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ABSTRACT: 

Concussions, or mild traumatic brain injuries, do not have a universally accepted 

definition but there are key features that the experts agree upon; most notably that they 

are caused by a direct blow, they cause functional disturbances, and that they cannot be 

explained by another injury or impairment. Most concussions are resolved within a few 

days but 10-20% have lingering effects that can last for years. In this study, frequency of 

lingering injury to each brain region was determined from data from thirteen studies and 

compared to Scheid et. al’s frequency of short term injury by brain region using ANOVA 

testing. No significance was found in the difference in frequency of injury by region 

between long term and short term concussions (p-value=0.717, n=10, ⍺=0.05). This 

suggests that regions either heal at the same rate or can all be compensated for. Further 

research is needed to determine the pathophysiological root of the long-term effects of 

concussions. 

 

INTRODUCTION: 

As of 2018, there is no universally accepted definition for a concussion, however 

there are five key features of a concussion that have been agreed upon by experts. Firstly, 

a concussion is caused by a direct blow either to the head itself or to the body that sends 

an impulsive force to the head; this may or may not cause unconsciousness (Halstead 

2018). The concussion results in normally short lived impairment to neurological 

function; however, in some cases, these impairments linger for longer (Halstead 2018). 



The symptoms and signs must reflect a functional impairment and not a structural one; 

they also cannot be explained by any other injury or impairment, i.e. alcohol or medicine 

(Halstead 2018). Giza et. al did a synthesis of over 100 research papers to find that the 

pathophysiological pathway following mild traumatic brain injury (mTBI) includes 

“abrupt neuronal depolarization, release of excitatory neurotransmitters, ionic shifts, 

changes in glucose metabolism, altered cerebral blood flow, and impaired axonal 

function” (Giza 2014). These factors can cause a series of imbalances and by default 

cause numerous symptoms. Such symptoms can be broken down into the following 

categories: sleep, vestibular and/or oculomotor, cognitive, somatic, and emotional 

(Halstead 2018).  

Patients are often followed up with up to a month depending on the severity of 

their concussion, however that is where most research ends. We do know about second 

hit syndrome and post concussion syndrome but further research is necessary to 

understand the long term effects of concussions on cognitive function. This is especially 

vital for contact sport athletes who often receive multiple concussions over the course of 

their career. A committee on sports related concussions in youth determined that 

approximately 10-20% of those with concussions experience symptoms for weeks, 

months, or years after the initial hit, they refer to this as Post-concussive syndrome 

(Rivara 2014). However, given the nature of concussions and the brain, currently the only 

treatment option is symptom management.  



In most cases, the patient does not undergo any imaging to determine which 

region of the brain was injured, as long as symptoms can be managed. D'souza MM et. al 

used diffusion tensor tractography to look at the brains of patients with traumatic brain 

injury to try to determine the regions of the brain that were injured. They found that their 

new technique also matched with the results of the Rivermead Postconcussion Symptoms 

Questionnaire (D'souza 2015). This opens up the possibility of determining where the 

injury is located and with further research, customizing treatments to the region or in 

cases of severe damage, developing therapies to help reestablish neuron connections in 

the region.  

Most long term testing is based on rating scales that compare the patient to 

established healthy controls. These tests have found that many common long term 

symptoms of concussions include decreased psychomotor function, decreased executive 

function, decreased global cognitive ability, decreased intelligence, poor memory, 

difficulty comprehending language, decreased perception, and inability to concentrate or 

pay attention (Cunningham 2020). The majority of studies use a variety of tests that differ 

from study to study, leading to different symptoms being identified as a long term effect 

of concussions.  

As previously mentioned, while the field of neuroscience, especially around 

concussions is expanding, there has not been enough emphasis on the long-term effects of 

concussions. We can see in the real world-- watching athletes retire younger or never 

playing quite the same following a traumatic head injury-- that concussions have a 



lingering effect and repeated concussions amplify the effect. While some research has 

been done, we still do not have a proper treatment plan to help prevent traumatic brain 

injuries or slow/stop the long term effects.  

This leads to the question, what are the long term effects of concussions and how 

do they affect quality of life? Are certain regions of the brain more likely to be subject to 

long term injury following a traumatic brain injury? Given that there is a bias in who the 

studies have historically been on, I hypothesize there will be a higher frequency of injury 

to the frontal lobe as it is most likely to be impacted in the case of a fall or hit. 

 

METHODS:  

Subjects and Criteria for Inclusion: 

All data has been compiled from thirteen articles​ ​from the period of 2009 to 2020. 

Articles were obtained from PubMed, Ebsco, Web of Science, Science Direct, and 

BioOne databases. Articles had to follow up with subjects a minimum of two months 

following concussion and not rely entirely on self surveys to ensure uniformity and 

reliability between articles used in analysis (Figure 1). Diversity in research topics was 

permitted to prevent bias towards any one region of the brain.  

Athletes and military personnel are the highest represented groups due to the 

frequency of concussions in these groups, athletes being the sole subjects of five of the 

articles. Little information was available in papers used on the demographics of the 

patients utilized in their studies due to confidentiality rules.  



 

Figure 1: Flowchart of search method 

 

Procedure:  

Each paper was read in entirety for length of time before resurveying patients, 

number of patients surveyed in study, and symptoms reported by authors. Symptoms 

were compared to an established list of brain regions’ functions and related symptoms 

(Table 1) to determine the region of the brain most likely injured. Regions of the brain 

used for comparison were the cerebellum, the brain stem, the frontal lobe, the parietal 

lobe, the occipital lobe, the temporal lobe, the hypothalamus, the pituitary gland, the 



thalamus, and the basal ganglia. Multiple regions may have some control over the same 

processes; if specifics on symptoms allowed for determination of the most likely injured 

region, the suspected region was listed as injured region. If unable to determine specifics 

of symptoms, all possible regions were listed and counted equally.  

 

 

 

  



Table 1: Regions of brain, their function, and related symptoms used for comparison to 
long term studies in this study.  
Region Use Examples of Related symptoms 

Cerebellum Proprioception, Movement 

vertigo, ataxia, nystagmus, intentional 

tremor, slurred speech, hypotonia, 

exaggerated broad based gait, 

dysdiadochokinesia 

Brain stem 

autonomic function ( sleep wake 

cycles, breathing, heart rate, 

temperature, digestion, sneezing, 

coughing, vomiting, swallowing) 

insomnia, abnormal sleep patterns, balance 

issues 

Frontal lobe 

personality, behavior, emotion, 

judgment, planning, body movement, 

speech, intelligence, concentration, 

self awareness 

sudden change in behavior, impaired 

judgment, memory loss, reduced motor skill 

and spatial reasoning, inability to interpret 

social cues 

parietal lobe 

language, sense of touch, pain, 

interprets temperature, interprets 

vision, hearing, motor, sensory, and 

memory, spatial and visual perception 

inability to form speech with clear 

understanding, inability to interpret senses 

occipital lobe 

interprets vision (color, light, 

movement) 

color blindness, decreased dimensional 

awareness, decreased spatial awareness 

temporal lobe 

understanding language, memory, 

hearing, sequencing and organization 

unable to understand language, memory 

loss 

hypothalamus autonomic control (hunger, thirst, erectile dysfunction, high/low blood 



sleep, sexual response, temperature 

regulation, blood pressure, emotions, 

hormone secretion) 

pressure, sudden change in behavior, 

hormone imbalances 

Pituitary gland 

endocrine glands (hormones that 

control sexual development, bone 

growth, muscle growth, stress) hormone imbalances, stunted growth 

thalamus 

pain sensation, attention, alertness, 

memory 

memory loss, attention disorders, inability 

to concentrate 

basal ganglia fine motions loss of fine motor control 

 

Statistical Analysis: 

Using data obtained from articles, the frequency of injury to each brain region 

long term was obtained. An ANOVA test was utilized to compare these frequencies to 

the frequency of injury to each brain region immediately following injury. An alpha value 

of 0.05 was used.  

 

RESULTS: 

The order of frequency of sustained injury by brain region was found to be--in 

order-- frontal lobe (45.21%), parietal lobe (17.81%), cerebellum (10.96%), thalamus 

(9.59%), brainstem (8.22%), temporal lobe (4.11%), basal ganglia (1.37%), pituitary 

gland (1.37%), hypothalamus (1.37%), and occipital lobe (0%).  



When comparing the long term frequencies (Table 2) to established short term 

percentages using an ANOVA test, a p-value of 0.717 (n=10, ⍺=0.05).  



Table 2: Frequency of injury to each brain region  

Region Count 
% total of listed 
symptoms-long term % total-short term 

Cerebellum 8 10.95890411 1.68 

Brain stem 6 8.219178082 1.008 

Frontal lobe 33 45.20547945 50.42 

parietal lobe 13 17.80821918 11.76 

occipital lobe 0 0 3.36 

temporal lobe 3 4.109589041 18.48 

hypothalamus 1 1.369863014 0 

Pituitary 
gland 1 1.369863014 0 

thalamus 7 9.589041096 0.504 

basal ganglia 1 1.369863014 5.88 

 

 

 

Figure 2: Graph of differences between frequency of injury by region long term vs short 
term 



DISCUSSION: 

The results show that the frontal lobe has the highest frequency of long term 

injury, supporting the hypothesis. However, the ANOVA test shows that the frequency of 

long term injury to all regions falls in line with the frequency of initial injury (Figure 2). 

This means that the recovery rate by region is expected to be the same.  

This study was limited by the fact this is a meta-analysis. Some anecdotally 

known long term concussion symptoms, for example tinnitus, were not included in any of 

the articles used. As noted earlier, many regions of the brain contribute to the same 

function. While this is incredibly useful in cases of injury-- as other regions can 

sometimes compensate for the damaged region--, it does complicate full understanding of 

the injury without full medical imaging of the brain and testing of function. However, 

given the insignificance of the p-value comparing long-term to short term, the presence of 

this data may not have had much effect on the result (Scheid 2003).  

Work is being done short term to better technologies used for diagnosing 

traumatic brain injuries, such as D'souza et. al’s work on diffusion tensor tractography 

(D’souza 2015). As new technologies are created, there is hope that concussions can be 

properly diagnosed and treated to help prevent long term effects. Future studies could 

utilize these diagnostic tools to replicate this study and identify what causes the long term 

effects post concussion. A better understanding of location of concussions could help find 

correlations between other mental disorders as well; for example, McKee et. al  have 

found evidence in members of the military that post concussion syndrome, post traumatic 



stress disorder, and chronic traumatic encephalopathy may share a biological root based 

on their clinical and pathological features (McKee 2014).  

Further studies on concussions and how they change the pathways in the brain are 

necessary to find treatment options. Using MRI or other imaging tests can help determine 

where the injury is and why it is causing the symptoms afflicting the patient. Overall, 

what is most important is helping the patients and ensuring the best quality of life for 

them. Better understanding of which regions are injured can improve the number and 

quality of treatment options.  



BIBLIOGRAPHY: 

Reference:  

D'souza, M., Trivedi, R., Singh, K., Grover, H., Choudhury, A., Kaur, P.,Tripathi, R. 
(2015). Traumatic brain injury and the post-concussion syndrome: A diffusion 
tensor tractography study. ​Indian Journal of Radiology and Imaging,​ ​25​(4), 404. 

Giza, C. C., & Hovda, D. A. (2014). The New Neurometabolic Cascade of Concussion. 
Neurosurgery,​ ​75​. 

Halstead, M. E., Walter, K. D., & Moffatt, K. (2018). Sport-Related Concussion in 
Children and Adolescents. ​Pediatrics,​ ​142​(6). 

Mckee, A. C., & Robinson, M. E. (2014). Military-related traumatic brain injury and 
neurodegeneration. ​Alzheimer's & Dementia,​ ​10​.  

 Rivara, F. P., Graham, R., S., I. O., Spicer, C. M., Ford, M. A., & Spicer, C. M. (2014). 4 
Treatment and Management of Prolonged Symptoms and Post-Concussion 
Syndrome. In ​Sports-Related Concussions in Youth: Improving Science, Changing 
the Culture​. National Academies Press. 

Scheid, R., Preul, C., Gruber, O.,  Wiggins, C.,  & von Cramon, D.Y. (2003). Diffuse 
Axonal Injury Associated with Chronic Traumatic Brain Injury: Evidence from 
T2*-weighted Gradient-echo Imaging at 3 T. ​American Journal of Neuroradiology 
June 2003, 24 (6) 1049-1056 

 

Case Studies: 

Ciarlone, S. L., Statz, J. K., Goodrich, J. A., Norris, J. N., Goforth, C. W., Ahlers, S. T.,& 
Tschiffely, A. E. (2020). Neuroendocrine function and associated mental health 
outcomes following mild traumatic brain injury in OEF-deployed service 
members. ​Journal of Neuroscience Research,​ ​98​(6), 1174-1187. 

Cunningham, J., Broglio, S. P., O'grady, M., & Wilson, F. (2020). History of 
Sport-Related Concussion and Long-Term Clinical Cognitive Health Outcomes in 



Retired Athletes: A Systematic Review. ​Journal of Athletic Training,​ ​55​(2), 
132-158.  

D’souza, Maria M, et al. “Alterations of Connectivity Patterns in Functional Brain 
Networks in Patients with Mild Traumatic Brain Injury: A Longitudinal 
Resting-State Functional Magnetic Resonance Imaging Study.” ​The 
Neuroradiology Journal,​ vol. 33, no. 2, 2020, pp. 186–197. 

 
Helmich, Ingo, et al. “Hyperactive Movement Behaviour of Athletes with 

Post-Concussion Symptoms.” ​Behavioural Brain Research​, vol. 380, 2020, p. 
112443. 

 
Lippa, Sara M., et al. “Longitudinal Trajectories and Risk Factors for Persistent 

Postconcussion Symptom Reporting Following Uncomplicated Mild Traumatic 
Brain Injury in U.S. Military Service Members.” ​The Clinical Neuropsychologist.​, 
2020, pp. 1–22. 

 

Mayer, A. R., Mannell, M. V., Ling, J., Elgie, R., Gasparovic, C., Phillips, J. P., . . . Yeo, 
R. A. (2009). Auditory orienting and inhibition of return in mild traumatic brain 
injury: A FMRI study. ​Human Brain Mapping,​ ​30​(12), 4152-4166.  

 
Nussbaum, Nicola, et al. “Hyperactive Movement Behaviour of Athletes with 

Post-Concussion Symptoms.”​ Behavioural Brain Research​., vol. 380, 2020, p. 
112443. 

 
Ozolins, B., Aimers, N., Parrington, L., &amp; Pearce, A. J. (2016). Movement disorders 

and motor impairments following repeated head trauma: A systematic review of 
the literature 1990–2015.​ Brain Injury​, 30(8), 937-947. 

 
 Pearce, A. J., Rist, B., Fraser, C. L., Cohen, A., & Maller, J. J. (2018). 

Neurophysiological and cognitive impairment following repeated sports 
concussion injuries in retired professional rugby league players. ​Brain Injury, 
32​(4), 498-505.  

 



Peters, Denise M., et al. “Long-Term Impact of Mild Traumatic Brain Injury on Postural 
Stability and Executive Function.” ​Neurological Sciences​, 2020, pp. Neurological 
sciences , 2020. 

 
Stojanoski, Bobby, et al. “Concussion-Related Deficits in the General Population Predict 

Impairments in Varsity Footballers.”​ Journal of Neurology.​, 2020, pp. Journal of 
neurology. , 2020. 

Wylie, G. R., Freeman, K., Thomas, A., Shpaner, M., Okeefe, M., Watts, R., & Naylor, 
M. R. (2015). Cognitive Improvement after Mild Traumatic Brain Injury 
Measured with Functional Neuroimaging during the Acute Period. ​Plos One, 
10​(5). doi:10.1371/journal.pone.0126110 

Zalai, D. M., Girard, T. A., Cusimano, M. D., & Shapiro, C. M. (2020). Circadian rhythm 
in the assessment of post concussion insomnia: A cross-sectional observational 
study. ​CMAJ Open,​ ​8​(1).  


	Long Term Effects of Concussions and the Frequency of Injury to the Different Regions of the Human Brain
	Let us know how access to this document benefits you.
	Recommended Citation

	tmp.1590187456.pdf.tVVpB

