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Effects of different prevention strategies  to reduce concussion in sport – umbrella review 
Abstract 
Objectives: We aimed to gather and update the evidence on the effects of different prevention strategies  to reduce concussion in sport
Method: This current literature review will be conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA-P) guidelines (Liberati et al., 2009). This protocol has been created to describe the rationale, hypothesis, and planned methods of the preventions of concussion in sport. Furthermore, the PRISMA-P checklist is followed to ensure that the correct inclusion criteria has been incorporated. A systematic review of the current literature was performed between 3/12/2021 and 15/12/2021 using the electronic databases SPORTDiscus, university database (University of Wales Trinity Saint David library database), ProQuest, Cochrane database, (2011 to present).
Results: Database searching identified 712 studies for eligibility (Figure 2). After the removal of duplicates 259 studies were excluded and 312 records were screened based on title and abstract. 50 full text articles were assessed, and 38 did not meet the eligibility criteria. Eventually, we included 12 systematic reviews which 4 performed meta-analysis.
Conclusion: Our findings suggest that some interventions can work but there needs to be more research done to get more evidence on this topic
Introduction 
Concussion is a common, but under reported condition that happens following a physical impact transmitted to the brain. When this happens there is a sudden-onset, transient alteration of consciousness due to a combination of functional and structural brain disturbances (Khurana and Kaye, 2012). During this condition a person may or may not feel a loss of consciousness and can involve a period of transient amnesia (Khurana and Kaye, 2012). When looking at concussions in sport, they can occur in both helmeted and non-helmeted sports, recent data suggests that annual concussion rated have increased over the past decade due to unknown reasons (Harmon et al., 2019). In the united states it is estimated by the Centers for Disease Control and Prevention (CDC) that between 1.6 and 3.8 million sports-related concussive injuries occur annually and account for 5% to 9% of all sport injuries (Harmon et al., 2019). 
For specific sports that involve concussion, (Harmon et al., 2019) find that American football clearly ahs the highest rate of concussion in USA when comparing many different high schools. This would be obvious to guess due to the manner that this sport is played in as there is a lot of high paced contact and even though there are helmets head on head collisions happen many times a game (Harmon et al., 2019). Soccer is also a big factor when looking at concussion and is a sport that has been looked into about this topic. The mechanism of injury in soccer can range from unintentional hits to the head through contact with body parts of other players, against the ground, soccer goal frame or from the ball to an unprepared player (Mooney et al., 2020). In a study by (Mooney et al., 2020), they look at concussion in soccer and look at things such as mechanism and rate of injury. What they find is that sports such as hockey and American football have received substantial attention and research in regards to concussion, but studies exclusively examining soccer are lacking (Mooney et al., 2020). More locally to Wales we see a high amount of concussion injuries during the sport of rugby. This is due to the fact that there are a lot of high speed tackling which can lead to collisions with impact. In rugby it is suggested that a substantial minority of athletes (eg, 13–17%) will sustain this injury at least once over the course of three playing seasons (Gardner et al., 2014). It seems that tackling in rugby causes the most concussions and more of this injury occurs during games rather than matches. The high prevalence of minor brain injury increases the concern that more severe brain injury can result following these injuries within the first 24–48 h (Hoskins et al., 2006). Those experiencing multiple brain injuries within a short period of time may potentially suffer catastrophic or fatal consequences due to a variety of mechanisms (Hoskins et al., 2006).
For concussions, it is challenging to determine the recovery of players and how top guide them to returning to play after a concussive injury. Guidelines from expert consensus recommend that players shouldn’t be allowed to return to competition until they have fully recovered from their concussion (Makdissi et al., 2010). However, this recommendation has a problem as there are no direct objective measures of brain function that can definitively indicate return to normal after concussive injury and guide return-to-play decisions (Makdissi et al., 2010). 
The reason this topic is spoken about so much in sport is due to the fact that there can be major consequences whether its instant or in the near future. For example, in the short term, the consequences of a concussion include a wide variety of neurologic and cognitive symptoms that typically last for hours to days following the concussion. These symptoms typically can be resolved with rest, however I there is not an adequate time to heal then it can cause a n effect called second impact syndrome (SIS), which can be fatal (Edwards and Bodle, 2014). The long-term effects of repeated concussions include early onset cognitive decline and psychiatric disturbance. These symptoms represent the neurodegenerative process called chronic traumatic encephalopathy (CTE). It seems to be that there is a constellation of cognitive and psychiatric symptoms displayed by athletes such as boxers following years of repeated concussions (Edwards and Bodle, 2014). 
Method 
Protocol and registration
[bookmark: _Hlk93015107]This current literature review will be conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA-P) guidelines (Liberati et al., 2009). This protocol has been created to describe the rationale, hypothesis, and planned methods of the preventions of concussion in sport. Furthermore, the PRISMA-P checklist is followed to ensure that the correct inclusion criteria has been incorporated.  
Search strategy
A systematic review of the current literature was performed between 3/12/2021 and 15/12/2021 using the electronic databases SPORTDiscus, university database (University of Wales Trinity Saint David library database), ProQuest, Cochrane database, (2011 to present). The following phrases will be utilised as keywords in the search: concussion, concussion prevention in sport, concussion prevention, concussion prevention equipment, concussion prevention education, concussion prevention exercises
Study selection
The following data was collected by authors (JS. GV, YA), and put into a summary table fig.1. This includes 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. 
Risk if bias assessment  
Three authors (JS, GV, YA) independently assessed the risk of bias for each study regarding the methodological quality.
Inclusion and exclusion criteria 
Population:
Studies that involved adult males (18+ years) and included all types of contact sports were included. Players that weren’t able to complete a baseline scat-5 concussion test during pre-season were excluded. If players are currently playing in any UK sport at elite or sub elite level then they will be included in the study. If players weren’t able to play 3 games or more throughout the whole season then they will be excluded from the study.
Intervention:
In this review, it will include studies that use strategies to prevent concussion such as headguards, mouthguards, educating the players etc. sports that have prevention strategies for concussion but aren’t contact sports will be excluded. 
Control:
This review will include studies that have a control group that do not use interventions as a measure.
Outcomes:
The primary outcome that is necessary in this study is to resolve if interventions used in contact sports/rugby reduce the risk of concussion. 
Quality assessment 
[bookmark: _Hlk93013742]The quality of the included meta-analyses were assessed using the updated version of A Measurement Tool to Assess Systematic Reviews (AMSTAR 2), by 3 researchers (JS, GV, YA) independently. AMSTAR 2 is a critical appraisal tool that assesses 16 domains of methodological quality in a systematic review. Seven of these domains are considered critical and the AMSTAR 2 rating of a study can be considered critically low, low, moderate, and high based on how many critical and non-critical weaknesses were found (Shea et al., 2017). These ratings represent the overall confidence in the results and should be interpreted as the reliability of a systematic review to provide an accurate and comprehensive summary of the available studies.
Results
[bookmark: _Hlk93015178]Database searching identified 712 studies for eligibility (Figure 2). After the removal of duplicates 259 studies were excluded and 312 records were screened based on title and abstract. 50 full text articles were assessed, and 38 did not meet the eligibility criteria. Eventually, we included 12 systematic reviews which 4 performed meta-analysis. Figure 1 presents the PRISMA flowchart for the study selection process, presenting the reasons for exclusion.
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Characteristics of included studies:
From the 12 systematic reviews, 3 of them looked at the relationship between neck strength and reducing concussion (Peek et al., 2020); (Elliot et al., 2021); (Daly et al., 2021), 5 reviews looked at prevention strategies for concussion in sports (Cusimano et al., 2021); (Emery, C.A et al., 2017); (Fraas, M.R. and Burchiel, J. 2016); (Knapik et al., 2019); (Phillips and Crisco, 2020); (Schneider et al., 2017). When focusing on the databases searched main results from fig.1 showed that 8 of the reviews searched PubMed (Benson et al., 2013); (Schneider et al., 2017); (Phillips and Crisco, 2020); (Knapik et al., 2019); (Fraas, M.R. and Burchiel, J. 2016); (Enniss, T.M. et al., 2018); (Daly et al., 2021); (Cusimano et al., 2021), 9 used sports discuss (Benson et al., 2013); (Cusimano et al., 2021); (Elliot et al., 2021); (Emery, C.A et al., 2017); (Fraas, M.R. and Burchiel, J. 2016); (Makovec Knight et al., 2021); (Peek et al., 2020); (Schneider et al., 2017), 9 and used MEDLINE (Benson et al., 2013); (Cusimano et al., 2021); (Elliot et al., 2021); (Emery, C.A et al., 2017); (Enniss, T.M. et al., 2018); (Fraas, M.R. and Burchiel, J. 2016); (Makovec Knight et al., 2021); (Peek et al., 2020); (Schneider et al., 2017). These three databases seemed to be the most popular databases searched in each study, with others as well. 
When looking at the number of participants from these reviews, there was  reviews that had over 5000 participants (Benson et al., 2013); (Cusimano et al., 2021); (Elliot et al., 2021); (Phillips and Crisco, 2020). The rest of the reviews either had less participants or did not say. The age of participants ranged from 12 – 29 in 6 studies (Benson et al., 2013); (Cusimano et al., 2021); (Daly et al., 2021); (Elliot et al., 2021); (Enniss, T.M. et al., 2018); (Peek et al., 2020). In the other reviews it either wasn’t stated how many participants or it was less than 12 or more than 29. From the summary table fig.1 there are 2 reviews that look at concussion in rugby/ rugby league (Cusimano et al., 2021); (Fraas, M.R. and Burchiel, J. 2016), only 1 review focuses on soccer (Peek et al., 2020), only 1 review looks at American footbhallers (Phillips and Crisco, 2020). The rest look at sports in general and don’t specifically narrow it down to 1 sport. 
When looking at the outcome measures from the reviews it shows that there are 5 reviews that have concussion as their primary outcome measure (Benson et al., 2013); (Emery, C.A et al., 2017); (Enniss, T.M. et al., 2018); (Fraas, M.R. and Burchiel, J. 2016); (Knapik et al., 2019); (Phillips and Crisco, 2020), there are also 3 reviews that focus on evaluating injury prevention strategies as their primary outcome measure (Cusimano et al., 2021); (Fraas, M.R. and Burchiel, J. 2016); (Schneider et al., 2017). From the reviews there was a big amount of intervention summary’s that were similar.  7 reviews involved using mouthguards or head gear as the intervention (Benson et al., 2013); (Cusimano et al., 2021); (Emery, C.A et al., 2017); (Enniss, T.M. et al., 2018); (Fraas, M.R. and Burchiel, J. 2016); (Makovec Knight et al., 2021); (Schneider et al., 2017), 3 of the reviews included neck exercise interventions to reduce concussion (Daly et al., 2021); (Elliot et al., 2021); (Peek et al., 2020).                               
When focusing on the results from these reviews, out of the 3 reviews that focused on neck strength as a concussion prevention strategy, 2 of them found that there was improvement to the intervention groups, and that neck exercises can reduce the incidence of sport related head and neck injuries (Daly et al., 2021); (Elliot et al., 2021). Results from the reviews that focused on mouthguards and head guards were mixed. 2 reviews found that mouthguards did not have any association with reducing concussions (Cusimano et al., 2021); (Fraas, M.R. and Burchiel, J. 2016). There were 5 reviews that found that head gear and mouthguards demonstrated an effect of reduction in concussion (Benson et al., 2013); (Emery, C.A et al., 2017); (Enniss, T.M. et al., 2018); (Knapik et al., 2019); (Schneider et al., 2017). From the 12 reviews there were 8 that got other results from their research as well as the main results (Elliot et al., 2021); (Emery, C.A et al., 2017); (Enniss, T.M. et al., 2018); (Fraas, M.R. and Burchiel, J. 2016); (Knapik et al., 2019); (Makovec Knight et al., 2021); (Peek et al., 2020); (Schneider et al., 2017). 3 of the reviews had found that headguards did not reduce any risk of concussion but would protect them more from other injuries e.g. skull fracture (Schneider et al., 2017); (Makovec Knight et al., 2021); (Knapik et al., 2019). There was 2 reviews that found evidence supporting the effect of headguards on concussion in the other results section (Emery, C.A et al., 2017); (Enniss, T.M. et al., 2018). One review found that female participants exhibited statistically significant (p=<.001) lower neck strength on testing and greater head velocity during purposeful heading when compared to male participants (Peek et al., 2020). From the overall conclusions of these reviews, when looking at neck strength 2 reviews believe that there is not enough evidence to prove neck strength can reduce concussions (Daly et al., 2021); (Elliot et al., 2021). When looking at the head guard and mouthguard interventions there was no clear conclusive results as most of the studies had a mix of results.                                     
[image: Graphical user interface, application, table, Excel

Description automatically generated]       
[image: Graphical user interface, table

Description automatically generated with medium confidence]
[image: Graphical user interface, application, table

Description automatically generated]
Fig.2 Summary table of systematic reviews 
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Fig. 3 - A Measurement Tool to Assess Systematic Reviews (AMSTAR 2) checklist 
Discussion 
This systematic umbrella-review aimed to provide an overview of effects of different prevention strategies to reduce concussion in sport. From the 12 reviews that we looked at there was 8 of them that supported the effectiveness of the concussion prevention strategies that they focused on. The other 4 either found that there was no effect from their intervention, or that there was not enough evidence on their specific topic to give a specific conclusion to what they were looking for. The interventions that seemed to not have enough evidence were the ones that focused on neck strengthening/endurance, which shows because they could find a valid conclusion to if it does help reduce concussion in sport. If there was more research on this topic I believe could be a good thing to do for prevention strategies in sport.
From the results there were a range of reviews that looked at different types of sports including rugby, football, American football etc. From our background research we saw that those three sports had the most concussion rate out of all the other sports. This was due to the fact that they are played a very fast pace and tackles/collisions in these sports can be very fatal in some situations. So from our research we wanted to find reviews that used these sports, which is why they were included. I think that for soccer there wasn’t enough reviews on it to see how effective prevention strategies can be, but from what was found we can see that in the review by (Makovec Knight et al., 2021) there was not much evidence supporting the effectiveness of using headguards in football. Overall for soccer we didn’t seem to get enough research on the sport which leaves us with research that needs to be done on this specific topic, and that there needs to be more evidence looked at to get a concluding result. 
The main interventions looked at for injury prevention were mouthguards, head guards, more education on concussion and improving neck strength. From the reviews that looked at mouthguards and headguards as an injury prevention strategy, there were a lot of mixed results. In the study by (Emery, C.A et al., 2017), they looked at helmets, head gear and mouth guards in a range of different sports. They found supportive evidence that these strategies do work. For example they found that appropriate helmet fit in youth football seems to reduce symptom severity and duration reported with proper helmet fit. It was also seen that a helmet with thicker padding over zygoma and mandible was reported to reduce concussion risk by 40%/54%. This is some evidence that head gear is effective for concussion. In the review by (Benson et al., 2013), that looks at AFL players and effectiveness of head gear, they found that players always using headgear had a reduced risk of sustaining concussion.
However, there are also some reviews in the summary table that don’t show supporting evidence for this against concussion. For example in the review by (Cusimano et al., 2021), it was seen that there was no association between mouthguards and reduction in concussion. There was also no significant difference between the concussion injury rates of players with and without headgear. Another study by (Makovec Knight et al., 2021) found similar conclusions as they say headguard use was not associated with reduced rates of sport related concussion (SRC) or superficial head injury in youth soccer and rugby. So from these reviews on head guards and mouthguards there really isn’t enough evidence to give us an answer on what really is the best prevention strategy for concussion. Educating players was also a intervention used in the review by (Phillips and Crisco, 2020). What they found from using an educational programme practice concussion rate was lower but the change in the game concussion rate was not significant, which shows that when not in a game it is easy to avoid but in game situations educating players will not make much of a difference. 
From all the reviews the findings don’t give great results and don’t give any definitive answers on what we want to know. This could have bee expected due to what we saw in the Amstar checklist (fig.3) which shows that after critically appraising them they were all seen to be critically low in the quality assessment. 
Conclusion 
Overall what we found from this umbrella review was that from the reviews we looked at they had a mix of results. We found that neck strengths seems to not have much effect on reducing concussion. Although there wasn’t enough evidence from the 3 reviews that had this as their intervention. I also don’t have enough evidence on it to say that this is a definitive answer on this type of prevention strategy. I believe that with more research on it in certain sports such as soccer that would probably benefit from this then we could have supportive results on this type of strategy. We can also see that if we were to do this again then more reviews may be needed and more different types of sport. This would help compare the sports and see if there are any differences between them or if there are different interventions better for certain ones. It was also found that with strategies that included headguards and mouthguards there was also no definitive answer. Some reviews showed that these strategies clearly had an impact and helped prevent concussion. However, didn’t show any effects and seemed pointless for certain sports. Headguards looks like it is more effective than mouthguards as they protect the full head which will help reduce concussion. However, sports like American football already use headguards and clearly don’t have that much of an impact as there is still a high concussion rate in the game today. the reviews that involved giving education on concussion and how to prevent them didn’t have results that showed they improved rates of concussion. However, there clearly wasn’t enough evidence of it being used effectively so that need to be done in future in order to get an accurate view on that prevention strategy. 
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Table 7.1 Individual AMSTAR-2 ftem ratings and overall quality assessment of sport-related concussion prevention and intervention strategies systematic reviews and meta-analyses (items
1-8)

AMSTAR-2 critical appraisal item
1 2 3 4 5 6 7 B
Systematic review/meta- |  Did the Didthe reportofthe | Didthe review | Didthe review | Did the review | Did the review | Did the review Did the review
analysis research | review contain an explicit | authors explain |  authors use a authors authors | authors providea | authors describe
questions | statement that the review | their selection | comprehensve | performstudy | performdata | list of excluded the included
and methods were ofthestudy | lterature search | selectionin | extractionin | studies and justify | studies in adequate
inclusion established prior to designs for strategy? duplicate? duplicate? | the exclusions? detail?
criteriafor | conduct of the reviewand | inclusion on the
the review | did the report justify any review?
include significant deviations
components [ from the protocol?
of PICO?

Bensonetal 2013) Yes No No Partial Yes No No No No
Cusimano etal 2021) No Yes Yes No No No Partial Yes No
Daly etal 2021) No No Yes Partial Ves Yes Yes Yes Partial Yes
Elliot etal 2021) Yes Partial Yes Yes No Yes Yes Yes No
Emery, CAetal, 2017 Yes No No Partial Yes Yes Yes. No No
Enniss, TM etal, 2018 Yes No No No No No No No
Fraas, MR and Burchiel, No No No Partial yes No No Partial Yes No
1.2016
Knapik et al, 2019 Yes No No Partial Yes Yes Yes Partial Yes No
Makovec Knight <t ol Yes No No No Yes No No partial Yes
(2021)
Peeketal (2019) Yes No No No Yes Yes No Partial Yes
Phillps et al. (2016 Yes No No No No No No partial yes
Schneideret al. (2016) Yes No No No No No No No
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