective a specific neck strengthening intervention would be on the isometric neck strength profile of professional male rugby players. Secondary outcome: baseline testing of isometric neck strength at the start of the season and at week 5 of the intervention		Systematic review including: Controlled laboratory study, quasi-experimental pilot study		50 participants aged 19-29 years old, male		Three studies examined the effects of a neck strengthening intervention on adult athletic populations after gathering baseline measures of isometric neck strength. Two of the papers examined standard isometric neck strength as an intervention while one paper examined a novel neck strengthening device.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program. The control arm should not include neck exercises.		No significant between-group differences in isometric neck strength were noted preintervention. Composite neck strength improvement favoured the intervention group				None of the studies reported any impact of neck
strengthening exercises on cervical spine injuries. This review has shown that there is currently a
lack of evidence to support the use of neck strengthening interventions in reducing impact injury
risk in adult populations who participate in sport. The evidence in this systematic literature review supports the most recent Consensus Statement on Concussion in Sport which states that prevention interventions using modifiable risk factors remain unclear in terms of possible interventions to prevent or reduce the risk of concussion in sport. Whether we examine neck strength interventions using gender, age, or under specific category of sports parameters, there is evidence to suggest that athlete education programs can be utilised as a strategy to reduce concussion risk in sport.
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		Elliot et al., 2021		Systematic review of the literature with a primary objective to determine the relationship between neck strength and sport-related head and neck injuries (including sport-related concussion (SRC). Secondary objective was whether neck exercise programs can reduce the incidence of (a) sport-related head and neck injuries; and (b) SRC.		Ovid MEDLINE, CINAHL, EMBASE, SPORTDiscus, and Web of Science		Primary outcome: observational studies report the association between incidence of head and/or neck injury and neck strength data, or intervention trials which report comparison data for the incidence of head and/or neck injury between the intervention and control arms.		2 observational studies, 2 cohort, 2 RCT's		10,745 particpants mean age 16 & 25.5 years old 		Two observational studies including male and female high school and university athletes explored the relationship between neck strength and SRC. Four experimental studies investigated the effect of an exercise intervention which included neck exercises on incidence of (a) head and/or neck injuries, and/or (b) SRC.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program.The control arm should not include neck exercises.		The results of two observational studies reported that higher neck strength, but not deep neck flexor endurance, is associated with a lower risk of sustaining a SRC. Four intervention studies demonstrated that injury reduction programs that included neck exercises can reduce the incidence of sport-related head and neck injuries including SRC.		Consideration should be given towards incorporating neck exercises into injury reduction exercise programs to reduce the incidence of sport-related head and neck injuries, including SRC.		This review provides limited evidence that greater neck 
strength and participation in injury reduction exercise 
programs which include neck exercises may reduce the 
incidence of sport-related head and neck injuries, includ�ing SRC. The inclusion as well as types of neck exercises 
incorporated into training programs for contact sports should 
be further explored, particularly in adolescent and female 
athletes who appear most likely to beneft.
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Charactersitics		Included & Excluded
Studies & Groups		Intervention Summary		Main Results		Other Results		Authors' 
Conclussion

		Emery, C.A et al., 2017                                                      		Systematic review according to the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis) guidelines to examine the effectiveness of 
concussion prevention strategies in reducing concussion 
risk in sport.		Relevant studies were identified through 11 electronic data - Ovid MEDLINE (R), CINAHL, PsycINFO, Cochrane Databases for Systematic and Complete Review, Cochrane Controlled Trials Registry, Cochrane Injuries Group Trials Register, SPORTDiscus, EMBASE, ERIC, Conference Proceedings Citation Index, ProQuest Dissertation & Theses Global Database		Primary: investigating an 
outcome of concussion or head impact Secondary: evaluating a
concussion prevention intervention		 In total, 48 
studies were identified and categorised by prevention strategy 
and sport. The majority of studies evaluated protective equipment (n=25) or rules and regulations (n=13), and the remainder 
examined other concussion prevention strategies. In total, only 5 of 48 (10.4%) 
studies are RCTs, with the remaining being cohort (n=20, 
41.7%), historical cohort (n=12), case-control (n=3), cross-sectional (n=5), pre-experimental (n=2) and ecological (n=1) studies. One study (2.1%) included female sport participants only, 41 (85.4%) included male sport participants only 
and 6 (12.5%) included both. Youth sport participants were 
targeted in 26 of 48 (54.2%) studies.		Sport participants		Elegible: 74.          Included: 48  Excluded:  29 were excluded based on manuscript evaluation by 
two independent reviewers (AMB, AK, CE, GM). 		Helmets, headgear, Mouthguards, Policy and rule changes, other strategies-vivion training, player safety coach, tackle training without pads/helmets, fair play rules, larger ice surface (ice hockey). 		The studies selected (n=48) provided evidence related to protective gear (helmets, headgear, mouthguards) (n=25), policy and rule changes (n=13) and other interventions (training, education, facilities) (n=10). Meta-analyses demonstrate a combined effect of a 70% reduction (incidence rate ratio (IRR)=0.3 (95% CI: 0.22 to 0.41)) in concussion risk in youth ice hockey leagues where policy disallows body checking, and the point estimate (IRR=0.8 (95% CI: 0.6 to 1.1)) suggests a protective effect of mouthguards in contact and collision sport (basketball, ice hockey, rugby).		Helmets: There is some evidence supporting the importance of appropriate helmet fit in youth football, with reduced symptom severity and duration 
reported with proper helmet fit. A helmet with thicker padding over zygoma and mandible was reported to reduce concussion risk by 40%/54%, in two different studies, in comparison to a standard helmet. Headgear: Two studies reported a significant effect of headger in professional rugby, while three papers demonstrated no effect of headgear, and two papers showed an effect of headgear in soccer that was not statistically significant. Mouthguards: The protective effect of wearing a mouthguard in comparison 
with no mouthguard was examined in eight studies (basketball,
hockey
 and rugby
) with mixed findings. Policy and rule changes: Disallowing body checks and head impacts may reduce risk of concussions. Other: 		The strongest and most consistent sport concussion preven�tion evidence evaluates body checking policy disallowing body 
checking in youth ice hockey, demonstrating a significant protec�tive effect in reducing the risk of concussion. This evidence 
has subsequently informed policy change in non-elite levels in 
older age groups and this requires further investigation. Further 
research is required to examine such rule changes in other 
collision sports, and alignment with biomechanical research to 
examine injury mechanisms is important. Regarding equipment, 
there is sufficient evidence in skiing/snowboarding to support 
strong recommendations and policy to mandate helmet use. The 
evidence for mouthguard use in preventing concussion is mixed, 
but meta-analysis suggests that there may be an overall protec�tive effect in collision sports that cannot be ignored and rigorous 
case-control designs are required. Future research should focus 
on evaluating evidence-informed concussion prevention strat�egies targeting sport-specific extrinsic (eg, rules of the game) 
and intrinsic (eg, previous concussion history) risk factors. 
Prospective evaluation study designs (eg, cohort studies, RCTs), 
valid injury surveillance systems, consideration of potential 
confounders (eg, concussion history) and common concussion 
outcome definitions are needed. Concussion definitions consis�tent with international consensus guidelines and consideration 
exposure data (ie, player participation) to accurately measure 
injury rates are essential. Psychological and sociocultural factors 
in sport play a role in the uptake and maintenance of any injury 
prevention strategy and require further consideration in evalu�ating concussion prevention strategies.
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		Enniss, T.M. et al., 2018		a systematic review of the literature to 
answer seven population, intervention, comparator, 
and outcomes (PICO) questions 		MEDLINE, PubMed, Scopus, Cumulative Index of Nursing and Allied Health Literature, and Embase 
(online supplementary appendix A).		Contact sports related concussions.		Include three randomized control trials, all of which contain significant
methodologic flaws. The remaining 28 studies were uncontrolled retrospective cohort or prospective observational
studies. Total 31 studeis.		Amateur athletes, both pediatric (age 14 or younger) and adult (non-professionals aged 15 years and older). 		Eligible: 143   Included (31)   Excluded (89): Case reports, expert opinion, non-sport studies.		Protective headgear, concussion education, neck mass exercise, and rule
modification.		 Conditional
recommendations are made supporting preventive interventions concussion education and rules prohibiting high�risk activity for both pediatric and adult amateur athletes and neck strengthening exercise in adult amateur athletes. Strong recommendations are supported for head protective equipment in both pediatric and adult
amateur athletes. Strong recommendations regarding newer football helmet technology in adult amateur athletes
and rules governing the implementation of body-checking in youth ice hockey are supported.		Other results suggest that there is strong recommendation for head protective 
equipment as a primary preventive 
intervention against sports-related 
concussions in pediatric athletes.		In summary, this represents the first systematic review of the literature pertaining to the primary prevention of
sports-related concussion. EAST applauds the advances that have been made 
in the evidence guiding the diagnosis and management of mild 
traumatic brain injury-related to sports. However, the greatest 
opportunity to impact overall injury burden lies in injury 
prevention. Future research will serve to more granularly define 
effective interventions to prevent sports-related concussion in 
pediatric and adult amateur athletes
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		Fraas, M.R. and Burchiel, J. 2016		 Systematically review on the content and level of evidence on concussion education/
prevention programmes in rugby union		PubMed, PsycInfo, MEDLINE, SPORTDiscuss, Webofscience, and conducted a
manual search for articles. 		Effectiveness of concussion education/ prevention programmes.		10 studies were inlcuded.		junior (n=2279) and adult (n=1624) rugby union athletes		Eligible: 366      Included: 10      Excluded: 356      Not addressing education, not focused on concussion, not reported in journal, not published in english		Education strategies to reduce concussion and injury surveillance and prevention programmes.		What they found is that there are several well-established concussion education and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such programmes.		When looking at other results there is some evidence to suggest that mandatory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries.		There are several well-established concussion edu�cation and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such pro�grammes. There is some evidence to suggest that man�datory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries. Ongoing efforts are
required to enhance the safety of rugby union athletes.
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		Knapik et al., 2019		A systematic review and meta-analysis of the efectiveness of MGs for the prevention of sports-related 
orofacial injuries and concussions.		PubMed, Ovid Embase, and the Cumulative Index to Nursing and Allied Health 
Literature were searched to fnd studies		Primary/secondary: sport-related orofacial injuries, concussions.		In total 26 studies were included in this review. Study designs included 8 non-randomized prospective cohort 
intervention studies ,2  non-randomized ret�rospective cohort studies, 4 one-group ecological 
intervention studies, 11 cross-sectional surveys, and a single randomized prospective 
cohort investigation.		Sports athletes: American football, rugby, basketball, ice hockey, field hockey, handball, taekwondo. 		Eligible: 112             Included:25         Excluded: 86        Excluded due to: lacked non MG group. lacked required data, MG and injury data reported
separately, aggregrated data not allowing
determination of denominators
or proportional injury data		Mouth guards: Stock over the counter, boil and bite, and custom. 		The results from this review suggest that MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG.		The current evidence indicates that MGs 
have little impact on reducing the incidence of concussions.		Despite diferences in injury defnitions and low methodo�logical quality of some studies, this review suggests that 
MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG. 
On the other hand, the current evidence indicates that MGs 
have little impact on reducing the incidence of concus�sions. The methodological quality of future studies could 
be improved by better descriptions of study participants, 
clear injury case defnitions, consideration of potential 
confounders, quantitative reporting of adverse events, 
multivariable statistical analysis, monitoring of compli�ance, and consideration of statistical power. MGs should 
be used in all sport activities where there is signifcant risk 
of orofacial injury.
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		Makovec Knight et al., 2021		Systematic review of in vivo studies to assess association between sports related concussion and soft shell head gear (HG) use and potential increase in injury risk in HG users.		Ovid MEDLINE, Cochrane Library, Scopus, PsycINFO,  and SPORTDiscus conducted in April 2020 of studies published after 1980		Primary: Incidence rates of SRC, Secondary: superficial head injury or other injuries.		All studies were published betweeen 2001 and 2019. 8 studies were eligible, 4 were prospective cohort injury surveilance, 2 were RCT, 1 was a pilot RCT, and 1 cross sectional.  		There were 2 football (soccer) and 6 rugby cohorts with a total of 12,064 participants. 3 studies included females representing 17% (2038) total participants. 		Elegible = 73. Inlcuded (8):  were youth <18 years, english language, invivo studies published after 1980, evaluating SRC and other injury incidence in HG users compared to non-users. 5 were exclusive of youth, others compromised mixed youth/adult ranging from 13-45 years old. Excluded (65): Lab studt or other design, hard shell helmets, alt outcome or population, not team sport, beofre 1980.		Effects of HG on rates of SRC (n=6), other body regions (n=4), head injury superficial to the skull (n=4) and frequency of impacts sustained to the head (n=1).  3 studies examined a combination of these outcomes, soft shell HG with SRC, superficial headinjuries, and other body regions. 		Eight studies were eligible. The majority (n=5) 
reported no difference in the rate of SRC among HG users 
versus non-users. One rugby study identified significantly 
lower risk of SRC for non-HG users (risk ratio (RR) 0.63; 
95% CI 0.41 to 0.98) compared with HG users, whereas a 
cross-sectional survey of soccer players indicated higher 
risk of SRC for non-HG users (RR 2.65; 95% CI 1.23 to 
3.12) compared with HG users. The findings do not support the use of the current and commercially available HG to prevent SRC in youth rugby or football. HG does not mitigated the forces invovled with head impacts. 		. Three of the four studies 
investigating superficial head injury found no significant 
differences with HG use, though the soccer survey 
reported reduced risk among HG users (RR 1.86; 95% CI 
0.09 to 0.11). Increased incidence of injuries to all body 
regions for rugby HG users was reported in two studies 
with adjusted RRs of 1.16 (95% CI 1.04 to 1.29) and 1.23 
(95% CI 1.00 to 1.50).		HG use was not associated with reduced 
rates of SRC or superficial head injury in youth soccer 
and rugby. The possibility of increased injury risk to all 
body regions for rugby HG users was raised. The need 
for research specific to youth and female athletes was 
highlighted.
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		Peek et al., 2020		Systematic review of the potential relationship betweeen neck strength and head acceleration during purposeful heading in soccer.		Protocol registered PROSPERO. EMBASE, MEDLINE, CINAHL, SportDiscus and Web of Science from first record to January 2019.		Primary: To measure the relationship betweeen isometric neck strength and  head acceleration in purposeful heading in soccer (football). Scenodary: Higher neck strength lowered linear and rotational acceleration. 		Of the 1174 potential papers eligible, 5 papers met inclusion criteria. All 5 were conducted in the USA between 2008 and 2018, and used cross-sectional research design. 		A total of 190 participants (67% female) and a mean age of 19 years (range 15-24 years) were recruited across the 5 studies. Playing level ranged from high school to division I and II collegiate level. Participants were excluded that had a recent head or neck injury. 		Inclusion: original research reporting on the relationship between neck strength and head impact and/or acceleration during purposeful heading in soccer, irrespective o fse, age, health status and/or playing level; experimental research designs with neck strengthening was the intervention; published in english, or translation availabe. Exclusion: reporting neck strength data without data related to had impact and/or acceleration specifically during purposeful heading; reporting muscle activation adn not neck strength during heading; reporting on relationship of neck strength and head impact and/or acceleration whilst participants were exposed to another intervention to reduce head impact/acceleration (head gear/mouth guards) unless data was reported from those without such exposure; editorials, systematic reviews, qualitative or unpublished studies without peer-review. 		All 5 studies reported mean isometric neck strength using hand held dynomometry. Four studies measured head acceleration using tri-axial acceleromoeter and one used vieo analysis. All 5 studies report results for linear head acceleration. 3 reported resuilts for rotational head acceleration. All used a simulated purposeful heading within a controlled environment (not training or match play). Balls were delivered by a ball pithing machine or a researcher  to mimic a throw-in. Participants were instructed to stad feet on the ground and aim the ball towards a target in front of them to the left or right or not reported. Area of impact was only reported in two studies. Participants were fitted with a force-sensitive resistor taped to the forehead that required the ball make contact with. 		From an initial search of 1174 potentially eligible papers, five cross-sectional studies met the
eligibility criteria for inclusion in this review. Data from cross-sectional studies indicate that higher
neck strength is associated with lower head acceleration during purposeful heading in soccer (p = <0.05;
r < −0.5).		Female participants exhibited statistically significant (p=<.001) lower neck strength on testing and greater head velocity during purposeful heading when compared to male participants. 		This review provides evidence that higher neck strength may lower head acceleration during
purposeful heading in soccer. Further research is required to determine the most effective method to
strengthen the neck musculature in soccer players.
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		Phillips and Crisco, 2020		Systematic review on the effectiveness of American footbal rules and behaviour interventions on head impacts and concussions.		PubMed, PsycINFO, Cochrane, Embase, ERIC, and Global Health searched between 15th November 2019 and 22 February 2020. 		Primary:Head injuries, head impacts and concussion; Secondary: magnitude of head impacts, location of head impacts, unintended consequences. 		From 1162 articles, duplicates and and excluded papers, 20 articles met inclusion criteria. These were published in peer-reviewed journals between 2013 and 2020. 		Total of 10,115 youth American football players. 2663 were in the intervention and 4286 were in the control or comparison group. Some studies did not specify groups. Experience, prior years played and was not mentioned in the included studies. High school football players: 6665 total participants, 4647 in the intervention, 2097 in the control/comparitor. Total number does not add up as two studies had participants that were in both groups. Only one study accounted for player experience. Collegiate American football: Total 726 participants, 461 intervention, 475 in control/comparison. Total number does not add up as some were in both groups. 		Included: RCTs, quasi-experimental, cohort studies, case control, and cross-sectional; American football- collegiate players, high-school and youth players; Comparison groups not receiving intervention or participating in rule change; head injuries/impacts/concussions; english language. Excluded: Studies analysing efectiveness of protective equipement such as helmets, neck collars, mouthguards; professional football; observational studies and review articles.		Three studies evaluated alternatives to tackle football, one an educational program, one a rule change, and one an educational program and a rule change. 		Youth football: Rule change (1) No change in the overall concussion rate
(2) The practice concussion rate ranged from
not significant to a lower concussion rate
(3) The change in the game concussion rate
was not significant
Educational
intervention:
(1) Practice concussion rate was lower
(2) The change in the game concussion rate
was not significant
Alternatives: (1) The overall concussion rate for flag football
was higher
(2) The overall concussion rate for TackleBar
was lower
(3) The game impact rate was lower in flag
football
(4) The practice impact rate was lower in flag
football ; High-school football: Rule change: (1) The practice concussion rate was lower
(2) There was no change in the game concussion rate
(3) The practice impact rate was lower
(4) The game impact rate was lower
Educational intervention:
(1) The change in overall concussion rate was
not significant
(2) The practice concussion rate was lower
(3) The change in game concussion rate was
not significant
(4) The practice impact rate was lower
(5) The game impact race was lower; Collegiate football: Rule change (1) The game concussion rate was lower
(2) The practice impact rate had team
dependent decreases
Educational intervention:
(1) The overall impact rate was lower
Training: (1) The game concussion rate was lower				Studies evaluating the effectiveness of interventions and regualtions on reducing head impact exposures on head injuries have shown mixed results. Some regulations may eb more effective than others, but methodological design and risk of bias pose limitations to generalise effects.
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		Schneider et al., 2017		The aim of the current review was to systematically identify, evaluate and synthesise trials that examine concussion prevention via equipment, educational programmes and training programmes.		PubMed and EBSCO host (CINAHL, MEDLINE, SPORTDiscus).		Primary aim to evaluate the efficacy of interventional protective equipement, training programmes and education in regards to concussion prevention. Secondary aim to evaluate the efficacy of headgear and face shields in preventing superficial injuries as reported in the included studies. 		15 articles met the inclusion criteria and were included in the present study. 		Of the 15 included studies, 7 evaluated helmets/headgear, 8 evaluated mouthguards,2 evaluated hockey face shields and one evaluated an American football tackling technique educational programme. No prospective studies were identified that evaluated training protocols. Six studies evaluated concussion incidence in rugby,6 evaluated American football,2 evaluated hockey,1 evaluated basketball and 1 evaluated bicycling. Three of 15 included studies evaluated both male and female participants. The age of participants evaluated in the included study ranged from 5-year-old football players to bicyclists >40 years old. One study evaluated rugby players in an under-15-year-old league, and the remaining 12 studies evaluated high school aged athletes (∼16 years old) and university/young professional athletes (∼21 years old). 		Inclusion: prospective study design, must report data on  and examine preventative  effect of equipement, training, or educational programmes on incidence of concussions in comparison to a control group; Excluded: Laboratory-based studies, further analyses on previously reported  prospective studies, written in language other than english, abstracts and review papers.		Protective equipement such as helmets and headgear, mouthguards, face shields, and American football tackling techique educational programme. 		14 studies evaluated interventions of novel protective equipment. One prospective investigation evaluated an educational programme. The relative risk of concussion for participants enrolled in the interventional arms of trials was not significantly different from that in standard practice arms (RR=0.78, 95% CI 0.55 to 1.11, χ2 =1.8, p=0.17; I2 =85.3%, 95% CI 71.5% to 90.8%). The relative risk of concussion for participants wearing protective equipment (ie, headgear, full face shields) relative to their counterparts wearing standard or no equipment, calculated from seven available reports, showed no effect of intervention (RR=0.82, 95% CI 0.56 to 1.20, χ2 =1.06, p=0.30; I2 =86.7%, 95% CI 73.3% to 91.8%). The relative risk of superficial head injury for participants wearing protective equipment relative to their counterparts, calculated from three reports, showed a significant risk reduction (RR=0.41, 95% CI 0.31 to 0.56, χ2 =34.13, p		Helmets may reduce the incidence of skull fracture and superficial head injuries. Mouthguards that are custom made are thicker than over the counter may reduce concussions. Face shields with full facial protection lowers risk of eyes injuries, dental injuries and facial lacerations compared to half face shields.  		Prospective controlled studies indicate that certain protective equipment (helmets/headgear, mouthguards and face shields) may prevent superficial head injury, but these items are suboptimal for concussion prevention in sport.  Existing trials show no difference in the relative risk of concussion in athletes wearing novel protective equipement relative to athletes wearing standard equipement. Some of these items may prevent superficial head injuries, as relative risk of these inuries in athletes wearing novel protective equipement was less than half of that of their counterparts. 
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		Benson et al., 2013		Systematic review of cross-sectional, prospective case series, case control, retrospective and prospective cohort, quasi-experimental or experimental study designs. To critically review the evidence to determine the
efficacy and effectiveness of protective equipment, rule
changes, neck strength and legislation in reducing sport
concussion risk.		Medline, Sports Discuss, EMBASE, PubMed, from 1946?/1998? to 2012		Concussion, game injury or time loss		1 cluster-randomised controlled trials, 2 cross-sectional		6921 participants aged 12+ years 		INCLUDED: a longitudinal cross sectional study of mouthguards, using 28 AFL players over 3 seasons. Incidence of concussion and assess risk factor in Austrailian non-pro male rugby players. Concussion rates in 3 arms of study: no headgear, standard headgear, modified headgear 		Customised mandibular orthotic (CMO), headgear 		Mean self-reported incidence prior to CMO use. Players reported always using headgear = reduced risk of sustaining concussion. No significant risk between 3 arms of the study. 				Little new evidence found for successful interventions to reduce concussion. No new valid evidence to suggest standard headgear in rugby reduces concussion. Limited evidence that mouthguards in american football reduce concussion.  
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		Cusimano et al., 2021		Systematic review. Objective was to evaluate the effectiveness of current neurological injury prevention strategies in rugby union		OVID Medline (1950 to May 2010), OVID HealthStar (1966 to May 2010), CINAHL (1981 to May 2010), Sport Discus (1800 to May 2010), PubMed (1948 to May 2010), Scholar's Portal Physical Education Index, Web of Science (1976 to May 2010), and the Cochrane Controlled Clinical Trials Register (CENTRAL from 1991 to May 2010)		Evaluated injury prevention strategies for rugby players and reported on neurological outcomes.		Systematic review including: 2 Randomised controlled trials, 2 prospective cohort design, 1 ecological study, 3 case series studies, 1 cohort study, 1 case-control study		12,151 participants aged from 12+ years old. (12-29 years)		Two studies assessed the effectiveness of headgear, 2 studies assessed the effectiveness of mouthguards 2 studies assessed the effectiveness of both headgear and mouthguards to prevent concussion during rugby.		Mouthguard, head gear, education prevention programme (RugbySmart) designed to educate rugby participants regarding physical conditioning, injury management, and safe tackling techniques in rugby. 		No association between mouthguards and reduction in concussion. 55 (48.2%) had previosuly suffered from concussion, 39 (71%) were not wearing gum shields and 16 (29.1%) were. No significant difference between the concussion injury rates of players with and without headgear. 				Current available evidence suggests multifaceted intervention programs combining education and rule enforcement implemented in a mandatory fashion are likely to be effective in reducing the incidence of neurological injuries among rugby players. Limited evidence that headgear and mouthguards prevent neurological injuries in rugby. 
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		Daly et al., 2021		The objective of this systematic literature review was to evaluate the evidence regarding the development of neck strength in reducing concussion and cervical spine injuries in adult amateur and professional sport populations. 		PubMed , CINAHL, Science Direct, and Web of Science databases		Primary objective: Investigate how effective a specific neck strengthening intervention would be on the isometric neck strength profile of professional male rugby players. Secondary outcome: baseline testing of isometric neck strength at the start of the season and at week 5 of the intervention		Systematic review including: Controlled laboratory study, quasi-experimental pilot study		50 participants aged 19-29 years old, male		Three studies examined the effects of a neck strengthening intervention on adult athletic populations after gathering baseline measures of isometric neck strength. Two of the papers examined standard isometric neck strength as an intervention while one paper examined a novel neck strengthening device.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program. The control arm should not include neck exercises.		No significant between-group differences in isometric neck strength were noted preintervention. Composite neck strength improvement favoured the intervention group				None of the studies reported any impact of neck
strengthening exercises on cervical spine injuries. This review has shown that there is currently a
lack of evidence to support the use of neck strengthening interventions in reducing impact injury
risk in adult populations who participate in sport. The evidence in this systematic literature review supports the most recent Consensus Statement on Concussion in Sport which states that prevention interventions using modifiable risk factors remain unclear in terms of possible interventions to prevent or reduce the risk of concussion in sport. Whether we examine neck strength interventions using gender, age, or under specific category of sports parameters, there is evidence to suggest that athlete education programs can be utilised as a strategy to reduce concussion risk in sport.
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		Elliot et al., 2021		Systematic review of the literature with a primary objective to determine the relationship between neck strength and sport-related head and neck injuries (including sport-related concussion (SRC). Secondary objective was whether neck exercise programs can reduce the incidence of (a) sport-related head and neck injuries; and (b) SRC.		Ovid MEDLINE, CINAHL, EMBASE, SPORTDiscus, and Web of Science		Primary outcome: observational studies report the association between incidence of head and/or neck injury and neck strength data, or intervention trials which report comparison data for the incidence of head and/or neck injury between the intervention and control arms.		2 observational studies, 2 cohort, 2 RCT's		10,745 particpants mean age 16 & 25.5 years old 		Two observational studies including male and female high school and university athletes explored the relationship between neck strength and SRC. Four experimental studies investigated the effect of an exercise intervention which included neck exercises on incidence of (a) head and/or neck injuries, and/or (b) SRC.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program.The control arm should not include neck exercises.		The results of two observational studies reported that higher neck strength, but not deep neck flexor endurance, is associated with a lower risk of sustaining a SRC. Four intervention studies demonstrated that injury reduction programs that included neck exercises can reduce the incidence of sport-related head and neck injuries including SRC.		Consideration should be given towards incorporating neck exercises into injury reduction exercise programs to reduce the incidence of sport-related head and neck injuries, including SRC.		This review provides limited evidence that greater neck 
strength and participation in injury reduction exercise 
programs which include neck exercises may reduce the 
incidence of sport-related head and neck injuries, includ�ing SRC. The inclusion as well as types of neck exercises 
incorporated into training programs for contact sports should 
be further explored, particularly in adolescent and female 
athletes who appear most likely to beneft.
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		Emery, C.A et al., 2017                                                      		Systematic review according to the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis) guidelines to examine the effectiveness of 
concussion prevention strategies in reducing concussion 
risk in sport.		Relevant studies were identified through 11 electronic data - Ovid MEDLINE (R), CINAHL, PsycINFO, Cochrane Databases for Systematic and Complete Review, Cochrane Controlled Trials Registry, Cochrane Injuries Group Trials Register, SPORTDiscus, EMBASE, ERIC, Conference Proceedings Citation Index, ProQuest Dissertation & Theses Global Database		Primary: investigating an 
outcome of concussion or head impact Secondary: evaluating a
concussion prevention intervention		 In total, 48 
studies were identified and categorised by prevention strategy 
and sport. The majority of studies evaluated protective equipment (n=25) or rules and regulations (n=13), and the remainder 
examined other concussion prevention strategies. In total, only 5 of 48 (10.4%) 
studies are RCTs, with the remaining being cohort (n=20, 
41.7%), historical cohort (n=12), case-control (n=3), cross-sectional (n=5), pre-experimental (n=2) and ecological (n=1) studies. One study (2.1%) included female sport participants only, 41 (85.4%) included male sport participants only 
and 6 (12.5%) included both. Youth sport participants were 
targeted in 26 of 48 (54.2%) studies.		Sport participants		Elegible: 74.          Included: 48  Excluded:  29 were excluded based on manuscript evaluation by 
two independent reviewers (AMB, AK, CE, GM). 		Helmets, headgear, Mouthguards, Policy and rule changes, other strategies-vivion training, player safety coach, tackle training without pads/helmets, fair play rules, larger ice surface (ice hockey). 		The studies selected (n=48) provided evidence related to protective gear (helmets, headgear, mouthguards) (n=25), policy and rule changes (n=13) and other interventions (training, education, facilities) (n=10). Meta-analyses demonstrate a combined effect of a 70% reduction (incidence rate ratio (IRR)=0.3 (95% CI: 0.22 to 0.41)) in concussion risk in youth ice hockey leagues where policy disallows body checking, and the point estimate (IRR=0.8 (95% CI: 0.6 to 1.1)) suggests a protective effect of mouthguards in contact and collision sport (basketball, ice hockey, rugby).		Helmets: There is some evidence supporting the importance of appropriate helmet fit in youth football, with reduced symptom severity and duration 
reported with proper helmet fit. A helmet with thicker padding over zygoma and mandible was reported to reduce concussion risk by 40%/54%, in two different studies, in comparison to a standard helmet. Headgear: Two studies reported a significant effect of headger in professional rugby, while three papers demonstrated no effect of headgear, and two papers showed an effect of headgear in soccer that was not statistically significant. Mouthguards: The protective effect of wearing a mouthguard in comparison 
with no mouthguard was examined in eight studies (basketball,
hockey
 and rugby
) with mixed findings. Policy and rule changes: Disallowing body checks and head impacts may reduce risk of concussions. Other: 		The strongest and most consistent sport concussion preven�tion evidence evaluates body checking policy disallowing body 
checking in youth ice hockey, demonstrating a significant protec�tive effect in reducing the risk of concussion. This evidence 
has subsequently informed policy change in non-elite levels in 
older age groups and this requires further investigation. Further 
research is required to examine such rule changes in other 
collision sports, and alignment with biomechanical research to 
examine injury mechanisms is important. Regarding equipment, 
there is sufficient evidence in skiing/snowboarding to support 
strong recommendations and policy to mandate helmet use. The 
evidence for mouthguard use in preventing concussion is mixed, 
but meta-analysis suggests that there may be an overall protec�tive effect in collision sports that cannot be ignored and rigorous 
case-control designs are required. Future research should focus 
on evaluating evidence-informed concussion prevention strat�egies targeting sport-specific extrinsic (eg, rules of the game) 
and intrinsic (eg, previous concussion history) risk factors. 
Prospective evaluation study designs (eg, cohort studies, RCTs), 
valid injury surveillance systems, consideration of potential 
confounders (eg, concussion history) and common concussion 
outcome definitions are needed. Concussion definitions consis�tent with international consensus guidelines and consideration 
exposure data (ie, player participation) to accurately measure 
injury rates are essential. Psychological and sociocultural factors 
in sport play a role in the uptake and maintenance of any injury 
prevention strategy and require further consideration in evalu�ating concussion prevention strategies.
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		Enniss, T.M. et al., 2018		a systematic review of the literature to 
answer seven population, intervention, comparator, 
and outcomes (PICO) questions 		MEDLINE, PubMed, Scopus, Cumulative Index of Nursing and Allied Health Literature, and Embase 
(online supplementary appendix A).		Contact sports related concussions.		Include three randomized control trials, all of which contain significant
methodologic flaws. The remaining 28 studies were uncontrolled retrospective cohort or prospective observational
studies. Total 31 studeis.		Amateur athletes, both pediatric (age 14 or younger) and adult (non-professionals aged 15 years and older). 		Eligible: 143   Included (31)   Excluded (89): Case reports, expert opinion, non-sport studies.		Protective headgear, concussion education, neck mass exercise, and rule
modification.		 Conditional
recommendations are made supporting preventive interventions concussion education and rules prohibiting high�risk activity for both pediatric and adult amateur athletes and neck strengthening exercise in adult amateur athletes. Strong recommendations are supported for head protective equipment in both pediatric and adult
amateur athletes. Strong recommendations regarding newer football helmet technology in adult amateur athletes
and rules governing the implementation of body-checking in youth ice hockey are supported.		Other results suggest that there is strong recommendation for head protective 
equipment as a primary preventive 
intervention against sports-related 
concussions in pediatric athletes.		In summary, this represents the first systematic review of the literature pertaining to the primary prevention of
sports-related concussion. EAST applauds the advances that have been made 
in the evidence guiding the diagnosis and management of mild 
traumatic brain injury-related to sports. However, the greatest 
opportunity to impact overall injury burden lies in injury 
prevention. Future research will serve to more granularly define 
effective interventions to prevent sports-related concussion in 
pediatric and adult amateur athletes
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		Fraas, M.R. and Burchiel, J. 2016		 Systematically review on the content and level of evidence on concussion education/
prevention programmes in rugby union		PubMed, PsycInfo, MEDLINE, SPORTDiscuss, Webofscience, and conducted a
manual search for articles. 		Effectiveness of concussion education/ prevention programmes.		10 studies were inlcuded.		junior (n=2279) and adult (n=1624) rugby union athletes		Eligible: 366      Included: 10      Excluded: 356      Not addressing education, not focused on concussion, not reported in journal, not published in english		Education strategies to reduce concussion and injury surveillance and prevention programmes.		What they found is that there are several well-established concussion education and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such programmes.		When looking at other results there is some evidence to suggest that mandatory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries.		There are several well-established concussion edu�cation and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such pro�grammes. There is some evidence to suggest that man�datory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries. Ongoing efforts are
required to enhance the safety of rugby union athletes.
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		Knapik et al., 2019		A systematic review and meta-analysis of the efectiveness of MGs for the prevention of sports-related 
orofacial injuries and concussions.		PubMed, Ovid Embase, and the Cumulative Index to Nursing and Allied Health 
Literature were searched to fnd studies		Primary/secondary: sport-related orofacial injuries, concussions.		In total 26 studies were included in this review. Study designs included 8 non-randomized prospective cohort 
intervention studies ,2  non-randomized ret�rospective cohort studies, 4 one-group ecological 
intervention studies, 11 cross-sectional surveys, and a single randomized prospective 
cohort investigation.		Sports athletes: American football, rugby, basketball, ice hockey, field hockey, handball, taekwondo. 		Eligible: 112             Included:25         Excluded: 86        Excluded due to: lacked non MG group. lacked required data, MG and injury data reported
separately, aggregrated data not allowing
determination of denominators
or proportional injury data		Mouth guards: Stock over the counter, boil and bite, and custom. 		The results from this review suggest that MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG.		The current evidence indicates that MGs 
have little impact on reducing the incidence of concussions.		Despite diferences in injury defnitions and low methodo�logical quality of some studies, this review suggests that 
MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG. 
On the other hand, the current evidence indicates that MGs 
have little impact on reducing the incidence of concus�sions. The methodological quality of future studies could 
be improved by better descriptions of study participants, 
clear injury case defnitions, consideration of potential 
confounders, quantitative reporting of adverse events, 
multivariable statistical analysis, monitoring of compli�ance, and consideration of statistical power. MGs should 
be used in all sport activities where there is signifcant risk 
of orofacial injury.
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		Makovec Knight et al., 2021		Systematic review of in vivo studies to assess association between sports related concussion and soft shell head gear (HG) use and potential increase in injury risk in HG users.		Ovid MEDLINE, Cochrane Library, Scopus, PsycINFO,  and SPORTDiscus conducted in April 2020 of studies published after 1980		Primary: Incidence rates of SRC, Secondary: superficial head injury or other injuries.		All studies were published betweeen 2001 and 2019. 8 studies were eligible, 4 were prospective cohort injury surveilance, 2 were RCT, 1 was a pilot RCT, and 1 cross sectional.  		There were 2 football (soccer) and 6 rugby cohorts with a total of 12,064 participants. 3 studies included females representing 17% (2038) total participants. 		Elegible = 73. Inlcuded (8):  were youth <18 years, english language, invivo studies published after 1980, evaluating SRC and other injury incidence in HG users compared to non-users. 5 were exclusive of youth, others compromised mixed youth/adult ranging from 13-45 years old. Excluded (65): Lab studt or other design, hard shell helmets, alt outcome or population, not team sport, beofre 1980.		Effects of HG on rates of SRC (n=6), other body regions (n=4), head injury superficial to the skull (n=4) and frequency of impacts sustained to the head (n=1).  3 studies examined a combination of these outcomes, soft shell HG with SRC, superficial headinjuries, and other body regions. 		Eight studies were eligible. The majority (n=5) 
reported no difference in the rate of SRC among HG users 
versus non-users. One rugby study identified significantly 
lower risk of SRC for non-HG users (risk ratio (RR) 0.63; 
95% CI 0.41 to 0.98) compared with HG users, whereas a 
cross-sectional survey of soccer players indicated higher 
risk of SRC for non-HG users (RR 2.65; 95% CI 1.23 to 
3.12) compared with HG users. The findings do not support the use of the current and commercially available HG to prevent SRC in youth rugby or football. HG does not mitigated the forces invovled with head impacts. 		. Three of the four studies 
investigating superficial head injury found no significant 
differences with HG use, though the soccer survey 
reported reduced risk among HG users (RR 1.86; 95% CI 
0.09 to 0.11). Increased incidence of injuries to all body 
regions for rugby HG users was reported in two studies 
with adjusted RRs of 1.16 (95% CI 1.04 to 1.29) and 1.23 
(95% CI 1.00 to 1.50).		HG use was not associated with reduced 
rates of SRC or superficial head injury in youth soccer 
and rugby. The possibility of increased injury risk to all 
body regions for rugby HG users was raised. The need 
for research specific to youth and female athletes was 
highlighted.
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		Peek et al., 2020		Systematic review of the potential relationship betweeen neck strength and head acceleration during purposeful heading in soccer.		Protocol registered PROSPERO. EMBASE, MEDLINE, CINAHL, SportDiscus and Web of Science from first record to January 2019.		Primary: To measure the relationship betweeen isometric neck strength and  head acceleration in purposeful heading in soccer (football). Scenodary: Higher neck strength lowered linear and rotational acceleration. 		Of the 1174 potential papers eligible, 5 papers met inclusion criteria. All 5 were conducted in the USA between 2008 and 2018, and used cross-sectional research design. 		A total of 190 participants (67% female) and a mean age of 19 years (range 15-24 years) were recruited across the 5 studies. Playing level ranged from high school to division I and II collegiate level. Participants were excluded that had a recent head or neck injury. 		Inclusion: original research reporting on the relationship between neck strength and head impact and/or acceleration during purposeful heading in soccer, irrespective o fse, age, health status and/or playing level; experimental research designs with neck strengthening was the intervention; published in english, or translation availabe. Exclusion: reporting neck strength data without data related to had impact and/or acceleration specifically during purposeful heading; reporting muscle activation adn not neck strength during heading; reporting on relationship of neck strength and head impact and/or acceleration whilst participants were exposed to another intervention to reduce head impact/acceleration (head gear/mouth guards) unless data was reported from those without such exposure; editorials, systematic reviews, qualitative or unpublished studies without peer-review. 		All 5 studies reported mean isometric neck strength using hand held dynomometry. Four studies measured head acceleration using tri-axial acceleromoeter and one used vieo analysis. All 5 studies report results for linear head acceleration. 3 reported resuilts for rotational head acceleration. All used a simulated purposeful heading within a controlled environment (not training or match play). Balls were delivered by a ball pithing machine or a researcher  to mimic a throw-in. Participants were instructed to stad feet on the ground and aim the ball towards a target in front of them to the left or right or not reported. Area of impact was only reported in two studies. Participants were fitted with a force-sensitive resistor taped to the forehead that required the ball make contact with. 		From an initial search of 1174 potentially eligible papers, five cross-sectional studies met the
eligibility criteria for inclusion in this review. Data from cross-sectional studies indicate that higher
neck strength is associated with lower head acceleration during purposeful heading in soccer (p = <0.05;
r < −0.5).		Female participants exhibited statistically significant (p=<.001) lower neck strength on testing and greater head velocity during purposeful heading when compared to male participants. 		This review provides evidence that higher neck strength may lower head acceleration during
purposeful heading in soccer. Further research is required to determine the most effective method to
strengthen the neck musculature in soccer players.
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		Phillips and Crisco, 2020		Systematic review on the effectiveness of American footbal rules and behaviour interventions on head impacts and concussions.		PubMed, PsycINFO, Cochrane, Embase, ERIC, and Global Health searched between 15th November 2019 and 22 February 2020. 		Primary:Head injuries, head impacts and concussion; Secondary: magnitude of head impacts, location of head impacts, unintended consequences. 		From 1162 articles, duplicates and and excluded papers, 20 articles met inclusion criteria. These were published in peer-reviewed journals between 2013 and 2020. 		Total of 10,115 youth American football players. 2663 were in the intervention and 4286 were in the control or comparison group. Some studies did not specify groups. Experience, prior years played and was not mentioned in the included studies. High school football players: 6665 total participants, 4647 in the intervention, 2097 in the control/comparitor. Total number does not add up as two studies had participants that were in both groups. Only one study accounted for player experience. Collegiate American football: Total 726 participants, 461 intervention, 475 in control/comparison. Total number does not add up as some were in both groups. 		Included: RCTs, quasi-experimental, cohort studies, case control, and cross-sectional; American football- collegiate players, high-school and youth players; Comparison groups not receiving intervention or participating in rule change; head injuries/impacts/concussions; english language. Excluded: Studies analysing efectiveness of protective equipement such as helmets, neck collars, mouthguards; professional football; observational studies and review articles.		Three studies evaluated alternatives to tackle football, one an educational program, one a rule change, and one an educational program and a rule change. 		Youth football: Rule change (1) No change in the overall concussion rate
(2) The practice concussion rate ranged from
not significant to a lower concussion rate
(3) The change in the game concussion rate
was not significant
Educational
intervention:
(1) Practice concussion rate was lower
(2) The change in the game concussion rate
was not significant
Alternatives: (1) The overall concussion rate for flag football
was higher
(2) The overall concussion rate for TackleBar
was lower
(3) The game impact rate was lower in flag
football
(4) The practice impact rate was lower in flag
football ; High-school football: Rule change: (1) The practice concussion rate was lower
(2) There was no change in the game concussion rate
(3) The practice impact rate was lower
(4) The game impact rate was lower
Educational intervention:
(1) The change in overall concussion rate was
not significant
(2) The practice concussion rate was lower
(3) The change in game concussion rate was
not significant
(4) The practice impact rate was lower
(5) The game impact race was lower; Collegiate football: Rule change (1) The game concussion rate was lower
(2) The practice impact rate had team
dependent decreases
Educational intervention:
(1) The overall impact rate was lower
Training: (1) The game concussion rate was lower				Studies evaluating the effectiveness of interventions and regualtions on reducing head impact exposures on head injuries have shown mixed results. Some regulations may eb more effective than others, but methodological design and risk of bias pose limitations to generalise effects.
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		Schneider et al., 2017		The aim of the current review was to systematically identify, evaluate and synthesise trials that examine concussion prevention via equipment, educational programmes and training programmes.		PubMed and EBSCO host (CINAHL, MEDLINE, SPORTDiscus).		Primary aim to evaluate the efficacy of interventional protective equipement, training programmes and education in regards to concussion prevention. Secondary aim to evaluate the efficacy of headgear and face shields in preventing superficial injuries as reported in the included studies. 		15 articles met the inclusion criteria and were included in the present study. 		Of the 15 included studies, 7 evaluated helmets/headgear, 8 evaluated mouthguards,2 evaluated hockey face shields and one evaluated an American football tackling technique educational programme. No prospective studies were identified that evaluated training protocols. Six studies evaluated concussion incidence in rugby,6 evaluated American football,2 evaluated hockey,1 evaluated basketball and 1 evaluated bicycling. Three of 15 included studies evaluated both male and female participants. The age of participants evaluated in the included study ranged from 5-year-old football players to bicyclists >40 years old. One study evaluated rugby players in an under-15-year-old league, and the remaining 12 studies evaluated high school aged athletes (∼16 years old) and university/young professional athletes (∼21 years old). 		Inclusion: prospective study design, must report data on  and examine preventative  effect of equipement, training, or educational programmes on incidence of concussions in comparison to a control group; Excluded: Laboratory-based studies, further analyses on previously reported  prospective studies, written in language other than english, abstracts and review papers.		Protective equipement such as helmets and headgear, mouthguards, face shields, and American football tackling techique educational programme. 		14 studies evaluated interventions of novel protective equipment. One prospective investigation evaluated an educational programme. The relative risk of concussion for participants enrolled in the interventional arms of trials was not significantly different from that in standard practice arms (RR=0.78, 95% CI 0.55 to 1.11, χ2 =1.8, p=0.17; I2 =85.3%, 95% CI 71.5% to 90.8%). The relative risk of concussion for participants wearing protective equipment (ie, headgear, full face shields) relative to their counterparts wearing standard or no equipment, calculated from seven available reports, showed no effect of intervention (RR=0.82, 95% CI 0.56 to 1.20, χ2 =1.06, p=0.30; I2 =86.7%, 95% CI 73.3% to 91.8%). The relative risk of superficial head injury for participants wearing protective equipment relative to their counterparts, calculated from three reports, showed a significant risk reduction (RR=0.41, 95% CI 0.31 to 0.56, χ2 =34.13, p		Helmets may reduce the incidence of skull fracture and superficial head injuries. Mouthguards that are custom made are thicker than over the counter may reduce concussions. Face shields with full facial protection lowers risk of eyes injuries, dental injuries and facial lacerations compared to half face shields.  		Prospective controlled studies indicate that certain protective equipment (helmets/headgear, mouthguards and face shields) may prevent superficial head injury, but these items are suboptimal for concussion prevention in sport.  Existing trials show no difference in the relative risk of concussion in athletes wearing novel protective equipement relative to athletes wearing standard equipement. Some of these items may prevent superficial head injuries, as relative risk of these inuries in athletes wearing novel protective equipement was less than half of that of their counterparts. 
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		Benson et al., 2013		Systematic review of cross-sectional, prospective case series, case control, retrospective and prospective cohort, quasi-experimental or experimental study designs. To critically review the evidence to determine the
efficacy and effectiveness of protective equipment, rule
changes, neck strength and legislation in reducing sport
concussion risk.		Medline, Sports Discuss, EMBASE, PubMed, from 1946?/1998? to 2012		Concussion, game injury or time loss		1 cluster-randomised controlled trials, 2 cross-sectional		6921 participants aged 12+ years 		INCLUDED: a longitudinal cross sectional study of mouthguards, using 28 AFL players over 3 seasons. Incidence of concussion and assess risk factor in Austrailian non-pro male rugby players. Concussion rates in 3 arms of study: no headgear, standard headgear, modified headgear 		Customised mandibular orthotic (CMO), headgear 		Mean self-reported incidence prior to CMO use. Players reported always using headgear = reduced risk of sustaining concussion. No significant risk between 3 arms of the study. 				Little new evidence found for successful interventions to reduce concussion. No new valid evidence to suggest standard headgear in rugby reduces concussion. Limited evidence that mouthguards in american football reduce concussion.  
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		Cusimano et al., 2021		Systematic review. Objective was to evaluate the effectiveness of current neurological injury prevention strategies in rugby union		OVID Medline (1950 to May 2010), OVID HealthStar (1966 to May 2010), CINAHL (1981 to May 2010), Sport Discus (1800 to May 2010), PubMed (1948 to May 2010), Scholar's Portal Physical Education Index, Web of Science (1976 to May 2010), and the Cochrane Controlled Clinical Trials Register (CENTRAL from 1991 to May 2010)		Evaluated injury prevention strategies for rugby players and reported on neurological outcomes.		Systematic review including: 2 Randomised controlled trials, 2 prospective cohort design, 1 ecological study, 3 case series studies, 1 cohort study, 1 case-control study		12,151 participants aged from 12+ years old. (12-29 years)		Two studies assessed the effectiveness of headgear, 2 studies assessed the effectiveness of mouthguards 2 studies assessed the effectiveness of both headgear and mouthguards to prevent concussion during rugby.		Mouthguard, head gear, education prevention programme (RugbySmart) designed to educate rugby participants regarding physical conditioning, injury management, and safe tackling techniques in rugby. 		No association between mouthguards and reduction in concussion. 55 (48.2%) had previosuly suffered from concussion, 39 (71%) were not wearing gum shields and 16 (29.1%) were. No significant difference between the concussion injury rates of players with and without headgear. 				Current available evidence suggests multifaceted intervention programs combining education and rule enforcement implemented in a mandatory fashion are likely to be effective in reducing the incidence of neurological injuries among rugby players. Limited evidence that headgear and mouthguards prevent neurological injuries in rugby. 

		Reference		Review Characteristics
 & Objectives		Databases
 searched & inclusive Dates		Primary & 
Secondary 
Outcome 
Measures		Number of 
Primary 
Publications or Studies Included		Number of 
Participants & 
Charactersitics		Included & Excluded
Studies & Groups		Intervention Summary		Main Results		Other Results		Authors' 
Conclussion

		Daly et al., 2021		The objective of this systematic literature review was to evaluate the evidence regarding the development of neck strength in reducing concussion and cervical spine injuries in adult amateur and professional sport populations. 		PubMed , CINAHL, Science Direct, and Web of Science databases		Primary objective: Investigate how effective a specific neck strengthening intervention would be on the isometric neck strength profile of professional male rugby players. Secondary outcome: baseline testing of isometric neck strength at the start of the season and at week 5 of the intervention		Systematic review including: Controlled laboratory study, quasi-experimental pilot study		50 participants aged 19-29 years old, male		Three studies examined the effects of a neck strengthening intervention on adult athletic populations after gathering baseline measures of isometric neck strength. Two of the papers examined standard isometric neck strength as an intervention while one paper examined a novel neck strengthening device.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program. The control arm should not include neck exercises.		No significant between-group differences in isometric neck strength were noted preintervention. Composite neck strength improvement favoured the intervention group				None of the studies reported any impact of neck
strengthening exercises on cervical spine injuries. This review has shown that there is currently a
lack of evidence to support the use of neck strengthening interventions in reducing impact injury
risk in adult populations who participate in sport. The evidence in this systematic literature review supports the most recent Consensus Statement on Concussion in Sport which states that prevention interventions using modifiable risk factors remain unclear in terms of possible interventions to prevent or reduce the risk of concussion in sport. Whether we examine neck strength interventions using gender, age, or under specific category of sports parameters, there is evidence to suggest that athlete education programs can be utilised as a strategy to reduce concussion risk in sport.
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		Elliot et al., 2021		Systematic review of the literature with a primary objective to determine the relationship between neck strength and sport-related head and neck injuries (including sport-related concussion (SRC). Secondary objective was whether neck exercise programs can reduce the incidence of (a) sport-related head and neck injuries; and (b) SRC.		Ovid MEDLINE, CINAHL, EMBASE, SPORTDiscus, and Web of Science		Primary outcome: observational studies report the association between incidence of head and/or neck injury and neck strength data, or intervention trials which report comparison data for the incidence of head and/or neck injury between the intervention and control arms.		2 observational studies, 2 cohort, 2 RCT's		10,745 particpants mean age 16 & 25.5 years old 		Two observational studies including male and female high school and university athletes explored the relationship between neck strength and SRC. Four experimental studies investigated the effect of an exercise intervention which included neck exercises on incidence of (a) head and/or neck injuries, and/or (b) SRC.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program.The control arm should not include neck exercises.		The results of two observational studies reported that higher neck strength, but not deep neck flexor endurance, is associated with a lower risk of sustaining a SRC. Four intervention studies demonstrated that injury reduction programs that included neck exercises can reduce the incidence of sport-related head and neck injuries including SRC.		Consideration should be given towards incorporating neck exercises into injury reduction exercise programs to reduce the incidence of sport-related head and neck injuries, including SRC.		This review provides limited evidence that greater neck 
strength and participation in injury reduction exercise 
programs which include neck exercises may reduce the 
incidence of sport-related head and neck injuries, includ�ing SRC. The inclusion as well as types of neck exercises 
incorporated into training programs for contact sports should 
be further explored, particularly in adolescent and female 
athletes who appear most likely to beneft.

		Reference		Review Characteristics
 & Objectives		Databases
 searched & inclusive Dates		Primary & 
Secondary 
Outcome 
Measures		Number of 
Primary 
Publications or Studies Included		Number of 
Participants & 
Charactersitics		Included & Excluded
Studies & Groups		Intervention Summary		Main Results		Other Results		Authors' 
Conclussion

		Emery, C.A et al., 2017                                                      		Systematic review according to the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis) guidelines to examine the effectiveness of 
concussion prevention strategies in reducing concussion 
risk in sport.		Relevant studies were identified through 11 electronic data - Ovid MEDLINE (R), CINAHL, PsycINFO, Cochrane Databases for Systematic and Complete Review, Cochrane Controlled Trials Registry, Cochrane Injuries Group Trials Register, SPORTDiscus, EMBASE, ERIC, Conference Proceedings Citation Index, ProQuest Dissertation & Theses Global Database		Primary: investigating an 
outcome of concussion or head impact Secondary: evaluating a
concussion prevention intervention		 In total, 48 
studies were identified and categorised by prevention strategy 
and sport. The majority of studies evaluated protective equipment (n=25) or rules and regulations (n=13), and the remainder 
examined other concussion prevention strategies. In total, only 5 of 48 (10.4%) 
studies are RCTs, with the remaining being cohort (n=20, 
41.7%), historical cohort (n=12), case-control (n=3), cross-sectional (n=5), pre-experimental (n=2) and ecological (n=1) studies. One study (2.1%) included female sport participants only, 41 (85.4%) included male sport participants only 
and 6 (12.5%) included both. Youth sport participants were 
targeted in 26 of 48 (54.2%) studies.		Sport participants		Elegible: 74.          Included: 48  Excluded:  29 were excluded based on manuscript evaluation by 
two independent reviewers (AMB, AK, CE, GM). 		Helmets, headgear, Mouthguards, Policy and rule changes, other strategies-vivion training, player safety coach, tackle training without pads/helmets, fair play rules, larger ice surface (ice hockey). 		The studies selected (n=48) provided evidence related to protective gear (helmets, headgear, mouthguards) (n=25), policy and rule changes (n=13) and other interventions (training, education, facilities) (n=10). Meta-analyses demonstrate a combined effect of a 70% reduction (incidence rate ratio (IRR)=0.3 (95% CI: 0.22 to 0.41)) in concussion risk in youth ice hockey leagues where policy disallows body checking, and the point estimate (IRR=0.8 (95% CI: 0.6 to 1.1)) suggests a protective effect of mouthguards in contact and collision sport (basketball, ice hockey, rugby).		Helmets: There is some evidence supporting the importance of appropriate helmet fit in youth football, with reduced symptom severity and duration 
reported with proper helmet fit. A helmet with thicker padding over zygoma and mandible was reported to reduce concussion risk by 40%/54%, in two different studies, in comparison to a standard helmet. Headgear: Two studies reported a significant effect of headger in professional rugby, while three papers demonstrated no effect of headgear, and two papers showed an effect of headgear in soccer that was not statistically significant. Mouthguards: The protective effect of wearing a mouthguard in comparison 
with no mouthguard was examined in eight studies (basketball,
hockey
 and rugby
) with mixed findings. Policy and rule changes: Disallowing body checks and head impacts may reduce risk of concussions. Other: 		The strongest and most consistent sport concussion preven�tion evidence evaluates body checking policy disallowing body 
checking in youth ice hockey, demonstrating a significant protec�tive effect in reducing the risk of concussion. This evidence 
has subsequently informed policy change in non-elite levels in 
older age groups and this requires further investigation. Further 
research is required to examine such rule changes in other 
collision sports, and alignment with biomechanical research to 
examine injury mechanisms is important. Regarding equipment, 
there is sufficient evidence in skiing/snowboarding to support 
strong recommendations and policy to mandate helmet use. The 
evidence for mouthguard use in preventing concussion is mixed, 
but meta-analysis suggests that there may be an overall protec�tive effect in collision sports that cannot be ignored and rigorous 
case-control designs are required. Future research should focus 
on evaluating evidence-informed concussion prevention strat�egies targeting sport-specific extrinsic (eg, rules of the game) 
and intrinsic (eg, previous concussion history) risk factors. 
Prospective evaluation study designs (eg, cohort studies, RCTs), 
valid injury surveillance systems, consideration of potential 
confounders (eg, concussion history) and common concussion 
outcome definitions are needed. Concussion definitions consis�tent with international consensus guidelines and consideration 
exposure data (ie, player participation) to accurately measure 
injury rates are essential. Psychological and sociocultural factors 
in sport play a role in the uptake and maintenance of any injury 
prevention strategy and require further consideration in evalu�ating concussion prevention strategies.
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		Enniss, T.M. et al., 2018		a systematic review of the literature to 
answer seven population, intervention, comparator, 
and outcomes (PICO) questions 		MEDLINE, PubMed, Scopus, Cumulative Index of Nursing and Allied Health Literature, and Embase 
(online supplementary appendix A).		Contact sports related concussions.		Include three randomized control trials, all of which contain significant
methodologic flaws. The remaining 28 studies were uncontrolled retrospective cohort or prospective observational
studies. Total 31 studeis.		Amateur athletes, both pediatric (age 14 or younger) and adult (non-professionals aged 15 years and older). 		Eligible: 143   Included (31)   Excluded (89): Case reports, expert opinion, non-sport studies.		Protective headgear, concussion education, neck mass exercise, and rule
modification.		 Conditional
recommendations are made supporting preventive interventions concussion education and rules prohibiting high�risk activity for both pediatric and adult amateur athletes and neck strengthening exercise in adult amateur athletes. Strong recommendations are supported for head protective equipment in both pediatric and adult
amateur athletes. Strong recommendations regarding newer football helmet technology in adult amateur athletes
and rules governing the implementation of body-checking in youth ice hockey are supported.		Other results suggest that there is strong recommendation for head protective 
equipment as a primary preventive 
intervention against sports-related 
concussions in pediatric athletes.		In summary, this represents the first systematic review of the literature pertaining to the primary prevention of
sports-related concussion. EAST applauds the advances that have been made 
in the evidence guiding the diagnosis and management of mild 
traumatic brain injury-related to sports. However, the greatest 
opportunity to impact overall injury burden lies in injury 
prevention. Future research will serve to more granularly define 
effective interventions to prevent sports-related concussion in 
pediatric and adult amateur athletes
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		Fraas, M.R. and Burchiel, J. 2016		 Systematically review on the content and level of evidence on concussion education/
prevention programmes in rugby union		PubMed, PsycInfo, MEDLINE, SPORTDiscuss, Webofscience, and conducted a
manual search for articles. 		Effectiveness of concussion education/ prevention programmes.		10 studies were inlcuded.		junior (n=2279) and adult (n=1624) rugby union athletes		Eligible: 366      Included: 10      Excluded: 356      Not addressing education, not focused on concussion, not reported in journal, not published in english		Education strategies to reduce concussion and injury surveillance and prevention programmes.		What they found is that there are several well-established concussion education and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such programmes.		When looking at other results there is some evidence to suggest that mandatory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries.		There are several well-established concussion edu�cation and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such pro�grammes. There is some evidence to suggest that man�datory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries. Ongoing efforts are
required to enhance the safety of rugby union athletes.
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		Knapik et al., 2019		A systematic review and meta-analysis of the efectiveness of MGs for the prevention of sports-related 
orofacial injuries and concussions.		PubMed, Ovid Embase, and the Cumulative Index to Nursing and Allied Health 
Literature were searched to fnd studies		Primary/secondary: sport-related orofacial injuries, concussions.		In total 26 studies were included in this review. Study designs included 8 non-randomized prospective cohort 
intervention studies ,2  non-randomized ret�rospective cohort studies, 4 one-group ecological 
intervention studies, 11 cross-sectional surveys, and a single randomized prospective 
cohort investigation.		Sports athletes: American football, rugby, basketball, ice hockey, field hockey, handball, taekwondo. 		Eligible: 112             Included:25         Excluded: 86        Excluded due to: lacked non MG group. lacked required data, MG and injury data reported
separately, aggregrated data not allowing
determination of denominators
or proportional injury data		Mouth guards: Stock over the counter, boil and bite, and custom. 		The results from this review suggest that MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG.		The current evidence indicates that MGs 
have little impact on reducing the incidence of concussions.		Despite diferences in injury defnitions and low methodo�logical quality of some studies, this review suggests that 
MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG. 
On the other hand, the current evidence indicates that MGs 
have little impact on reducing the incidence of concus�sions. The methodological quality of future studies could 
be improved by better descriptions of study participants, 
clear injury case defnitions, consideration of potential 
confounders, quantitative reporting of adverse events, 
multivariable statistical analysis, monitoring of compli�ance, and consideration of statistical power. MGs should 
be used in all sport activities where there is signifcant risk 
of orofacial injury.
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		Makovec Knight et al., 2021		Systematic review of in vivo studies to assess association between sports related concussion and soft shell head gear (HG) use and potential increase in injury risk in HG users.		Ovid MEDLINE, Cochrane Library, Scopus, PsycINFO,  and SPORTDiscus conducted in April 2020 of studies published after 1980		Primary: Incidence rates of SRC, Secondary: superficial head injury or other injuries.		All studies were published betweeen 2001 and 2019. 8 studies were eligible, 4 were prospective cohort injury surveilance, 2 were RCT, 1 was a pilot RCT, and 1 cross sectional.  		There were 2 football (soccer) and 6 rugby cohorts with a total of 12,064 participants. 3 studies included females representing 17% (2038) total participants. 		Elegible = 73. Inlcuded (8):  were youth <18 years, english language, invivo studies published after 1980, evaluating SRC and other injury incidence in HG users compared to non-users. 5 were exclusive of youth, others compromised mixed youth/adult ranging from 13-45 years old. Excluded (65): Lab studt or other design, hard shell helmets, alt outcome or population, not team sport, beofre 1980.		Effects of HG on rates of SRC (n=6), other body regions (n=4), head injury superficial to the skull (n=4) and frequency of impacts sustained to the head (n=1).  3 studies examined a combination of these outcomes, soft shell HG with SRC, superficial headinjuries, and other body regions. 		Eight studies were eligible. The majority (n=5) 
reported no difference in the rate of SRC among HG users 
versus non-users. One rugby study identified significantly 
lower risk of SRC for non-HG users (risk ratio (RR) 0.63; 
95% CI 0.41 to 0.98) compared with HG users, whereas a 
cross-sectional survey of soccer players indicated higher 
risk of SRC for non-HG users (RR 2.65; 95% CI 1.23 to 
3.12) compared with HG users. The findings do not support the use of the current and commercially available HG to prevent SRC in youth rugby or football. HG does not mitigated the forces invovled with head impacts. 		. Three of the four studies 
investigating superficial head injury found no significant 
differences with HG use, though the soccer survey 
reported reduced risk among HG users (RR 1.86; 95% CI 
0.09 to 0.11). Increased incidence of injuries to all body 
regions for rugby HG users was reported in two studies 
with adjusted RRs of 1.16 (95% CI 1.04 to 1.29) and 1.23 
(95% CI 1.00 to 1.50).		HG use was not associated with reduced 
rates of SRC or superficial head injury in youth soccer 
and rugby. The possibility of increased injury risk to all 
body regions for rugby HG users was raised. The need 
for research specific to youth and female athletes was 
highlighted.
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		Peek et al., 2020		Systematic review of the potential relationship betweeen neck strength and head acceleration during purposeful heading in soccer.		Protocol registered PROSPERO. EMBASE, MEDLINE, CINAHL, SportDiscus and Web of Science from first record to January 2019.		Primary: To measure the relationship betweeen isometric neck strength and  head acceleration in purposeful heading in soccer (football). Scenodary: Higher neck strength lowered linear and rotational acceleration. 		Of the 1174 potential papers eligible, 5 papers met inclusion criteria. All 5 were conducted in the USA between 2008 and 2018, and used cross-sectional research design. 		A total of 190 participants (67% female) and a mean age of 19 years (range 15-24 years) were recruited across the 5 studies. Playing level ranged from high school to division I and II collegiate level. Participants were excluded that had a recent head or neck injury. 		Inclusion: original research reporting on the relationship between neck strength and head impact and/or acceleration during purposeful heading in soccer, irrespective o fse, age, health status and/or playing level; experimental research designs with neck strengthening was the intervention; published in english, or translation availabe. Exclusion: reporting neck strength data without data related to had impact and/or acceleration specifically during purposeful heading; reporting muscle activation adn not neck strength during heading; reporting on relationship of neck strength and head impact and/or acceleration whilst participants were exposed to another intervention to reduce head impact/acceleration (head gear/mouth guards) unless data was reported from those without such exposure; editorials, systematic reviews, qualitative or unpublished studies without peer-review. 		All 5 studies reported mean isometric neck strength using hand held dynomometry. Four studies measured head acceleration using tri-axial acceleromoeter and one used vieo analysis. All 5 studies report results for linear head acceleration. 3 reported resuilts for rotational head acceleration. All used a simulated purposeful heading within a controlled environment (not training or match play). Balls were delivered by a ball pithing machine or a researcher  to mimic a throw-in. Participants were instructed to stad feet on the ground and aim the ball towards a target in front of them to the left or right or not reported. Area of impact was only reported in two studies. Participants were fitted with a force-sensitive resistor taped to the forehead that required the ball make contact with. 		From an initial search of 1174 potentially eligible papers, five cross-sectional studies met the
eligibility criteria for inclusion in this review. Data from cross-sectional studies indicate that higher
neck strength is associated with lower head acceleration during purposeful heading in soccer (p = <0.05;
r < −0.5).		Female participants exhibited statistically significant (p=<.001) lower neck strength on testing and greater head velocity during purposeful heading when compared to male participants. 		This review provides evidence that higher neck strength may lower head acceleration during
purposeful heading in soccer. Further research is required to determine the most effective method to
strengthen the neck musculature in soccer players.
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		Phillips and Crisco, 2020		Systematic review on the effectiveness of American footbal rules and behaviour interventions on head impacts and concussions.		PubMed, PsycINFO, Cochrane, Embase, ERIC, and Global Health searched between 15th November 2019 and 22 February 2020. 		Primary:Head injuries, head impacts and concussion; Secondary: magnitude of head impacts, location of head impacts, unintended consequences. 		From 1162 articles, duplicates and and excluded papers, 20 articles met inclusion criteria. These were published in peer-reviewed journals between 2013 and 2020. 		Total of 10,115 youth American football players. 2663 were in the intervention and 4286 were in the control or comparison group. Some studies did not specify groups. Experience, prior years played and was not mentioned in the included studies. High school football players: 6665 total participants, 4647 in the intervention, 2097 in the control/comparitor. Total number does not add up as two studies had participants that were in both groups. Only one study accounted for player experience. Collegiate American football: Total 726 participants, 461 intervention, 475 in control/comparison. Total number does not add up as some were in both groups. 		Included: RCTs, quasi-experimental, cohort studies, case control, and cross-sectional; American football- collegiate players, high-school and youth players; Comparison groups not receiving intervention or participating in rule change; head injuries/impacts/concussions; english language. Excluded: Studies analysing efectiveness of protective equipement such as helmets, neck collars, mouthguards; professional football; observational studies and review articles.		Three studies evaluated alternatives to tackle football, one an educational program, one a rule change, and one an educational program and a rule change. 		Youth football: Rule change (1) No change in the overall concussion rate
(2) The practice concussion rate ranged from
not significant to a lower concussion rate
(3) The change in the game concussion rate
was not significant
Educational
intervention:
(1) Practice concussion rate was lower
(2) The change in the game concussion rate
was not significant
Alternatives: (1) The overall concussion rate for flag football
was higher
(2) The overall concussion rate for TackleBar
was lower
(3) The game impact rate was lower in flag
football
(4) The practice impact rate was lower in flag
football ; High-school football: Rule change: (1) The practice concussion rate was lower
(2) There was no change in the game concussion rate
(3) The practice impact rate was lower
(4) The game impact rate was lower
Educational intervention:
(1) The change in overall concussion rate was
not significant
(2) The practice concussion rate was lower
(3) The change in game concussion rate was
not significant
(4) The practice impact rate was lower
(5) The game impact race was lower; Collegiate football: Rule change (1) The game concussion rate was lower
(2) The practice impact rate had team
dependent decreases
Educational intervention:
(1) The overall impact rate was lower
Training: (1) The game concussion rate was lower				Studies evaluating the effectiveness of interventions and regualtions on reducing head impact exposures on head injuries have shown mixed results. Some regulations may eb more effective than others, but methodological design and risk of bias pose limitations to generalise effects.
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		Schneider et al., 2017		The aim of the current review was to systematically identify, evaluate and synthesise trials that examine concussion prevention via equipment, educational programmes and training programmes.		PubMed and EBSCO host (CINAHL, MEDLINE, SPORTDiscus).		Primary aim to evaluate the efficacy of interventional protective equipement, training programmes and education in regards to concussion prevention. Secondary aim to evaluate the efficacy of headgear and face shields in preventing superficial injuries as reported in the included studies. 		15 articles met the inclusion criteria and were included in the present study. 		Of the 15 included studies, 7 evaluated helmets/headgear, 8 evaluated mouthguards,2 evaluated hockey face shields and one evaluated an American football tackling technique educational programme. No prospective studies were identified that evaluated training protocols. Six studies evaluated concussion incidence in rugby,6 evaluated American football,2 evaluated hockey,1 evaluated basketball and 1 evaluated bicycling. Three of 15 included studies evaluated both male and female participants. The age of participants evaluated in the included study ranged from 5-year-old football players to bicyclists >40 years old. One study evaluated rugby players in an under-15-year-old league, and the remaining 12 studies evaluated high school aged athletes (∼16 years old) and university/young professional athletes (∼21 years old). 		Inclusion: prospective study design, must report data on  and examine preventative  effect of equipement, training, or educational programmes on incidence of concussions in comparison to a control group; Excluded: Laboratory-based studies, further analyses on previously reported  prospective studies, written in language other than english, abstracts and review papers.		Protective equipement such as helmets and headgear, mouthguards, face shields, and American football tackling techique educational programme. 		14 studies evaluated interventions of novel protective equipment. One prospective investigation evaluated an educational programme. The relative risk of concussion for participants enrolled in the interventional arms of trials was not significantly different from that in standard practice arms (RR=0.78, 95% CI 0.55 to 1.11, χ2 =1.8, p=0.17; I2 =85.3%, 95% CI 71.5% to 90.8%). The relative risk of concussion for participants wearing protective equipment (ie, headgear, full face shields) relative to their counterparts wearing standard or no equipment, calculated from seven available reports, showed no effect of intervention (RR=0.82, 95% CI 0.56 to 1.20, χ2 =1.06, p=0.30; I2 =86.7%, 95% CI 73.3% to 91.8%). The relative risk of superficial head injury for participants wearing protective equipment relative to their counterparts, calculated from three reports, showed a significant risk reduction (RR=0.41, 95% CI 0.31 to 0.56, χ2 =34.13, p		Helmets may reduce the incidence of skull fracture and superficial head injuries. Mouthguards that are custom made are thicker than over the counter may reduce concussions. Face shields with full facial protection lowers risk of eyes injuries, dental injuries and facial lacerations compared to half face shields.  		Prospective controlled studies indicate that certain protective equipment (helmets/headgear, mouthguards and face shields) may prevent superficial head injury, but these items are suboptimal for concussion prevention in sport.  Existing trials show no difference in the relative risk of concussion in athletes wearing novel protective equipement relative to athletes wearing standard equipement. Some of these items may prevent superficial head injuries, as relative risk of these inuries in athletes wearing novel protective equipement was less than half of that of their counterparts. 
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		Benson et al., 2013		Systematic review of cross-sectional, prospective case series, case control, retrospective and prospective cohort, quasi-experimental or experimental study designs. To critically review the evidence to determine the
efficacy and effectiveness of protective equipment, rule
changes, neck strength and legislation in reducing sport
concussion risk.		Medline, Sports Discuss, EMBASE, PubMed, from 1946?/1998? to 2012		Concussion, game injury or time loss		1 cluster-randomised controlled trials, 2 cross-sectional		6921 participants aged 12+ years 		INCLUDED: a longitudinal cross sectional study of mouthguards, using 28 AFL players over 3 seasons. Incidence of concussion and assess risk factor in Austrailian non-pro male rugby players. Concussion rates in 3 arms of study: no headgear, standard headgear, modified headgear 		Customised mandibular orthotic (CMO), headgear 		Mean self-reported incidence prior to CMO use. Players reported always using headgear = reduced risk of sustaining concussion. No significant risk between 3 arms of the study. 				Little new evidence found for successful interventions to reduce concussion. No new valid evidence to suggest standard headgear in rugby reduces concussion. Limited evidence that mouthguards in american football reduce concussion.  
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		Cusimano et al., 2021		Systematic review. Objective was to evaluate the effectiveness of current neurological injury prevention strategies in rugby union		OVID Medline (1950 to May 2010), OVID HealthStar (1966 to May 2010), CINAHL (1981 to May 2010), Sport Discus (1800 to May 2010), PubMed (1948 to May 2010), Scholar's Portal Physical Education Index, Web of Science (1976 to May 2010), and the Cochrane Controlled Clinical Trials Register (CENTRAL from 1991 to May 2010)		Evaluated injury prevention strategies for rugby players and reported on neurological outcomes.		Systematic review including: 2 Randomised controlled trials, 2 prospective cohort design, 1 ecological study, 3 case series studies, 1 cohort study, 1 case-control study		12,151 participants aged from 12+ years old. (12-29 years)		Two studies assessed the effectiveness of headgear, 2 studies assessed the effectiveness of mouthguards 2 studies assessed the effectiveness of both headgear and mouthguards to prevent concussion during rugby.		Mouthguard, head gear, education prevention programme (RugbySmart) designed to educate rugby participants regarding physical conditioning, injury management, and safe tackling techniques in rugby. 		No association between mouthguards and reduction in concussion. 55 (48.2%) had previosuly suffered from concussion, 39 (71%) were not wearing gum shields and 16 (29.1%) were. No significant difference between the concussion injury rates of players with and without headgear. 				Current available evidence suggests multifaceted intervention programs combining education and rule enforcement implemented in a mandatory fashion are likely to be effective in reducing the incidence of neurological injuries among rugby players. Limited evidence that headgear and mouthguards prevent neurological injuries in rugby. 
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		Daly et al., 2021		The objective of this systematic literature review was to evaluate the evidence regarding the development of neck strength in reducing concussion and cervical spine injuries in adult amateur and professional sport populations. 		PubMed , CINAHL, Science Direct, and Web of Science databases		Primary objective: Investigate how effective a specific neck strengthening intervention would be on the isometric neck strength profile of professional male rugby players. Secondary outcome: baseline testing of isometric neck strength at the start of the season and at week 5 of the intervention		Systematic review including: Controlled laboratory study, quasi-experimental pilot study		50 participants aged 19-29 years old, male		Three studies examined the effects of a neck strengthening intervention on adult athletic populations after gathering baseline measures of isometric neck strength. Two of the papers examined standard isometric neck strength as an intervention while one paper examined a novel neck strengthening device.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program. The control arm should not include neck exercises.		No significant between-group differences in isometric neck strength were noted preintervention. Composite neck strength improvement favoured the intervention group				None of the studies reported any impact of neck
strengthening exercises on cervical spine injuries. This review has shown that there is currently a
lack of evidence to support the use of neck strengthening interventions in reducing impact injury
risk in adult populations who participate in sport. The evidence in this systematic literature review supports the most recent Consensus Statement on Concussion in Sport which states that prevention interventions using modifiable risk factors remain unclear in terms of possible interventions to prevent or reduce the risk of concussion in sport. Whether we examine neck strength interventions using gender, age, or under specific category of sports parameters, there is evidence to suggest that athlete education programs can be utilised as a strategy to reduce concussion risk in sport.
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		Elliot et al., 2021		Systematic review of the literature with a primary objective to determine the relationship between neck strength and sport-related head and neck injuries (including sport-related concussion (SRC). Secondary objective was whether neck exercise programs can reduce the incidence of (a) sport-related head and neck injuries; and (b) SRC.		Ovid MEDLINE, CINAHL, EMBASE, SPORTDiscus, and Web of Science		Primary outcome: observational studies report the association between incidence of head and/or neck injury and neck strength data, or intervention trials which report comparison data for the incidence of head and/or neck injury between the intervention and control arms.		2 observational studies, 2 cohort, 2 RCT's		10,745 particpants mean age 16 & 25.5 years old 		Two observational studies including male and female high school and university athletes explored the relationship between neck strength and SRC. Four experimental studies investigated the effect of an exercise intervention which included neck exercises on incidence of (a) head and/or neck injuries, and/or (b) SRC.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program.The control arm should not include neck exercises.		The results of two observational studies reported that higher neck strength, but not deep neck flexor endurance, is associated with a lower risk of sustaining a SRC. Four intervention studies demonstrated that injury reduction programs that included neck exercises can reduce the incidence of sport-related head and neck injuries including SRC.		Consideration should be given towards incorporating neck exercises into injury reduction exercise programs to reduce the incidence of sport-related head and neck injuries, including SRC.		This review provides limited evidence that greater neck 
strength and participation in injury reduction exercise 
programs which include neck exercises may reduce the 
incidence of sport-related head and neck injuries, includ�ing SRC. The inclusion as well as types of neck exercises 
incorporated into training programs for contact sports should 
be further explored, particularly in adolescent and female 
athletes who appear most likely to beneft.
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		Emery, C.A et al., 2017                                                      		Systematic review according to the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis) guidelines to examine the effectiveness of 
concussion prevention strategies in reducing concussion 
risk in sport.		Relevant studies were identified through 11 electronic data - Ovid MEDLINE (R), CINAHL, PsycINFO, Cochrane Databases for Systematic and Complete Review, Cochrane Controlled Trials Registry, Cochrane Injuries Group Trials Register, SPORTDiscus, EMBASE, ERIC, Conference Proceedings Citation Index, ProQuest Dissertation & Theses Global Database		Primary: investigating an 
outcome of concussion or head impact Secondary: evaluating a
concussion prevention intervention		 In total, 48 
studies were identified and categorised by prevention strategy 
and sport. The majority of studies evaluated protective equipment (n=25) or rules and regulations (n=13), and the remainder 
examined other concussion prevention strategies. In total, only 5 of 48 (10.4%) 
studies are RCTs, with the remaining being cohort (n=20, 
41.7%), historical cohort (n=12), case-control (n=3), cross-sectional (n=5), pre-experimental (n=2) and ecological (n=1) studies. One study (2.1%) included female sport participants only, 41 (85.4%) included male sport participants only 
and 6 (12.5%) included both. Youth sport participants were 
targeted in 26 of 48 (54.2%) studies.		Sport participants		Elegible: 74.          Included: 48  Excluded:  29 were excluded based on manuscript evaluation by 
two independent reviewers (AMB, AK, CE, GM). 		Helmets, headgear, Mouthguards, Policy and rule changes, other strategies-vivion training, player safety coach, tackle training without pads/helmets, fair play rules, larger ice surface (ice hockey). 		The studies selected (n=48) provided evidence related to protective gear (helmets, headgear, mouthguards) (n=25), policy and rule changes (n=13) and other interventions (training, education, facilities) (n=10). Meta-analyses demonstrate a combined effect of a 70% reduction (incidence rate ratio (IRR)=0.3 (95% CI: 0.22 to 0.41)) in concussion risk in youth ice hockey leagues where policy disallows body checking, and the point estimate (IRR=0.8 (95% CI: 0.6 to 1.1)) suggests a protective effect of mouthguards in contact and collision sport (basketball, ice hockey, rugby).		Helmets: There is some evidence supporting the importance of appropriate helmet fit in youth football, with reduced symptom severity and duration 
reported with proper helmet fit. A helmet with thicker padding over zygoma and mandible was reported to reduce concussion risk by 40%/54%, in two different studies, in comparison to a standard helmet. Headgear: Two studies reported a significant effect of headger in professional rugby, while three papers demonstrated no effect of headgear, and two papers showed an effect of headgear in soccer that was not statistically significant. Mouthguards: The protective effect of wearing a mouthguard in comparison 
with no mouthguard was examined in eight studies (basketball,
hockey
 and rugby
) with mixed findings. Policy and rule changes: Disallowing body checks and head impacts may reduce risk of concussions. Other: 		The strongest and most consistent sport concussion preven�tion evidence evaluates body checking policy disallowing body 
checking in youth ice hockey, demonstrating a significant protec�tive effect in reducing the risk of concussion. This evidence 
has subsequently informed policy change in non-elite levels in 
older age groups and this requires further investigation. Further 
research is required to examine such rule changes in other 
collision sports, and alignment with biomechanical research to 
examine injury mechanisms is important. Regarding equipment, 
there is sufficient evidence in skiing/snowboarding to support 
strong recommendations and policy to mandate helmet use. The 
evidence for mouthguard use in preventing concussion is mixed, 
but meta-analysis suggests that there may be an overall protec�tive effect in collision sports that cannot be ignored and rigorous 
case-control designs are required. Future research should focus 
on evaluating evidence-informed concussion prevention strat�egies targeting sport-specific extrinsic (eg, rules of the game) 
and intrinsic (eg, previous concussion history) risk factors. 
Prospective evaluation study designs (eg, cohort studies, RCTs), 
valid injury surveillance systems, consideration of potential 
confounders (eg, concussion history) and common concussion 
outcome definitions are needed. Concussion definitions consis�tent with international consensus guidelines and consideration 
exposure data (ie, player participation) to accurately measure 
injury rates are essential. Psychological and sociocultural factors 
in sport play a role in the uptake and maintenance of any injury 
prevention strategy and require further consideration in evalu�ating concussion prevention strategies.
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		Enniss, T.M. et al., 2018		a systematic review of the literature to 
answer seven population, intervention, comparator, 
and outcomes (PICO) questions 		MEDLINE, PubMed, Scopus, Cumulative Index of Nursing and Allied Health Literature, and Embase 
(online supplementary appendix A).		Contact sports related concussions.		Include three randomized control trials, all of which contain significant
methodologic flaws. The remaining 28 studies were uncontrolled retrospective cohort or prospective observational
studies. Total 31 studeis.		Amateur athletes, both pediatric (age 14 or younger) and adult (non-professionals aged 15 years and older). 		Eligible: 143   Included (31)   Excluded (89): Case reports, expert opinion, non-sport studies.		Protective headgear, concussion education, neck mass exercise, and rule
modification.		 Conditional
recommendations are made supporting preventive interventions concussion education and rules prohibiting high�risk activity for both pediatric and adult amateur athletes and neck strengthening exercise in adult amateur athletes. Strong recommendations are supported for head protective equipment in both pediatric and adult
amateur athletes. Strong recommendations regarding newer football helmet technology in adult amateur athletes
and rules governing the implementation of body-checking in youth ice hockey are supported.		Other results suggest that there is strong recommendation for head protective 
equipment as a primary preventive 
intervention against sports-related 
concussions in pediatric athletes.		In summary, this represents the first systematic review of the literature pertaining to the primary prevention of
sports-related concussion. EAST applauds the advances that have been made 
in the evidence guiding the diagnosis and management of mild 
traumatic brain injury-related to sports. However, the greatest 
opportunity to impact overall injury burden lies in injury 
prevention. Future research will serve to more granularly define 
effective interventions to prevent sports-related concussion in 
pediatric and adult amateur athletes
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		Fraas, M.R. and Burchiel, J. 2016		 Systematically review on the content and level of evidence on concussion education/
prevention programmes in rugby union		PubMed, PsycInfo, MEDLINE, SPORTDiscuss, Webofscience, and conducted a
manual search for articles. 		Effectiveness of concussion education/ prevention programmes.		10 studies were inlcuded.		junior (n=2279) and adult (n=1624) rugby union athletes		Eligible: 366      Included: 10      Excluded: 356      Not addressing education, not focused on concussion, not reported in journal, not published in english		Education strategies to reduce concussion and injury surveillance and prevention programmes.		What they found is that there are several well-established concussion education and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such programmes.		When looking at other results there is some evidence to suggest that mandatory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries.		There are several well-established concussion edu�cation and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such pro�grammes. There is some evidence to suggest that man�datory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries. Ongoing efforts are
required to enhance the safety of rugby union athletes.
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		Knapik et al., 2019		A systematic review and meta-analysis of the efectiveness of MGs for the prevention of sports-related 
orofacial injuries and concussions.		PubMed, Ovid Embase, and the Cumulative Index to Nursing and Allied Health 
Literature were searched to fnd studies		Primary/secondary: sport-related orofacial injuries, concussions.		In total 26 studies were included in this review. Study designs included 8 non-randomized prospective cohort 
intervention studies ,2  non-randomized ret�rospective cohort studies, 4 one-group ecological 
intervention studies, 11 cross-sectional surveys, and a single randomized prospective 
cohort investigation.		Sports athletes: American football, rugby, basketball, ice hockey, field hockey, handball, taekwondo. 		Eligible: 112             Included:25         Excluded: 86        Excluded due to: lacked non MG group. lacked required data, MG and injury data reported
separately, aggregrated data not allowing
determination of denominators
or proportional injury data		Mouth guards: Stock over the counter, boil and bite, and custom. 		The results from this review suggest that MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG.		The current evidence indicates that MGs 
have little impact on reducing the incidence of concussions.		Despite diferences in injury defnitions and low methodo�logical quality of some studies, this review suggests that 
MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG. 
On the other hand, the current evidence indicates that MGs 
have little impact on reducing the incidence of concus�sions. The methodological quality of future studies could 
be improved by better descriptions of study participants, 
clear injury case defnitions, consideration of potential 
confounders, quantitative reporting of adverse events, 
multivariable statistical analysis, monitoring of compli�ance, and consideration of statistical power. MGs should 
be used in all sport activities where there is signifcant risk 
of orofacial injury.
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		Makovec Knight et al., 2021		Systematic review of in vivo studies to assess association between sports related concussion and soft shell head gear (HG) use and potential increase in injury risk in HG users.		Ovid MEDLINE, Cochrane Library, Scopus, PsycINFO,  and SPORTDiscus conducted in April 2020 of studies published after 1980		Primary: Incidence rates of SRC, Secondary: superficial head injury or other injuries.		All studies were published betweeen 2001 and 2019. 8 studies were eligible, 4 were prospective cohort injury surveilance, 2 were RCT, 1 was a pilot RCT, and 1 cross sectional.  		There were 2 football (soccer) and 6 rugby cohorts with a total of 12,064 participants. 3 studies included females representing 17% (2038) total participants. 		Elegible = 73. Inlcuded (8):  were youth <18 years, english language, invivo studies published after 1980, evaluating SRC and other injury incidence in HG users compared to non-users. 5 were exclusive of youth, others compromised mixed youth/adult ranging from 13-45 years old. Excluded (65): Lab studt or other design, hard shell helmets, alt outcome or population, not team sport, beofre 1980.		Effects of HG on rates of SRC (n=6), other body regions (n=4), head injury superficial to the skull (n=4) and frequency of impacts sustained to the head (n=1).  3 studies examined a combination of these outcomes, soft shell HG with SRC, superficial headinjuries, and other body regions. 		Eight studies were eligible. The majority (n=5) 
reported no difference in the rate of SRC among HG users 
versus non-users. One rugby study identified significantly 
lower risk of SRC for non-HG users (risk ratio (RR) 0.63; 
95% CI 0.41 to 0.98) compared with HG users, whereas a 
cross-sectional survey of soccer players indicated higher 
risk of SRC for non-HG users (RR 2.65; 95% CI 1.23 to 
3.12) compared with HG users. The findings do not support the use of the current and commercially available HG to prevent SRC in youth rugby or football. HG does not mitigated the forces invovled with head impacts. 		. Three of the four studies 
investigating superficial head injury found no significant 
differences with HG use, though the soccer survey 
reported reduced risk among HG users (RR 1.86; 95% CI 
0.09 to 0.11). Increased incidence of injuries to all body 
regions for rugby HG users was reported in two studies 
with adjusted RRs of 1.16 (95% CI 1.04 to 1.29) and 1.23 
(95% CI 1.00 to 1.50).		HG use was not associated with reduced 
rates of SRC or superficial head injury in youth soccer 
and rugby. The possibility of increased injury risk to all 
body regions for rugby HG users was raised. The need 
for research specific to youth and female athletes was 
highlighted.
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		Peek et al., 2020		Systematic review of the potential relationship betweeen neck strength and head acceleration during purposeful heading in soccer.		Protocol registered PROSPERO. EMBASE, MEDLINE, CINAHL, SportDiscus and Web of Science from first record to January 2019.		Primary: To measure the relationship betweeen isometric neck strength and  head acceleration in purposeful heading in soccer (football). Scenodary: Higher neck strength lowered linear and rotational acceleration. 		Of the 1174 potential papers eligible, 5 papers met inclusion criteria. All 5 were conducted in the USA between 2008 and 2018, and used cross-sectional research design. 		A total of 190 participants (67% female) and a mean age of 19 years (range 15-24 years) were recruited across the 5 studies. Playing level ranged from high school to division I and II collegiate level. Participants were excluded that had a recent head or neck injury. 		Inclusion: original research reporting on the relationship between neck strength and head impact and/or acceleration during purposeful heading in soccer, irrespective o fse, age, health status and/or playing level; experimental research designs with neck strengthening was the intervention; published in english, or translation availabe. Exclusion: reporting neck strength data without data related to had impact and/or acceleration specifically during purposeful heading; reporting muscle activation adn not neck strength during heading; reporting on relationship of neck strength and head impact and/or acceleration whilst participants were exposed to another intervention to reduce head impact/acceleration (head gear/mouth guards) unless data was reported from those without such exposure; editorials, systematic reviews, qualitative or unpublished studies without peer-review. 		All 5 studies reported mean isometric neck strength using hand held dynomometry. Four studies measured head acceleration using tri-axial acceleromoeter and one used vieo analysis. All 5 studies report results for linear head acceleration. 3 reported resuilts for rotational head acceleration. All used a simulated purposeful heading within a controlled environment (not training or match play). Balls were delivered by a ball pithing machine or a researcher  to mimic a throw-in. Participants were instructed to stad feet on the ground and aim the ball towards a target in front of them to the left or right or not reported. Area of impact was only reported in two studies. Participants were fitted with a force-sensitive resistor taped to the forehead that required the ball make contact with. 		From an initial search of 1174 potentially eligible papers, five cross-sectional studies met the
eligibility criteria for inclusion in this review. Data from cross-sectional studies indicate that higher
neck strength is associated with lower head acceleration during purposeful heading in soccer (p = <0.05;
r < −0.5).		Female participants exhibited statistically significant (p=<.001) lower neck strength on testing and greater head velocity during purposeful heading when compared to male participants. 		This review provides evidence that higher neck strength may lower head acceleration during
purposeful heading in soccer. Further research is required to determine the most effective method to
strengthen the neck musculature in soccer players.
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		Phillips and Crisco, 2020		Systematic review on the effectiveness of American footbal rules and behaviour interventions on head impacts and concussions.		PubMed, PsycINFO, Cochrane, Embase, ERIC, and Global Health searched between 15th November 2019 and 22 February 2020. 		Primary:Head injuries, head impacts and concussion; Secondary: magnitude of head impacts, location of head impacts, unintended consequences. 		From 1162 articles, duplicates and and excluded papers, 20 articles met inclusion criteria. These were published in peer-reviewed journals between 2013 and 2020. 		Total of 10,115 youth American football players. 2663 were in the intervention and 4286 were in the control or comparison group. Some studies did not specify groups. Experience, prior years played and was not mentioned in the included studies. High school football players: 6665 total participants, 4647 in the intervention, 2097 in the control/comparitor. Total number does not add up as two studies had participants that were in both groups. Only one study accounted for player experience. Collegiate American football: Total 726 participants, 461 intervention, 475 in control/comparison. Total number does not add up as some were in both groups. 		Included: RCTs, quasi-experimental, cohort studies, case control, and cross-sectional; American football- collegiate players, high-school and youth players; Comparison groups not receiving intervention or participating in rule change; head injuries/impacts/concussions; english language. Excluded: Studies analysing efectiveness of protective equipement such as helmets, neck collars, mouthguards; professional football; observational studies and review articles.		Three studies evaluated alternatives to tackle football, one an educational program, one a rule change, and one an educational program and a rule change. 		Youth football: Rule change (1) No change in the overall concussion rate
(2) The practice concussion rate ranged from
not significant to a lower concussion rate
(3) The change in the game concussion rate
was not significant
Educational
intervention:
(1) Practice concussion rate was lower
(2) The change in the game concussion rate
was not significant
Alternatives: (1) The overall concussion rate for flag football
was higher
(2) The overall concussion rate for TackleBar
was lower
(3) The game impact rate was lower in flag
football
(4) The practice impact rate was lower in flag
football ; High-school football: Rule change: (1) The practice concussion rate was lower
(2) There was no change in the game concussion rate
(3) The practice impact rate was lower
(4) The game impact rate was lower
Educational intervention:
(1) The change in overall concussion rate was
not significant
(2) The practice concussion rate was lower
(3) The change in game concussion rate was
not significant
(4) The practice impact rate was lower
(5) The game impact race was lower; Collegiate football: Rule change (1) The game concussion rate was lower
(2) The practice impact rate had team
dependent decreases
Educational intervention:
(1) The overall impact rate was lower
Training: (1) The game concussion rate was lower				Studies evaluating the effectiveness of interventions and regualtions on reducing head impact exposures on head injuries have shown mixed results. Some regulations may eb more effective than others, but methodological design and risk of bias pose limitations to generalise effects.
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		Schneider et al., 2017		The aim of the current review was to systematically identify, evaluate and synthesise trials that examine concussion prevention via equipment, educational programmes and training programmes.		PubMed and EBSCO host (CINAHL, MEDLINE, SPORTDiscus).		Primary aim to evaluate the efficacy of interventional protective equipement, training programmes and education in regards to concussion prevention. Secondary aim to evaluate the efficacy of headgear and face shields in preventing superficial injuries as reported in the included studies. 		15 articles met the inclusion criteria and were included in the present study. 		Of the 15 included studies, 7 evaluated helmets/headgear, 8 evaluated mouthguards,2 evaluated hockey face shields and one evaluated an American football tackling technique educational programme. No prospective studies were identified that evaluated training protocols. Six studies evaluated concussion incidence in rugby,6 evaluated American football,2 evaluated hockey,1 evaluated basketball and 1 evaluated bicycling. Three of 15 included studies evaluated both male and female participants. The age of participants evaluated in the included study ranged from 5-year-old football players to bicyclists >40 years old. One study evaluated rugby players in an under-15-year-old league, and the remaining 12 studies evaluated high school aged athletes (∼16 years old) and university/young professional athletes (∼21 years old). 		Inclusion: prospective study design, must report data on  and examine preventative  effect of equipement, training, or educational programmes on incidence of concussions in comparison to a control group; Excluded: Laboratory-based studies, further analyses on previously reported  prospective studies, written in language other than english, abstracts and review papers.		Protective equipement such as helmets and headgear, mouthguards, face shields, and American football tackling techique educational programme. 		14 studies evaluated interventions of novel protective equipment. One prospective investigation evaluated an educational programme. The relative risk of concussion for participants enrolled in the interventional arms of trials was not significantly different from that in standard practice arms (RR=0.78, 95% CI 0.55 to 1.11, χ2 =1.8, p=0.17; I2 =85.3%, 95% CI 71.5% to 90.8%). The relative risk of concussion for participants wearing protective equipment (ie, headgear, full face shields) relative to their counterparts wearing standard or no equipment, calculated from seven available reports, showed no effect of intervention (RR=0.82, 95% CI 0.56 to 1.20, χ2 =1.06, p=0.30; I2 =86.7%, 95% CI 73.3% to 91.8%). The relative risk of superficial head injury for participants wearing protective equipment relative to their counterparts, calculated from three reports, showed a significant risk reduction (RR=0.41, 95% CI 0.31 to 0.56, χ2 =34.13, p		Helmets may reduce the incidence of skull fracture and superficial head injuries. Mouthguards that are custom made are thicker than over the counter may reduce concussions. Face shields with full facial protection lowers risk of eyes injuries, dental injuries and facial lacerations compared to half face shields.  		Prospective controlled studies indicate that certain protective equipment (helmets/headgear, mouthguards and face shields) may prevent superficial head injury, but these items are suboptimal for concussion prevention in sport.  Existing trials show no difference in the relative risk of concussion in athletes wearing novel protective equipement relative to athletes wearing standard equipement. Some of these items may prevent superficial head injuries, as relative risk of these inuries in athletes wearing novel protective equipement was less than half of that of their counterparts. 
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		Benson et al., 2013		Systematic review of cross-sectional, prospective case series, case control, retrospective and prospective cohort, quasi-experimental or experimental study designs. To critically review the evidence to determine the
efficacy and effectiveness of protective equipment, rule
changes, neck strength and legislation in reducing sport
concussion risk.		Medline, Sports Discuss, EMBASE, PubMed, from 1946?/1998? to 2012		Concussion, game injury or time loss		1 cluster-randomised controlled trials, 2 cross-sectional		6921 participants aged 12+ years 		INCLUDED: a longitudinal cross sectional study of mouthguards, using 28 AFL players over 3 seasons. Incidence of concussion and assess risk factor in Austrailian non-pro male rugby players. Concussion rates in 3 arms of study: no headgear, standard headgear, modified headgear 		Customised mandibular orthotic (CMO), headgear 		Mean self-reported incidence prior to CMO use. Players reported always using headgear = reduced risk of sustaining concussion. No significant risk between 3 arms of the study. 				Little new evidence found for successful interventions to reduce concussion. No new valid evidence to suggest standard headgear in rugby reduces concussion. Limited evidence that mouthguards in american football reduce concussion.  
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		Cusimano et al., 2021		Systematic review. Objective was to evaluate the effectiveness of current neurological injury prevention strategies in rugby union		OVID Medline (1950 to May 2010), OVID HealthStar (1966 to May 2010), CINAHL (1981 to May 2010), Sport Discus (1800 to May 2010), PubMed (1948 to May 2010), Scholar's Portal Physical Education Index, Web of Science (1976 to May 2010), and the Cochrane Controlled Clinical Trials Register (CENTRAL from 1991 to May 2010)		Evaluated injury prevention strategies for rugby players and reported on neurological outcomes.		Systematic review including: 2 Randomised controlled trials, 2 prospective cohort design, 1 ecological study, 3 case series studies, 1 cohort study, 1 case-control study		12,151 participants aged from 12+ years old. (12-29 years)		Two studies assessed the effectiveness of headgear, 2 studies assessed the effectiveness of mouthguards 2 studies assessed the effectiveness of both headgear and mouthguards to prevent concussion during rugby.		Mouthguard, head gear, education prevention programme (RugbySmart) designed to educate rugby participants regarding physical conditioning, injury management, and safe tackling techniques in rugby. 		No association between mouthguards and reduction in concussion. 55 (48.2%) had previosuly suffered from concussion, 39 (71%) were not wearing gum shields and 16 (29.1%) were. No significant difference between the concussion injury rates of players with and without headgear. 				Current available evidence suggests multifaceted intervention programs combining education and rule enforcement implemented in a mandatory fashion are likely to be effective in reducing the incidence of neurological injuries among rugby players. Limited evidence that headgear and mouthguards prevent neurological injuries in rugby. 
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		Daly et al., 2021		The objective of this systematic literature review was to evaluate the evidence regarding the development of neck strength in reducing concussion and cervical spine injuries in adult amateur and professional sport populations. 		PubMed , CINAHL, Science Direct, and Web of Science databases		Primary objective: Investigate how effective a specific neck strengthening intervention would be on the isometric neck strength profile of professional male rugby players. Secondary outcome: baseline testing of isometric neck strength at the start of the season and at week 5 of the intervention		Systematic review including: Controlled laboratory study, quasi-experimental pilot study		50 participants aged 19-29 years old, male		Three studies examined the effects of a neck strengthening intervention on adult athletic populations after gathering baseline measures of isometric neck strength. Two of the papers examined standard isometric neck strength as an intervention while one paper examined a novel neck strengthening device.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program. The control arm should not include neck exercises.		No significant between-group differences in isometric neck strength were noted preintervention. Composite neck strength improvement favoured the intervention group				None of the studies reported any impact of neck
strengthening exercises on cervical spine injuries. This review has shown that there is currently a
lack of evidence to support the use of neck strengthening interventions in reducing impact injury
risk in adult populations who participate in sport. The evidence in this systematic literature review supports the most recent Consensus Statement on Concussion in Sport which states that prevention interventions using modifiable risk factors remain unclear in terms of possible interventions to prevent or reduce the risk of concussion in sport. Whether we examine neck strength interventions using gender, age, or under specific category of sports parameters, there is evidence to suggest that athlete education programs can be utilised as a strategy to reduce concussion risk in sport.
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		Elliot et al., 2021		Systematic review of the literature with a primary objective to determine the relationship between neck strength and sport-related head and neck injuries (including sport-related concussion (SRC). Secondary objective was whether neck exercise programs can reduce the incidence of (a) sport-related head and neck injuries; and (b) SRC.		Ovid MEDLINE, CINAHL, EMBASE, SPORTDiscus, and Web of Science		Primary outcome: observational studies report the association between incidence of head and/or neck injury and neck strength data, or intervention trials which report comparison data for the incidence of head and/or neck injury between the intervention and control arms.		2 observational studies, 2 cohort, 2 RCT's		10,745 particpants mean age 16 & 25.5 years old 		Two observational studies including male and female high school and university athletes explored the relationship between neck strength and SRC. Four experimental studies investigated the effect of an exercise intervention which included neck exercises on incidence of (a) head and/or neck injuries, and/or (b) SRC.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program.The control arm should not include neck exercises.		The results of two observational studies reported that higher neck strength, but not deep neck flexor endurance, is associated with a lower risk of sustaining a SRC. Four intervention studies demonstrated that injury reduction programs that included neck exercises can reduce the incidence of sport-related head and neck injuries including SRC.		Consideration should be given towards incorporating neck exercises into injury reduction exercise programs to reduce the incidence of sport-related head and neck injuries, including SRC.		This review provides limited evidence that greater neck 
strength and participation in injury reduction exercise 
programs which include neck exercises may reduce the 
incidence of sport-related head and neck injuries, includ�ing SRC. The inclusion as well as types of neck exercises 
incorporated into training programs for contact sports should 
be further explored, particularly in adolescent and female 
athletes who appear most likely to beneft.
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		Emery, C.A et al., 2017                                                      		Systematic review according to the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis) guidelines to examine the effectiveness of 
concussion prevention strategies in reducing concussion 
risk in sport.		Relevant studies were identified through 11 electronic data - Ovid MEDLINE (R), CINAHL, PsycINFO, Cochrane Databases for Systematic and Complete Review, Cochrane Controlled Trials Registry, Cochrane Injuries Group Trials Register, SPORTDiscus, EMBASE, ERIC, Conference Proceedings Citation Index, ProQuest Dissertation & Theses Global Database		Primary: investigating an 
outcome of concussion or head impact Secondary: evaluating a
concussion prevention intervention		 In total, 48 
studies were identified and categorised by prevention strategy 
and sport. The majority of studies evaluated protective equipment (n=25) or rules and regulations (n=13), and the remainder 
examined other concussion prevention strategies. In total, only 5 of 48 (10.4%) 
studies are RCTs, with the remaining being cohort (n=20, 
41.7%), historical cohort (n=12), case-control (n=3), cross-sectional (n=5), pre-experimental (n=2) and ecological (n=1) studies. One study (2.1%) included female sport participants only, 41 (85.4%) included male sport participants only 
and 6 (12.5%) included both. Youth sport participants were 
targeted in 26 of 48 (54.2%) studies.		Sport participants		Elegible: 74.          Included: 48  Excluded:  29 were excluded based on manuscript evaluation by 
two independent reviewers (AMB, AK, CE, GM). 		Helmets, headgear, Mouthguards, Policy and rule changes, other strategies-vivion training, player safety coach, tackle training without pads/helmets, fair play rules, larger ice surface (ice hockey). 		The studies selected (n=48) provided evidence related to protective gear (helmets, headgear, mouthguards) (n=25), policy and rule changes (n=13) and other interventions (training, education, facilities) (n=10). Meta-analyses demonstrate a combined effect of a 70% reduction (incidence rate ratio (IRR)=0.3 (95% CI: 0.22 to 0.41)) in concussion risk in youth ice hockey leagues where policy disallows body checking, and the point estimate (IRR=0.8 (95% CI: 0.6 to 1.1)) suggests a protective effect of mouthguards in contact and collision sport (basketball, ice hockey, rugby).		Helmets: There is some evidence supporting the importance of appropriate helmet fit in youth football, with reduced symptom severity and duration 
reported with proper helmet fit. A helmet with thicker padding over zygoma and mandible was reported to reduce concussion risk by 40%/54%, in two different studies, in comparison to a standard helmet. Headgear: Two studies reported a significant effect of headger in professional rugby, while three papers demonstrated no effect of headgear, and two papers showed an effect of headgear in soccer that was not statistically significant. Mouthguards: The protective effect of wearing a mouthguard in comparison 
with no mouthguard was examined in eight studies (basketball,
hockey
 and rugby
) with mixed findings. Policy and rule changes: Disallowing body checks and head impacts may reduce risk of concussions. Other: 		The strongest and most consistent sport concussion preven�tion evidence evaluates body checking policy disallowing body 
checking in youth ice hockey, demonstrating a significant protec�tive effect in reducing the risk of concussion. This evidence 
has subsequently informed policy change in non-elite levels in 
older age groups and this requires further investigation. Further 
research is required to examine such rule changes in other 
collision sports, and alignment with biomechanical research to 
examine injury mechanisms is important. Regarding equipment, 
there is sufficient evidence in skiing/snowboarding to support 
strong recommendations and policy to mandate helmet use. The 
evidence for mouthguard use in preventing concussion is mixed, 
but meta-analysis suggests that there may be an overall protec�tive effect in collision sports that cannot be ignored and rigorous 
case-control designs are required. Future research should focus 
on evaluating evidence-informed concussion prevention strat�egies targeting sport-specific extrinsic (eg, rules of the game) 
and intrinsic (eg, previous concussion history) risk factors. 
Prospective evaluation study designs (eg, cohort studies, RCTs), 
valid injury surveillance systems, consideration of potential 
confounders (eg, concussion history) and common concussion 
outcome definitions are needed. Concussion definitions consis�tent with international consensus guidelines and consideration 
exposure data (ie, player participation) to accurately measure 
injury rates are essential. Psychological and sociocultural factors 
in sport play a role in the uptake and maintenance of any injury 
prevention strategy and require further consideration in evalu�ating concussion prevention strategies.

		Reference		Review Characteristics
 & Objectives		Databases
 searched & inclusive Dates		Primary & 
Secondary 
Outcome 
Measures		Number of 
Primary 
Publications or Studies Included		Number of 
Participants & 
Charactersitics		Included & Excluded
Studies & Groups		Intervention Summary		Main Results		Other Results		Authors' 
Conclussion

		Enniss, T.M. et al., 2018		a systematic review of the literature to 
answer seven population, intervention, comparator, 
and outcomes (PICO) questions 		MEDLINE, PubMed, Scopus, Cumulative Index of Nursing and Allied Health Literature, and Embase 
(online supplementary appendix A).		Contact sports related concussions.		Include three randomized control trials, all of which contain significant
methodologic flaws. The remaining 28 studies were uncontrolled retrospective cohort or prospective observational
studies. Total 31 studeis.		Amateur athletes, both pediatric (age 14 or younger) and adult (non-professionals aged 15 years and older). 		Eligible: 143   Included (31)   Excluded (89): Case reports, expert opinion, non-sport studies.		Protective headgear, concussion education, neck mass exercise, and rule
modification.		 Conditional
recommendations are made supporting preventive interventions concussion education and rules prohibiting high�risk activity for both pediatric and adult amateur athletes and neck strengthening exercise in adult amateur athletes. Strong recommendations are supported for head protective equipment in both pediatric and adult
amateur athletes. Strong recommendations regarding newer football helmet technology in adult amateur athletes
and rules governing the implementation of body-checking in youth ice hockey are supported.		Other results suggest that there is strong recommendation for head protective 
equipment as a primary preventive 
intervention against sports-related 
concussions in pediatric athletes.		In summary, this represents the first systematic review of the literature pertaining to the primary prevention of
sports-related concussion. EAST applauds the advances that have been made 
in the evidence guiding the diagnosis and management of mild 
traumatic brain injury-related to sports. However, the greatest 
opportunity to impact overall injury burden lies in injury 
prevention. Future research will serve to more granularly define 
effective interventions to prevent sports-related concussion in 
pediatric and adult amateur athletes
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		Fraas, M.R. and Burchiel, J. 2016		 Systematically review on the content and level of evidence on concussion education/
prevention programmes in rugby union		PubMed, PsycInfo, MEDLINE, SPORTDiscuss, Webofscience, and conducted a
manual search for articles. 		Effectiveness of concussion education/ prevention programmes.		10 studies were inlcuded.		junior (n=2279) and adult (n=1624) rugby union athletes		Eligible: 366      Included: 10      Excluded: 356      Not addressing education, not focused on concussion, not reported in journal, not published in english		Education strategies to reduce concussion and injury surveillance and prevention programmes.		What they found is that there are several well-established concussion education and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such programmes.		When looking at other results there is some evidence to suggest that mandatory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries.		There are several well-established concussion edu�cation and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such pro�grammes. There is some evidence to suggest that man�datory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries. Ongoing efforts are
required to enhance the safety of rugby union athletes.
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		Knapik et al., 2019		A systematic review and meta-analysis of the efectiveness of MGs for the prevention of sports-related 
orofacial injuries and concussions.		PubMed, Ovid Embase, and the Cumulative Index to Nursing and Allied Health 
Literature were searched to fnd studies		Primary/secondary: sport-related orofacial injuries, concussions.		In total 26 studies were included in this review. Study designs included 8 non-randomized prospective cohort 
intervention studies ,2  non-randomized ret�rospective cohort studies, 4 one-group ecological 
intervention studies, 11 cross-sectional surveys, and a single randomized prospective 
cohort investigation.		Sports athletes: American football, rugby, basketball, ice hockey, field hockey, handball, taekwondo. 		Eligible: 112             Included:25         Excluded: 86        Excluded due to: lacked non MG group. lacked required data, MG and injury data reported
separately, aggregrated data not allowing
determination of denominators
or proportional injury data		Mouth guards: Stock over the counter, boil and bite, and custom. 		The results from this review suggest that MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG.		The current evidence indicates that MGs 
have little impact on reducing the incidence of concussions.		Despite diferences in injury defnitions and low methodo�logical quality of some studies, this review suggests that 
MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG. 
On the other hand, the current evidence indicates that MGs 
have little impact on reducing the incidence of concus�sions. The methodological quality of future studies could 
be improved by better descriptions of study participants, 
clear injury case defnitions, consideration of potential 
confounders, quantitative reporting of adverse events, 
multivariable statistical analysis, monitoring of compli�ance, and consideration of statistical power. MGs should 
be used in all sport activities where there is signifcant risk 
of orofacial injury.
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		Makovec Knight et al., 2021		Systematic review of in vivo studies to assess association between sports related concussion and soft shell head gear (HG) use and potential increase in injury risk in HG users.		Ovid MEDLINE, Cochrane Library, Scopus, PsycINFO,  and SPORTDiscus conducted in April 2020 of studies published after 1980		Primary: Incidence rates of SRC, Secondary: superficial head injury or other injuries.		All studies were published betweeen 2001 and 2019. 8 studies were eligible, 4 were prospective cohort injury surveilance, 2 were RCT, 1 was a pilot RCT, and 1 cross sectional.  		There were 2 football (soccer) and 6 rugby cohorts with a total of 12,064 participants. 3 studies included females representing 17% (2038) total participants. 		Elegible = 73. Inlcuded (8):  were youth <18 years, english language, invivo studies published after 1980, evaluating SRC and other injury incidence in HG users compared to non-users. 5 were exclusive of youth, others compromised mixed youth/adult ranging from 13-45 years old. Excluded (65): Lab studt or other design, hard shell helmets, alt outcome or population, not team sport, beofre 1980.		Effects of HG on rates of SRC (n=6), other body regions (n=4), head injury superficial to the skull (n=4) and frequency of impacts sustained to the head (n=1).  3 studies examined a combination of these outcomes, soft shell HG with SRC, superficial headinjuries, and other body regions. 		Eight studies were eligible. The majority (n=5) 
reported no difference in the rate of SRC among HG users 
versus non-users. One rugby study identified significantly 
lower risk of SRC for non-HG users (risk ratio (RR) 0.63; 
95% CI 0.41 to 0.98) compared with HG users, whereas a 
cross-sectional survey of soccer players indicated higher 
risk of SRC for non-HG users (RR 2.65; 95% CI 1.23 to 
3.12) compared with HG users. The findings do not support the use of the current and commercially available HG to prevent SRC in youth rugby or football. HG does not mitigated the forces invovled with head impacts. 		. Three of the four studies 
investigating superficial head injury found no significant 
differences with HG use, though the soccer survey 
reported reduced risk among HG users (RR 1.86; 95% CI 
0.09 to 0.11). Increased incidence of injuries to all body 
regions for rugby HG users was reported in two studies 
with adjusted RRs of 1.16 (95% CI 1.04 to 1.29) and 1.23 
(95% CI 1.00 to 1.50).		HG use was not associated with reduced 
rates of SRC or superficial head injury in youth soccer 
and rugby. The possibility of increased injury risk to all 
body regions for rugby HG users was raised. The need 
for research specific to youth and female athletes was 
highlighted.
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		Peek et al., 2020		Systematic review of the potential relationship betweeen neck strength and head acceleration during purposeful heading in soccer.		Protocol registered PROSPERO. EMBASE, MEDLINE, CINAHL, SportDiscus and Web of Science from first record to January 2019.		Primary: To measure the relationship betweeen isometric neck strength and  head acceleration in purposeful heading in soccer (football). Scenodary: Higher neck strength lowered linear and rotational acceleration. 		Of the 1174 potential papers eligible, 5 papers met inclusion criteria. All 5 were conducted in the USA between 2008 and 2018, and used cross-sectional research design. 		A total of 190 participants (67% female) and a mean age of 19 years (range 15-24 years) were recruited across the 5 studies. Playing level ranged from high school to division I and II collegiate level. Participants were excluded that had a recent head or neck injury. 		Inclusion: original research reporting on the relationship between neck strength and head impact and/or acceleration during purposeful heading in soccer, irrespective o fse, age, health status and/or playing level; experimental research designs with neck strengthening was the intervention; published in english, or translation availabe. Exclusion: reporting neck strength data without data related to had impact and/or acceleration specifically during purposeful heading; reporting muscle activation adn not neck strength during heading; reporting on relationship of neck strength and head impact and/or acceleration whilst participants were exposed to another intervention to reduce head impact/acceleration (head gear/mouth guards) unless data was reported from those without such exposure; editorials, systematic reviews, qualitative or unpublished studies without peer-review. 		All 5 studies reported mean isometric neck strength using hand held dynomometry. Four studies measured head acceleration using tri-axial acceleromoeter and one used vieo analysis. All 5 studies report results for linear head acceleration. 3 reported resuilts for rotational head acceleration. All used a simulated purposeful heading within a controlled environment (not training or match play). Balls were delivered by a ball pithing machine or a researcher  to mimic a throw-in. Participants were instructed to stad feet on the ground and aim the ball towards a target in front of them to the left or right or not reported. Area of impact was only reported in two studies. Participants were fitted with a force-sensitive resistor taped to the forehead that required the ball make contact with. 		From an initial search of 1174 potentially eligible papers, five cross-sectional studies met the
eligibility criteria for inclusion in this review. Data from cross-sectional studies indicate that higher
neck strength is associated with lower head acceleration during purposeful heading in soccer (p = <0.05;
r < −0.5).		Female participants exhibited statistically significant (p=<.001) lower neck strength on testing and greater head velocity during purposeful heading when compared to male participants. 		This review provides evidence that higher neck strength may lower head acceleration during
purposeful heading in soccer. Further research is required to determine the most effective method to
strengthen the neck musculature in soccer players.
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		Phillips and Crisco, 2020		Systematic review on the effectiveness of American footbal rules and behaviour interventions on head impacts and concussions.		PubMed, PsycINFO, Cochrane, Embase, ERIC, and Global Health searched between 15th November 2019 and 22 February 2020. 		Primary:Head injuries, head impacts and concussion; Secondary: magnitude of head impacts, location of head impacts, unintended consequences. 		From 1162 articles, duplicates and and excluded papers, 20 articles met inclusion criteria. These were published in peer-reviewed journals between 2013 and 2020. 		Total of 10,115 youth American football players. 2663 were in the intervention and 4286 were in the control or comparison group. Some studies did not specify groups. Experience, prior years played and was not mentioned in the included studies. High school football players: 6665 total participants, 4647 in the intervention, 2097 in the control/comparitor. Total number does not add up as two studies had participants that were in both groups. Only one study accounted for player experience. Collegiate American football: Total 726 participants, 461 intervention, 475 in control/comparison. Total number does not add up as some were in both groups. 		Included: RCTs, quasi-experimental, cohort studies, case control, and cross-sectional; American football- collegiate players, high-school and youth players; Comparison groups not receiving intervention or participating in rule change; head injuries/impacts/concussions; english language. Excluded: Studies analysing efectiveness of protective equipement such as helmets, neck collars, mouthguards; professional football; observational studies and review articles.		Three studies evaluated alternatives to tackle football, one an educational program, one a rule change, and one an educational program and a rule change. 		Youth football: Rule change (1) No change in the overall concussion rate
(2) The practice concussion rate ranged from
not significant to a lower concussion rate
(3) The change in the game concussion rate
was not significant
Educational
intervention:
(1) Practice concussion rate was lower
(2) The change in the game concussion rate
was not significant
Alternatives: (1) The overall concussion rate for flag football
was higher
(2) The overall concussion rate for TackleBar
was lower
(3) The game impact rate was lower in flag
football
(4) The practice impact rate was lower in flag
football ; High-school football: Rule change: (1) The practice concussion rate was lower
(2) There was no change in the game concussion rate
(3) The practice impact rate was lower
(4) The game impact rate was lower
Educational intervention:
(1) The change in overall concussion rate was
not significant
(2) The practice concussion rate was lower
(3) The change in game concussion rate was
not significant
(4) The practice impact rate was lower
(5) The game impact race was lower; Collegiate football: Rule change (1) The game concussion rate was lower
(2) The practice impact rate had team
dependent decreases
Educational intervention:
(1) The overall impact rate was lower
Training: (1) The game concussion rate was lower				Studies evaluating the effectiveness of interventions and regualtions on reducing head impact exposures on head injuries have shown mixed results. Some regulations may eb more effective than others, but methodological design and risk of bias pose limitations to generalise effects.
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		Schneider et al., 2017		The aim of the current review was to systematically identify, evaluate and synthesise trials that examine concussion prevention via equipment, educational programmes and training programmes.		PubMed and EBSCO host (CINAHL, MEDLINE, SPORTDiscus).		Primary aim to evaluate the efficacy of interventional protective equipement, training programmes and education in regards to concussion prevention. Secondary aim to evaluate the efficacy of headgear and face shields in preventing superficial injuries as reported in the included studies. 		15 articles met the inclusion criteria and were included in the present study. 		Of the 15 included studies, 7 evaluated helmets/headgear, 8 evaluated mouthguards,2 evaluated hockey face shields and one evaluated an American football tackling technique educational programme. No prospective studies were identified that evaluated training protocols. Six studies evaluated concussion incidence in rugby,6 evaluated American football,2 evaluated hockey,1 evaluated basketball and 1 evaluated bicycling. Three of 15 included studies evaluated both male and female participants. The age of participants evaluated in the included study ranged from 5-year-old football players to bicyclists >40 years old. One study evaluated rugby players in an under-15-year-old league, and the remaining 12 studies evaluated high school aged athletes (∼16 years old) and university/young professional athletes (∼21 years old). 		Inclusion: prospective study design, must report data on  and examine preventative  effect of equipement, training, or educational programmes on incidence of concussions in comparison to a control group; Excluded: Laboratory-based studies, further analyses on previously reported  prospective studies, written in language other than english, abstracts and review papers.		Protective equipement such as helmets and headgear, mouthguards, face shields, and American football tackling techique educational programme. 		14 studies evaluated interventions of novel protective equipment. One prospective investigation evaluated an educational programme. The relative risk of concussion for participants enrolled in the interventional arms of trials was not significantly different from that in standard practice arms (RR=0.78, 95% CI 0.55 to 1.11, χ2 =1.8, p=0.17; I2 =85.3%, 95% CI 71.5% to 90.8%). The relative risk of concussion for participants wearing protective equipment (ie, headgear, full face shields) relative to their counterparts wearing standard or no equipment, calculated from seven available reports, showed no effect of intervention (RR=0.82, 95% CI 0.56 to 1.20, χ2 =1.06, p=0.30; I2 =86.7%, 95% CI 73.3% to 91.8%). The relative risk of superficial head injury for participants wearing protective equipment relative to their counterparts, calculated from three reports, showed a significant risk reduction (RR=0.41, 95% CI 0.31 to 0.56, χ2 =34.13, p		Helmets may reduce the incidence of skull fracture and superficial head injuries. Mouthguards that are custom made are thicker than over the counter may reduce concussions. Face shields with full facial protection lowers risk of eyes injuries, dental injuries and facial lacerations compared to half face shields.  		Prospective controlled studies indicate that certain protective equipment (helmets/headgear, mouthguards and face shields) may prevent superficial head injury, but these items are suboptimal for concussion prevention in sport.  Existing trials show no difference in the relative risk of concussion in athletes wearing novel protective equipement relative to athletes wearing standard equipement. Some of these items may prevent superficial head injuries, as relative risk of these inuries in athletes wearing novel protective equipement was less than half of that of their counterparts. 
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		Benson et al., 2013		Systematic review of cross-sectional, prospective case series, case control, retrospective and prospective cohort, quasi-experimental or experimental study designs. To critically review the evidence to determine the
efficacy and effectiveness of protective equipment, rule
changes, neck strength and legislation in reducing sport
concussion risk.		Medline, Sports Discuss, EMBASE, PubMed, from 1946?/1998? to 2012		Concussion, game injury or time loss		1 cluster-randomised controlled trials, 2 cross-sectional		6921 participants aged 12+ years 		INCLUDED: a longitudinal cross sectional study of mouthguards, using 28 AFL players over 3 seasons. Incidence of concussion and assess risk factor in Austrailian non-pro male rugby players. Concussion rates in 3 arms of study: no headgear, standard headgear, modified headgear 		Customised mandibular orthotic (CMO), headgear 		Mean self-reported incidence prior to CMO use. Players reported always using headgear = reduced risk of sustaining concussion. No significant risk between 3 arms of the study. 				Little new evidence found for successful interventions to reduce concussion. No new valid evidence to suggest standard headgear in rugby reduces concussion. Limited evidence that mouthguards in american football reduce concussion.  
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		Cusimano et al., 2021		Systematic review. Objective was to evaluate the effectiveness of current neurological injury prevention strategies in rugby union		OVID Medline (1950 to May 2010), OVID HealthStar (1966 to May 2010), CINAHL (1981 to May 2010), Sport Discus (1800 to May 2010), PubMed (1948 to May 2010), Scholar's Portal Physical Education Index, Web of Science (1976 to May 2010), and the Cochrane Controlled Clinical Trials Register (CENTRAL from 1991 to May 2010)		Evaluated injury prevention strategies for rugby players and reported on neurological outcomes.		Systematic review including: 2 Randomised controlled trials, 2 prospective cohort design, 1 ecological study, 3 case series studies, 1 cohort study, 1 case-control study		12,151 participants aged from 12+ years old. (12-29 years)		Two studies assessed the effectiveness of headgear, 2 studies assessed the effectiveness of mouthguards 2 studies assessed the effectiveness of both headgear and mouthguards to prevent concussion during rugby.		Mouthguard, head gear, education prevention programme (RugbySmart) designed to educate rugby participants regarding physical conditioning, injury management, and safe tackling techniques in rugby. 		No association between mouthguards and reduction in concussion. 55 (48.2%) had previosuly suffered from concussion, 39 (71%) were not wearing gum shields and 16 (29.1%) were. No significant difference between the concussion injury rates of players with and without headgear. 				Current available evidence suggests multifaceted intervention programs combining education and rule enforcement implemented in a mandatory fashion are likely to be effective in reducing the incidence of neurological injuries among rugby players. Limited evidence that headgear and mouthguards prevent neurological injuries in rugby. 
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		Daly et al., 2021		The objective of this systematic literature review was to evaluate the evidence regarding the development of neck strength in reducing concussion and cervical spine injuries in adult amateur and professional sport populations. 		PubMed , CINAHL, Science Direct, and Web of Science databases		Primary objective: Investigate how effective a specific neck strengthening intervention would be on the isometric neck strength profile of professional male rugby players. Secondary outcome: baseline testing of isometric neck strength at the start of the season and at week 5 of the intervention		Systematic review including: Controlled laboratory study, quasi-experimental pilot study		50 participants aged 19-29 years old, male		Three studies examined the effects of a neck strengthening intervention on adult athletic populations after gathering baseline measures of isometric neck strength. Two of the papers examined standard isometric neck strength as an intervention while one paper examined a novel neck strengthening device.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program. The control arm should not include neck exercises.		No significant between-group differences in isometric neck strength were noted preintervention. Composite neck strength improvement favoured the intervention group				None of the studies reported any impact of neck
strengthening exercises on cervical spine injuries. This review has shown that there is currently a
lack of evidence to support the use of neck strengthening interventions in reducing impact injury
risk in adult populations who participate in sport. The evidence in this systematic literature review supports the most recent Consensus Statement on Concussion in Sport which states that prevention interventions using modifiable risk factors remain unclear in terms of possible interventions to prevent or reduce the risk of concussion in sport. Whether we examine neck strength interventions using gender, age, or under specific category of sports parameters, there is evidence to suggest that athlete education programs can be utilised as a strategy to reduce concussion risk in sport.
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		Elliot et al., 2021		Systematic review of the literature with a primary objective to determine the relationship between neck strength and sport-related head and neck injuries (including sport-related concussion (SRC). Secondary objective was whether neck exercise programs can reduce the incidence of (a) sport-related head and neck injuries; and (b) SRC.		Ovid MEDLINE, CINAHL, EMBASE, SPORTDiscus, and Web of Science		Primary outcome: observational studies report the association between incidence of head and/or neck injury and neck strength data, or intervention trials which report comparison data for the incidence of head and/or neck injury between the intervention and control arms.		2 observational studies, 2 cohort, 2 RCT's		10,745 particpants mean age 16 & 25.5 years old 		Two observational studies including male and female high school and university athletes explored the relationship between neck strength and SRC. Four experimental studies investigated the effect of an exercise intervention which included neck exercises on incidence of (a) head and/or neck injuries, and/or (b) SRC.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program.The control arm should not include neck exercises.		The results of two observational studies reported that higher neck strength, but not deep neck flexor endurance, is associated with a lower risk of sustaining a SRC. Four intervention studies demonstrated that injury reduction programs that included neck exercises can reduce the incidence of sport-related head and neck injuries including SRC.		Consideration should be given towards incorporating neck exercises into injury reduction exercise programs to reduce the incidence of sport-related head and neck injuries, including SRC.		This review provides limited evidence that greater neck 
strength and participation in injury reduction exercise 
programs which include neck exercises may reduce the 
incidence of sport-related head and neck injuries, includ�ing SRC. The inclusion as well as types of neck exercises 
incorporated into training programs for contact sports should 
be further explored, particularly in adolescent and female 
athletes who appear most likely to beneft.
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		Emery, C.A et al., 2017                                                      		Systematic review according to the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis) guidelines to examine the effectiveness of 
concussion prevention strategies in reducing concussion 
risk in sport.		Relevant studies were identified through 11 electronic data - Ovid MEDLINE (R), CINAHL, PsycINFO, Cochrane Databases for Systematic and Complete Review, Cochrane Controlled Trials Registry, Cochrane Injuries Group Trials Register, SPORTDiscus, EMBASE, ERIC, Conference Proceedings Citation Index, ProQuest Dissertation & Theses Global Database		Primary: investigating an 
outcome of concussion or head impact Secondary: evaluating a
concussion prevention intervention		 In total, 48 
studies were identified and categorised by prevention strategy 
and sport. The majority of studies evaluated protective equipment (n=25) or rules and regulations (n=13), and the remainder 
examined other concussion prevention strategies. In total, only 5 of 48 (10.4%) 
studies are RCTs, with the remaining being cohort (n=20, 
41.7%), historical cohort (n=12), case-control (n=3), cross-sectional (n=5), pre-experimental (n=2) and ecological (n=1) studies. One study (2.1%) included female sport participants only, 41 (85.4%) included male sport participants only 
and 6 (12.5%) included both. Youth sport participants were 
targeted in 26 of 48 (54.2%) studies.		Sport participants		Elegible: 74.          Included: 48  Excluded:  29 were excluded based on manuscript evaluation by 
two independent reviewers (AMB, AK, CE, GM). 		Helmets, headgear, Mouthguards, Policy and rule changes, other strategies-vivion training, player safety coach, tackle training without pads/helmets, fair play rules, larger ice surface (ice hockey). 		The studies selected (n=48) provided evidence related to protective gear (helmets, headgear, mouthguards) (n=25), policy and rule changes (n=13) and other interventions (training, education, facilities) (n=10). Meta-analyses demonstrate a combined effect of a 70% reduction (incidence rate ratio (IRR)=0.3 (95% CI: 0.22 to 0.41)) in concussion risk in youth ice hockey leagues where policy disallows body checking, and the point estimate (IRR=0.8 (95% CI: 0.6 to 1.1)) suggests a protective effect of mouthguards in contact and collision sport (basketball, ice hockey, rugby).		Helmets: There is some evidence supporting the importance of appropriate helmet fit in youth football, with reduced symptom severity and duration 
reported with proper helmet fit. A helmet with thicker padding over zygoma and mandible was reported to reduce concussion risk by 40%/54%, in two different studies, in comparison to a standard helmet. Headgear: Two studies reported a significant effect of headger in professional rugby, while three papers demonstrated no effect of headgear, and two papers showed an effect of headgear in soccer that was not statistically significant. Mouthguards: The protective effect of wearing a mouthguard in comparison 
with no mouthguard was examined in eight studies (basketball,
hockey
 and rugby
) with mixed findings. Policy and rule changes: Disallowing body checks and head impacts may reduce risk of concussions. Other: 		The strongest and most consistent sport concussion preven�tion evidence evaluates body checking policy disallowing body 
checking in youth ice hockey, demonstrating a significant protec�tive effect in reducing the risk of concussion. This evidence 
has subsequently informed policy change in non-elite levels in 
older age groups and this requires further investigation. Further 
research is required to examine such rule changes in other 
collision sports, and alignment with biomechanical research to 
examine injury mechanisms is important. Regarding equipment, 
there is sufficient evidence in skiing/snowboarding to support 
strong recommendations and policy to mandate helmet use. The 
evidence for mouthguard use in preventing concussion is mixed, 
but meta-analysis suggests that there may be an overall protec�tive effect in collision sports that cannot be ignored and rigorous 
case-control designs are required. Future research should focus 
on evaluating evidence-informed concussion prevention strat�egies targeting sport-specific extrinsic (eg, rules of the game) 
and intrinsic (eg, previous concussion history) risk factors. 
Prospective evaluation study designs (eg, cohort studies, RCTs), 
valid injury surveillance systems, consideration of potential 
confounders (eg, concussion history) and common concussion 
outcome definitions are needed. Concussion definitions consis�tent with international consensus guidelines and consideration 
exposure data (ie, player participation) to accurately measure 
injury rates are essential. Psychological and sociocultural factors 
in sport play a role in the uptake and maintenance of any injury 
prevention strategy and require further consideration in evalu�ating concussion prevention strategies.
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		Enniss, T.M. et al., 2018		a systematic review of the literature to 
answer seven population, intervention, comparator, 
and outcomes (PICO) questions 		MEDLINE, PubMed, Scopus, Cumulative Index of Nursing and Allied Health Literature, and Embase 
(online supplementary appendix A).		Contact sports related concussions.		Include three randomized control trials, all of which contain significant
methodologic flaws. The remaining 28 studies were uncontrolled retrospective cohort or prospective observational
studies. Total 31 studeis.		Amateur athletes, both pediatric (age 14 or younger) and adult (non-professionals aged 15 years and older). 		Eligible: 143   Included (31)   Excluded (89): Case reports, expert opinion, non-sport studies.		Protective headgear, concussion education, neck mass exercise, and rule
modification.		 Conditional
recommendations are made supporting preventive interventions concussion education and rules prohibiting high�risk activity for both pediatric and adult amateur athletes and neck strengthening exercise in adult amateur athletes. Strong recommendations are supported for head protective equipment in both pediatric and adult
amateur athletes. Strong recommendations regarding newer football helmet technology in adult amateur athletes
and rules governing the implementation of body-checking in youth ice hockey are supported.		Other results suggest that there is strong recommendation for head protective 
equipment as a primary preventive 
intervention against sports-related 
concussions in pediatric athletes.		In summary, this represents the first systematic review of the literature pertaining to the primary prevention of
sports-related concussion. EAST applauds the advances that have been made 
in the evidence guiding the diagnosis and management of mild 
traumatic brain injury-related to sports. However, the greatest 
opportunity to impact overall injury burden lies in injury 
prevention. Future research will serve to more granularly define 
effective interventions to prevent sports-related concussion in 
pediatric and adult amateur athletes
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		Fraas, M.R. and Burchiel, J. 2016		 Systematically review on the content and level of evidence on concussion education/
prevention programmes in rugby union		PubMed, PsycInfo, MEDLINE, SPORTDiscuss, Webofscience, and conducted a
manual search for articles. 		Effectiveness of concussion education/ prevention programmes.		10 studies were inlcuded.		junior (n=2279) and adult (n=1624) rugby union athletes		Eligible: 366      Included: 10      Excluded: 356      Not addressing education, not focused on concussion, not reported in journal, not published in english		Education strategies to reduce concussion and injury surveillance and prevention programmes.		What they found is that there are several well-established concussion education and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such programmes.		When looking at other results there is some evidence to suggest that mandatory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries.		There are several well-established concussion edu�cation and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such pro�grammes. There is some evidence to suggest that man�datory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries. Ongoing efforts are
required to enhance the safety of rugby union athletes.

		Reference		Review Characteristics
 & Objectives		Databases
 searched & inclusive Dates		Primary & 
Secondary 
Outcome 
Measures		Number of 
Primary 
Publications or Studies Included		Number of 
Participants & 
Charactersitics		Included & Excluded
Studies & Groups		Intervention Summary		Main Results		Other Results		Authors' 
Conclussion

		Knapik et al., 2019		A systematic review and meta-analysis of the efectiveness of MGs for the prevention of sports-related 
orofacial injuries and concussions.		PubMed, Ovid Embase, and the Cumulative Index to Nursing and Allied Health 
Literature were searched to fnd studies		Primary/secondary: sport-related orofacial injuries, concussions.		In total 26 studies were included in this review. Study designs included 8 non-randomized prospective cohort 
intervention studies ,2  non-randomized ret�rospective cohort studies, 4 one-group ecological 
intervention studies, 11 cross-sectional surveys, and a single randomized prospective 
cohort investigation.		Sports athletes: American football, rugby, basketball, ice hockey, field hockey, handball, taekwondo. 		Eligible: 112             Included:25         Excluded: 86        Excluded due to: lacked non MG group. lacked required data, MG and injury data reported
separately, aggregrated data not allowing
determination of denominators
or proportional injury data		Mouth guards: Stock over the counter, boil and bite, and custom. 		The results from this review suggest that MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG.		The current evidence indicates that MGs 
have little impact on reducing the incidence of concussions.		Despite diferences in injury defnitions and low methodo�logical quality of some studies, this review suggests that 
MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG. 
On the other hand, the current evidence indicates that MGs 
have little impact on reducing the incidence of concus�sions. The methodological quality of future studies could 
be improved by better descriptions of study participants, 
clear injury case defnitions, consideration of potential 
confounders, quantitative reporting of adverse events, 
multivariable statistical analysis, monitoring of compli�ance, and consideration of statistical power. MGs should 
be used in all sport activities where there is signifcant risk 
of orofacial injury.
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		Makovec Knight et al., 2021		Systematic review of in vivo studies to assess association between sports related concussion and soft shell head gear (HG) use and potential increase in injury risk in HG users.		Ovid MEDLINE, Cochrane Library, Scopus, PsycINFO,  and SPORTDiscus conducted in April 2020 of studies published after 1980		Primary: Incidence rates of SRC, Secondary: superficial head injury or other injuries.		All studies were published betweeen 2001 and 2019. 8 studies were eligible, 4 were prospective cohort injury surveilance, 2 were RCT, 1 was a pilot RCT, and 1 cross sectional.  		There were 2 football (soccer) and 6 rugby cohorts with a total of 12,064 participants. 3 studies included females representing 17% (2038) total participants. 		Elegible = 73. Inlcuded (8):  were youth <18 years, english language, invivo studies published after 1980, evaluating SRC and other injury incidence in HG users compared to non-users. 5 were exclusive of youth, others compromised mixed youth/adult ranging from 13-45 years old. Excluded (65): Lab studt or other design, hard shell helmets, alt outcome or population, not team sport, beofre 1980.		Effects of HG on rates of SRC (n=6), other body regions (n=4), head injury superficial to the skull (n=4) and frequency of impacts sustained to the head (n=1).  3 studies examined a combination of these outcomes, soft shell HG with SRC, superficial headinjuries, and other body regions. 		Eight studies were eligible. The majority (n=5) 
reported no difference in the rate of SRC among HG users 
versus non-users. One rugby study identified significantly 
lower risk of SRC for non-HG users (risk ratio (RR) 0.63; 
95% CI 0.41 to 0.98) compared with HG users, whereas a 
cross-sectional survey of soccer players indicated higher 
risk of SRC for non-HG users (RR 2.65; 95% CI 1.23 to 
3.12) compared with HG users. The findings do not support the use of the current and commercially available HG to prevent SRC in youth rugby or football. HG does not mitigated the forces invovled with head impacts. 		. Three of the four studies 
investigating superficial head injury found no significant 
differences with HG use, though the soccer survey 
reported reduced risk among HG users (RR 1.86; 95% CI 
0.09 to 0.11). Increased incidence of injuries to all body 
regions for rugby HG users was reported in two studies 
with adjusted RRs of 1.16 (95% CI 1.04 to 1.29) and 1.23 
(95% CI 1.00 to 1.50).		HG use was not associated with reduced 
rates of SRC or superficial head injury in youth soccer 
and rugby. The possibility of increased injury risk to all 
body regions for rugby HG users was raised. The need 
for research specific to youth and female athletes was 
highlighted.
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		Peek et al., 2020		Systematic review of the potential relationship betweeen neck strength and head acceleration during purposeful heading in soccer.		Protocol registered PROSPERO. EMBASE, MEDLINE, CINAHL, SportDiscus and Web of Science from first record to January 2019.		Primary: To measure the relationship betweeen isometric neck strength and  head acceleration in purposeful heading in soccer (football). Scenodary: Higher neck strength lowered linear and rotational acceleration. 		Of the 1174 potential papers eligible, 5 papers met inclusion criteria. All 5 were conducted in the USA between 2008 and 2018, and used cross-sectional research design. 		A total of 190 participants (67% female) and a mean age of 19 years (range 15-24 years) were recruited across the 5 studies. Playing level ranged from high school to division I and II collegiate level. Participants were excluded that had a recent head or neck injury. 		Inclusion: original research reporting on the relationship between neck strength and head impact and/or acceleration during purposeful heading in soccer, irrespective o fse, age, health status and/or playing level; experimental research designs with neck strengthening was the intervention; published in english, or translation availabe. Exclusion: reporting neck strength data without data related to had impact and/or acceleration specifically during purposeful heading; reporting muscle activation adn not neck strength during heading; reporting on relationship of neck strength and head impact and/or acceleration whilst participants were exposed to another intervention to reduce head impact/acceleration (head gear/mouth guards) unless data was reported from those without such exposure; editorials, systematic reviews, qualitative or unpublished studies without peer-review. 		All 5 studies reported mean isometric neck strength using hand held dynomometry. Four studies measured head acceleration using tri-axial acceleromoeter and one used vieo analysis. All 5 studies report results for linear head acceleration. 3 reported resuilts for rotational head acceleration. All used a simulated purposeful heading within a controlled environment (not training or match play). Balls were delivered by a ball pithing machine or a researcher  to mimic a throw-in. Participants were instructed to stad feet on the ground and aim the ball towards a target in front of them to the left or right or not reported. Area of impact was only reported in two studies. Participants were fitted with a force-sensitive resistor taped to the forehead that required the ball make contact with. 		From an initial search of 1174 potentially eligible papers, five cross-sectional studies met the
eligibility criteria for inclusion in this review. Data from cross-sectional studies indicate that higher
neck strength is associated with lower head acceleration during purposeful heading in soccer (p = <0.05;
r < −0.5).		Female participants exhibited statistically significant (p=<.001) lower neck strength on testing and greater head velocity during purposeful heading when compared to male participants. 		This review provides evidence that higher neck strength may lower head acceleration during
purposeful heading in soccer. Further research is required to determine the most effective method to
strengthen the neck musculature in soccer players.
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		Phillips and Crisco, 2020		Systematic review on the effectiveness of American footbal rules and behaviour interventions on head impacts and concussions.		PubMed, PsycINFO, Cochrane, Embase, ERIC, and Global Health searched between 15th November 2019 and 22 February 2020. 		Primary:Head injuries, head impacts and concussion; Secondary: magnitude of head impacts, location of head impacts, unintended consequences. 		From 1162 articles, duplicates and and excluded papers, 20 articles met inclusion criteria. These were published in peer-reviewed journals between 2013 and 2020. 		Total of 10,115 youth American football players. 2663 were in the intervention and 4286 were in the control or comparison group. Some studies did not specify groups. Experience, prior years played and was not mentioned in the included studies. High school football players: 6665 total participants, 4647 in the intervention, 2097 in the control/comparitor. Total number does not add up as two studies had participants that were in both groups. Only one study accounted for player experience. Collegiate American football: Total 726 participants, 461 intervention, 475 in control/comparison. Total number does not add up as some were in both groups. 		Included: RCTs, quasi-experimental, cohort studies, case control, and cross-sectional; American football- collegiate players, high-school and youth players; Comparison groups not receiving intervention or participating in rule change; head injuries/impacts/concussions; english language. Excluded: Studies analysing efectiveness of protective equipement such as helmets, neck collars, mouthguards; professional football; observational studies and review articles.		Three studies evaluated alternatives to tackle football, one an educational program, one a rule change, and one an educational program and a rule change. 		Youth football: Rule change (1) No change in the overall concussion rate
(2) The practice concussion rate ranged from
not significant to a lower concussion rate
(3) The change in the game concussion rate
was not significant
Educational
intervention:
(1) Practice concussion rate was lower
(2) The change in the game concussion rate
was not significant
Alternatives: (1) The overall concussion rate for flag football
was higher
(2) The overall concussion rate for TackleBar
was lower
(3) The game impact rate was lower in flag
football
(4) The practice impact rate was lower in flag
football ; High-school football: Rule change: (1) The practice concussion rate was lower
(2) There was no change in the game concussion rate
(3) The practice impact rate was lower
(4) The game impact rate was lower
Educational intervention:
(1) The change in overall concussion rate was
not significant
(2) The practice concussion rate was lower
(3) The change in game concussion rate was
not significant
(4) The practice impact rate was lower
(5) The game impact race was lower; Collegiate football: Rule change (1) The game concussion rate was lower
(2) The practice impact rate had team
dependent decreases
Educational intervention:
(1) The overall impact rate was lower
Training: (1) The game concussion rate was lower				Studies evaluating the effectiveness of interventions and regualtions on reducing head impact exposures on head injuries have shown mixed results. Some regulations may eb more effective than others, but methodological design and risk of bias pose limitations to generalise effects.

		Reference		Review Characteristics
 & Objectives		Databases
 searched & inclusive Dates		Primary & 
Secondary 
Outcome 
Measures		Number of 
Primary 
Publications or Studies Included		Number of 
Participants & 
Charactersitics		Included & Excluded
Studies & Groups		Intervention Summary		Main Results		Other Results		Authors' 
Conclussion

		Schneider et al., 2017		The aim of the current review was to systematically identify, evaluate and synthesise trials that examine concussion prevention via equipment, educational programmes and training programmes.		PubMed and EBSCO host (CINAHL, MEDLINE, SPORTDiscus).		Primary aim to evaluate the efficacy of interventional protective equipement, training programmes and education in regards to concussion prevention. Secondary aim to evaluate the efficacy of headgear and face shields in preventing superficial injuries as reported in the included studies. 		15 articles met the inclusion criteria and were included in the present study. 		Of the 15 included studies, 7 evaluated helmets/headgear, 8 evaluated mouthguards,2 evaluated hockey face shields and one evaluated an American football tackling technique educational programme. No prospective studies were identified that evaluated training protocols. Six studies evaluated concussion incidence in rugby,6 evaluated American football,2 evaluated hockey,1 evaluated basketball and 1 evaluated bicycling. Three of 15 included studies evaluated both male and female participants. The age of participants evaluated in the included study ranged from 5-year-old football players to bicyclists >40 years old. One study evaluated rugby players in an under-15-year-old league, and the remaining 12 studies evaluated high school aged athletes (∼16 years old) and university/young professional athletes (∼21 years old). 		Inclusion: prospective study design, must report data on  and examine preventative  effect of equipement, training, or educational programmes on incidence of concussions in comparison to a control group; Excluded: Laboratory-based studies, further analyses on previously reported  prospective studies, written in language other than english, abstracts and review papers.		Protective equipement such as helmets and headgear, mouthguards, face shields, and American football tackling techique educational programme. 		14 studies evaluated interventions of novel protective equipment. One prospective investigation evaluated an educational programme. The relative risk of concussion for participants enrolled in the interventional arms of trials was not significantly different from that in standard practice arms (RR=0.78, 95% CI 0.55 to 1.11, χ2 =1.8, p=0.17; I2 =85.3%, 95% CI 71.5% to 90.8%). The relative risk of concussion for participants wearing protective equipment (ie, headgear, full face shields) relative to their counterparts wearing standard or no equipment, calculated from seven available reports, showed no effect of intervention (RR=0.82, 95% CI 0.56 to 1.20, χ2 =1.06, p=0.30; I2 =86.7%, 95% CI 73.3% to 91.8%). The relative risk of superficial head injury for participants wearing protective equipment relative to their counterparts, calculated from three reports, showed a significant risk reduction (RR=0.41, 95% CI 0.31 to 0.56, χ2 =34.13, p		Helmets may reduce the incidence of skull fracture and superficial head injuries. Mouthguards that are custom made are thicker than over the counter may reduce concussions. Face shields with full facial protection lowers risk of eyes injuries, dental injuries and facial lacerations compared to half face shields.  		Prospective controlled studies indicate that certain protective equipment (helmets/headgear, mouthguards and face shields) may prevent superficial head injury, but these items are suboptimal for concussion prevention in sport.  Existing trials show no difference in the relative risk of concussion in athletes wearing novel protective equipement relative to athletes wearing standard equipement. Some of these items may prevent superficial head injuries, as relative risk of these inuries in athletes wearing novel protective equipement was less than half of that of their counterparts. 
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		Benson et al., 2013		Systematic review of cross-sectional, prospective case series, case control, retrospective and prospective cohort, quasi-experimental or experimental study designs. To critically review the evidence to determine the
efficacy and effectiveness of protective equipment, rule
changes, neck strength and legislation in reducing sport
concussion risk.		Medline, Sports Discuss, EMBASE, PubMed, from 1946?/1998? to 2012		Concussion, game injury or time loss		1 cluster-randomised controlled trials, 2 cross-sectional		6921 participants aged 12+ years 		INCLUDED: a longitudinal cross sectional study of mouthguards, using 28 AFL players over 3 seasons. Incidence of concussion and assess risk factor in Austrailian non-pro male rugby players. Concussion rates in 3 arms of study: no headgear, standard headgear, modified headgear 		Customised mandibular orthotic (CMO), headgear 		Mean self-reported incidence prior to CMO use. Players reported always using headgear = reduced risk of sustaining concussion. No significant risk between 3 arms of the study. 				Little new evidence found for successful interventions to reduce concussion. No new valid evidence to suggest standard headgear in rugby reduces concussion. Limited evidence that mouthguards in american football reduce concussion.  
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		Cusimano et al., 2021		Systematic review. Objective was to evaluate the effectiveness of current neurological injury prevention strategies in rugby union		OVID Medline (1950 to May 2010), OVID HealthStar (1966 to May 2010), CINAHL (1981 to May 2010), Sport Discus (1800 to May 2010), PubMed (1948 to May 2010), Scholar's Portal Physical Education Index, Web of Science (1976 to May 2010), and the Cochrane Controlled Clinical Trials Register (CENTRAL from 1991 to May 2010)		Evaluated injury prevention strategies for rugby players and reported on neurological outcomes.		Systematic review including: 2 Randomised controlled trials, 2 prospective cohort design, 1 ecological study, 3 case series studies, 1 cohort study, 1 case-control study		12,151 participants aged from 12+ years old. (12-29 years)		Two studies assessed the effectiveness of headgear, 2 studies assessed the effectiveness of mouthguards 2 studies assessed the effectiveness of both headgear and mouthguards to prevent concussion during rugby.		Mouthguard, head gear, education prevention programme (RugbySmart) designed to educate rugby participants regarding physical conditioning, injury management, and safe tackling techniques in rugby. 		No association between mouthguards and reduction in concussion. 55 (48.2%) had previosuly suffered from concussion, 39 (71%) were not wearing gum shields and 16 (29.1%) were. No significant difference between the concussion injury rates of players with and without headgear. 				Current available evidence suggests multifaceted intervention programs combining education and rule enforcement implemented in a mandatory fashion are likely to be effective in reducing the incidence of neurological injuries among rugby players. Limited evidence that headgear and mouthguards prevent neurological injuries in rugby. 
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		Daly et al., 2021		The objective of this systematic literature review was to evaluate the evidence regarding the development of neck strength in reducing concussion and cervical spine injuries in adult amateur and professional sport populations. 		PubMed , CINAHL, Science Direct, and Web of Science databases		Primary objective: Investigate how effective a specific neck strengthening intervention would be on the isometric neck strength profile of professional male rugby players. Secondary outcome: baseline testing of isometric neck strength at the start of the season and at week 5 of the intervention		Systematic review including: Controlled laboratory study, quasi-experimental pilot study		50 participants aged 19-29 years old, male		Three studies examined the effects of a neck strengthening intervention on adult athletic populations after gathering baseline measures of isometric neck strength. Two of the papers examined standard isometric neck strength as an intervention while one paper examined a novel neck strengthening device.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program. The control arm should not include neck exercises.		No significant between-group differences in isometric neck strength were noted preintervention. Composite neck strength improvement favoured the intervention group				None of the studies reported any impact of neck
strengthening exercises on cervical spine injuries. This review has shown that there is currently a
lack of evidence to support the use of neck strengthening interventions in reducing impact injury
risk in adult populations who participate in sport. The evidence in this systematic literature review supports the most recent Consensus Statement on Concussion in Sport which states that prevention interventions using modifiable risk factors remain unclear in terms of possible interventions to prevent or reduce the risk of concussion in sport. Whether we examine neck strength interventions using gender, age, or under specific category of sports parameters, there is evidence to suggest that athlete education programs can be utilised as a strategy to reduce concussion risk in sport.
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		Elliot et al., 2021		Systematic review of the literature with a primary objective to determine the relationship between neck strength and sport-related head and neck injuries (including sport-related concussion (SRC). Secondary objective was whether neck exercise programs can reduce the incidence of (a) sport-related head and neck injuries; and (b) SRC.		Ovid MEDLINE, CINAHL, EMBASE, SPORTDiscus, and Web of Science		Primary outcome: observational studies report the association between incidence of head and/or neck injury and neck strength data, or intervention trials which report comparison data for the incidence of head and/or neck injury between the intervention and control arms.		2 observational studies, 2 cohort, 2 RCT's		10,745 particpants mean age 16 & 25.5 years old 		Two observational studies including male and female high school and university athletes explored the relationship between neck strength and SRC. Four experimental studies investigated the effect of an exercise intervention which included neck exercises on incidence of (a) head and/or neck injuries, and/or (b) SRC.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program.The control arm should not include neck exercises.		The results of two observational studies reported that higher neck strength, but not deep neck flexor endurance, is associated with a lower risk of sustaining a SRC. Four intervention studies demonstrated that injury reduction programs that included neck exercises can reduce the incidence of sport-related head and neck injuries including SRC.		Consideration should be given towards incorporating neck exercises into injury reduction exercise programs to reduce the incidence of sport-related head and neck injuries, including SRC.		This review provides limited evidence that greater neck 
strength and participation in injury reduction exercise 
programs which include neck exercises may reduce the 
incidence of sport-related head and neck injuries, includ�ing SRC. The inclusion as well as types of neck exercises 
incorporated into training programs for contact sports should 
be further explored, particularly in adolescent and female 
athletes who appear most likely to beneft.
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		Emery, C.A et al., 2017                                                      		Systematic review according to the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis) guidelines to examine the effectiveness of 
concussion prevention strategies in reducing concussion 
risk in sport.		Relevant studies were identified through 11 electronic data - Ovid MEDLINE (R), CINAHL, PsycINFO, Cochrane Databases for Systematic and Complete Review, Cochrane Controlled Trials Registry, Cochrane Injuries Group Trials Register, SPORTDiscus, EMBASE, ERIC, Conference Proceedings Citation Index, ProQuest Dissertation & Theses Global Database		Primary: investigating an 
outcome of concussion or head impact Secondary: evaluating a
concussion prevention intervention		 In total, 48 
studies were identified and categorised by prevention strategy 
and sport. The majority of studies evaluated protective equipment (n=25) or rules and regulations (n=13), and the remainder 
examined other concussion prevention strategies. In total, only 5 of 48 (10.4%) 
studies are RCTs, with the remaining being cohort (n=20, 
41.7%), historical cohort (n=12), case-control (n=3), cross-sectional (n=5), pre-experimental (n=2) and ecological (n=1) studies. One study (2.1%) included female sport participants only, 41 (85.4%) included male sport participants only 
and 6 (12.5%) included both. Youth sport participants were 
targeted in 26 of 48 (54.2%) studies.		Sport participants		Elegible: 74.          Included: 48  Excluded:  29 were excluded based on manuscript evaluation by 
two independent reviewers (AMB, AK, CE, GM). 		Helmets, headgear, Mouthguards, Policy and rule changes, other strategies-vivion training, player safety coach, tackle training without pads/helmets, fair play rules, larger ice surface (ice hockey). 		The studies selected (n=48) provided evidence related to protective gear (helmets, headgear, mouthguards) (n=25), policy and rule changes (n=13) and other interventions (training, education, facilities) (n=10). Meta-analyses demonstrate a combined effect of a 70% reduction (incidence rate ratio (IRR)=0.3 (95% CI: 0.22 to 0.41)) in concussion risk in youth ice hockey leagues where policy disallows body checking, and the point estimate (IRR=0.8 (95% CI: 0.6 to 1.1)) suggests a protective effect of mouthguards in contact and collision sport (basketball, ice hockey, rugby).		Helmets: There is some evidence supporting the importance of appropriate helmet fit in youth football, with reduced symptom severity and duration 
reported with proper helmet fit. A helmet with thicker padding over zygoma and mandible was reported to reduce concussion risk by 40%/54%, in two different studies, in comparison to a standard helmet. Headgear: Two studies reported a significant effect of headger in professional rugby, while three papers demonstrated no effect of headgear, and two papers showed an effect of headgear in soccer that was not statistically significant. Mouthguards: The protective effect of wearing a mouthguard in comparison 
with no mouthguard was examined in eight studies (basketball,
hockey
 and rugby
) with mixed findings. Policy and rule changes: Disallowing body checks and head impacts may reduce risk of concussions. Other: 		The strongest and most consistent sport concussion preven�tion evidence evaluates body checking policy disallowing body 
checking in youth ice hockey, demonstrating a significant protec�tive effect in reducing the risk of concussion. This evidence 
has subsequently informed policy change in non-elite levels in 
older age groups and this requires further investigation. Further 
research is required to examine such rule changes in other 
collision sports, and alignment with biomechanical research to 
examine injury mechanisms is important. Regarding equipment, 
there is sufficient evidence in skiing/snowboarding to support 
strong recommendations and policy to mandate helmet use. The 
evidence for mouthguard use in preventing concussion is mixed, 
but meta-analysis suggests that there may be an overall protec�tive effect in collision sports that cannot be ignored and rigorous 
case-control designs are required. Future research should focus 
on evaluating evidence-informed concussion prevention strat�egies targeting sport-specific extrinsic (eg, rules of the game) 
and intrinsic (eg, previous concussion history) risk factors. 
Prospective evaluation study designs (eg, cohort studies, RCTs), 
valid injury surveillance systems, consideration of potential 
confounders (eg, concussion history) and common concussion 
outcome definitions are needed. Concussion definitions consis�tent with international consensus guidelines and consideration 
exposure data (ie, player participation) to accurately measure 
injury rates are essential. Psychological and sociocultural factors 
in sport play a role in the uptake and maintenance of any injury 
prevention strategy and require further consideration in evalu�ating concussion prevention strategies.
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		Enniss, T.M. et al., 2018		a systematic review of the literature to 
answer seven population, intervention, comparator, 
and outcomes (PICO) questions 		MEDLINE, PubMed, Scopus, Cumulative Index of Nursing and Allied Health Literature, and Embase 
(online supplementary appendix A).		Contact sports related concussions.		Include three randomized control trials, all of which contain significant
methodologic flaws. The remaining 28 studies were uncontrolled retrospective cohort or prospective observational
studies. Total 31 studeis.		Amateur athletes, both pediatric (age 14 or younger) and adult (non-professionals aged 15 years and older). 		Eligible: 143   Included (31)   Excluded (89): Case reports, expert opinion, non-sport studies.		Protective headgear, concussion education, neck mass exercise, and rule
modification.		 Conditional
recommendations are made supporting preventive interventions concussion education and rules prohibiting high�risk activity for both pediatric and adult amateur athletes and neck strengthening exercise in adult amateur athletes. Strong recommendations are supported for head protective equipment in both pediatric and adult
amateur athletes. Strong recommendations regarding newer football helmet technology in adult amateur athletes
and rules governing the implementation of body-checking in youth ice hockey are supported.		Other results suggest that there is strong recommendation for head protective 
equipment as a primary preventive 
intervention against sports-related 
concussions in pediatric athletes.		In summary, this represents the first systematic review of the literature pertaining to the primary prevention of
sports-related concussion. EAST applauds the advances that have been made 
in the evidence guiding the diagnosis and management of mild 
traumatic brain injury-related to sports. However, the greatest 
opportunity to impact overall injury burden lies in injury 
prevention. Future research will serve to more granularly define 
effective interventions to prevent sports-related concussion in 
pediatric and adult amateur athletes
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		Fraas, M.R. and Burchiel, J. 2016		 Systematically review on the content and level of evidence on concussion education/
prevention programmes in rugby union		PubMed, PsycInfo, MEDLINE, SPORTDiscuss, Webofscience, and conducted a
manual search for articles. 		Effectiveness of concussion education/ prevention programmes.		10 studies were inlcuded.		junior (n=2279) and adult (n=1624) rugby union athletes		Eligible: 366      Included: 10      Excluded: 356      Not addressing education, not focused on concussion, not reported in journal, not published in english		Education strategies to reduce concussion and injury surveillance and prevention programmes.		What they found is that there are several well-established concussion education and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such programmes.		When looking at other results there is some evidence to suggest that mandatory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries.		There are several well-established concussion edu�cation and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such pro�grammes. There is some evidence to suggest that man�datory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries. Ongoing efforts are
required to enhance the safety of rugby union athletes.
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		Knapik et al., 2019		A systematic review and meta-analysis of the efectiveness of MGs for the prevention of sports-related 
orofacial injuries and concussions.		PubMed, Ovid Embase, and the Cumulative Index to Nursing and Allied Health 
Literature were searched to fnd studies		Primary/secondary: sport-related orofacial injuries, concussions.		In total 26 studies were included in this review. Study designs included 8 non-randomized prospective cohort 
intervention studies ,2  non-randomized ret�rospective cohort studies, 4 one-group ecological 
intervention studies, 11 cross-sectional surveys, and a single randomized prospective 
cohort investigation.		Sports athletes: American football, rugby, basketball, ice hockey, field hockey, handball, taekwondo. 		Eligible: 112             Included:25         Excluded: 86        Excluded due to: lacked non MG group. lacked required data, MG and injury data reported
separately, aggregrated data not allowing
determination of denominators
or proportional injury data		Mouth guards: Stock over the counter, boil and bite, and custom. 		The results from this review suggest that MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG.		The current evidence indicates that MGs 
have little impact on reducing the incidence of concussions.		Despite diferences in injury defnitions and low methodo�logical quality of some studies, this review suggests that 
MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG. 
On the other hand, the current evidence indicates that MGs 
have little impact on reducing the incidence of concus�sions. The methodological quality of future studies could 
be improved by better descriptions of study participants, 
clear injury case defnitions, consideration of potential 
confounders, quantitative reporting of adverse events, 
multivariable statistical analysis, monitoring of compli�ance, and consideration of statistical power. MGs should 
be used in all sport activities where there is signifcant risk 
of orofacial injury.
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		Makovec Knight et al., 2021		Systematic review of in vivo studies to assess association between sports related concussion and soft shell head gear (HG) use and potential increase in injury risk in HG users.		Ovid MEDLINE, Cochrane Library, Scopus, PsycINFO,  and SPORTDiscus conducted in April 2020 of studies published after 1980		Primary: Incidence rates of SRC, Secondary: superficial head injury or other injuries.		All studies were published betweeen 2001 and 2019. 8 studies were eligible, 4 were prospective cohort injury surveilance, 2 were RCT, 1 was a pilot RCT, and 1 cross sectional.  		There were 2 football (soccer) and 6 rugby cohorts with a total of 12,064 participants. 3 studies included females representing 17% (2038) total participants. 		Elegible = 73. Inlcuded (8):  were youth <18 years, english language, invivo studies published after 1980, evaluating SRC and other injury incidence in HG users compared to non-users. 5 were exclusive of youth, others compromised mixed youth/adult ranging from 13-45 years old. Excluded (65): Lab studt or other design, hard shell helmets, alt outcome or population, not team sport, beofre 1980.		Effects of HG on rates of SRC (n=6), other body regions (n=4), head injury superficial to the skull (n=4) and frequency of impacts sustained to the head (n=1).  3 studies examined a combination of these outcomes, soft shell HG with SRC, superficial headinjuries, and other body regions. 		Eight studies were eligible. The majority (n=5) 
reported no difference in the rate of SRC among HG users 
versus non-users. One rugby study identified significantly 
lower risk of SRC for non-HG users (risk ratio (RR) 0.63; 
95% CI 0.41 to 0.98) compared with HG users, whereas a 
cross-sectional survey of soccer players indicated higher 
risk of SRC for non-HG users (RR 2.65; 95% CI 1.23 to 
3.12) compared with HG users. The findings do not support the use of the current and commercially available HG to prevent SRC in youth rugby or football. HG does not mitigated the forces invovled with head impacts. 		. Three of the four studies 
investigating superficial head injury found no significant 
differences with HG use, though the soccer survey 
reported reduced risk among HG users (RR 1.86; 95% CI 
0.09 to 0.11). Increased incidence of injuries to all body 
regions for rugby HG users was reported in two studies 
with adjusted RRs of 1.16 (95% CI 1.04 to 1.29) and 1.23 
(95% CI 1.00 to 1.50).		HG use was not associated with reduced 
rates of SRC or superficial head injury in youth soccer 
and rugby. The possibility of increased injury risk to all 
body regions for rugby HG users was raised. The need 
for research specific to youth and female athletes was 
highlighted.
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		Peek et al., 2020		Systematic review of the potential relationship betweeen neck strength and head acceleration during purposeful heading in soccer.		Protocol registered PROSPERO. EMBASE, MEDLINE, CINAHL, SportDiscus and Web of Science from first record to January 2019.		Primary: To measure the relationship betweeen isometric neck strength and  head acceleration in purposeful heading in soccer (football). Scenodary: Higher neck strength lowered linear and rotational acceleration. 		Of the 1174 potential papers eligible, 5 papers met inclusion criteria. All 5 were conducted in the USA between 2008 and 2018, and used cross-sectional research design. 		A total of 190 participants (67% female) and a mean age of 19 years (range 15-24 years) were recruited across the 5 studies. Playing level ranged from high school to division I and II collegiate level. Participants were excluded that had a recent head or neck injury. 		Inclusion: original research reporting on the relationship between neck strength and head impact and/or acceleration during purposeful heading in soccer, irrespective o fse, age, health status and/or playing level; experimental research designs with neck strengthening was the intervention; published in english, or translation availabe. Exclusion: reporting neck strength data without data related to had impact and/or acceleration specifically during purposeful heading; reporting muscle activation adn not neck strength during heading; reporting on relationship of neck strength and head impact and/or acceleration whilst participants were exposed to another intervention to reduce head impact/acceleration (head gear/mouth guards) unless data was reported from those without such exposure; editorials, systematic reviews, qualitative or unpublished studies without peer-review. 		All 5 studies reported mean isometric neck strength using hand held dynomometry. Four studies measured head acceleration using tri-axial acceleromoeter and one used vieo analysis. All 5 studies report results for linear head acceleration. 3 reported resuilts for rotational head acceleration. All used a simulated purposeful heading within a controlled environment (not training or match play). Balls were delivered by a ball pithing machine or a researcher  to mimic a throw-in. Participants were instructed to stad feet on the ground and aim the ball towards a target in front of them to the left or right or not reported. Area of impact was only reported in two studies. Participants were fitted with a force-sensitive resistor taped to the forehead that required the ball make contact with. 		From an initial search of 1174 potentially eligible papers, five cross-sectional studies met the
eligibility criteria for inclusion in this review. Data from cross-sectional studies indicate that higher
neck strength is associated with lower head acceleration during purposeful heading in soccer (p = <0.05;
r < −0.5).		Female participants exhibited statistically significant (p=<.001) lower neck strength on testing and greater head velocity during purposeful heading when compared to male participants. 		This review provides evidence that higher neck strength may lower head acceleration during
purposeful heading in soccer. Further research is required to determine the most effective method to
strengthen the neck musculature in soccer players.
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		Phillips and Crisco, 2020		Systematic review on the effectiveness of American footbal rules and behaviour interventions on head impacts and concussions.		PubMed, PsycINFO, Cochrane, Embase, ERIC, and Global Health searched between 15th November 2019 and 22 February 2020. 		Primary:Head injuries, head impacts and concussion; Secondary: magnitude of head impacts, location of head impacts, unintended consequences. 		From 1162 articles, duplicates and and excluded papers, 20 articles met inclusion criteria. These were published in peer-reviewed journals between 2013 and 2020. 		Total of 10,115 youth American football players. 2663 were in the intervention and 4286 were in the control or comparison group. Some studies did not specify groups. Experience, prior years played and was not mentioned in the included studies. High school football players: 6665 total participants, 4647 in the intervention, 2097 in the control/comparitor. Total number does not add up as two studies had participants that were in both groups. Only one study accounted for player experience. Collegiate American football: Total 726 participants, 461 intervention, 475 in control/comparison. Total number does not add up as some were in both groups. 		Included: RCTs, quasi-experimental, cohort studies, case control, and cross-sectional; American football- collegiate players, high-school and youth players; Comparison groups not receiving intervention or participating in rule change; head injuries/impacts/concussions; english language. Excluded: Studies analysing efectiveness of protective equipement such as helmets, neck collars, mouthguards; professional football; observational studies and review articles.		Three studies evaluated alternatives to tackle football, one an educational program, one a rule change, and one an educational program and a rule change. 		Youth football: Rule change (1) No change in the overall concussion rate
(2) The practice concussion rate ranged from
not significant to a lower concussion rate
(3) The change in the game concussion rate
was not significant
Educational
intervention:
(1) Practice concussion rate was lower
(2) The change in the game concussion rate
was not significant
Alternatives: (1) The overall concussion rate for flag football
was higher
(2) The overall concussion rate for TackleBar
was lower
(3) The game impact rate was lower in flag
football
(4) The practice impact rate was lower in flag
football ; High-school football: Rule change: (1) The practice concussion rate was lower
(2) There was no change in the game concussion rate
(3) The practice impact rate was lower
(4) The game impact rate was lower
Educational intervention:
(1) The change in overall concussion rate was
not significant
(2) The practice concussion rate was lower
(3) The change in game concussion rate was
not significant
(4) The practice impact rate was lower
(5) The game impact race was lower; Collegiate football: Rule change (1) The game concussion rate was lower
(2) The practice impact rate had team
dependent decreases
Educational intervention:
(1) The overall impact rate was lower
Training: (1) The game concussion rate was lower				Studies evaluating the effectiveness of interventions and regualtions on reducing head impact exposures on head injuries have shown mixed results. Some regulations may eb more effective than others, but methodological design and risk of bias pose limitations to generalise effects.

		Reference		Review Characteristics
 & Objectives		Databases
 searched & inclusive Dates		Primary & 
Secondary 
Outcome 
Measures		Number of 
Primary 
Publications or Studies Included		Number of 
Participants & 
Charactersitics		Included & Excluded
Studies & Groups		Intervention Summary		Main Results		Other Results		Authors' 
Conclussion

		Schneider et al., 2017		The aim of the current review was to systematically identify, evaluate and synthesise trials that examine concussion prevention via equipment, educational programmes and training programmes.		PubMed and EBSCO host (CINAHL, MEDLINE, SPORTDiscus).		Primary aim to evaluate the efficacy of interventional protective equipement, training programmes and education in regards to concussion prevention. Secondary aim to evaluate the efficacy of headgear and face shields in preventing superficial injuries as reported in the included studies. 		15 articles met the inclusion criteria and were included in the present study. 		Of the 15 included studies, 7 evaluated helmets/headgear, 8 evaluated mouthguards,2 evaluated hockey face shields and one evaluated an American football tackling technique educational programme. No prospective studies were identified that evaluated training protocols. Six studies evaluated concussion incidence in rugby,6 evaluated American football,2 evaluated hockey,1 evaluated basketball and 1 evaluated bicycling. Three of 15 included studies evaluated both male and female participants. The age of participants evaluated in the included study ranged from 5-year-old football players to bicyclists >40 years old. One study evaluated rugby players in an under-15-year-old league, and the remaining 12 studies evaluated high school aged athletes (∼16 years old) and university/young professional athletes (∼21 years old). 		Inclusion: prospective study design, must report data on  and examine preventative  effect of equipement, training, or educational programmes on incidence of concussions in comparison to a control group; Excluded: Laboratory-based studies, further analyses on previously reported  prospective studies, written in language other than english, abstracts and review papers.		Protective equipement such as helmets and headgear, mouthguards, face shields, and American football tackling techique educational programme. 		14 studies evaluated interventions of novel protective equipment. One prospective investigation evaluated an educational programme. The relative risk of concussion for participants enrolled in the interventional arms of trials was not significantly different from that in standard practice arms (RR=0.78, 95% CI 0.55 to 1.11, χ2 =1.8, p=0.17; I2 =85.3%, 95% CI 71.5% to 90.8%). The relative risk of concussion for participants wearing protective equipment (ie, headgear, full face shields) relative to their counterparts wearing standard or no equipment, calculated from seven available reports, showed no effect of intervention (RR=0.82, 95% CI 0.56 to 1.20, χ2 =1.06, p=0.30; I2 =86.7%, 95% CI 73.3% to 91.8%). The relative risk of superficial head injury for participants wearing protective equipment relative to their counterparts, calculated from three reports, showed a significant risk reduction (RR=0.41, 95% CI 0.31 to 0.56, χ2 =34.13, p		Helmets may reduce the incidence of skull fracture and superficial head injuries. Mouthguards that are custom made are thicker than over the counter may reduce concussions. Face shields with full facial protection lowers risk of eyes injuries, dental injuries and facial lacerations compared to half face shields.  		Prospective controlled studies indicate that certain protective equipment (helmets/headgear, mouthguards and face shields) may prevent superficial head injury, but these items are suboptimal for concussion prevention in sport.  Existing trials show no difference in the relative risk of concussion in athletes wearing novel protective equipement relative to athletes wearing standard equipement. Some of these items may prevent superficial head injuries, as relative risk of these inuries in athletes wearing novel protective equipement was less than half of that of their counterparts. 
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		Benson et al., 2013		Systematic review of cross-sectional, prospective case series, case control, retrospective and prospective cohort, quasi-experimental or experimental study designs. To critically review the evidence to determine the
efficacy and effectiveness of protective equipment, rule
changes, neck strength and legislation in reducing sport
concussion risk.		Medline, Sports Discuss, EMBASE, PubMed, from 1946?/1998? to 2012		Concussion, game injury or time loss		1 cluster-randomised controlled trials, 2 cross-sectional		6921 participants aged 12+ years 		INCLUDED: a longitudinal cross sectional study of mouthguards, using 28 AFL players over 3 seasons. Incidence of concussion and assess risk factor in Austrailian non-pro male rugby players. Concussion rates in 3 arms of study: no headgear, standard headgear, modified headgear 		Customised mandibular orthotic (CMO), headgear 		Mean self-reported incidence prior to CMO use. Players reported always using headgear = reduced risk of sustaining concussion. No significant risk between 3 arms of the study. 				Little new evidence found for successful interventions to reduce concussion. No new valid evidence to suggest standard headgear in rugby reduces concussion. Limited evidence that mouthguards in american football reduce concussion.  
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		Cusimano et al., 2021		Systematic review. Objective was to evaluate the effectiveness of current neurological injury prevention strategies in rugby union		OVID Medline (1950 to May 2010), OVID HealthStar (1966 to May 2010), CINAHL (1981 to May 2010), Sport Discus (1800 to May 2010), PubMed (1948 to May 2010), Scholar's Portal Physical Education Index, Web of Science (1976 to May 2010), and the Cochrane Controlled Clinical Trials Register (CENTRAL from 1991 to May 2010)		Evaluated injury prevention strategies for rugby players and reported on neurological outcomes.		Systematic review including: 2 Randomised controlled trials, 2 prospective cohort design, 1 ecological study, 3 case series studies, 1 cohort study, 1 case-control study		12,151 participants aged from 12+ years old. (12-29 years)		Two studies assessed the effectiveness of headgear, 2 studies assessed the effectiveness of mouthguards 2 studies assessed the effectiveness of both headgear and mouthguards to prevent concussion during rugby.		Mouthguard, head gear, education prevention programme (RugbySmart) designed to educate rugby participants regarding physical conditioning, injury management, and safe tackling techniques in rugby. 		No association between mouthguards and reduction in concussion. 55 (48.2%) had previosuly suffered from concussion, 39 (71%) were not wearing gum shields and 16 (29.1%) were. No significant difference between the concussion injury rates of players with and without headgear. 				Current available evidence suggests multifaceted intervention programs combining education and rule enforcement implemented in a mandatory fashion are likely to be effective in reducing the incidence of neurological injuries among rugby players. Limited evidence that headgear and mouthguards prevent neurological injuries in rugby. 
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		Daly et al., 2021		The objective of this systematic literature review was to evaluate the evidence regarding the development of neck strength in reducing concussion and cervical spine injuries in adult amateur and professional sport populations. 		PubMed , CINAHL, Science Direct, and Web of Science databases		Primary objective: Investigate how effective a specific neck strengthening intervention would be on the isometric neck strength profile of professional male rugby players. Secondary outcome: baseline testing of isometric neck strength at the start of the season and at week 5 of the intervention		Systematic review including: Controlled laboratory study, quasi-experimental pilot study		50 participants aged 19-29 years old, male		Three studies examined the effects of a neck strengthening intervention on adult athletic populations after gathering baseline measures of isometric neck strength. Two of the papers examined standard isometric neck strength as an intervention while one paper examined a novel neck strengthening device.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program. The control arm should not include neck exercises.		No significant between-group differences in isometric neck strength were noted preintervention. Composite neck strength improvement favoured the intervention group				None of the studies reported any impact of neck
strengthening exercises on cervical spine injuries. This review has shown that there is currently a
lack of evidence to support the use of neck strengthening interventions in reducing impact injury
risk in adult populations who participate in sport. The evidence in this systematic literature review supports the most recent Consensus Statement on Concussion in Sport which states that prevention interventions using modifiable risk factors remain unclear in terms of possible interventions to prevent or reduce the risk of concussion in sport. Whether we examine neck strength interventions using gender, age, or under specific category of sports parameters, there is evidence to suggest that athlete education programs can be utilised as a strategy to reduce concussion risk in sport.
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		Elliot et al., 2021		Systematic review of the literature with a primary objective to determine the relationship between neck strength and sport-related head and neck injuries (including sport-related concussion (SRC). Secondary objective was whether neck exercise programs can reduce the incidence of (a) sport-related head and neck injuries; and (b) SRC.		Ovid MEDLINE, CINAHL, EMBASE, SPORTDiscus, and Web of Science		Primary outcome: observational studies report the association between incidence of head and/or neck injury and neck strength data, or intervention trials which report comparison data for the incidence of head and/or neck injury between the intervention and control arms.		2 observational studies, 2 cohort, 2 RCT's		10,745 particpants mean age 16 & 25.5 years old 		Two observational studies including male and female high school and university athletes explored the relationship between neck strength and SRC. Four experimental studies investigated the effect of an exercise intervention which included neck exercises on incidence of (a) head and/or neck injuries, and/or (b) SRC.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program.The control arm should not include neck exercises.		The results of two observational studies reported that higher neck strength, but not deep neck flexor endurance, is associated with a lower risk of sustaining a SRC. Four intervention studies demonstrated that injury reduction programs that included neck exercises can reduce the incidence of sport-related head and neck injuries including SRC.		Consideration should be given towards incorporating neck exercises into injury reduction exercise programs to reduce the incidence of sport-related head and neck injuries, including SRC.		This review provides limited evidence that greater neck 
strength and participation in injury reduction exercise 
programs which include neck exercises may reduce the 
incidence of sport-related head and neck injuries, includ�ing SRC. The inclusion as well as types of neck exercises 
incorporated into training programs for contact sports should 
be further explored, particularly in adolescent and female 
athletes who appear most likely to beneft.
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		Emery, C.A et al., 2017                                                      		Systematic review according to the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis) guidelines to examine the effectiveness of 
concussion prevention strategies in reducing concussion 
risk in sport.		Relevant studies were identified through 11 electronic data - Ovid MEDLINE (R), CINAHL, PsycINFO, Cochrane Databases for Systematic and Complete Review, Cochrane Controlled Trials Registry, Cochrane Injuries Group Trials Register, SPORTDiscus, EMBASE, ERIC, Conference Proceedings Citation Index, ProQuest Dissertation & Theses Global Database		Primary: investigating an 
outcome of concussion or head impact Secondary: evaluating a
concussion prevention intervention		 In total, 48 
studies were identified and categorised by prevention strategy 
and sport. The majority of studies evaluated protective equipment (n=25) or rules and regulations (n=13), and the remainder 
examined other concussion prevention strategies. In total, only 5 of 48 (10.4%) 
studies are RCTs, with the remaining being cohort (n=20, 
41.7%), historical cohort (n=12), case-control (n=3), cross-sectional (n=5), pre-experimental (n=2) and ecological (n=1) studies. One study (2.1%) included female sport participants only, 41 (85.4%) included male sport participants only 
and 6 (12.5%) included both. Youth sport participants were 
targeted in 26 of 48 (54.2%) studies.		Sport participants		Elegible: 74.          Included: 48  Excluded:  29 were excluded based on manuscript evaluation by 
two independent reviewers (AMB, AK, CE, GM). 		Helmets, headgear, Mouthguards, Policy and rule changes, other strategies-vivion training, player safety coach, tackle training without pads/helmets, fair play rules, larger ice surface (ice hockey). 		The studies selected (n=48) provided evidence related to protective gear (helmets, headgear, mouthguards) (n=25), policy and rule changes (n=13) and other interventions (training, education, facilities) (n=10). Meta-analyses demonstrate a combined effect of a 70% reduction (incidence rate ratio (IRR)=0.3 (95% CI: 0.22 to 0.41)) in concussion risk in youth ice hockey leagues where policy disallows body checking, and the point estimate (IRR=0.8 (95% CI: 0.6 to 1.1)) suggests a protective effect of mouthguards in contact and collision sport (basketball, ice hockey, rugby).		Helmets: There is some evidence supporting the importance of appropriate helmet fit in youth football, with reduced symptom severity and duration 
reported with proper helmet fit. A helmet with thicker padding over zygoma and mandible was reported to reduce concussion risk by 40%/54%, in two different studies, in comparison to a standard helmet. Headgear: Two studies reported a significant effect of headger in professional rugby, while three papers demonstrated no effect of headgear, and two papers showed an effect of headgear in soccer that was not statistically significant. Mouthguards: The protective effect of wearing a mouthguard in comparison 
with no mouthguard was examined in eight studies (basketball,
hockey
 and rugby
) with mixed findings. Policy and rule changes: Disallowing body checks and head impacts may reduce risk of concussions. Other: 		The strongest and most consistent sport concussion preven�tion evidence evaluates body checking policy disallowing body 
checking in youth ice hockey, demonstrating a significant protec�tive effect in reducing the risk of concussion. This evidence 
has subsequently informed policy change in non-elite levels in 
older age groups and this requires further investigation. Further 
research is required to examine such rule changes in other 
collision sports, and alignment with biomechanical research to 
examine injury mechanisms is important. Regarding equipment, 
there is sufficient evidence in skiing/snowboarding to support 
strong recommendations and policy to mandate helmet use. The 
evidence for mouthguard use in preventing concussion is mixed, 
but meta-analysis suggests that there may be an overall protec�tive effect in collision sports that cannot be ignored and rigorous 
case-control designs are required. Future research should focus 
on evaluating evidence-informed concussion prevention strat�egies targeting sport-specific extrinsic (eg, rules of the game) 
and intrinsic (eg, previous concussion history) risk factors. 
Prospective evaluation study designs (eg, cohort studies, RCTs), 
valid injury surveillance systems, consideration of potential 
confounders (eg, concussion history) and common concussion 
outcome definitions are needed. Concussion definitions consis�tent with international consensus guidelines and consideration 
exposure data (ie, player participation) to accurately measure 
injury rates are essential. Psychological and sociocultural factors 
in sport play a role in the uptake and maintenance of any injury 
prevention strategy and require further consideration in evalu�ating concussion prevention strategies.
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		Enniss, T.M. et al., 2018		a systematic review of the literature to 
answer seven population, intervention, comparator, 
and outcomes (PICO) questions 		MEDLINE, PubMed, Scopus, Cumulative Index of Nursing and Allied Health Literature, and Embase 
(online supplementary appendix A).		Contact sports related concussions.		Include three randomized control trials, all of which contain significant
methodologic flaws. The remaining 28 studies were uncontrolled retrospective cohort or prospective observational
studies. Total 31 studeis.		Amateur athletes, both pediatric (age 14 or younger) and adult (non-professionals aged 15 years and older). 		Eligible: 143   Included (31)   Excluded (89): Case reports, expert opinion, non-sport studies.		Protective headgear, concussion education, neck mass exercise, and rule
modification.		 Conditional
recommendations are made supporting preventive interventions concussion education and rules prohibiting high�risk activity for both pediatric and adult amateur athletes and neck strengthening exercise in adult amateur athletes. Strong recommendations are supported for head protective equipment in both pediatric and adult
amateur athletes. Strong recommendations regarding newer football helmet technology in adult amateur athletes
and rules governing the implementation of body-checking in youth ice hockey are supported.		Other results suggest that there is strong recommendation for head protective 
equipment as a primary preventive 
intervention against sports-related 
concussions in pediatric athletes.		In summary, this represents the first systematic review of the literature pertaining to the primary prevention of
sports-related concussion. EAST applauds the advances that have been made 
in the evidence guiding the diagnosis and management of mild 
traumatic brain injury-related to sports. However, the greatest 
opportunity to impact overall injury burden lies in injury 
prevention. Future research will serve to more granularly define 
effective interventions to prevent sports-related concussion in 
pediatric and adult amateur athletes
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		Fraas, M.R. and Burchiel, J. 2016		 Systematically review on the content and level of evidence on concussion education/
prevention programmes in rugby union		PubMed, PsycInfo, MEDLINE, SPORTDiscuss, Webofscience, and conducted a
manual search for articles. 		Effectiveness of concussion education/ prevention programmes.		10 studies were inlcuded.		junior (n=2279) and adult (n=1624) rugby union athletes		Eligible: 366      Included: 10      Excluded: 356      Not addressing education, not focused on concussion, not reported in journal, not published in english		Education strategies to reduce concussion and injury surveillance and prevention programmes.		What they found is that there are several well-established concussion education and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such programmes.		When looking at other results there is some evidence to suggest that mandatory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries.		There are several well-established concussion edu�cation and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such pro�grammes. There is some evidence to suggest that man�datory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries. Ongoing efforts are
required to enhance the safety of rugby union athletes.
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		Knapik et al., 2019		A systematic review and meta-analysis of the efectiveness of MGs for the prevention of sports-related 
orofacial injuries and concussions.		PubMed, Ovid Embase, and the Cumulative Index to Nursing and Allied Health 
Literature were searched to fnd studies		Primary/secondary: sport-related orofacial injuries, concussions.		In total 26 studies were included in this review. Study designs included 8 non-randomized prospective cohort 
intervention studies ,2  non-randomized ret�rospective cohort studies, 4 one-group ecological 
intervention studies, 11 cross-sectional surveys, and a single randomized prospective 
cohort investigation.		Sports athletes: American football, rugby, basketball, ice hockey, field hockey, handball, taekwondo. 		Eligible: 112             Included:25         Excluded: 86        Excluded due to: lacked non MG group. lacked required data, MG and injury data reported
separately, aggregrated data not allowing
determination of denominators
or proportional injury data		Mouth guards: Stock over the counter, boil and bite, and custom. 		The results from this review suggest that MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG.		The current evidence indicates that MGs 
have little impact on reducing the incidence of concussions.		Despite diferences in injury defnitions and low methodo�logical quality of some studies, this review suggests that 
MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG. 
On the other hand, the current evidence indicates that MGs 
have little impact on reducing the incidence of concus�sions. The methodological quality of future studies could 
be improved by better descriptions of study participants, 
clear injury case defnitions, consideration of potential 
confounders, quantitative reporting of adverse events, 
multivariable statistical analysis, monitoring of compli�ance, and consideration of statistical power. MGs should 
be used in all sport activities where there is signifcant risk 
of orofacial injury.
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		Makovec Knight et al., 2021		Systematic review of in vivo studies to assess association between sports related concussion and soft shell head gear (HG) use and potential increase in injury risk in HG users.		Ovid MEDLINE, Cochrane Library, Scopus, PsycINFO,  and SPORTDiscus conducted in April 2020 of studies published after 1980		Primary: Incidence rates of SRC, Secondary: superficial head injury or other injuries.		All studies were published betweeen 2001 and 2019. 8 studies were eligible, 4 were prospective cohort injury surveilance, 2 were RCT, 1 was a pilot RCT, and 1 cross sectional.  		There were 2 football (soccer) and 6 rugby cohorts with a total of 12,064 participants. 3 studies included females representing 17% (2038) total participants. 		Elegible = 73. Inlcuded (8):  were youth <18 years, english language, invivo studies published after 1980, evaluating SRC and other injury incidence in HG users compared to non-users. 5 were exclusive of youth, others compromised mixed youth/adult ranging from 13-45 years old. Excluded (65): Lab studt or other design, hard shell helmets, alt outcome or population, not team sport, beofre 1980.		Effects of HG on rates of SRC (n=6), other body regions (n=4), head injury superficial to the skull (n=4) and frequency of impacts sustained to the head (n=1).  3 studies examined a combination of these outcomes, soft shell HG with SRC, superficial headinjuries, and other body regions. 		Eight studies were eligible. The majority (n=5) 
reported no difference in the rate of SRC among HG users 
versus non-users. One rugby study identified significantly 
lower risk of SRC for non-HG users (risk ratio (RR) 0.63; 
95% CI 0.41 to 0.98) compared with HG users, whereas a 
cross-sectional survey of soccer players indicated higher 
risk of SRC for non-HG users (RR 2.65; 95% CI 1.23 to 
3.12) compared with HG users. The findings do not support the use of the current and commercially available HG to prevent SRC in youth rugby or football. HG does not mitigated the forces invovled with head impacts. 		. Three of the four studies 
investigating superficial head injury found no significant 
differences with HG use, though the soccer survey 
reported reduced risk among HG users (RR 1.86; 95% CI 
0.09 to 0.11). Increased incidence of injuries to all body 
regions for rugby HG users was reported in two studies 
with adjusted RRs of 1.16 (95% CI 1.04 to 1.29) and 1.23 
(95% CI 1.00 to 1.50).		HG use was not associated with reduced 
rates of SRC or superficial head injury in youth soccer 
and rugby. The possibility of increased injury risk to all 
body regions for rugby HG users was raised. The need 
for research specific to youth and female athletes was 
highlighted.
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		Peek et al., 2020		Systematic review of the potential relationship betweeen neck strength and head acceleration during purposeful heading in soccer.		Protocol registered PROSPERO. EMBASE, MEDLINE, CINAHL, SportDiscus and Web of Science from first record to January 2019.		Primary: To measure the relationship betweeen isometric neck strength and  head acceleration in purposeful heading in soccer (football). Scenodary: Higher neck strength lowered linear and rotational acceleration. 		Of the 1174 potential papers eligible, 5 papers met inclusion criteria. All 5 were conducted in the USA between 2008 and 2018, and used cross-sectional research design. 		A total of 190 participants (67% female) and a mean age of 19 years (range 15-24 years) were recruited across the 5 studies. Playing level ranged from high school to division I and II collegiate level. Participants were excluded that had a recent head or neck injury. 		Inclusion: original research reporting on the relationship between neck strength and head impact and/or acceleration during purposeful heading in soccer, irrespective o fse, age, health status and/or playing level; experimental research designs with neck strengthening was the intervention; published in english, or translation availabe. Exclusion: reporting neck strength data without data related to had impact and/or acceleration specifically during purposeful heading; reporting muscle activation adn not neck strength during heading; reporting on relationship of neck strength and head impact and/or acceleration whilst participants were exposed to another intervention to reduce head impact/acceleration (head gear/mouth guards) unless data was reported from those without such exposure; editorials, systematic reviews, qualitative or unpublished studies without peer-review. 		All 5 studies reported mean isometric neck strength using hand held dynomometry. Four studies measured head acceleration using tri-axial acceleromoeter and one used vieo analysis. All 5 studies report results for linear head acceleration. 3 reported resuilts for rotational head acceleration. All used a simulated purposeful heading within a controlled environment (not training or match play). Balls were delivered by a ball pithing machine or a researcher  to mimic a throw-in. Participants were instructed to stad feet on the ground and aim the ball towards a target in front of them to the left or right or not reported. Area of impact was only reported in two studies. Participants were fitted with a force-sensitive resistor taped to the forehead that required the ball make contact with. 		From an initial search of 1174 potentially eligible papers, five cross-sectional studies met the
eligibility criteria for inclusion in this review. Data from cross-sectional studies indicate that higher
neck strength is associated with lower head acceleration during purposeful heading in soccer (p = <0.05;
r < −0.5).		Female participants exhibited statistically significant (p=<.001) lower neck strength on testing and greater head velocity during purposeful heading when compared to male participants. 		This review provides evidence that higher neck strength may lower head acceleration during
purposeful heading in soccer. Further research is required to determine the most effective method to
strengthen the neck musculature in soccer players.
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		Phillips and Crisco, 2020		Systematic review on the effectiveness of American footbal rules and behaviour interventions on head impacts and concussions.		PubMed, PsycINFO, Cochrane, Embase, ERIC, and Global Health searched between 15th November 2019 and 22 February 2020. 		Primary:Head injuries, head impacts and concussion; Secondary: magnitude of head impacts, location of head impacts, unintended consequences. 		From 1162 articles, duplicates and and excluded papers, 20 articles met inclusion criteria. These were published in peer-reviewed journals between 2013 and 2020. 		Total of 10,115 youth American football players. 2663 were in the intervention and 4286 were in the control or comparison group. Some studies did not specify groups. Experience, prior years played and was not mentioned in the included studies. High school football players: 6665 total participants, 4647 in the intervention, 2097 in the control/comparitor. Total number does not add up as two studies had participants that were in both groups. Only one study accounted for player experience. Collegiate American football: Total 726 participants, 461 intervention, 475 in control/comparison. Total number does not add up as some were in both groups. 		Included: RCTs, quasi-experimental, cohort studies, case control, and cross-sectional; American football- collegiate players, high-school and youth players; Comparison groups not receiving intervention or participating in rule change; head injuries/impacts/concussions; english language. Excluded: Studies analysing efectiveness of protective equipement such as helmets, neck collars, mouthguards; professional football; observational studies and review articles.		Three studies evaluated alternatives to tackle football, one an educational program, one a rule change, and one an educational program and a rule change. 		Youth football: Rule change (1) No change in the overall concussion rate
(2) The practice concussion rate ranged from
not significant to a lower concussion rate
(3) The change in the game concussion rate
was not significant
Educational
intervention:
(1) Practice concussion rate was lower
(2) The change in the game concussion rate
was not significant
Alternatives: (1) The overall concussion rate for flag football
was higher
(2) The overall concussion rate for TackleBar
was lower
(3) The game impact rate was lower in flag
football
(4) The practice impact rate was lower in flag
football ; High-school football: Rule change: (1) The practice concussion rate was lower
(2) There was no change in the game concussion rate
(3) The practice impact rate was lower
(4) The game impact rate was lower
Educational intervention:
(1) The change in overall concussion rate was
not significant
(2) The practice concussion rate was lower
(3) The change in game concussion rate was
not significant
(4) The practice impact rate was lower
(5) The game impact race was lower; Collegiate football: Rule change (1) The game concussion rate was lower
(2) The practice impact rate had team
dependent decreases
Educational intervention:
(1) The overall impact rate was lower
Training: (1) The game concussion rate was lower				Studies evaluating the effectiveness of interventions and regualtions on reducing head impact exposures on head injuries have shown mixed results. Some regulations may eb more effective than others, but methodological design and risk of bias pose limitations to generalise effects.
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		Schneider et al., 2017		The aim of the current review was to systematically identify, evaluate and synthesise trials that examine concussion prevention via equipment, educational programmes and training programmes.		PubMed and EBSCO host (CINAHL, MEDLINE, SPORTDiscus).		Primary aim to evaluate the efficacy of interventional protective equipement, training programmes and education in regards to concussion prevention. Secondary aim to evaluate the efficacy of headgear and face shields in preventing superficial injuries as reported in the included studies. 		15 articles met the inclusion criteria and were included in the present study. 		Of the 15 included studies, 7 evaluated helmets/headgear, 8 evaluated mouthguards,2 evaluated hockey face shields and one evaluated an American football tackling technique educational programme. No prospective studies were identified that evaluated training protocols. Six studies evaluated concussion incidence in rugby,6 evaluated American football,2 evaluated hockey,1 evaluated basketball and 1 evaluated bicycling. Three of 15 included studies evaluated both male and female participants. The age of participants evaluated in the included study ranged from 5-year-old football players to bicyclists >40 years old. One study evaluated rugby players in an under-15-year-old league, and the remaining 12 studies evaluated high school aged athletes (∼16 years old) and university/young professional athletes (∼21 years old). 		Inclusion: prospective study design, must report data on  and examine preventative  effect of equipement, training, or educational programmes on incidence of concussions in comparison to a control group; Excluded: Laboratory-based studies, further analyses on previously reported  prospective studies, written in language other than english, abstracts and review papers.		Protective equipement such as helmets and headgear, mouthguards, face shields, and American football tackling techique educational programme. 		14 studies evaluated interventions of novel protective equipment. One prospective investigation evaluated an educational programme. The relative risk of concussion for participants enrolled in the interventional arms of trials was not significantly different from that in standard practice arms (RR=0.78, 95% CI 0.55 to 1.11, χ2 =1.8, p=0.17; I2 =85.3%, 95% CI 71.5% to 90.8%). The relative risk of concussion for participants wearing protective equipment (ie, headgear, full face shields) relative to their counterparts wearing standard or no equipment, calculated from seven available reports, showed no effect of intervention (RR=0.82, 95% CI 0.56 to 1.20, χ2 =1.06, p=0.30; I2 =86.7%, 95% CI 73.3% to 91.8%). The relative risk of superficial head injury for participants wearing protective equipment relative to their counterparts, calculated from three reports, showed a significant risk reduction (RR=0.41, 95% CI 0.31 to 0.56, χ2 =34.13, p		Helmets may reduce the incidence of skull fracture and superficial head injuries. Mouthguards that are custom made are thicker than over the counter may reduce concussions. Face shields with full facial protection lowers risk of eyes injuries, dental injuries and facial lacerations compared to half face shields.  		Prospective controlled studies indicate that certain protective equipment (helmets/headgear, mouthguards and face shields) may prevent superficial head injury, but these items are suboptimal for concussion prevention in sport.  Existing trials show no difference in the relative risk of concussion in athletes wearing novel protective equipement relative to athletes wearing standard equipement. Some of these items may prevent superficial head injuries, as relative risk of these inuries in athletes wearing novel protective equipement was less than half of that of their counterparts. 
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		Benson et al., 2013		Systematic review of cross-sectional, prospective case series, case control, retrospective and prospective cohort, quasi-experimental or experimental study designs. To critically review the evidence to determine the
efficacy and effectiveness of protective equipment, rule
changes, neck strength and legislation in reducing sport
concussion risk.		Medline, Sports Discuss, EMBASE, PubMed, from 1946?/1998? to 2012		Concussion, game injury or time loss		1 cluster-randomised controlled trials, 2 cross-sectional		6921 participants aged 12+ years 		INCLUDED: a longitudinal cross sectional study of mouthguards, using 28 AFL players over 3 seasons. Incidence of concussion and assess risk factor in Austrailian non-pro male rugby players. Concussion rates in 3 arms of study: no headgear, standard headgear, modified headgear 		Customised mandibular orthotic (CMO), headgear 		Mean self-reported incidence prior to CMO use. Players reported always using headgear = reduced risk of sustaining concussion. No significant risk between 3 arms of the study. 				Little new evidence found for successful interventions to reduce concussion. No new valid evidence to suggest standard headgear in rugby reduces concussion. Limited evidence that mouthguards in american football reduce concussion.  
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		Cusimano et al., 2021		Systematic review. Objective was to evaluate the effectiveness of current neurological injury prevention strategies in rugby union		OVID Medline (1950 to May 2010), OVID HealthStar (1966 to May 2010), CINAHL (1981 to May 2010), Sport Discus (1800 to May 2010), PubMed (1948 to May 2010), Scholar's Portal Physical Education Index, Web of Science (1976 to May 2010), and the Cochrane Controlled Clinical Trials Register (CENTRAL from 1991 to May 2010)		Evaluated injury prevention strategies for rugby players and reported on neurological outcomes.		Systematic review including: 2 Randomised controlled trials, 2 prospective cohort design, 1 ecological study, 3 case series studies, 1 cohort study, 1 case-control study		12,151 participants aged from 12+ years old. (12-29 years)		Two studies assessed the effectiveness of headgear, 2 studies assessed the effectiveness of mouthguards 2 studies assessed the effectiveness of both headgear and mouthguards to prevent concussion during rugby.		Mouthguard, head gear, education prevention programme (RugbySmart) designed to educate rugby participants regarding physical conditioning, injury management, and safe tackling techniques in rugby. 		No association between mouthguards and reduction in concussion. 55 (48.2%) had previosuly suffered from concussion, 39 (71%) were not wearing gum shields and 16 (29.1%) were. No significant difference between the concussion injury rates of players with and without headgear. 				Current available evidence suggests multifaceted intervention programs combining education and rule enforcement implemented in a mandatory fashion are likely to be effective in reducing the incidence of neurological injuries among rugby players. Limited evidence that headgear and mouthguards prevent neurological injuries in rugby. 
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		Daly et al., 2021		The objective of this systematic literature review was to evaluate the evidence regarding the development of neck strength in reducing concussion and cervical spine injuries in adult amateur and professional sport populations. 		PubMed , CINAHL, Science Direct, and Web of Science databases		Primary objective: Investigate how effective a specific neck strengthening intervention would be on the isometric neck strength profile of professional male rugby players. Secondary outcome: baseline testing of isometric neck strength at the start of the season and at week 5 of the intervention		Systematic review including: Controlled laboratory study, quasi-experimental pilot study		50 participants aged 19-29 years old, male		Three studies examined the effects of a neck strengthening intervention on adult athletic populations after gathering baseline measures of isometric neck strength. Two of the papers examined standard isometric neck strength as an intervention while one paper examined a novel neck strengthening device.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program. The control arm should not include neck exercises.		No significant between-group differences in isometric neck strength were noted preintervention. Composite neck strength improvement favoured the intervention group				None of the studies reported any impact of neck
strengthening exercises on cervical spine injuries. This review has shown that there is currently a
lack of evidence to support the use of neck strengthening interventions in reducing impact injury
risk in adult populations who participate in sport. The evidence in this systematic literature review supports the most recent Consensus Statement on Concussion in Sport which states that prevention interventions using modifiable risk factors remain unclear in terms of possible interventions to prevent or reduce the risk of concussion in sport. Whether we examine neck strength interventions using gender, age, or under specific category of sports parameters, there is evidence to suggest that athlete education programs can be utilised as a strategy to reduce concussion risk in sport.
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		Elliot et al., 2021		Systematic review of the literature with a primary objective to determine the relationship between neck strength and sport-related head and neck injuries (including sport-related concussion (SRC). Secondary objective was whether neck exercise programs can reduce the incidence of (a) sport-related head and neck injuries; and (b) SRC.		Ovid MEDLINE, CINAHL, EMBASE, SPORTDiscus, and Web of Science		Primary outcome: observational studies report the association between incidence of head and/or neck injury and neck strength data, or intervention trials which report comparison data for the incidence of head and/or neck injury between the intervention and control arms.		2 observational studies, 2 cohort, 2 RCT's		10,745 particpants mean age 16 & 25.5 years old 		Two observational studies including male and female high school and university athletes explored the relationship between neck strength and SRC. Four experimental studies investigated the effect of an exercise intervention which included neck exercises on incidence of (a) head and/or neck injuries, and/or (b) SRC.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program.The control arm should not include neck exercises.		The results of two observational studies reported that higher neck strength, but not deep neck flexor endurance, is associated with a lower risk of sustaining a SRC. Four intervention studies demonstrated that injury reduction programs that included neck exercises can reduce the incidence of sport-related head and neck injuries including SRC.		Consideration should be given towards incorporating neck exercises into injury reduction exercise programs to reduce the incidence of sport-related head and neck injuries, including SRC.		This review provides limited evidence that greater neck 
strength and participation in injury reduction exercise 
programs which include neck exercises may reduce the 
incidence of sport-related head and neck injuries, includ�ing SRC. The inclusion as well as types of neck exercises 
incorporated into training programs for contact sports should 
be further explored, particularly in adolescent and female 
athletes who appear most likely to beneft.
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		Emery, C.A et al., 2017                                                      		Systematic review according to the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis) guidelines to examine the effectiveness of 
concussion prevention strategies in reducing concussion 
risk in sport.		Relevant studies were identified through 11 electronic data - Ovid MEDLINE (R), CINAHL, PsycINFO, Cochrane Databases for Systematic and Complete Review, Cochrane Controlled Trials Registry, Cochrane Injuries Group Trials Register, SPORTDiscus, EMBASE, ERIC, Conference Proceedings Citation Index, ProQuest Dissertation & Theses Global Database		Primary: investigating an 
outcome of concussion or head impact Secondary: evaluating a
concussion prevention intervention		 In total, 48 
studies were identified and categorised by prevention strategy 
and sport. The majority of studies evaluated protective equipment (n=25) or rules and regulations (n=13), and the remainder 
examined other concussion prevention strategies. In total, only 5 of 48 (10.4%) 
studies are RCTs, with the remaining being cohort (n=20, 
41.7%), historical cohort (n=12), case-control (n=3), cross-sectional (n=5), pre-experimental (n=2) and ecological (n=1) studies. One study (2.1%) included female sport participants only, 41 (85.4%) included male sport participants only 
and 6 (12.5%) included both. Youth sport participants were 
targeted in 26 of 48 (54.2%) studies.		Sport participants		Elegible: 74.          Included: 48  Excluded:  29 were excluded based on manuscript evaluation by 
two independent reviewers (AMB, AK, CE, GM). 		Helmets, headgear, Mouthguards, Policy and rule changes, other strategies-vivion training, player safety coach, tackle training without pads/helmets, fair play rules, larger ice surface (ice hockey). 		The studies selected (n=48) provided evidence related to protective gear (helmets, headgear, mouthguards) (n=25), policy and rule changes (n=13) and other interventions (training, education, facilities) (n=10). Meta-analyses demonstrate a combined effect of a 70% reduction (incidence rate ratio (IRR)=0.3 (95% CI: 0.22 to 0.41)) in concussion risk in youth ice hockey leagues where policy disallows body checking, and the point estimate (IRR=0.8 (95% CI: 0.6 to 1.1)) suggests a protective effect of mouthguards in contact and collision sport (basketball, ice hockey, rugby).		Helmets: There is some evidence supporting the importance of appropriate helmet fit in youth football, with reduced symptom severity and duration 
reported with proper helmet fit. A helmet with thicker padding over zygoma and mandible was reported to reduce concussion risk by 40%/54%, in two different studies, in comparison to a standard helmet. Headgear: Two studies reported a significant effect of headger in professional rugby, while three papers demonstrated no effect of headgear, and two papers showed an effect of headgear in soccer that was not statistically significant. Mouthguards: The protective effect of wearing a mouthguard in comparison 
with no mouthguard was examined in eight studies (basketball,
hockey
 and rugby
) with mixed findings. Policy and rule changes: Disallowing body checks and head impacts may reduce risk of concussions. Other: 		The strongest and most consistent sport concussion preven�tion evidence evaluates body checking policy disallowing body 
checking in youth ice hockey, demonstrating a significant protec�tive effect in reducing the risk of concussion. This evidence 
has subsequently informed policy change in non-elite levels in 
older age groups and this requires further investigation. Further 
research is required to examine such rule changes in other 
collision sports, and alignment with biomechanical research to 
examine injury mechanisms is important. Regarding equipment, 
there is sufficient evidence in skiing/snowboarding to support 
strong recommendations and policy to mandate helmet use. The 
evidence for mouthguard use in preventing concussion is mixed, 
but meta-analysis suggests that there may be an overall protec�tive effect in collision sports that cannot be ignored and rigorous 
case-control designs are required. Future research should focus 
on evaluating evidence-informed concussion prevention strat�egies targeting sport-specific extrinsic (eg, rules of the game) 
and intrinsic (eg, previous concussion history) risk factors. 
Prospective evaluation study designs (eg, cohort studies, RCTs), 
valid injury surveillance systems, consideration of potential 
confounders (eg, concussion history) and common concussion 
outcome definitions are needed. Concussion definitions consis�tent with international consensus guidelines and consideration 
exposure data (ie, player participation) to accurately measure 
injury rates are essential. Psychological and sociocultural factors 
in sport play a role in the uptake and maintenance of any injury 
prevention strategy and require further consideration in evalu�ating concussion prevention strategies.
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		Enniss, T.M. et al., 2018		a systematic review of the literature to 
answer seven population, intervention, comparator, 
and outcomes (PICO) questions 		MEDLINE, PubMed, Scopus, Cumulative Index of Nursing and Allied Health Literature, and Embase 
(online supplementary appendix A).		Contact sports related concussions.		Include three randomized control trials, all of which contain significant
methodologic flaws. The remaining 28 studies were uncontrolled retrospective cohort or prospective observational
studies. Total 31 studeis.		Amateur athletes, both pediatric (age 14 or younger) and adult (non-professionals aged 15 years and older). 		Eligible: 143   Included (31)   Excluded (89): Case reports, expert opinion, non-sport studies.		Protective headgear, concussion education, neck mass exercise, and rule
modification.		 Conditional
recommendations are made supporting preventive interventions concussion education and rules prohibiting high�risk activity for both pediatric and adult amateur athletes and neck strengthening exercise in adult amateur athletes. Strong recommendations are supported for head protective equipment in both pediatric and adult
amateur athletes. Strong recommendations regarding newer football helmet technology in adult amateur athletes
and rules governing the implementation of body-checking in youth ice hockey are supported.		Other results suggest that there is strong recommendation for head protective 
equipment as a primary preventive 
intervention against sports-related 
concussions in pediatric athletes.		In summary, this represents the first systematic review of the literature pertaining to the primary prevention of
sports-related concussion. EAST applauds the advances that have been made 
in the evidence guiding the diagnosis and management of mild 
traumatic brain injury-related to sports. However, the greatest 
opportunity to impact overall injury burden lies in injury 
prevention. Future research will serve to more granularly define 
effective interventions to prevent sports-related concussion in 
pediatric and adult amateur athletes
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		Fraas, M.R. and Burchiel, J. 2016		 Systematically review on the content and level of evidence on concussion education/
prevention programmes in rugby union		PubMed, PsycInfo, MEDLINE, SPORTDiscuss, Webofscience, and conducted a
manual search for articles. 		Effectiveness of concussion education/ prevention programmes.		10 studies were inlcuded.		junior (n=2279) and adult (n=1624) rugby union athletes		Eligible: 366      Included: 10      Excluded: 356      Not addressing education, not focused on concussion, not reported in journal, not published in english		Education strategies to reduce concussion and injury surveillance and prevention programmes.		What they found is that there are several well-established concussion education and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such programmes.		When looking at other results there is some evidence to suggest that mandatory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries.		There are several well-established concussion edu�cation and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such pro�grammes. There is some evidence to suggest that man�datory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries. Ongoing efforts are
required to enhance the safety of rugby union athletes.
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		Knapik et al., 2019		A systematic review and meta-analysis of the efectiveness of MGs for the prevention of sports-related 
orofacial injuries and concussions.		PubMed, Ovid Embase, and the Cumulative Index to Nursing and Allied Health 
Literature were searched to fnd studies		Primary/secondary: sport-related orofacial injuries, concussions.		In total 26 studies were included in this review. Study designs included 8 non-randomized prospective cohort 
intervention studies ,2  non-randomized ret�rospective cohort studies, 4 one-group ecological 
intervention studies, 11 cross-sectional surveys, and a single randomized prospective 
cohort investigation.		Sports athletes: American football, rugby, basketball, ice hockey, field hockey, handball, taekwondo. 		Eligible: 112             Included:25         Excluded: 86        Excluded due to: lacked non MG group. lacked required data, MG and injury data reported
separately, aggregrated data not allowing
determination of denominators
or proportional injury data		Mouth guards: Stock over the counter, boil and bite, and custom. 		The results from this review suggest that MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG.		The current evidence indicates that MGs 
have little impact on reducing the incidence of concussions.		Despite diferences in injury defnitions and low methodo�logical quality of some studies, this review suggests that 
MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG. 
On the other hand, the current evidence indicates that MGs 
have little impact on reducing the incidence of concus�sions. The methodological quality of future studies could 
be improved by better descriptions of study participants, 
clear injury case defnitions, consideration of potential 
confounders, quantitative reporting of adverse events, 
multivariable statistical analysis, monitoring of compli�ance, and consideration of statistical power. MGs should 
be used in all sport activities where there is signifcant risk 
of orofacial injury.
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		Makovec Knight et al., 2021		Systematic review of in vivo studies to assess association between sports related concussion and soft shell head gear (HG) use and potential increase in injury risk in HG users.		Ovid MEDLINE, Cochrane Library, Scopus, PsycINFO,  and SPORTDiscus conducted in April 2020 of studies published after 1980		Primary: Incidence rates of SRC, Secondary: superficial head injury or other injuries.		All studies were published betweeen 2001 and 2019. 8 studies were eligible, 4 were prospective cohort injury surveilance, 2 were RCT, 1 was a pilot RCT, and 1 cross sectional.  		There were 2 football (soccer) and 6 rugby cohorts with a total of 12,064 participants. 3 studies included females representing 17% (2038) total participants. 		Elegible = 73. Inlcuded (8):  were youth <18 years, english language, invivo studies published after 1980, evaluating SRC and other injury incidence in HG users compared to non-users. 5 were exclusive of youth, others compromised mixed youth/adult ranging from 13-45 years old. Excluded (65): Lab studt or other design, hard shell helmets, alt outcome or population, not team sport, beofre 1980.		Effects of HG on rates of SRC (n=6), other body regions (n=4), head injury superficial to the skull (n=4) and frequency of impacts sustained to the head (n=1).  3 studies examined a combination of these outcomes, soft shell HG with SRC, superficial headinjuries, and other body regions. 		Eight studies were eligible. The majority (n=5) 
reported no difference in the rate of SRC among HG users 
versus non-users. One rugby study identified significantly 
lower risk of SRC for non-HG users (risk ratio (RR) 0.63; 
95% CI 0.41 to 0.98) compared with HG users, whereas a 
cross-sectional survey of soccer players indicated higher 
risk of SRC for non-HG users (RR 2.65; 95% CI 1.23 to 
3.12) compared with HG users. The findings do not support the use of the current and commercially available HG to prevent SRC in youth rugby or football. HG does not mitigated the forces invovled with head impacts. 		. Three of the four studies 
investigating superficial head injury found no significant 
differences with HG use, though the soccer survey 
reported reduced risk among HG users (RR 1.86; 95% CI 
0.09 to 0.11). Increased incidence of injuries to all body 
regions for rugby HG users was reported in two studies 
with adjusted RRs of 1.16 (95% CI 1.04 to 1.29) and 1.23 
(95% CI 1.00 to 1.50).		HG use was not associated with reduced 
rates of SRC or superficial head injury in youth soccer 
and rugby. The possibility of increased injury risk to all 
body regions for rugby HG users was raised. The need 
for research specific to youth and female athletes was 
highlighted.
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		Peek et al., 2020		Systematic review of the potential relationship betweeen neck strength and head acceleration during purposeful heading in soccer.		Protocol registered PROSPERO. EMBASE, MEDLINE, CINAHL, SportDiscus and Web of Science from first record to January 2019.		Primary: To measure the relationship betweeen isometric neck strength and  head acceleration in purposeful heading in soccer (football). Scenodary: Higher neck strength lowered linear and rotational acceleration. 		Of the 1174 potential papers eligible, 5 papers met inclusion criteria. All 5 were conducted in the USA between 2008 and 2018, and used cross-sectional research design. 		A total of 190 participants (67% female) and a mean age of 19 years (range 15-24 years) were recruited across the 5 studies. Playing level ranged from high school to division I and II collegiate level. Participants were excluded that had a recent head or neck injury. 		Inclusion: original research reporting on the relationship between neck strength and head impact and/or acceleration during purposeful heading in soccer, irrespective o fse, age, health status and/or playing level; experimental research designs with neck strengthening was the intervention; published in english, or translation availabe. Exclusion: reporting neck strength data without data related to had impact and/or acceleration specifically during purposeful heading; reporting muscle activation adn not neck strength during heading; reporting on relationship of neck strength and head impact and/or acceleration whilst participants were exposed to another intervention to reduce head impact/acceleration (head gear/mouth guards) unless data was reported from those without such exposure; editorials, systematic reviews, qualitative or unpublished studies without peer-review. 		All 5 studies reported mean isometric neck strength using hand held dynomometry. Four studies measured head acceleration using tri-axial acceleromoeter and one used vieo analysis. All 5 studies report results for linear head acceleration. 3 reported resuilts for rotational head acceleration. All used a simulated purposeful heading within a controlled environment (not training or match play). Balls were delivered by a ball pithing machine or a researcher  to mimic a throw-in. Participants were instructed to stad feet on the ground and aim the ball towards a target in front of them to the left or right or not reported. Area of impact was only reported in two studies. Participants were fitted with a force-sensitive resistor taped to the forehead that required the ball make contact with. 		From an initial search of 1174 potentially eligible papers, five cross-sectional studies met the
eligibility criteria for inclusion in this review. Data from cross-sectional studies indicate that higher
neck strength is associated with lower head acceleration during purposeful heading in soccer (p = <0.05;
r < −0.5).		Female participants exhibited statistically significant (p=<.001) lower neck strength on testing and greater head velocity during purposeful heading when compared to male participants. 		This review provides evidence that higher neck strength may lower head acceleration during
purposeful heading in soccer. Further research is required to determine the most effective method to
strengthen the neck musculature in soccer players.
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		Phillips and Crisco, 2020		Systematic review on the effectiveness of American footbal rules and behaviour interventions on head impacts and concussions.		PubMed, PsycINFO, Cochrane, Embase, ERIC, and Global Health searched between 15th November 2019 and 22 February 2020. 		Primary:Head injuries, head impacts and concussion; Secondary: magnitude of head impacts, location of head impacts, unintended consequences. 		From 1162 articles, duplicates and and excluded papers, 20 articles met inclusion criteria. These were published in peer-reviewed journals between 2013 and 2020. 		Total of 10,115 youth American football players. 2663 were in the intervention and 4286 were in the control or comparison group. Some studies did not specify groups. Experience, prior years played and was not mentioned in the included studies. High school football players: 6665 total participants, 4647 in the intervention, 2097 in the control/comparitor. Total number does not add up as two studies had participants that were in both groups. Only one study accounted for player experience. Collegiate American football: Total 726 participants, 461 intervention, 475 in control/comparison. Total number does not add up as some were in both groups. 		Included: RCTs, quasi-experimental, cohort studies, case control, and cross-sectional; American football- collegiate players, high-school and youth players; Comparison groups not receiving intervention or participating in rule change; head injuries/impacts/concussions; english language. Excluded: Studies analysing efectiveness of protective equipement such as helmets, neck collars, mouthguards; professional football; observational studies and review articles.		Three studies evaluated alternatives to tackle football, one an educational program, one a rule change, and one an educational program and a rule change. 		Youth football: Rule change (1) No change in the overall concussion rate
(2) The practice concussion rate ranged from
not significant to a lower concussion rate
(3) The change in the game concussion rate
was not significant
Educational
intervention:
(1) Practice concussion rate was lower
(2) The change in the game concussion rate
was not significant
Alternatives: (1) The overall concussion rate for flag football
was higher
(2) The overall concussion rate for TackleBar
was lower
(3) The game impact rate was lower in flag
football
(4) The practice impact rate was lower in flag
football ; High-school football: Rule change: (1) The practice concussion rate was lower
(2) There was no change in the game concussion rate
(3) The practice impact rate was lower
(4) The game impact rate was lower
Educational intervention:
(1) The change in overall concussion rate was
not significant
(2) The practice concussion rate was lower
(3) The change in game concussion rate was
not significant
(4) The practice impact rate was lower
(5) The game impact race was lower; Collegiate football: Rule change (1) The game concussion rate was lower
(2) The practice impact rate had team
dependent decreases
Educational intervention:
(1) The overall impact rate was lower
Training: (1) The game concussion rate was lower				Studies evaluating the effectiveness of interventions and regualtions on reducing head impact exposures on head injuries have shown mixed results. Some regulations may eb more effective than others, but methodological design and risk of bias pose limitations to generalise effects.
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		Schneider et al., 2017		The aim of the current review was to systematically identify, evaluate and synthesise trials that examine concussion prevention via equipment, educational programmes and training programmes.		PubMed and EBSCO host (CINAHL, MEDLINE, SPORTDiscus).		Primary aim to evaluate the efficacy of interventional protective equipement, training programmes and education in regards to concussion prevention. Secondary aim to evaluate the efficacy of headgear and face shields in preventing superficial injuries as reported in the included studies. 		15 articles met the inclusion criteria and were included in the present study. 		Of the 15 included studies, 7 evaluated helmets/headgear, 8 evaluated mouthguards,2 evaluated hockey face shields and one evaluated an American football tackling technique educational programme. No prospective studies were identified that evaluated training protocols. Six studies evaluated concussion incidence in rugby,6 evaluated American football,2 evaluated hockey,1 evaluated basketball and 1 evaluated bicycling. Three of 15 included studies evaluated both male and female participants. The age of participants evaluated in the included study ranged from 5-year-old football players to bicyclists >40 years old. One study evaluated rugby players in an under-15-year-old league, and the remaining 12 studies evaluated high school aged athletes (∼16 years old) and university/young professional athletes (∼21 years old). 		Inclusion: prospective study design, must report data on  and examine preventative  effect of equipement, training, or educational programmes on incidence of concussions in comparison to a control group; Excluded: Laboratory-based studies, further analyses on previously reported  prospective studies, written in language other than english, abstracts and review papers.		Protective equipement such as helmets and headgear, mouthguards, face shields, and American football tackling techique educational programme. 		14 studies evaluated interventions of novel protective equipment. One prospective investigation evaluated an educational programme. The relative risk of concussion for participants enrolled in the interventional arms of trials was not significantly different from that in standard practice arms (RR=0.78, 95% CI 0.55 to 1.11, χ2 =1.8, p=0.17; I2 =85.3%, 95% CI 71.5% to 90.8%). The relative risk of concussion for participants wearing protective equipment (ie, headgear, full face shields) relative to their counterparts wearing standard or no equipment, calculated from seven available reports, showed no effect of intervention (RR=0.82, 95% CI 0.56 to 1.20, χ2 =1.06, p=0.30; I2 =86.7%, 95% CI 73.3% to 91.8%). The relative risk of superficial head injury for participants wearing protective equipment relative to their counterparts, calculated from three reports, showed a significant risk reduction (RR=0.41, 95% CI 0.31 to 0.56, χ2 =34.13, p		Helmets may reduce the incidence of skull fracture and superficial head injuries. Mouthguards that are custom made are thicker than over the counter may reduce concussions. Face shields with full facial protection lowers risk of eyes injuries, dental injuries and facial lacerations compared to half face shields.  		Prospective controlled studies indicate that certain protective equipment (helmets/headgear, mouthguards and face shields) may prevent superficial head injury, but these items are suboptimal for concussion prevention in sport.  Existing trials show no difference in the relative risk of concussion in athletes wearing novel protective equipement relative to athletes wearing standard equipement. Some of these items may prevent superficial head injuries, as relative risk of these inuries in athletes wearing novel protective equipement was less than half of that of their counterparts. 
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		Benson et al., 2013		Systematic review of cross-sectional, prospective case series, case control, retrospective and prospective cohort, quasi-experimental or experimental study designs. To critically review the evidence to determine the
efficacy and effectiveness of protective equipment, rule
changes, neck strength and legislation in reducing sport
concussion risk.		Medline, Sports Discuss, EMBASE, PubMed, from 1946?/1998? to 2012		Concussion, game injury or time loss		1 cluster-randomised controlled trials, 2 cross-sectional		6921 participants aged 12+ years 		INCLUDED: a longitudinal cross sectional study of mouthguards, using 28 AFL players over 3 seasons. Incidence of concussion and assess risk factor in Austrailian non-pro male rugby players. Concussion rates in 3 arms of study: no headgear, standard headgear, modified headgear 		Customised mandibular orthotic (CMO), headgear 		Mean self-reported incidence prior to CMO use. Players reported always using headgear = reduced risk of sustaining concussion. No significant risk between 3 arms of the study. 				Little new evidence found for successful interventions to reduce concussion. No new valid evidence to suggest standard headgear in rugby reduces concussion. Limited evidence that mouthguards in american football reduce concussion.  
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		Cusimano et al., 2021		Systematic review. Objective was to evaluate the effectiveness of current neurological injury prevention strategies in rugby union		OVID Medline (1950 to May 2010), OVID HealthStar (1966 to May 2010), CINAHL (1981 to May 2010), Sport Discus (1800 to May 2010), PubMed (1948 to May 2010), Scholar's Portal Physical Education Index, Web of Science (1976 to May 2010), and the Cochrane Controlled Clinical Trials Register (CENTRAL from 1991 to May 2010)		Evaluated injury prevention strategies for rugby players and reported on neurological outcomes.		Systematic review including: 2 Randomised controlled trials, 2 prospective cohort design, 1 ecological study, 3 case series studies, 1 cohort study, 1 case-control study		12,151 participants aged from 12+ years old. (12-29 years)		Two studies assessed the effectiveness of headgear, 2 studies assessed the effectiveness of mouthguards 2 studies assessed the effectiveness of both headgear and mouthguards to prevent concussion during rugby.		Mouthguard, head gear, education prevention programme (RugbySmart) designed to educate rugby participants regarding physical conditioning, injury management, and safe tackling techniques in rugby. 		No association between mouthguards and reduction in concussion. 55 (48.2%) had previosuly suffered from concussion, 39 (71%) were not wearing gum shields and 16 (29.1%) were. No significant difference between the concussion injury rates of players with and without headgear. 				Current available evidence suggests multifaceted intervention programs combining education and rule enforcement implemented in a mandatory fashion are likely to be effective in reducing the incidence of neurological injuries among rugby players. Limited evidence that headgear and mouthguards prevent neurological injuries in rugby. 
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		Daly et al., 2021		The objective of this systematic literature review was to evaluate the evidence regarding the development of neck strength in reducing concussion and cervical spine injuries in adult amateur and professional sport populations. 		PubMed , CINAHL, Science Direct, and Web of Science databases		Primary objective: Investigate how effective a specific neck strengthening intervention would be on the isometric neck strength profile of professional male rugby players. Secondary outcome: baseline testing of isometric neck strength at the start of the season and at week 5 of the intervention		Systematic review including: Controlled laboratory study, quasi-experimental pilot study		50 participants aged 19-29 years old, male		Three studies examined the effects of a neck strengthening intervention on adult athletic populations after gathering baseline measures of isometric neck strength. Two of the papers examined standard isometric neck strength as an intervention while one paper examined a novel neck strengthening device.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program. The control arm should not include neck exercises.		No significant between-group differences in isometric neck strength were noted preintervention. Composite neck strength improvement favoured the intervention group				None of the studies reported any impact of neck
strengthening exercises on cervical spine injuries. This review has shown that there is currently a
lack of evidence to support the use of neck strengthening interventions in reducing impact injury
risk in adult populations who participate in sport. The evidence in this systematic literature review supports the most recent Consensus Statement on Concussion in Sport which states that prevention interventions using modifiable risk factors remain unclear in terms of possible interventions to prevent or reduce the risk of concussion in sport. Whether we examine neck strength interventions using gender, age, or under specific category of sports parameters, there is evidence to suggest that athlete education programs can be utilised as a strategy to reduce concussion risk in sport.
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		Elliot et al., 2021		Systematic review of the literature with a primary objective to determine the relationship between neck strength and sport-related head and neck injuries (including sport-related concussion (SRC). Secondary objective was whether neck exercise programs can reduce the incidence of (a) sport-related head and neck injuries; and (b) SRC.		Ovid MEDLINE, CINAHL, EMBASE, SPORTDiscus, and Web of Science		Primary outcome: observational studies report the association between incidence of head and/or neck injury and neck strength data, or intervention trials which report comparison data for the incidence of head and/or neck injury between the intervention and control arms.		2 observational studies, 2 cohort, 2 RCT's		10,745 particpants mean age 16 & 25.5 years old 		Two observational studies including male and female high school and university athletes explored the relationship between neck strength and SRC. Four experimental studies investigated the effect of an exercise intervention which included neck exercises on incidence of (a) head and/or neck injuries, and/or (b) SRC.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program.The control arm should not include neck exercises.		The results of two observational studies reported that higher neck strength, but not deep neck flexor endurance, is associated with a lower risk of sustaining a SRC. Four intervention studies demonstrated that injury reduction programs that included neck exercises can reduce the incidence of sport-related head and neck injuries including SRC.		Consideration should be given towards incorporating neck exercises into injury reduction exercise programs to reduce the incidence of sport-related head and neck injuries, including SRC.		This review provides limited evidence that greater neck 
strength and participation in injury reduction exercise 
programs which include neck exercises may reduce the 
incidence of sport-related head and neck injuries, includ�ing SRC. The inclusion as well as types of neck exercises 
incorporated into training programs for contact sports should 
be further explored, particularly in adolescent and female 
athletes who appear most likely to beneft.
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		Emery, C.A et al., 2017                                                      		Systematic review according to the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis) guidelines to examine the effectiveness of 
concussion prevention strategies in reducing concussion 
risk in sport.		Relevant studies were identified through 11 electronic data - Ovid MEDLINE (R), CINAHL, PsycINFO, Cochrane Databases for Systematic and Complete Review, Cochrane Controlled Trials Registry, Cochrane Injuries Group Trials Register, SPORTDiscus, EMBASE, ERIC, Conference Proceedings Citation Index, ProQuest Dissertation & Theses Global Database		Primary: investigating an 
outcome of concussion or head impact Secondary: evaluating a
concussion prevention intervention		 In total, 48 
studies were identified and categorised by prevention strategy 
and sport. The majority of studies evaluated protective equipment (n=25) or rules and regulations (n=13), and the remainder 
examined other concussion prevention strategies. In total, only 5 of 48 (10.4%) 
studies are RCTs, with the remaining being cohort (n=20, 
41.7%), historical cohort (n=12), case-control (n=3), cross-sectional (n=5), pre-experimental (n=2) and ecological (n=1) studies. One study (2.1%) included female sport participants only, 41 (85.4%) included male sport participants only 
and 6 (12.5%) included both. Youth sport participants were 
targeted in 26 of 48 (54.2%) studies.		Sport participants		Elegible: 74.          Included: 48  Excluded:  29 were excluded based on manuscript evaluation by 
two independent reviewers (AMB, AK, CE, GM). 		Helmets, headgear, Mouthguards, Policy and rule changes, other strategies-vivion training, player safety coach, tackle training without pads/helmets, fair play rules, larger ice surface (ice hockey). 		The studies selected (n=48) provided evidence related to protective gear (helmets, headgear, mouthguards) (n=25), policy and rule changes (n=13) and other interventions (training, education, facilities) (n=10). Meta-analyses demonstrate a combined effect of a 70% reduction (incidence rate ratio (IRR)=0.3 (95% CI: 0.22 to 0.41)) in concussion risk in youth ice hockey leagues where policy disallows body checking, and the point estimate (IRR=0.8 (95% CI: 0.6 to 1.1)) suggests a protective effect of mouthguards in contact and collision sport (basketball, ice hockey, rugby).		Helmets: There is some evidence supporting the importance of appropriate helmet fit in youth football, with reduced symptom severity and duration 
reported with proper helmet fit. A helmet with thicker padding over zygoma and mandible was reported to reduce concussion risk by 40%/54%, in two different studies, in comparison to a standard helmet. Headgear: Two studies reported a significant effect of headger in professional rugby, while three papers demonstrated no effect of headgear, and two papers showed an effect of headgear in soccer that was not statistically significant. Mouthguards: The protective effect of wearing a mouthguard in comparison 
with no mouthguard was examined in eight studies (basketball,
hockey
 and rugby
) with mixed findings. Policy and rule changes: Disallowing body checks and head impacts may reduce risk of concussions. Other: 		The strongest and most consistent sport concussion preven�tion evidence evaluates body checking policy disallowing body 
checking in youth ice hockey, demonstrating a significant protec�tive effect in reducing the risk of concussion. This evidence 
has subsequently informed policy change in non-elite levels in 
older age groups and this requires further investigation. Further 
research is required to examine such rule changes in other 
collision sports, and alignment with biomechanical research to 
examine injury mechanisms is important. Regarding equipment, 
there is sufficient evidence in skiing/snowboarding to support 
strong recommendations and policy to mandate helmet use. The 
evidence for mouthguard use in preventing concussion is mixed, 
but meta-analysis suggests that there may be an overall protec�tive effect in collision sports that cannot be ignored and rigorous 
case-control designs are required. Future research should focus 
on evaluating evidence-informed concussion prevention strat�egies targeting sport-specific extrinsic (eg, rules of the game) 
and intrinsic (eg, previous concussion history) risk factors. 
Prospective evaluation study designs (eg, cohort studies, RCTs), 
valid injury surveillance systems, consideration of potential 
confounders (eg, concussion history) and common concussion 
outcome definitions are needed. Concussion definitions consis�tent with international consensus guidelines and consideration 
exposure data (ie, player participation) to accurately measure 
injury rates are essential. Psychological and sociocultural factors 
in sport play a role in the uptake and maintenance of any injury 
prevention strategy and require further consideration in evalu�ating concussion prevention strategies.
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		Enniss, T.M. et al., 2018		a systematic review of the literature to 
answer seven population, intervention, comparator, 
and outcomes (PICO) questions 		MEDLINE, PubMed, Scopus, Cumulative Index of Nursing and Allied Health Literature, and Embase 
(online supplementary appendix A).		Contact sports related concussions.		Include three randomized control trials, all of which contain significant
methodologic flaws. The remaining 28 studies were uncontrolled retrospective cohort or prospective observational
studies. Total 31 studeis.		Amateur athletes, both pediatric (age 14 or younger) and adult (non-professionals aged 15 years and older). 		Eligible: 143   Included (31)   Excluded (89): Case reports, expert opinion, non-sport studies.		Protective headgear, concussion education, neck mass exercise, and rule
modification.		 Conditional
recommendations are made supporting preventive interventions concussion education and rules prohibiting high�risk activity for both pediatric and adult amateur athletes and neck strengthening exercise in adult amateur athletes. Strong recommendations are supported for head protective equipment in both pediatric and adult
amateur athletes. Strong recommendations regarding newer football helmet technology in adult amateur athletes
and rules governing the implementation of body-checking in youth ice hockey are supported.		Other results suggest that there is strong recommendation for head protective 
equipment as a primary preventive 
intervention against sports-related 
concussions in pediatric athletes.		In summary, this represents the first systematic review of the literature pertaining to the primary prevention of
sports-related concussion. EAST applauds the advances that have been made 
in the evidence guiding the diagnosis and management of mild 
traumatic brain injury-related to sports. However, the greatest 
opportunity to impact overall injury burden lies in injury 
prevention. Future research will serve to more granularly define 
effective interventions to prevent sports-related concussion in 
pediatric and adult amateur athletes
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		Fraas, M.R. and Burchiel, J. 2016		 Systematically review on the content and level of evidence on concussion education/
prevention programmes in rugby union		PubMed, PsycInfo, MEDLINE, SPORTDiscuss, Webofscience, and conducted a
manual search for articles. 		Effectiveness of concussion education/ prevention programmes.		10 studies were inlcuded.		junior (n=2279) and adult (n=1624) rugby union athletes		Eligible: 366      Included: 10      Excluded: 356      Not addressing education, not focused on concussion, not reported in journal, not published in english		Education strategies to reduce concussion and injury surveillance and prevention programmes.		What they found is that there are several well-established concussion education and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such programmes.		When looking at other results there is some evidence to suggest that mandatory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries.		There are several well-established concussion edu�cation and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such pro�grammes. There is some evidence to suggest that man�datory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries. Ongoing efforts are
required to enhance the safety of rugby union athletes.
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		Knapik et al., 2019		A systematic review and meta-analysis of the efectiveness of MGs for the prevention of sports-related 
orofacial injuries and concussions.		PubMed, Ovid Embase, and the Cumulative Index to Nursing and Allied Health 
Literature were searched to fnd studies		Primary/secondary: sport-related orofacial injuries, concussions.		In total 26 studies were included in this review. Study designs included 8 non-randomized prospective cohort 
intervention studies ,2  non-randomized ret�rospective cohort studies, 4 one-group ecological 
intervention studies, 11 cross-sectional surveys, and a single randomized prospective 
cohort investigation.		Sports athletes: American football, rugby, basketball, ice hockey, field hockey, handball, taekwondo. 		Eligible: 112             Included:25         Excluded: 86        Excluded due to: lacked non MG group. lacked required data, MG and injury data reported
separately, aggregrated data not allowing
determination of denominators
or proportional injury data		Mouth guards: Stock over the counter, boil and bite, and custom. 		The results from this review suggest that MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG.		The current evidence indicates that MGs 
have little impact on reducing the incidence of concussions.		Despite diferences in injury defnitions and low methodo�logical quality of some studies, this review suggests that 
MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG. 
On the other hand, the current evidence indicates that MGs 
have little impact on reducing the incidence of concus�sions. The methodological quality of future studies could 
be improved by better descriptions of study participants, 
clear injury case defnitions, consideration of potential 
confounders, quantitative reporting of adverse events, 
multivariable statistical analysis, monitoring of compli�ance, and consideration of statistical power. MGs should 
be used in all sport activities where there is signifcant risk 
of orofacial injury.
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		Makovec Knight et al., 2021		Systematic review of in vivo studies to assess association between sports related concussion and soft shell head gear (HG) use and potential increase in injury risk in HG users.		Ovid MEDLINE, Cochrane Library, Scopus, PsycINFO,  and SPORTDiscus conducted in April 2020 of studies published after 1980		Primary: Incidence rates of SRC, Secondary: superficial head injury or other injuries.		All studies were published betweeen 2001 and 2019. 8 studies were eligible, 4 were prospective cohort injury surveilance, 2 were RCT, 1 was a pilot RCT, and 1 cross sectional.  		There were 2 football (soccer) and 6 rugby cohorts with a total of 12,064 participants. 3 studies included females representing 17% (2038) total participants. 		Elegible = 73. Inlcuded (8):  were youth <18 years, english language, invivo studies published after 1980, evaluating SRC and other injury incidence in HG users compared to non-users. 5 were exclusive of youth, others compromised mixed youth/adult ranging from 13-45 years old. Excluded (65): Lab studt or other design, hard shell helmets, alt outcome or population, not team sport, beofre 1980.		Effects of HG on rates of SRC (n=6), other body regions (n=4), head injury superficial to the skull (n=4) and frequency of impacts sustained to the head (n=1).  3 studies examined a combination of these outcomes, soft shell HG with SRC, superficial headinjuries, and other body regions. 		Eight studies were eligible. The majority (n=5) 
reported no difference in the rate of SRC among HG users 
versus non-users. One rugby study identified significantly 
lower risk of SRC for non-HG users (risk ratio (RR) 0.63; 
95% CI 0.41 to 0.98) compared with HG users, whereas a 
cross-sectional survey of soccer players indicated higher 
risk of SRC for non-HG users (RR 2.65; 95% CI 1.23 to 
3.12) compared with HG users. The findings do not support the use of the current and commercially available HG to prevent SRC in youth rugby or football. HG does not mitigated the forces invovled with head impacts. 		. Three of the four studies 
investigating superficial head injury found no significant 
differences with HG use, though the soccer survey 
reported reduced risk among HG users (RR 1.86; 95% CI 
0.09 to 0.11). Increased incidence of injuries to all body 
regions for rugby HG users was reported in two studies 
with adjusted RRs of 1.16 (95% CI 1.04 to 1.29) and 1.23 
(95% CI 1.00 to 1.50).		HG use was not associated with reduced 
rates of SRC or superficial head injury in youth soccer 
and rugby. The possibility of increased injury risk to all 
body regions for rugby HG users was raised. The need 
for research specific to youth and female athletes was 
highlighted.
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		Peek et al., 2020		Systematic review of the potential relationship betweeen neck strength and head acceleration during purposeful heading in soccer.		Protocol registered PROSPERO. EMBASE, MEDLINE, CINAHL, SportDiscus and Web of Science from first record to January 2019.		Primary: To measure the relationship betweeen isometric neck strength and  head acceleration in purposeful heading in soccer (football). Scenodary: Higher neck strength lowered linear and rotational acceleration. 		Of the 1174 potential papers eligible, 5 papers met inclusion criteria. All 5 were conducted in the USA between 2008 and 2018, and used cross-sectional research design. 		A total of 190 participants (67% female) and a mean age of 19 years (range 15-24 years) were recruited across the 5 studies. Playing level ranged from high school to division I and II collegiate level. Participants were excluded that had a recent head or neck injury. 		Inclusion: original research reporting on the relationship between neck strength and head impact and/or acceleration during purposeful heading in soccer, irrespective o fse, age, health status and/or playing level; experimental research designs with neck strengthening was the intervention; published in english, or translation availabe. Exclusion: reporting neck strength data without data related to had impact and/or acceleration specifically during purposeful heading; reporting muscle activation adn not neck strength during heading; reporting on relationship of neck strength and head impact and/or acceleration whilst participants were exposed to another intervention to reduce head impact/acceleration (head gear/mouth guards) unless data was reported from those without such exposure; editorials, systematic reviews, qualitative or unpublished studies without peer-review. 		All 5 studies reported mean isometric neck strength using hand held dynomometry. Four studies measured head acceleration using tri-axial acceleromoeter and one used vieo analysis. All 5 studies report results for linear head acceleration. 3 reported resuilts for rotational head acceleration. All used a simulated purposeful heading within a controlled environment (not training or match play). Balls were delivered by a ball pithing machine or a researcher  to mimic a throw-in. Participants were instructed to stad feet on the ground and aim the ball towards a target in front of them to the left or right or not reported. Area of impact was only reported in two studies. Participants were fitted with a force-sensitive resistor taped to the forehead that required the ball make contact with. 		From an initial search of 1174 potentially eligible papers, five cross-sectional studies met the
eligibility criteria for inclusion in this review. Data from cross-sectional studies indicate that higher
neck strength is associated with lower head acceleration during purposeful heading in soccer (p = <0.05;
r < −0.5).		Female participants exhibited statistically significant (p=<.001) lower neck strength on testing and greater head velocity during purposeful heading when compared to male participants. 		This review provides evidence that higher neck strength may lower head acceleration during
purposeful heading in soccer. Further research is required to determine the most effective method to
strengthen the neck musculature in soccer players.
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		Phillips and Crisco, 2020		Systematic review on the effectiveness of American footbal rules and behaviour interventions on head impacts and concussions.		PubMed, PsycINFO, Cochrane, Embase, ERIC, and Global Health searched between 15th November 2019 and 22 February 2020. 		Primary:Head injuries, head impacts and concussion; Secondary: magnitude of head impacts, location of head impacts, unintended consequences. 		From 1162 articles, duplicates and and excluded papers, 20 articles met inclusion criteria. These were published in peer-reviewed journals between 2013 and 2020. 		Total of 10,115 youth American football players. 2663 were in the intervention and 4286 were in the control or comparison group. Some studies did not specify groups. Experience, prior years played and was not mentioned in the included studies. High school football players: 6665 total participants, 4647 in the intervention, 2097 in the control/comparitor. Total number does not add up as two studies had participants that were in both groups. Only one study accounted for player experience. Collegiate American football: Total 726 participants, 461 intervention, 475 in control/comparison. Total number does not add up as some were in both groups. 		Included: RCTs, quasi-experimental, cohort studies, case control, and cross-sectional; American football- collegiate players, high-school and youth players; Comparison groups not receiving intervention or participating in rule change; head injuries/impacts/concussions; english language. Excluded: Studies analysing efectiveness of protective equipement such as helmets, neck collars, mouthguards; professional football; observational studies and review articles.		Three studies evaluated alternatives to tackle football, one an educational program, one a rule change, and one an educational program and a rule change. 		Youth football: Rule change (1) No change in the overall concussion rate
(2) The practice concussion rate ranged from
not significant to a lower concussion rate
(3) The change in the game concussion rate
was not significant
Educational
intervention:
(1) Practice concussion rate was lower
(2) The change in the game concussion rate
was not significant
Alternatives: (1) The overall concussion rate for flag football
was higher
(2) The overall concussion rate for TackleBar
was lower
(3) The game impact rate was lower in flag
football
(4) The practice impact rate was lower in flag
football ; High-school football: Rule change: (1) The practice concussion rate was lower
(2) There was no change in the game concussion rate
(3) The practice impact rate was lower
(4) The game impact rate was lower
Educational intervention:
(1) The change in overall concussion rate was
not significant
(2) The practice concussion rate was lower
(3) The change in game concussion rate was
not significant
(4) The practice impact rate was lower
(5) The game impact race was lower; Collegiate football: Rule change (1) The game concussion rate was lower
(2) The practice impact rate had team
dependent decreases
Educational intervention:
(1) The overall impact rate was lower
Training: (1) The game concussion rate was lower				Studies evaluating the effectiveness of interventions and regualtions on reducing head impact exposures on head injuries have shown mixed results. Some regulations may eb more effective than others, but methodological design and risk of bias pose limitations to generalise effects.
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		Schneider et al., 2017		The aim of the current review was to systematically identify, evaluate and synthesise trials that examine concussion prevention via equipment, educational programmes and training programmes.		PubMed and EBSCO host (CINAHL, MEDLINE, SPORTDiscus).		Primary aim to evaluate the efficacy of interventional protective equipement, training programmes and education in regards to concussion prevention. Secondary aim to evaluate the efficacy of headgear and face shields in preventing superficial injuries as reported in the included studies. 		15 articles met the inclusion criteria and were included in the present study. 		Of the 15 included studies, 7 evaluated helmets/headgear, 8 evaluated mouthguards,2 evaluated hockey face shields and one evaluated an American football tackling technique educational programme. No prospective studies were identified that evaluated training protocols. Six studies evaluated concussion incidence in rugby,6 evaluated American football,2 evaluated hockey,1 evaluated basketball and 1 evaluated bicycling. Three of 15 included studies evaluated both male and female participants. The age of participants evaluated in the included study ranged from 5-year-old football players to bicyclists >40 years old. One study evaluated rugby players in an under-15-year-old league, and the remaining 12 studies evaluated high school aged athletes (∼16 years old) and university/young professional athletes (∼21 years old). 		Inclusion: prospective study design, must report data on  and examine preventative  effect of equipement, training, or educational programmes on incidence of concussions in comparison to a control group; Excluded: Laboratory-based studies, further analyses on previously reported  prospective studies, written in language other than english, abstracts and review papers.		Protective equipement such as helmets and headgear, mouthguards, face shields, and American football tackling techique educational programme. 		14 studies evaluated interventions of novel protective equipment. One prospective investigation evaluated an educational programme. The relative risk of concussion for participants enrolled in the interventional arms of trials was not significantly different from that in standard practice arms (RR=0.78, 95% CI 0.55 to 1.11, χ2 =1.8, p=0.17; I2 =85.3%, 95% CI 71.5% to 90.8%). The relative risk of concussion for participants wearing protective equipment (ie, headgear, full face shields) relative to their counterparts wearing standard or no equipment, calculated from seven available reports, showed no effect of intervention (RR=0.82, 95% CI 0.56 to 1.20, χ2 =1.06, p=0.30; I2 =86.7%, 95% CI 73.3% to 91.8%). The relative risk of superficial head injury for participants wearing protective equipment relative to their counterparts, calculated from three reports, showed a significant risk reduction (RR=0.41, 95% CI 0.31 to 0.56, χ2 =34.13, p		Helmets may reduce the incidence of skull fracture and superficial head injuries. Mouthguards that are custom made are thicker than over the counter may reduce concussions. Face shields with full facial protection lowers risk of eyes injuries, dental injuries and facial lacerations compared to half face shields.  		Prospective controlled studies indicate that certain protective equipment (helmets/headgear, mouthguards and face shields) may prevent superficial head injury, but these items are suboptimal for concussion prevention in sport.  Existing trials show no difference in the relative risk of concussion in athletes wearing novel protective equipement relative to athletes wearing standard equipement. Some of these items may prevent superficial head injuries, as relative risk of these inuries in athletes wearing novel protective equipement was less than half of that of their counterparts. 
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		Benson et al., 2013		Systematic review of cross-sectional, prospective case series, case control, retrospective and prospective cohort, quasi-experimental or experimental study designs. To critically review the evidence to determine the
efficacy and effectiveness of protective equipment, rule
changes, neck strength and legislation in reducing sport
concussion risk.		Medline, Sports Discuss, EMBASE, PubMed, from 1946?/1998? to 2012		Concussion, game injury or time loss		1 cluster-randomised controlled trials, 2 cross-sectional		6921 participants aged 12+ years 		INCLUDED: a longitudinal cross sectional study of mouthguards, using 28 AFL players over 3 seasons. Incidence of concussion and assess risk factor in Austrailian non-pro male rugby players. Concussion rates in 3 arms of study: no headgear, standard headgear, modified headgear 		Customised mandibular orthotic (CMO), headgear 		Mean self-reported incidence prior to CMO use. Players reported always using headgear = reduced risk of sustaining concussion. No significant risk between 3 arms of the study. 				Little new evidence found for successful interventions to reduce concussion. No new valid evidence to suggest standard headgear in rugby reduces concussion. Limited evidence that mouthguards in american football reduce concussion.  
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		Cusimano et al., 2021		Systematic review. Objective was to evaluate the effectiveness of current neurological injury prevention strategies in rugby union		OVID Medline (1950 to May 2010), OVID HealthStar (1966 to May 2010), CINAHL (1981 to May 2010), Sport Discus (1800 to May 2010), PubMed (1948 to May 2010), Scholar's Portal Physical Education Index, Web of Science (1976 to May 2010), and the Cochrane Controlled Clinical Trials Register (CENTRAL from 1991 to May 2010)		Evaluated injury prevention strategies for rugby players and reported on neurological outcomes.		Systematic review including: 2 Randomised controlled trials, 2 prospective cohort design, 1 ecological study, 3 case series studies, 1 cohort study, 1 case-control study		12,151 participants aged from 12+ years old. (12-29 years)		Two studies assessed the effectiveness of headgear, 2 studies assessed the effectiveness of mouthguards 2 studies assessed the effectiveness of both headgear and mouthguards to prevent concussion during rugby.		Mouthguard, head gear, education prevention programme (RugbySmart) designed to educate rugby participants regarding physical conditioning, injury management, and safe tackling techniques in rugby. 		No association between mouthguards and reduction in concussion. 55 (48.2%) had previosuly suffered from concussion, 39 (71%) were not wearing gum shields and 16 (29.1%) were. No significant difference between the concussion injury rates of players with and without headgear. 				Current available evidence suggests multifaceted intervention programs combining education and rule enforcement implemented in a mandatory fashion are likely to be effective in reducing the incidence of neurological injuries among rugby players. Limited evidence that headgear and mouthguards prevent neurological injuries in rugby. 
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		Daly et al., 2021		The objective of this systematic literature review was to evaluate the evidence regarding the development of neck strength in reducing concussion and cervical spine injuries in adult amateur and professional sport populations. 		PubMed , CINAHL, Science Direct, and Web of Science databases		Primary objective: Investigate how effective a specific neck strengthening intervention would be on the isometric neck strength profile of professional male rugby players. Secondary outcome: baseline testing of isometric neck strength at the start of the season and at week 5 of the intervention		Systematic review including: Controlled laboratory study, quasi-experimental pilot study		50 participants aged 19-29 years old, male		Three studies examined the effects of a neck strengthening intervention on adult athletic populations after gathering baseline measures of isometric neck strength. Two of the papers examined standard isometric neck strength as an intervention while one paper examined a novel neck strengthening device.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program. The control arm should not include neck exercises.		No significant between-group differences in isometric neck strength were noted preintervention. Composite neck strength improvement favoured the intervention group				None of the studies reported any impact of neck
strengthening exercises on cervical spine injuries. This review has shown that there is currently a
lack of evidence to support the use of neck strengthening interventions in reducing impact injury
risk in adult populations who participate in sport. The evidence in this systematic literature review supports the most recent Consensus Statement on Concussion in Sport which states that prevention interventions using modifiable risk factors remain unclear in terms of possible interventions to prevent or reduce the risk of concussion in sport. Whether we examine neck strength interventions using gender, age, or under specific category of sports parameters, there is evidence to suggest that athlete education programs can be utilised as a strategy to reduce concussion risk in sport.
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		Elliot et al., 2021		Systematic review of the literature with a primary objective to determine the relationship between neck strength and sport-related head and neck injuries (including sport-related concussion (SRC). Secondary objective was whether neck exercise programs can reduce the incidence of (a) sport-related head and neck injuries; and (b) SRC.		Ovid MEDLINE, CINAHL, EMBASE, SPORTDiscus, and Web of Science		Primary outcome: observational studies report the association between incidence of head and/or neck injury and neck strength data, or intervention trials which report comparison data for the incidence of head and/or neck injury between the intervention and control arms.		2 observational studies, 2 cohort, 2 RCT's		10,745 particpants mean age 16 & 25.5 years old 		Two observational studies including male and female high school and university athletes explored the relationship between neck strength and SRC. Four experimental studies investigated the effect of an exercise intervention which included neck exercises on incidence of (a) head and/or neck injuries, and/or (b) SRC.		Intervention arm must include a neck exercise intervention completed either in isolation or as part of a more comprehensive exercise program.The control arm should not include neck exercises.		The results of two observational studies reported that higher neck strength, but not deep neck flexor endurance, is associated with a lower risk of sustaining a SRC. Four intervention studies demonstrated that injury reduction programs that included neck exercises can reduce the incidence of sport-related head and neck injuries including SRC.		Consideration should be given towards incorporating neck exercises into injury reduction exercise programs to reduce the incidence of sport-related head and neck injuries, including SRC.		This review provides limited evidence that greater neck 
strength and participation in injury reduction exercise 
programs which include neck exercises may reduce the 
incidence of sport-related head and neck injuries, includ�ing SRC. The inclusion as well as types of neck exercises 
incorporated into training programs for contact sports should 
be further explored, particularly in adolescent and female 
athletes who appear most likely to beneft.
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		Emery, C.A et al., 2017                                                      		Systematic review according to the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis) guidelines to examine the effectiveness of 
concussion prevention strategies in reducing concussion 
risk in sport.		Relevant studies were identified through 11 electronic data - Ovid MEDLINE (R), CINAHL, PsycINFO, Cochrane Databases for Systematic and Complete Review, Cochrane Controlled Trials Registry, Cochrane Injuries Group Trials Register, SPORTDiscus, EMBASE, ERIC, Conference Proceedings Citation Index, ProQuest Dissertation & Theses Global Database		Primary: investigating an 
outcome of concussion or head impact Secondary: evaluating a
concussion prevention intervention		 In total, 48 
studies were identified and categorised by prevention strategy 
and sport. The majority of studies evaluated protective equipment (n=25) or rules and regulations (n=13), and the remainder 
examined other concussion prevention strategies. In total, only 5 of 48 (10.4%) 
studies are RCTs, with the remaining being cohort (n=20, 
41.7%), historical cohort (n=12), case-control (n=3), cross-sectional (n=5), pre-experimental (n=2) and ecological (n=1) studies. One study (2.1%) included female sport participants only, 41 (85.4%) included male sport participants only 
and 6 (12.5%) included both. Youth sport participants were 
targeted in 26 of 48 (54.2%) studies.		Sport participants		Elegible: 74.          Included: 48  Excluded:  29 were excluded based on manuscript evaluation by 
two independent reviewers (AMB, AK, CE, GM). 		Helmets, headgear, Mouthguards, Policy and rule changes, other strategies-vivion training, player safety coach, tackle training without pads/helmets, fair play rules, larger ice surface (ice hockey). 		The studies selected (n=48) provided evidence related to protective gear (helmets, headgear, mouthguards) (n=25), policy and rule changes (n=13) and other interventions (training, education, facilities) (n=10). Meta-analyses demonstrate a combined effect of a 70% reduction (incidence rate ratio (IRR)=0.3 (95% CI: 0.22 to 0.41)) in concussion risk in youth ice hockey leagues where policy disallows body checking, and the point estimate (IRR=0.8 (95% CI: 0.6 to 1.1)) suggests a protective effect of mouthguards in contact and collision sport (basketball, ice hockey, rugby).		Helmets: There is some evidence supporting the importance of appropriate helmet fit in youth football, with reduced symptom severity and duration 
reported with proper helmet fit. A helmet with thicker padding over zygoma and mandible was reported to reduce concussion risk by 40%/54%, in two different studies, in comparison to a standard helmet. Headgear: Two studies reported a significant effect of headger in professional rugby, while three papers demonstrated no effect of headgear, and two papers showed an effect of headgear in soccer that was not statistically significant. Mouthguards: The protective effect of wearing a mouthguard in comparison 
with no mouthguard was examined in eight studies (basketball,
hockey
 and rugby
) with mixed findings. Policy and rule changes: Disallowing body checks and head impacts may reduce risk of concussions. Other: 		The strongest and most consistent sport concussion preven�tion evidence evaluates body checking policy disallowing body 
checking in youth ice hockey, demonstrating a significant protec�tive effect in reducing the risk of concussion. This evidence 
has subsequently informed policy change in non-elite levels in 
older age groups and this requires further investigation. Further 
research is required to examine such rule changes in other 
collision sports, and alignment with biomechanical research to 
examine injury mechanisms is important. Regarding equipment, 
there is sufficient evidence in skiing/snowboarding to support 
strong recommendations and policy to mandate helmet use. The 
evidence for mouthguard use in preventing concussion is mixed, 
but meta-analysis suggests that there may be an overall protec�tive effect in collision sports that cannot be ignored and rigorous 
case-control designs are required. Future research should focus 
on evaluating evidence-informed concussion prevention strat�egies targeting sport-specific extrinsic (eg, rules of the game) 
and intrinsic (eg, previous concussion history) risk factors. 
Prospective evaluation study designs (eg, cohort studies, RCTs), 
valid injury surveillance systems, consideration of potential 
confounders (eg, concussion history) and common concussion 
outcome definitions are needed. Concussion definitions consis�tent with international consensus guidelines and consideration 
exposure data (ie, player participation) to accurately measure 
injury rates are essential. Psychological and sociocultural factors 
in sport play a role in the uptake and maintenance of any injury 
prevention strategy and require further consideration in evalu�ating concussion prevention strategies.

		Reference		Review Characteristics
 & Objectives		Databases
 searched & inclusive Dates		Primary & 
Secondary 
Outcome 
Measures		Number of 
Primary 
Publications or Studies Included		Number of 
Participants & 
Charactersitics		Included & Excluded
Studies & Groups		Intervention Summary		Main Results		Other Results		Authors' 
Conclussion

		Enniss, T.M. et al., 2018		a systematic review of the literature to 
answer seven population, intervention, comparator, 
and outcomes (PICO) questions 		MEDLINE, PubMed, Scopus, Cumulative Index of Nursing and Allied Health Literature, and Embase 
(online supplementary appendix A).		Contact sports related concussions.		Include three randomized control trials, all of which contain significant
methodologic flaws. The remaining 28 studies were uncontrolled retrospective cohort or prospective observational
studies. Total 31 studeis.		Amateur athletes, both pediatric (age 14 or younger) and adult (non-professionals aged 15 years and older). 		Eligible: 143   Included (31)   Excluded (89): Case reports, expert opinion, non-sport studies.		Protective headgear, concussion education, neck mass exercise, and rule
modification.		 Conditional
recommendations are made supporting preventive interventions concussion education and rules prohibiting high�risk activity for both pediatric and adult amateur athletes and neck strengthening exercise in adult amateur athletes. Strong recommendations are supported for head protective equipment in both pediatric and adult
amateur athletes. Strong recommendations regarding newer football helmet technology in adult amateur athletes
and rules governing the implementation of body-checking in youth ice hockey are supported.		Other results suggest that there is strong recommendation for head protective 
equipment as a primary preventive 
intervention against sports-related 
concussions in pediatric athletes.		In summary, this represents the first systematic review of the literature pertaining to the primary prevention of
sports-related concussion. EAST applauds the advances that have been made 
in the evidence guiding the diagnosis and management of mild 
traumatic brain injury-related to sports. However, the greatest 
opportunity to impact overall injury burden lies in injury 
prevention. Future research will serve to more granularly define 
effective interventions to prevent sports-related concussion in 
pediatric and adult amateur athletes
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		Fraas, M.R. and Burchiel, J. 2016		 Systematically review on the content and level of evidence on concussion education/
prevention programmes in rugby union		PubMed, PsycInfo, MEDLINE, SPORTDiscuss, Webofscience, and conducted a
manual search for articles. 		Effectiveness of concussion education/ prevention programmes.		10 studies were inlcuded.		junior (n=2279) and adult (n=1624) rugby union athletes		Eligible: 366      Included: 10      Excluded: 356      Not addressing education, not focused on concussion, not reported in journal, not published in english		Education strategies to reduce concussion and injury surveillance and prevention programmes.		What they found is that there are several well-established concussion education and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such programmes.		When looking at other results there is some evidence to suggest that mandatory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries.		There are several well-established concussion edu�cation and prevention programmes that have been
launched by rugby unions. However, little evidence is
available to support the effectiveness of such pro�grammes. There is some evidence to suggest that man�datory education trainings for coaches and referees are
an effective approach for disseminating knowledge
about concussions to athletes and parents. Further�more, evidence exists to demonstrate the effectiveness
of education, and rule and behavioural changes for
reducing catastrophic injuries. Ongoing efforts are
required to enhance the safety of rugby union athletes.
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		Knapik et al., 2019		A systematic review and meta-analysis of the efectiveness of MGs for the prevention of sports-related 
orofacial injuries and concussions.		PubMed, Ovid Embase, and the Cumulative Index to Nursing and Allied Health 
Literature were searched to fnd studies		Primary/secondary: sport-related orofacial injuries, concussions.		In total 26 studies were included in this review. Study designs included 8 non-randomized prospective cohort 
intervention studies ,2  non-randomized ret�rospective cohort studies, 4 one-group ecological 
intervention studies, 11 cross-sectional surveys, and a single randomized prospective 
cohort investigation.		Sports athletes: American football, rugby, basketball, ice hockey, field hockey, handball, taekwondo. 		Eligible: 112             Included:25         Excluded: 86        Excluded due to: lacked non MG group. lacked required data, MG and injury data reported
separately, aggregrated data not allowing
determination of denominators
or proportional injury data		Mouth guards: Stock over the counter, boil and bite, and custom. 		The results from this review suggest that MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG.		The current evidence indicates that MGs 
have little impact on reducing the incidence of concussions.		Despite diferences in injury defnitions and low methodo�logical quality of some studies, this review suggests that 
MGs ofer signifcant protection from orofacial injuries. 
Meta-analyses indicated that the overall risk of an oro�facial injury was more than twice as great when athletes 
involved in many diferent sports were not wearing a MG. 
On the other hand, the current evidence indicates that MGs 
have little impact on reducing the incidence of concus�sions. The methodological quality of future studies could 
be improved by better descriptions of study participants, 
clear injury case defnitions, consideration of potential 
confounders, quantitative reporting of adverse events, 
multivariable statistical analysis, monitoring of compli�ance, and consideration of statistical power. MGs should 
be used in all sport activities where there is signifcant risk 
of orofacial injury.
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		Makovec Knight et al., 2021		Systematic review of in vivo studies to assess association between sports related concussion and soft shell head gear (HG) use and potential increase in injury risk in HG users.		Ovid MEDLINE, Cochrane Library, Scopus, PsycINFO,  and SPORTDiscus conducted in April 2020 of studies published after 1980		Primary: Incidence rates of SRC, Secondary: superficial head injury or other injuries.		All studies were published betweeen 2001 and 2019. 8 studies were eligible, 4 were prospective cohort injury surveilance, 2 were RCT, 1 was a pilot RCT, and 1 cross sectional.  		There were 2 football (soccer) and 6 rugby cohorts with a total of 12,064 participants. 3 studies included females representing 17% (2038) total participants. 		Elegible = 73. Inlcuded (8):  were youth <18 years, english language, invivo studies published after 1980, evaluating SRC and other injury incidence in HG users compared to non-users. 5 were exclusive of youth, others compromised mixed youth/adult ranging from 13-45 years old. Excluded (65): Lab studt or other design, hard shell helmets, alt outcome or population, not team sport, beofre 1980.		Effects of HG on rates of SRC (n=6), other body regions (n=4), head injury superficial to the skull (n=4) and frequency of impacts sustained to the head (n=1).  3 studies examined a combination of these outcomes, soft shell HG with SRC, superficial headinjuries, and other body regions. 		Eight studies were eligible. The majority (n=5) 
reported no difference in the rate of SRC among HG users 
versus non-users. One rugby study identified significantly 
lower risk of SRC for non-HG users (risk ratio (RR) 0.63; 
95% CI 0.41 to 0.98) compared with HG users, whereas a 
cross-sectional survey of soccer players indicated higher 
risk of SRC for non-HG users (RR 2.65; 95% CI 1.23 to 
3.12) compared with HG users. The findings do not support the use of the current and commercially available HG to prevent SRC in youth rugby or football. HG does not mitigated the forces invovled with head impacts. 		. Three of the four studies 
investigating superficial head injury found no significant 
differences with HG use, though the soccer survey 
reported reduced risk among HG users (RR 1.86; 95% CI 
0.09 to 0.11). Increased incidence of injuries to all body 
regions for rugby HG users was reported in two studies 
with adjusted RRs of 1.16 (95% CI 1.04 to 1.29) and 1.23 
(95% CI 1.00 to 1.50).		HG use was not associated with reduced 
rates of SRC or superficial head injury in youth soccer 
and rugby. The possibility of increased injury risk to all 
body regions for rugby HG users was raised. The need 
for research specific to youth and female athletes was 
highlighted.
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		Peek et al., 2020		Systematic review of the potential relationship betweeen neck strength and head acceleration during purposeful heading in soccer.		Protocol registered PROSPERO. EMBASE, MEDLINE, CINAHL, SportDiscus and Web of Science from first record to January 2019.		Primary: To measure the relationship betweeen isometric neck strength and  head acceleration in purposeful heading in soccer (football). Scenodary: Higher neck strength lowered linear and rotational acceleration. 		Of the 1174 potential papers eligible, 5 papers met inclusion criteria. All 5 were conducted in the USA between 2008 and 2018, and used cross-sectional research design. 		A total of 190 participants (67% female) and a mean age of 19 years (range 15-24 years) were recruited across the 5 studies. Playing level ranged from high school to division I and II collegiate level. Participants were excluded that had a recent head or neck injury. 		Inclusion: original research reporting on the relationship between neck strength and head impact and/or acceleration during purposeful heading in soccer, irrespective o fse, age, health status and/or playing level; experimental research designs with neck strengthening was the intervention; published in english, or translation availabe. Exclusion: reporting neck strength data without data related to had impact and/or acceleration specifically during purposeful heading; reporting muscle activation adn not neck strength during heading; reporting on relationship of neck strength and head impact and/or acceleration whilst participants were exposed to another intervention to reduce head impact/acceleration (head gear/mouth guards) unless data was reported from those without such exposure; editorials, systematic reviews, qualitative or unpublished studies without peer-review. 		All 5 studies reported mean isometric neck strength using hand held dynomometry. Four studies measured head acceleration using tri-axial acceleromoeter and one used vieo analysis. All 5 studies report results for linear head acceleration. 3 reported resuilts for rotational head acceleration. All used a simulated purposeful heading within a controlled environment (not training or match play). Balls were delivered by a ball pithing machine or a researcher  to mimic a throw-in. Participants were instructed to stad feet on the ground and aim the ball towards a target in front of them to the left or right or not reported. Area of impact was only reported in two studies. Participants were fitted with a force-sensitive resistor taped to the forehead that required the ball make contact with. 		From an initial search of 1174 potentially eligible papers, five cross-sectional studies met the
eligibility criteria for inclusion in this review. Data from cross-sectional studies indicate that higher
neck strength is associated with lower head acceleration during purposeful heading in soccer (p = <0.05;
r < −0.5).		Female participants exhibited statistically significant (p=<.001) lower neck strength on testing and greater head velocity during purposeful heading when compared to male participants. 		This review provides evidence that higher neck strength may lower head acceleration during
purposeful heading in soccer. Further research is required to determine the most effective method to
strengthen the neck musculature in soccer players.
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		Phillips and Crisco, 2020		Systematic review on the effectiveness of American footbal rules and behaviour interventions on head impacts and concussions.		PubMed, PsycINFO, Cochrane, Embase, ERIC, and Global Health searched between 15th November 2019 and 22 February 2020. 		Primary:Head injuries, head impacts and concussion; Secondary: magnitude of head impacts, location of head impacts, unintended consequences. 		From 1162 articles, duplicates and and excluded papers, 20 articles met inclusion criteria. These were published in peer-reviewed journals between 2013 and 2020. 		Total of 10,115 youth American football players. 2663 were in the intervention and 4286 were in the control or comparison group. Some studies did not specify groups. Experience, prior years played and was not mentioned in the included studies. High school football players: 6665 total participants, 4647 in the intervention, 2097 in the control/comparitor. Total number does not add up as two studies had participants that were in both groups. Only one study accounted for player experience. Collegiate American football: Total 726 participants, 461 intervention, 475 in control/comparison. Total number does not add up as some were in both groups. 		Included: RCTs, quasi-experimental, cohort studies, case control, and cross-sectional; American football- collegiate players, high-school and youth players; Comparison groups not receiving intervention or participating in rule change; head injuries/impacts/concussions; english language. Excluded: Studies analysing efectiveness of protective equipement such as helmets, neck collars, mouthguards; professional football; observational studies and review articles.		Three studies evaluated alternatives to tackle football, one an educational program, one a rule change, and one an educational program and a rule change. 		Youth football: Rule change (1) No change in the overall concussion rate
(2) The practice concussion rate ranged from
not significant to a lower concussion rate
(3) The change in the game concussion rate
was not significant
Educational
intervention:
(1) Practice concussion rate was lower
(2) The change in the game concussion rate
was not significant
Alternatives: (1) The overall concussion rate for flag football
was higher
(2) The overall concussion rate for TackleBar
was lower
(3) The game impact rate was lower in flag
football
(4) The practice impact rate was lower in flag
football ; High-school football: Rule change: (1) The practice concussion rate was lower
(2) There was no change in the game concussion rate
(3) The practice impact rate was lower
(4) The game impact rate was lower
Educational intervention:
(1) The change in overall concussion rate was
not significant
(2) The practice concussion rate was lower
(3) The change in game concussion rate was
not significant
(4) The practice impact rate was lower
(5) The game impact race was lower; Collegiate football: Rule change (1) The game concussion rate was lower
(2) The practice impact rate had team
dependent decreases
Educational intervention:
(1) The overall impact rate was lower
Training: (1) The game concussion rate was lower				Studies evaluating the effectiveness of interventions and regualtions on reducing head impact exposures on head injuries have shown mixed results. Some regulations may eb more effective than others, but methodological design and risk of bias pose limitations to generalise effects.
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		Schneider et al., 2017		The aim of the current review was to systematically identify, evaluate and synthesise trials that examine concussion prevention via equipment, educational programmes and training programmes.		PubMed and EBSCO host (CINAHL, MEDLINE, SPORTDiscus).		Primary aim to evaluate the efficacy of interventional protective equipement, training programmes and education in regards to concussion prevention. Secondary aim to evaluate the efficacy of headgear and face shields in preventing superficial injuries as reported in the included studies. 		15 articles met the inclusion criteria and were included in the present study. 		Of the 15 included studies, 7 evaluated helmets/headgear, 8 evaluated mouthguards,2 evaluated hockey face shields and one evaluated an American football tackling technique educational programme. No prospective studies were identified that evaluated training protocols. Six studies evaluated concussion incidence in rugby,6 evaluated American football,2 evaluated hockey,1 evaluated basketball and 1 evaluated bicycling. Three of 15 included studies evaluated both male and female participants. The age of participants evaluated in the included study ranged from 5-year-old football players to bicyclists >40 years old. One study evaluated rugby players in an under-15-year-old league, and the remaining 12 studies evaluated high school aged athletes (∼16 years old) and university/young professional athletes (∼21 years old). 		Inclusion: prospective study design, must report data on  and examine preventative  effect of equipement, training, or educational programmes on incidence of concussions in comparison to a control group; Excluded: Laboratory-based studies, further analyses on previously reported  prospective studies, written in language other than english, abstracts and review papers.		Protective equipement such as helmets and headgear, mouthguards, face shields, and American football tackling techique educational programme. 		14 studies evaluated interventions of novel protective equipment. One prospective investigation evaluated an educational programme. The relative risk of concussion for participants enrolled in the interventional arms of trials was not significantly different from that in standard practice arms (RR=0.78, 95% CI 0.55 to 1.11, χ2 =1.8, p=0.17; I2 =85.3%, 95% CI 71.5% to 90.8%). The relative risk of concussion for participants wearing protective equipment (ie, headgear, full face shields) relative to their counterparts wearing standard or no equipment, calculated from seven available reports, showed no effect of intervention (RR=0.82, 95% CI 0.56 to 1.20, χ2 =1.06, p=0.30; I2 =86.7%, 95% CI 73.3% to 91.8%). The relative risk of superficial head injury for participants wearing protective equipment relative to their counterparts, calculated from three reports, showed a significant risk reduction (RR=0.41, 95% CI 0.31 to 0.56, χ2 =34.13, p		Helmets may reduce the incidence of skull fracture and superficial head injuries. Mouthguards that are custom made are thicker than over the counter may reduce concussions. Face shields with full facial protection lowers risk of eyes injuries, dental injuries and facial lacerations compared to half face shields.  		Prospective controlled studies indicate that certain protective equipment (helmets/headgear, mouthguards and face shields) may prevent superficial head injury, but these items are suboptimal for concussion prevention in sport.  Existing trials show no difference in the relative risk of concussion in athletes wearing novel protective equipement relative to athletes wearing standard equipement. Some of these items may prevent superficial head injuries, as relative risk of these inuries in athletes wearing novel protective equipement was less than half of that of their counterparts. 
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