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at neck strengthening programs in athletes and found 
the program does improve isometric neck strength (21). 
However, to our knowledge, there have been no studies to 
test the hypothesis that strengthening programs do reduce 
the incidence of concussions.

We sought to examine this  concept further by 
implementing a training module to increase neck and core 
strength in high school athletes and examine its effect on 
documented concussions. 

The goal of this study is to examine the use of core 
training as a preventative tool for concussions in the high 
school athlete. We hypothesize that with increased neck 
and core strength, an athlete will have more control of 
their body mechanics and the movement of their head and 
neck during a fall or collision, allowing them to reduce the 
whiplash mechanism that is often the cause of a concussion.

Methods

We performed a non-randomized prospective pilot study 
involving high school athletes participating in football, 
soccer, and volleyball. During the fall of 2014, student 
athletes in grades 9–12 at a local high school participated 
in a pre-season ten-week training session with exercises in 
the following areas: mobility, agility, stability, strength and 
flexibility (MASSf). 

MASSf was created specifically for this study by personal 
athletic trainers and a collegiate strength and conditioning 
coach. The program was designed to prepare the student 
athlete for safe participation in any sport, not simply those 
being studied in this pilot program. Each targeted area 
(mobility, agility, strength, stability and flexibility) consisted 
of a variety of exercises specifically designed to enhance 
that particular area. The program spanned 10 weeks during 
preseason training in 2014, with a maximum of over 70 
sessions. Coaches picked one exercise from a list for each of 
the targeted areas to be carried out during that day’s session. 
In other words, student athletes would do five exercises 
each day: one from each of the targeted areas. Each session 
would last approximately 20 minutes in addition to the sport 
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using Pearson’s Chi-squared test statistic to determine 
whether a relation between two variables MASSf training 
and concussion incidence reduction exists. The contingency 
tables were constructed using the collected data. We 
calculated the expected frequency of concussions using 
row and column totals from our observed frequency: 
expected number of concussions = (row total × column 
total)/total. Our expected number of concussions for 2014 
was 10.87 or approximately 11. Our observed number of 
concussions after the implementation of MASSf training 
was only 2. Using a Chi-square contingency test, our 
calculated test statistic, χ2=9.84 (Table 4) which corresponds 
to a P value of 0.0017 which is highly significant. We can 
therefore conclude that our MASSf training was statistically 
significant at reducing concussions.

The MASSf program was repeated in the 2015 season 
with almost identical results, 2 concussions in 121 
participants. When looking at incidence rate, we compared 
the rates in surrounding schools and found no change.

Discussion

Concussions in our young athletes are a growing concern 

and continue to increase in number despite advances in 
research regarding equipment and other safety measures. 
A majority do well and recover within 1–3 weeks, but 
there are approximately 10–15% that do not return to  
baseline (6,7).

 A consensus statement in 2011 stated that the initial 
step in caring for concussions in athletes is to develop an 
emergency action plan consisting of injury recognition, 
assessment, disposition, follow-up, return to play, and 
education (22). We argue that the initial step should aim 
at prevention as opposed to recognition. Despite the 
abundance of research related to concussions there has been 
a lack of evaluating preventative measures. 

Interventions such as helmet use have been utilized as 
preventative strategies, however they have not correlated 
with a reduction in the either the incidence or severity of 
concussions (6,14). Padded headgear in Rugby players has 
also shown no reduction (23-25) and evidence that there is a 
risk reduction in football and hockey is also lacking (14,26). 

In 2012, USA football instituted the Heads Up Football 
education program that consisted of training on proper 
equipment fitting, tackling techniques, reducing contact, 
and concussion awareness. This has been shown to decrease 
the number of head impacts during practices however has 
had no effect on those sustained during games (27).

When examining the biomechanics of head and neck 
strength and movement, there is evidence that head 
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falling by 5% for every 1-pound increase in aggregate neck 
strength (18). 

Geary et al. looked at the effects of a 5-week training 
program on isometric neck strength in rugby players. 
They found that the program did increase neck strength 
compared to their control group (30).

Given the findings that neck strength correlates to 
concussion risk we organized a pre-season core/neck 
strengthening and balance training program in high school 
athletes to attempt to decrease the number of concussions. 
After implementing this program, we found a subsequent 
significant decrease in the incidence of concussions in high 
school athletes.

Limitations to this study include small population size, 
short test period, as well as non-randomization. 

Conclusions

Our study demonstrates a statistically significant decrease 
in concussion rates among high school athletes after 
participating in pre-season MASSf training. These results 
were then reproduced in the subsequent year. This supports 
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