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ABSTRACT  
 
A traumatic brain injury (TBI) is an injury that disrupts the normal brain function, and is caused by a bump, 
blow, or jolt to the head or a penetrating head injury. TBI range from mild concussions, without a loss of 
consciousness, or to severe TBI, which can result in a deep coma or death. Types of TBI's that patients can 
sustain include concussions, hematomas, and CTE. The length of time that patients have symptoms depends on 
the TBI severity, with symptoms lasting a few days or even the rest of patient’s life. Depending on the part of 
the brain that is injured in the accident, patients will have varying symptoms. This review article covers the 
different causes, diagnosis, and treatments of TBI’s along with the types of TBI’s that patients can sustain.  
 

Introduction  
 
Epidemiology 
  
In the United States, traumatic brain injuries (TBI) are a common and widespread medical problem which are 
responsible for a third of all injury related deaths and over 50,000 deaths annually. Furthermore, TBI’s are 
responsible for over 300,000 hospitalizations each year with over 80,000 resulting in long term disability. These 
numbers do not include the numerous TBI’s each year that never reach healthcare and remain undiagnosed. The 
CDC has defined a traumatic brain injury as a “craniocerebral trauma, specifically, an occurrence of an injury 
to the head” (1). This can arise from a blunt or penetrating trauma with differing levels of force. Primary causes 
of traumatic brain injuries (TBI) vary from different ages, socioeconomic status and geographic regions. Low- 
and middle-income countries are found to have nearly three times the amount of TBIs compared to high income 
countries. The most common TBI varies in different age groups as well, with children and the elderly leading 
cause of TBI’s being falls, and early adults leading cause being car accidents (2). Studies have found that TBI 
is less frequent in the female population, due to men being more frequent drivers then women. While TBI’s are 
less frequent in women, it’s more common for elderly women to have more complications and need neurosur-
gical intervention, compared to men in the same age group (3).  
  
Brain Anatomy   
  
The brain is made up of 3 major divisions which include the cerebrum, the cerebellum, and the brain stem. The 
cerebrum is the largest division of the brain and can be divided into two cerebral hemispheres. The left and 
right hemisphere are connected by the corpus callosum. Furthermore, these hemispheres of the cerebrum are 
subdivided into 4 lobes with both a right and left component. The frontal lobe is located anteriorly and involved 
in emotional regulation, reasoning, and problem-solving. The most posterior section of the frontal lobe contains 
the motor cortex which is the area in which movement arises. The partial lobe is posteriorly adjacent to the 
frontal lobe and is responsible for sensory information. This includes touch, temperature, pressure and pain. 
The temporal lobe, which is separated from the frontal lobe by the lateral fissure, has dedicated regions for 
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processing hearing, languages, and forming memories. Finally, the occipital lobe is the visual processing center 
of the brain. The occipital lobe receives and interprets visual information including depth and location of objects 
in space (4).  

  

 
Figure 1 (5) 

 
The cerebellum is located caudal to the temporal and occipital lobe. While it doesn’t initiate motor 

commands, it modifies the commands of the descending pathways to make movements more accurate. With the 
input of vestibular receptors and proprioceptors, the cerebellum sends commands to motor neurons to shift the 
body’s position in order to keep balance and good posture. The cerebellum also coordinates timing and force 
of muscle groups in order to allow for body movements. Finally, the cerebellum is instrumental in motor learn-
ing, allowing the brain to fine tune certain movements, such as cursive writing or painting (6).  

The brainstem connects the cerebrum of the brain to the spinal cord and cerebellum. The brainstem is 
responsible for vital functions such as breathing, blood pressure, heart rate, consciousness, and sleep. It consists 
of 3 different components: the midbrain, the pons, and the medulla oblongata. The midbrain connects the pons 
and the diencephalon* and is associated with vision, hearing, motor-control, and sleep (7). The pons, located 
between the midbrain and the medulla oblongata, regulates many of the body’s unconscious processes, includ-
ing breathing. It also serves as an origination and termination point for important cranial nerves including the 
trigeminal nerve (facial touch and pain sensors) and abducens nerve (controlling eye movement) (8). Finally, 
the medulla oblongata, which connects the spinal cord and the pons, helps transmit signals between the spinal 
cord and the brain to control activities such as respiration and one’s heartbeat (7). Similar to the other areas of 
the brain stem, there are critical cranial nerve entry and exit points from this brain involved in mouth/tongue 
movements as well as parasympathetic innervation (vagus nerve).(9)  

The brain is covered with three layers of membrane known as the cranial meninges. These three layers 
are known as the dura mater, arachnoid mater, and the pia mater (10).The dura is the outermost cranial meninges 
and is composed of two layers. This allows for the dura to be a thick, fibrous membrane that’s inelastic. The 
arachnoid mater is in-between the dura and the pia and is an avascular membrane that is involved in cerebro-
spinal fluid (CSF) metabolism in the subarachnoid space. The appearance varies depending on the location of 
the arachnoid mater, but it’s generally a thin lucent membrane. The pia mater is the deepest layer of the cranial 
meninges and has 2 layers that follow the contours of the brain’s sulci and gyri. The outer layer of the pia is the 
epipial layer and contains collagen fibers, while the inner layer is called the intima pia and contains elastic and 
reticular fibers. (11).  
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Figure 2 (10) 

 

Types of TBI 
 
There are 3 main types of hemorrhages: Epidural hematoma, Subdural Hematoma, and Subarachnoid Hemor-
rhage  
 
Epidural Hematoma  
 
An epidural hematoma can be arterial (carrying blood away from the heart) or venous (carrying blood towards 
the heart) in origin. Usually, an arterial epidural hematoma happens after a blunt trauma or penetrating injury 
to the head in the temporal region. This will likely lead to a skull fracture with damage to the middle meningeal 
artery leading to arterial bleeding in the potential epidural space, causing an arterial epidural hematoma. Simi-
larly, a venous epidural hematoma occurs after a skull fracture, with the venous bleeding. The clinical presen-
tation of these is a loss of consciousness after injury, and other symptoms include severe headaches, nausea, 
vomiting, and seizures. Importantly, patients can exhibit an insidious period of complete awareness with mini-
mal deficits. This period can give a false sense of security to patients and doctors which may lead to a failure 
to diagnose (12).  
 

Subdural Hematoma 
 
A subdural hematoma happens when a vessel between the brain and skull is stretched, broken or torn, which 
leads to bleeding into the subdural space. It is most common for this type of hemorrhage to occur with blunt or 
penetrating head traumas. These hematomas also present with headaches, nausea, vomiting, motor deficits and 
decreased consciousness, however the lucid period (seen in epidural hemorrhages) is unlikely. A physical exam 
can also reveal neurological deficits, lethargy, and focal motor deficits (12).  
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Subarachnoid Hematoma 
 
A subarachnoid hemorrhage is when there is bleeding into the subarachnoid and is a blunt trauma with or 
without penetrating injury which involves acceleration changes to the head. The bleeding occurs most com-
monly when cortical surface vessels are injured and bleed into the subarachnoid space. The most common 
symptom is called a “thunderclap headache” with patients having the worst headache of their lives. Some other 
symptoms are dizziness, nausea, seizures and a loss of consciousness (12).  
 

Concussion 
 
Concussions are most known as a mild subset of TBI’s. A concussion happens when there is a direct blow to 
the head with acceleration/deceleration forces taking place. The force leads to the brain, which floats in a pro-
tective suspension of cerebrospinal fluid, to bump against the skull. This causes neuron damage along with 
possible bruising at the site of the impact.  A concussion has different levels, so symptoms with a mild concus-
sion may just lead to dizziness, while a more serious concussion can lead to an unconsciousness state. While 
computerized tomography CT scans and MRI’s do not show any immediate abnormalities, it is shown that even 
one “silent concussion” has long term effects. It has been proven that even mild concussions can lead to axonal 
damage (13).  
 
Second Impact Syndrome 
 
A very dangerous subset of concussions is Second Impact Syndrome. This is when someone receives repeated 
concussions before the first one is healed. This is most common when an athlete returns to a sport before their 
first concussion is fully healed, due to the increased vulnerability of the brain. The mechanism of the injury is 
axon shearing, with rapid depolarization, neurotransmitter release, and ionic shifts. This results in dysregulation 
of cerebral blood flow which leads to a cerebral edema, causing the body to lose the ability to auto regulate 
intercranial and cerebral perfusion pressures (14). The mortality rate of Second Impact Syndrome is over 50%, 
with 100% of the cases ending with the patient having a permanent disability.  
 

CTE 
 
CTE is a progressive neurodegenerative disease which is caused by repetitive TBI’s and head trauma. CTE is 
thought to result in executive dysfunction, memory impairment, depression, suicidal thoughts and actions, poor 
impulse control, and even dementia (15). While post- concussive symptoms are right after a concussion, CTE 
symptoms don’t usually present themselves until years after the repetitive head traumas. CTE’s unique neuro-
pathological signature is the accumulation of phosphorylated tau proteins (p-tau) in the brain (16). The progres-
sion of CTE is divided into four separate stages called the McKee CTE staging scheme. The staging scheme is 
based on the density and regional deposition of p-tau, with stage 1 being the mildest and stage 4 being the most 
severe (17). While currently CTE is only able to being diagnosed with a post-mortem examination of the brain, 
there are many studies attempting to find ways to diagnose CTE in living patients.  
 

Causes 
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There are three types of TBI’s which can be categorized as closed head, penetrating, and explosive blast TBI 
(18).  

The most common causes of closed head TBIs are car accidents, falls and sports activities, which all are 
associated with blunt impact. The blunt impact disrupts the normal function of the brain under the impact site, 
causing damage to the neuronal cells. Furthermore, brain displacements due to the impact also lead to the com-
pression of brain tissue and reduction of cerebral blood flow (19).  

The type and severity of the neurological damage of penetrating TBI’s is dependent on the size, speed, 
route and strength of the external object penetrating the brain (18). Penetrating TBI’s are most caused in civilian 
populations  by high velocity objects, resulting in complex injures and high mortality. Low velocity penetrating 
TBI’s are less common in the civilian population, but they have better outcomes due to localized primary inju-
ries. These low velocity TBI’s are usually caused by violence, accidents, or even suicide attempts (20).  

Explosive blast TBI’s are a recently new category of TBI’s, and account for a high prevalence of 
combat-related TBI’s, with explosive weaponry causing 73% of US military casualties in Operation Enduring 
Freedom and Operation Iraqi freedom (21). After an explosion, the brain is compromised from the rapid pres-
sure shock waves generated from the explosion, which transmits energy from the skull into the brain (18). This 
is not the only effect from the explosion, as the shock wave causes internal damage and there may also be 
penetrating injuries from fragments of debris and injuries from the acceleration of the body away from the blast 
(21).  
 

Diagnosis 
 
There are many ways to diagnose a TBI, and one way that can help the diagnosis that athletes can complete 
before an injury is baseline neuropsychological testing. This data can be used when an athlete is suspected of 
having a concussion, and their baseline results can be compared to the post-accident results. The most popular 
baseline to be used is ImPact (Immediate Post-concussive Assessment and Cognitive Test), which is used by 
professional, collegiate, and high-school athletes. While this test can be helpful, some athletes lack integrity 
with the baseline testing, with some athletes preforming poorly on their baseline in order to affect the return-
to-play decision in their favor (22).  

Another way to determine if a patient has a TBI is using the Glasgow Coma Scale. This test is one of 
the most used TBI scoring systems, and tests patients’ eye-opening response, verbal response, and motor re-
sponse. While comparing pupil sizes along with motor strength and sensation are important parts of the test, 
eye opening has the most weight because it suggests a more reassuring outcome if the patient can open their 
eyes spontaneously (23). This test was originally designed for “repeated bedside assessment” in a neurosurgical 
unit to see patients’ change in state in consciousness and to measure the “duration of a coma”. Now the test is 
now widely used to use patients’ altered level of consciousness to predict patients’ clinical outcomes and is a 
vital part of trauma and life support courses. While this test is a great tool, the creators warn that, “We have 
never recommended using the GCS alone, either as a means of monitoring coma, or to assess the severity of 
brain damage or predict outcome.” (24).  

MoCA is a cognitive screening instrument developed to detect mild cognitive impairment. This cog-
nitive test is 10 minutes long and assesses cognitive areas including memory, language, executive functions, 
visuospatial skills, calculation, abstraction, attention, concentration, and orientation (25). While MoCA is most 
used for screening for dementia, dementia has been found to be a co-morbidity of CTE, with CTE patients being 
two to four times as likely to develop dementia(26).  

Neuroimaging has become a vital part of diagnosing TBI’s. Imaging has allowed surgeons to localize 
injuries and determine extracranial landmarks to help plan incisions and burr holes, when necessary, along with 
determining the aggressiveness of their surgical approach (27). While non-contrast CTs are the primary choice 

Volume 11 Issue 4 (2022) 

ISSN: 2167-1907 www.JSR.org 5



   
 

   
 

for TBI neuroimaging, MRIs provide more detail, allowing for the identification of small, focal intercranial 
legions (28).  

Computed Topography (CT) is an imaging technique which uses x-rays to build cross section images 
of the body. It uses the density of the tissue that the x-ray passes through to make this image (25). CT scans are 
the primary choice for TBI neuroimaging due to their ability to detect trauma related fractures, hemorrhages, 
intracranial injury, extra-axial fluid collection, brain tissue swelling, and foreign bodies. An advantage of CT 
scans is they have 24-hour availability in most emergency medical facilities, fast imaging and allows for patients 
with ferromagnetic substances like shrapnel (28).  

Magnetic resonance imaging (MRI) is an imaging modality which uses non-ionizing radiation to create 
images. Using this technique, the patient lays in a large metal tube, and a radio waves antenna sends signals to 
the body which a radiofrequency receiver then detects. These signals are then converted into an image by a 
computer attached to the scanner (29). While MRI scanners are slower and more expensive than CT scans, they 
detect 10-25% of abnormalities that CT scans miss. 48-72 hours after injuries MRI prove to be more useful, as 
they can better detect hematomas over time. They are also able to identify small contusions, along with identi-
fying lesions in patients who have normal CT scans (30).  
 

Treatment 

 
Surgical Medical Intervention  
 
Surgical medical intervention is used when there is a significant volume of blood from either an epidural or 
subdural hematoma (23). To treat an epidural hematoma (EDH) surgically, a craniotomy is preformed over the 
desired region that evacuates the hematoma and cauterizes the bleeding blood vessel. While EDH are usually 
less severe underlying brain injuries, subdural hematomas (SDH) are usually more severe brain injuries. The 
severe brain injuries that are associated with SDH need decompressive craniotomy’s to be performed. Without 
the removal of the bone flap, the evacuation of the subdural hematomas in a patient with a cerebral edema can 
result in deterioration after surgery (31).  
 
Non-Surgical Medical Intervention  
 
Head Elevation  
After a TBI, head elevation can have rapid effects on the patient. This is due to intracranial pressure (ICP) being 
reduced by the displacement of CSF from the intracranial compartment, and the promotion of venous outflow. 
While the ICP is reduced, the cerebral blood flow (CBD) is unaffected (23).   
 
Hyperventilation  
Hyperventilation lowers ICP by reducing the intraarterial carbon dioxide partial pressure, resulting in vasocon-
striction, which is the narrowing of blood vessels. This results in the reduction of cerebral blood volume in the 
brain (23). Prophylactic hyperventilation is not generally recommended, as vasoconstriction lowers CBF, so 
hyperventilation is only utilized during brief periods of acute neurological deterioration (32).  
 
Hyperosmolar Theory  
Hyperosmolar solutions are effective in reducing ICP with TBI’s. Mannitol is a widely used hyperosmolar 
solution and is paired with hypertonic saline solutions to help lower ICP (33). Hyperosmolar therapy also causes 
a change in blood rheology allowing for an increase in CBF. Hyperosmolar therapy can be administered to 
patients in the form a bolus or an infusion (23).  
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Therapeutic Cooling  
Therapeutic cooling is used with patients with TBI’s to perform mild induced hypothermia (MIH) on patients. 
This is proved to cause neuroprotection in patients, along with reduced secondary cerebral insults post TBI. 
When used to control brain edema, MIH can reduce patients’ ICP. This method is best used on patients with 
elevated ICP and who have a focal TBI rather than those with a diffuse injury (34).  
 
ICP Monitoring  
The use of ICP monitoring for TBI patients is to prevent and treat secondary ischemic injury. Since the brain is 
encased by a skull which doesn’t expand, an increase in ICP may hinder CBF and lead to cerebral ischemia. 
Since increased ICP can have such a detrimental impact on patients and cause secondary brain injury, ICP 
monitoring is a very important tool to see if surgical intervention is needed. Intracranial monitors are used to 
monitor patients’ ICP (35).  
 

Research Advancements in The Field  
 
While currently CTE can only be diagnosed postmortem, there are imaging technologies being developed to 
allow the monitoring of CTE progression. These new machines would allow researchers to detect small but 
important brain changes from CTE, prior to CTE symptoms, in order to take preventative measures. The 
stronger devices will allow for physicians to detect brain injuries without gross lesions and be able to detect 
minor TBIs from pathological changes (36). Another study is being done trying to create an immunotherapy to 
help target phosphorylated tau proteins in the brain which are a result of CTE. The main goal of the immuno-
therapy is to only target these p-tau, and not affect the functional tau proteins in the brain (37).  
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