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Abstract  

 The goal of this study is to explore the long-term effects of concussions, especially those that 

result because of sports-related activity, on balance. Although balance problems are one of the 

most reported physical symptoms following sport-related concussion (Geurts, Knoop, & van 

Limbeek, 1999), the frequency and development of long-term balance problems caused by 

concussion are not well documented. Male and female college students who played at least three 

years of high school sports (N=175) were surveyed on their high school sports-related activity 

and concussion history. It was hypothesized that students with a history of concussions would 

have poorer balance than those who never experienced a concussion.  Participants answered 

questions about their sports-related activity in high school and their history of concussion. They 

then performed a balance task under three conditions (eyes open, eyes closed, and eyes closed 

with a cognitive task). Balance performance, as a measure of the standard deviation of the 

amount of sway for each condition, indicated that participants with a concussion of history 

demonstrated significantly more sway than those who never experienced a concussion across all 

conditions. The results suggested that concussions have long-term effects on a person’s balance 

and stability. More research is needed to evaluate concussions and possible differing long-term 

effects within female participants.   

Keywords: College Students, Concussions, Balance, and Athletes   
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The Long-Term Effects of Sports-Related Concussions on Balance 

Concussions are the most common brain injury experienced among athletes. It is 

estimated that the current rate of people enduring a concussion is 6 per 1,000 people a year 

("Concussion Statistics", 2015). Despite the commonality of this injury, the treatment and 

understanding of concussions is still an ongoing process.  

Previous research has found that certain brain injuries are disregarded or not properly 

treated, which influences the long-term effects observed in the current study (CITE). 

Understanding these long-term effects, could not only influence preventative measures of brain 

injuries, but also the treatment of these injuries. As of now(?) the care plan for concussions is 

plenty of rest and fluids. Which is simple, considering the drastic trauma that a concussion 

causes to the brain.  

Along with treatment prevention is another focus on concussions and the intense long-

term effects. The general suggestion for preventing concussions is using proper protective 

equipment and being cautious while performing any athletic activity. Even with these 

preventative measures, there is no perfect way to avoid concussions.  

While symptoms of concussions can vary from person to person, there are some key 

warning signs of a concussion including headaches and nausea. Along with more innocuous ones 

like depression or difficulty concentrating, these symptoms along with others make concussions 

difficult to diagnose. Another hidden symptom of concussions is the effect on one’s balance and 

coordination.  This diagnosis is rarely seen as an indicator for concussions, although recent 

research has shown the major influence between concussions and balance (Cicconi, 2014).  

In simple terms, balance is what keeps us steady and standing, but there are a lot more 

facets to balance than just standing upright. Without balance we would be unable to complete 
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simple daily tasks. Balance relies on three main mechanisms to function correctly: the 

vestibular system, visual feedback, and proprioceptive feedback. The vestibular system is 

associated with the inner ear, while the visual feedback involves the entire visual system. 

Although, the visual system seems simple, it remains a complex process (Chakraborty, 

2022). The most interesting part of stability is the requirement of proprioceptive 

feedback. Proprioception refers to the way your body senses your environment and the 

things around you. Each of these mechanisms can be impacted by disruptions to their 

normal functioning. For example, if you were to obtain an ear infection it is likely your 

balance may be affected due to the disturbance to your vestibular system. 

 A significant negative influence on balance would be a brain injury. Studies 

suggest that concussions can have a major influence on one’s stability (Cicconi, 2014). 

During a concussion, the brain is abruptly rattled against the skull, this causes a variety of 

severe issues with the fragile and complex structure, known as the brain. Everything 

associated with balance takes place in the brain, which allows us to assume that balance 

is affected along with everything else during a concussion. One theory being 

implemented and explored is that the idea that a concussion causes a disruption to the 

different systems associated with balance (CITE). The reasonings behind this theory is 

the main concussive symptoms being dizziness and visual impairment, which directly 

effects the visual and proprioceptive feedback sent to the brain.  

Dizziness and visual impairment usually go away as a concussion is treated, so 

why is balance still affected? That is the purpose of this study, to explore the long-term 

effects that sports-related concussions have on balance. Previous studies have 
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implemented similar practices, yet their studies focused on males. For the current study, a closer 

look is being taken at females who suffer from concussions.  

H1: Those with previous concussion history will have a poor balance score, compared to control 

group. 

H2: Females with concussion history will have worsened balance scores, compared to male 

participants. 

Literature Review  

Concussions are one of the most common injuries seen within the athletic community, 

finding that 1.6-3.8 million people experience sports-related concussions yearly (Brain Injury 

Research Institute, 2022). Concussions have both short and long-term effects on a person’s 

physical and emotional health. For example, some people experience irritability and more 

emotional deficits like lack of concentration or confusion rather than physical ones like 

headaches or nausea. Concussions are a brain injury where a sudden impact makes the brain 

move inside the skull abruptly. This impact causes neural changes within the brain which include 

altered cerebral blood flow, ionic shifts, changes in glucose metabolism, abrupt neuronal 

depolarization, the release of excitatory neurotransmitters, and impaired axonal function (Giza & 

Hovda, 2001).  

Altered cerebral blood flow, which is the amount of blood that the brain has access to, is 

a crucial part of maintaining oxygen and therefore function of the brain (Fantini et al., 2016). 

The other neuronal changes in the brain are all associated with the action potential that occurs in 

the brain on a regular basis. Action potentials are used to send information throughout the brain 

regarding movement and other brain functions. The change of all or any of these components can 

cause a broad number of symptoms, but primarily a lack of function and cognitive impairment.  
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The Relationship  

Balance is a complex process, that involves visual feedback, the vestibular 

system, and proprioceptive feedback. Visual feedback helps with spatial orientation and 

works alongside the other two systems. The vestibular system is better known as the 

inner ear, which is usually the common correlation between balance. Proprioception is 

our awareness of ourselves in our day to day lives (Kolev & Sergeeva, 2016).  

The three major systems listed above can be affected by concussions, because 

they all take place in the brain. When a concussion occurs, it has the potential to shake 

the three systems related to balance, disrupting it in the process. The visual system not 

only assists with balance, but also with vision in general, which is why people experience 

dizziness, a lack of focus within their eyes, and other visual problems along with their 

concussions. All of these symptoms are uncertain, yet previous literature suggests a 

relationship between balance and concussions (Cicconi, 2014).   

Concussions can have different effects depending on how the concussion occurs. 

There are common traits associated with concussions, but they vary depending on the 

injury and impact. Concussions are categorized by mild (grade 1), moderate (grade 2), 

and severe (grade 3). Each grade of concussion has specific criteria but can vary 

depending on the institution and physician making the diagnosis. Mild concussion usually 

consists of low intensity symptoms like confusion and nausea, although consciousness is 

never lost during this level. A moderate concussion is characterized by the loss of 

consciousness for a short time and more intense confusion or amnesia. A severe 

concussion consists of a loss of consciousness for long periods of time, along with long-
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term confusion and amnesia. The more intense of an impact the person experiences, the higher 

the grade of concussion.  

Balance  

One of the effects of concussions is a disruption in balance. Balance is an important part of 

daily life, without balance, simple activities prove to be impossible (Busque, 2019). For example, 

without balance you would be unable to walk or coordinate your movements correctly. Balance 

issues are also correlated with motor control impairments such as, weakness and loss of motor 

functions.  Many things can cause a deficit in one's balance deficit of one's balance like ear 

problems, blood pressure, medications, age, and even chemical imbalances in the brain, 

(Morrison, 2019).   

Previous research has found that balance may have a correlation between concussions and 

gait, better known as someone’s walking pattern or stride. It seems between 40 to 60 percent of 

those who suffer from brain injuries experience dizziness and a lack of balance (Kolev & 

Sergeeva, 2016). Balance is a valuable area to study concussions and their effects on altering 

motor function, yet balance is only one of the many impairments concussions can cause.   

Effects of Concussions  

Some of the short-term effects of concussions include headaches, confusion, nausea, and 

difficulty concentrating. These effects can range from mild to severe depending on the person 

and their situation. More short-term effects include mood swings, depression, and aggressive 

behavior ("The Short- and Long-Term Concussion Effects | Foothills Neurology", 2022).   

Some of the long-term effects are memory impairment, difficulty concentrating, depression, 

and irregular sleep patterns (Gurarie, 2021). Studies are still attempting to uncover other possible 

long-term effects that have yet to be discovered. Previous research has found that there are 
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several intense long-term effects associated with concussions. For example, one study found 

that those who suffered from concussions had CTE, chronic traumatic encephalopathy, which 

is degeneration of the brain. This study also found that those who sustain multiple brain 

injuries display cognitive impairments (Manley et al., 2017). Additionally, some data 

supported the idea that concussions curate prolonged effects on a person. Some of these 

effects listed above are impairment of memory and issues with concentration. The same 

study found that not only did people experience the general symptoms of concussions like 

confusion, but also biological changes, like a chemical imbalance in the brain. One limitation 

of this study is the fact that it was conducted 21 years ago and archived even older data in the 

field of concussions (Giza & Hovda, 2001). Even though the age of this research is a 

limitation this study provides an abundance of information that is uncommon with more 

recent research. Additionally, this study prompted further research on concussions and 

cognitive impairments. Effects can vary based on the person and that is why the treatment of 

concussions is still a work in progress.   

Although concussions are considered a traumatic brain injury, the treatment for them is 

quite simple: avoid strenuous activity and screens, rest, and take over-the-counter pain 

relievers like ibuprofen for potential headaches ("Concussion", 2022). Most concussions are 

unique, the symptoms and recovery time vary based on the person and several different 

factors contribute to concussions.  

Demographics of Concussions  

There are certain sports that have a higher correlation of concussions which include 

football, soccer, and ice hockey among both genders (Kerr et al, 2019). The type of sport has 

an impact on the severity of concussions, but gender and biology play a large role as well. 
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One study found that females have a higher risk of getting a concussion rather than males. Data 

suggest that women have axons that are more sensitive to blunt force trauma than men. This is 

also why women take a longer time to recover from a concussion as well. While concussion 

symptoms in both men and women are similar, the previous study found that symptoms vary in 

gender. Both genders experience lack of communication in the brain, the key difference is that 

women experience lack of communication towards goal-oriented behavior, while men lack 

communication to internal/external cues or guide behavior (Kerr & Shafi, 2021). Along with 

genetics, certain social components play a role in the risk of concussions.   

Women have smaller necks and heads compared to men which makes them less likely to be 

provided equipment meant for their size and stature. Most sports are male dominated which 

means they provide more resources compared to females, where the funding is not beneficial 

enough to focus on tailoring equipment for female athletes. Correct fitting equipment is a 

preventative measure for injuries and lack thereof can have consequences found that women 

were 1.5 times less likely to be removed from a game after an injury (Bretzin et al, 2021).   

Ketcha et al. (2014) evaluated the genetics of concussions through experimental and 

neurocognitive assessment. They found that concussions and genetics do have a negative 

relationship with concussions. This study could have benefited from distinguishing the difference 

in sex focused concussions. The care of individuals (post-concussion) based on gender was a 

potential influence found in the study, yet this requires further data to explore with an emphasis 

on females.   

Even though there is a clear biological/gender difference, a lot of concussion related studies 

focus their findings on male participants. Previous research has attempted to include female 

participants yet seem to not be able to curate enough female participants. One reason for this 
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may be the fact that most feminine sports are not considered concussive sports, even though 

female soccer is the second highest sport to report concussions (Catena et al, 2007). This may 

affect future research on how they recruit participants, for example they may seek out female 

athletes or sports that do not distinguish gender.   

Though most athletes are young during their career, research has found that with age the 

effects of concussions seem to worsen ("Aging & concussion - Brain Injury Canada", 2022). 

Not only do genetics play a role in concussions, but age is proving to be more influential than 

anticipated. One study found that as athletes age this increases their chances of experiencing 

a concussion. Frequency of concussions may also play a role in age and concussions. A lot of 

studies have shown that frequency of concussions (the number of times someone may sustain 

a concussion) increases after every concussion. This may suggest that continued concussions 

pose a risk of causing irreversible effects on the brain (Peterson & Greenwald, 2015). That is 

why the current study has prioritized female participation, during the recruitment process. 

Current Study  

The goal of this study is to explore the long-term effects of concussions, especially those 

that are a result of sports-related activity, on balance. It is hypothesized that those who have a 

history of concussions will have a poor balance score compared to those who have no 

history. It is also hypothesized that women will have more balance issues than men.    

This study will also provide more evidence of the relationship between balance and 

concussions, along with the potential long-term effects concussions may cause. Although 

previous literature has explored the effects of concussions, they have lacked an emphasis on 

female participation. Studies have proven that there are gender differences among student 

athletes and yet lack to explore why.   
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Method  

Participants  

This study consisted of 175 participants in total, 49% being female and the other 51% being 

male. Participants were also surveyed the type of sport they played in high school. The options 

consisted of collision, contact, limited, and low contact (figure 1). Race was not considered for 

this study. The frequency of concussions consisted of 61% of the participants having no previous 

concussion history and 39% having a history of concussions. This study consisted of students 

from a Midwest university, and all were the minimum age of 18 and older.  

Participants were obtained via the Department of Psychology Participant Pool. Participants 

who were enrolled in a psychology course at a Midwest College had the ability to sign up for this 

study via their course. Those who signed up for the survey willingly were compensated class 

credit upon completion of the study.   

Figure 1 

Concussion Group & Gender 

Note. This figure 

displays the four 

concussion subgroups, 

divided by gender.  

 

Materials  

High School 

Athlete Participation and Demographic Questionnaire   
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The first questionnaire distributed focused on athletic history; this was a self-made 

questionnaire (Appendix B). The first seven questions consisted of general demographics 

including age, gender, concussion history, and other demographics. Questions eight through 

eleven focused on the athletic history during each grade (freshman – senior) of high school. 

There were five subsets to each question investigating the history of their athleticism. For 

example, the number of sports played, along with the number of concussions obtained, and 

hours of practice. After the sports history was obtained from the participants, a second survey 

was distributed.   

Concussion Symptom Survey  

The second self-made survey focused only on concussive history of the 

participants (Appendix C). During this survey seven prompts were answered on a 0 to 7 

Likert scale focusing on the subjects’ symptoms during their concussion. Participants 

were asked to respond to each prompt with a corresponding number; 0, meaning 

unknown to 7, meaning severe problem. This survey was filled out for each individual 

concussion, therefore if a participant had five concussions, they would fill out five of 

these surveys. This survey was used to obtain the long-term effects participants obtained 

from previous sports-related concussions.  

Balance Board  

The board used to measure stability during the experiment was a home-made 

balance board based on previous research, which was two feet by three feet and raised 

three inches off the ground. This consisted of a board made from plywood with pressure 

sensors underneath to measure the center of balance. This was then connected to a Biopac 

to record the data from the board. A Biopac is a system created by the company Biopac to 
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collect data and is specified for educational research ("Products | BIOPAC", 2022). Participants 

were asked to stand on the platform during the experiment to study their sway, their sway was 

measured using a force plate that detected the changes in pressure over time (shifts in weight), 

along two axes (front/back and left/right). 

Stroop Task  

The auditory component, which is referred to as the Stroop task, had participants listen to the 

words “high” and “low” spoken in either a high pitch (360 Hz) or a low pitch (180 Hz). The 

participants were instructed to indicate the pitch of the word they heard (ignoring the actual word 

presented) by responding verbally “high” or “low” as accurately and as quickly as possible, for 

the 60-trial duration (Stroop,1935).  ] 

Procedure  

Participants were first given an exclusion statement (Appendix A) to read and based on 

the participants response they were given two options. The first option was to leave the study 

free of consequences and were not required to provide an explanation. If the participants wanted 

to proceed with the study, they were asked to sign the consent form (Appendix A), which they 

were informed to read carefully before signing. After the participant understood their role in the 

study, they continued to the questionnaires.   

Subjects were presented with two questionnaires regarding their athletic high school 

history. The first set of questions were from the high school athlete participation questionnaire, 

which pertained to the subject’s previous sport history throughout their high school career. The 

second set of questions was from the concussion symptom survey, which pertained to the 

subject’s concussion history for each sports-related concussion encountered. Before the actual 

experiment was conducted, participants were asked to do a test trial of the Stroop task. Only six 
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trials of the Stroop task were run, and this was to verify subjects understood the 

procedure, before the experiment.   

The actual task consisted of two parts, a physical and auditory component. The 

physical task, which is referred to as the balance task, had participants stand on the board 

in three different conditions. The first condition with their eyes open, the second with 

their eyes closed, and the last with their eyes closed and the Stroop task was performed. 

Each condition, which lasted 45 seconds was conducted three times per each 

condition, this resulted in the procedure taking about 20 minutes per participant. All the 

data was saved on an encrypted computer under the subjects corresponding ID. After the 

experiment was over, the subjects were debriefed and free to leave.   

Results  

The balance board was designed to measure shifts in pressure as the participant sways 

along the left-right axis and the front-back axis. To determine the amount of sway for each of 

these axes, we calculated the average change in pressure for each participant in each of three 

conditions, eyes-opened (EO), eyes-closed (EC), eyes-closed with high/low task (EC/HL) for 

each trial and then averaged each of the conditions across the four trials together. Thus, each 

participant had three scores represent average left-right sway in the three condition and three 

scores represent front-back sway in each of the three conditions (EO, EC, EC/HL). It was 

hypothesized that those who suffered from sports-related concussions, would have an overall 

poor balance score compared to the control group. It was also hypothesized that females 

(with concussion history) would have an overall poor balance score compared to males. To 

test these hypotheses, a separate 2 (male versus female) x 2 (concussed versus non-concussed 
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x 3 (EO, EC, EC/HL) mixed factorial ANOVAs was conducted to examine differences in the 

average change in pressure (sway) along the front/back axis and left/right axis. 

The AVOVA for the front/back axis indicated that there was a main effect of concussion [F 

(1, 171) = 11.101, p = .001]. Concussed participants showed a larger average change in pressure 

(M = .652, SD = .033) than non-concussed participants (M = .513, SD = .062).  There was also a 

main effect of gender [F (1,171) = 5.835.08, p <.017] on sway. (see figure 5) Men (M = .633, SD 

= .03) showed significantly more left right sway than women (M = .532, SD = .03) Finally, there 

was a main effect of condition, F (2, 342) = 42.47, p<.001. Average amount of sway in the EO 

(M = .503, SD.021) condition was significantly less than the average amount of sway in the EC 

(M = .626, SD = .022) and EC/HL conditions (M = .576, SD = .023), and the average amount of 

sway in the EC condition was significantly more than the average amount of sway in the ECHL 

condition, all p<.001 (figure 2). None of the interactions were statistically significant (all p > 

.05). Men and women showed similar trends across conditions (figure 3 & 4). 

Figure 2 

Average Sway 
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Note. This figure displays the average overall amount of sway by condition.  

Figure 3                                                               Figure 4 

Average Sway - Females                                      Average Sway - Males                                            

                                    

Note. These figures show the average sway condition of all participants, divided by concussive 

history.  

Figure 5 

Gender & Balance Stability  
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Note. This graph shows the comparison between women and men, based on their balance 

stability score 

Discussion  

The purpose of this study was to obtain data on the long-term effects of sports-related 

concussions. It was hypothesized that those who had a previous history of concussions would 

have a poor balance score compared to the control group. The results show that concussions do 

have an effect on a person’s balance, those who were concussed had an overall higher (worse) 

balance score than those with no history of concussions. This shows that there are long-term 

effects from concussions and one of those effects being balance.  

Previous research has found that women are more likely to experience severe concussion 

symptoms based on several biological factors and according to the results above, our research 

supports this finding (Kerr & Shafi, 2021). The focal point of previous research has question 

why women are more likely to obtain concussions. While the current study focusses on the 

effects of balance, from sports-related concussions.  

This study had an N size of 175, which is high for a study that was conducted at a small 

Midwest college. The higher the size of N the more consistent and reliable the data. This study 

was able to find significant evidence of the effects that concussions have on balance. One 

limitation though was the emphasis on balance for this study. For future research they can focus 

on multiple long-term effects of concussions, along with balance. Another goal for future 

research is the emphasis on female participants. The goal of this study was to focus on females, 

but that was not possible with the sample size. Future research will be able to distinguish 

between the male and female effects of concussions and create a unique study, considering 

previous research has focused on males.  
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Conclusion 

Based on the data from the current study we accept the first hypothesis (H1) and 

reject the second hypothesis (H2). The data supports the hypothesis that concussions have 

long-term effects on balance, it showed a poor balance score for those who suffered from 

sports related concussions.  

  While the data does support a difference between the effects on gender, it does not 

support the hypothesis that women will have worse long-term effects on balance. The data shows 

that men are the ones who suffer more from the long-term effects on their balance, as they scored 

overall much higher than women. This is congruent with previous research, as it has suggested a 

difference in the effects of concussions based on gender.  

This study has shed new light onto sports-related concussions revolving around 

balance and sex. It seems as though the research on concussions has only reached the 

surface. Based on the data collected, concussions vary from person to person and the 

number of factors to potentially have an influence is a complex relationship. This study 

found that gender played an important role in concussions, along with the impact of 

concussions. 

There are a few things that could improve the research and data. The first 

improvement to be made to this study would be the participation pool. It is suggested that 

future research, the participant pool is expanded to include a more diverse population. 

Another improvement to this study, would be to focus on the general aspect of the long-

term effects associated with concussions. Simple data was collected regarding the other 
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affects participants had during the concussion, but not the current symptoms they experienced.  

This study raised several questions around concussions and general aspects of the 

study. One major question being, why the difference between gender? Is there an influence 

surrounding balance that we are unaware of regarding gender? Another major question is where 

do we go from here? Do we continue to explore the relationship between concussions and 

balance, or separate the two and find even more potential factors? Most of these questions can be 

found in future research and replication.  

 Future research will have a lot to explore and improve on, in order to explore the 

abundant amount of information surrounding concussions. It is suggested that future research 

focus highly on separating the genders while studying the long-term effects of balance. It is also 

suggested that future research explore unique populations and expand on the diversity of 

participants, in order to explore other potential differences of effects.  
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