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Abstract
Causes of Traumatic Brain Injury (TBI) range from road traffic accidents to falls from heights to sports related injuries 

and domestic violence and conflicts. Causes of TBI and their respective prevalence vary from region to region and country to 
country. The aim of this paper is to present a comprehensive review of information pertaining to TBI ranging from causes to 
diagnostic methods, neuropathology, and available biomarkers, to treatment options, management, complications and rehabili-
tative medicine that would suit readers with different backgrounds. Data was collected from several databases and the MeSH 
terms “TBI”, “Traumatic Brain Injury”, “TBI prevalence”, “Causes of TBI”, “Effects of TBI” and many more were used. Causes 
of TBI are listed with prevalence in each region (or country if regional data is lacking). Diagnostic modalities and classification 
of TBI are presented, in addition to the neuropathology of the disease and the biomarkers that are used. Management and treat-
ment are summarized along with outcomes of TBI and rehabilitation options. The effects of TBI on the patient, his/her family 
and society are summarized, along with some recommendations for prevention.

Keywords: Diagnosis; Implications; Outcomes; Prevention; 
Review; Traumatic Brain Injury (TBI)

Introduction
Traumatic Brain Injury (TBI) is defined as an insult to the 

brain resulting from external mechanical forces and may lead to 
permanent or temporary cognitive, physical and psychosocial 
impairment; it may be associated with altered or diminished 
state of consciousness [1]. TBI cannot be acquired congenitally 
and is used interchangeably with head injury [2]. Definitions and 
inclusion criteria for the diagnosis of TBI may vary by physician 
and specialty [2]. There is however consensus that TBI is a major 
cause of death and disability worldwide [3]. 

TBI has been classified as a condition typical of mankind 
since the Stone Age [4]. Anthropological evidence from mass 

graves of ancient battle fields has demonstrated trephination 
holes across fracture lines of skulls [4]. It is postulated that these 
drill holes were perhaps for release of pressure from hematoma 
following head injury. In the eighteenth century, altered mental 
status and severity of head injury were related to pressure on the 
brain rather than damage to the skull itself [4]. By the turn of the 
twentieth century, neurosurgery had progressed to the point that 
it was conclusively known that intracranial pressure increased in 
head injury. Additional focus was also placed on the need for skull-
opening to release intracranial hypertension in order to reduce 
incidence of uncal herniation. From the early 1990s onward, the 
neurosurgical profession has made significant strides in improving 
survival following TBI [4], which heralded the heavy toll of 
neuropsychiatric psychopathology remaining post brain trauma. 

The World Health Organization (WHO) predicts that TBI will 
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surpass many diseases as the major cause of death and disability 
by the year 2020, to become the third leading cause of global 
mortality and disability [5]. With an estimated 10 million people 
affected annually by TBI universally, the burden of this condition 
and the impact that it imposes on society makes it a pressing public 
health and medical problem [6]. This review aimed to cover the 
most important aspects of TBI needed to conduct and guide further 
research in the topic. 

Causes of TBI
Causes of TBI are usually related to impact from various 

mechanisms [7]. Road Traffic Accidents (RTAs) are the most 
common worldwide [8], with some studies reporting a prevalence 
rate of 60% (14) followed by falls from heights (20-30%), war 
time violence and assault (10%), sports related injuries (8% annual 
prevalence in the US) [9], and fall of heavy objects (5% prevalence 
in Qatar) [10]. The percent distribution of TBI of each cause varies 
by region and country, as will be seen in the following section.

RTAs are defined as the collision of an automobile with 
another automobile, pedestrian, architectural or topographical 
obstacle [11]. RTAs can result in injury, death or damage to 
property. Around 1.2 million deaths occur annually from RTAs 
and injuries can mount up to 50 million globally [12]. RTAs are 
the leading cause of TBI in Latin America and the Caribbean 
(with a rate of 150-170 per 100,000 compared to 106 per 100,000 
worldwide) accounting for 80% of TBI cases in Africa, and for 
41% of TBI cases in Far-East Asia [6]. RTAs lie within the top ten 
most common causes of mortality in Asia [13]. RTAs also account 
for 78% of injury related deaths in India [13]. 

Another important cause of TBI are falls from height [8]), 
which have variable definitions across different TBI studies. Some 
studies define falls from one’s own height to the floor [14]. One 
study defined a minor fall as one from under 1.5m [15]. And lastly, 
some studies assume that falls from height are free falls such as a 
construction worker falling from a high story building [16]. In a 
prospective study done in Oslo, Norway, and in another study done 
in Western Sweden, falls from height was the most common cause 
of TBI (51% in Norway and 60% in Sweden) [17,18]. Similarly, 
falls were the most common cause of TBI in the United States 
accounting for 40% of TBI cases; 800,000 patients are admitted 
to hospitals for sustaining a fall injury that is the result of either a 
head or hip injury [19,20]. Falls are also a very important cause of 
TBI in Far-East Asia. The incidence rate of falls in India is three 
times the global rate [13]. Even though data from the Middle East 
is scarce, there was one study that mentioned the prevalence rate 
of TBI to be 219 per 100,000 in Yemen with falls and domestic 
related violence being the leading causes [13]. 

War time violence is another cause of TBI [21] that is 
restricted in certain geographic war-zones. It comprises combat 

related injuries which is defined as non-penetrating blunt trauma 
in addition to blast injuries and penetrating head injuries [22]. 
TBI caused by war time violence is mostly concentrated in the 
politically strained Middle East and North Africa region, yet 
prevalence and incidence levels are not recorded. The Department 
of Veteran Affairs in the United States has done explicit studies on 
their veterans either on site during times of war or after coming 
back home. The total number of Operation Enduring Freedom/ 
Operation Iraqi Freedom (OEF/OIF) veterans sustaining a TBI is 
not known, partly due to OEF/OIF veterans who haven’t consulted 
Veterans Affairs health care. The number of OEF/OIF victims who 
sustained a TBI between 2002 and 2010 in the US was however 
reported to be 45, 277 [23].

Assault type of violence is an important cause of TBI. 
Assaults are by definition a violent physical attack that could cause 
harm to the victim. Pushing the victim, banging their head against 
a wall or being struck in the head with an object (knife, bullet 
etc) could result in TBI. In fact, 10% of TBIs in the US are due 
to assaults [24]. Data about TBI caused by assault and violence in 
Europe is lacking. The leading cause of TBI in Yemen is assaults 
due to home based violence [6]. Data about the rest of the Middle 
East and North Africa Region is lacking.

Sports related injuries carry many sequelae with TBI being 
the most important of them [25]. Some of the most important 
sports implicated in causing TBI include, but are not limited to: 
basketball, football, biking, skiing and soccer [20]. In the United 
States, 10% out of an estimated 1.7-3.8 million cases of TBI result 
from sports related injuries, especially in the younger population - 
children and adolescents [26]. The reason for lacking evidence in 
the Middle East and Far East Asia could be due to more pressing 
causes of TBI dominating in prevalence or perhaps due to the 
lower prevalence of sports as part of citizens’ daily life. Data from 
Europe caused by sport-injuries is also lacking. 

Thus, there are observable trends in the top causative agents 
of TBI. The presence of the aging population in Europe and the US 
might explain the increasing incidence of TBI due to falls in that 
area [6]. In third world countries, the incidence of RTAs may be 
due to the lack of enforcement of road traffic rules and surveillance, 
leading to more victims of TBI. 

Diagnosis and Classification of TBI
TBI can be classified into three classes: mild, moderate and 

severe. Each class can be subdivided based on specific criteria. In 
addition, regardless of the class, TBI can be described as closed 
or penetrating. The diagnosis of TBI is linked to the signs and 
symptoms in addition to physical examination findings and imaging 
obtained during the initial medical evaluation of patients with head 
injury. It is usually accompanied by a loss of consciousness, post-
traumatic amnesia and an alteration of consciousness the timing 
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of which allows physicians to differentiate between the different 
classes (detailed description will follow in the diagnosis section) 
and estimate the degree of TBI. A description of the diagnoses 
techniques trailed by the classification of each class is provided 
below.

The criteria used at time of TBI diagnosis are: [27]

Structural imaging (mainly Computed Tomography (CT) a) 
scan, and sometimes Magnetic Resonance Imaging (MRI) 
which is most often used after the initial assessment because 
of its sensitivity in detecting subtle changes in the brain [28].

Mild TBI: characterized by absence of structural abnormalities •	
on CT scan [28]. Rarely, a CT could show subtle changes such 
as mild edema and petechial hemorrhage that do not require 
neurosurgical intervention [29].

Moderate and severe TBI: structural abnormalities may or •	
may not show on imaging. CT scan is best used to detect 
pathologies in the skull (such as fractures) and some early 
bleeds (such as hematomas, hydrocephalus, brain tissue 
swelling and hemorrhages) [28, 30]. MRI is considered to be 
superior to CT 48-72 hours post-injury to detect hematomas 
with blood composition that changed over time [30].

Loss of Consciousness (LOC) duration: which could be a b) 
temporary LOC (eg: 30 minutes post-injury) or intermittent 
(eg: 30 minutes daily post-injury). It is characterized by 
complete or partial loss of awareness of the patient’s own self 
and environment. 

Mild TBI presents either with no LOC or LOC less than 30 •	
minutes.

Moderate TBI presents with LOC greater than 30 minutes but •	
less than one hour.

Severe TBI presents with LOC greater than 24 hours [31].•	

Alteration of Consciousness/Mental State (AOC) duration: c) 
level of consciousness is a person’s normal state of arousal 
and response to stimuli in his/her environment. AOC is any 
deviation of one’s normal level of consciousness.

Mild TBI presents with an AOC up to 24 hours.•	

Moderate and Severe TBI presents with an AOC > 24 hours •	
and its severity is based on other criteria [31].

Post-Traumatic Amnesia (PTA) duration: PTA is the period d) 
following LOC caused by TBI and is characterized as a state 
of confusion where the patient is unable to remember events 
that happened to him/her post-injury. 

Mild TBI presents either with no PTA or PTA less than one-•	
day duration.

Moderate TBI presents with a PTA longer than one day but •	
shorter than 7 days. 

Severe TBI presents with PTA longer than seven days [31].•	

Glasgow Coma Scale (GCS): which is a neurological scale e) 
used to assess a person’s level of consciousness particularly 
after a TBI. It is based on three criteria mainly: visual, verbal 
and motor responses (Table 1, Appendix 1) [32]. 

A pediatric GCS scale is also available. It is dependent 
on three categories: visual response, verbal response and motor 
response (Table 2, Appendix 1) [33] 

Mild TBI presents with a GCS score 12-15.•	

Appendix 1: Adult and Pediatric GCS

Glasgow Coma Score
Visual Response 

(V1) Verbal Response (V2) Motor Response 
(M)

4=Spontaneous 5=Normal conversation 6=Obeys commands

3=To sound 4=Disoriented 5=Localizes to pain

2=To pressure 3=Incoherent words 4=Normal flexion

1=None 2=No words...only 
sounds 3=Abnormal flexion

 1=None 2=Extension

  1=None

Total = V1+V2+M

Table 1: Scaling System of the adult Glasgow Coma Score.
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Visual Response (V1) Motor Response (M) Verbal Response (V2)

Score Age 1 Year or 
Older

Age 0-1 
Year Score Age 1 Year 

or Older Age 0-1 Year Score Age >5 Years Age 2-5 
Years Age 0-2 Years

4 Spontaneously Sponta
neously 6 Obeys 

command  5 Oriented and 
converses

Appropriate 
words

Cries 
appropriately

3 To verbal 
command To shout 5 Localizes 

pain
Localizes 

pain 4 Disoriented and 
converses

Inappropriate 
words Cries

2 To pain To pain 4 Flexion 
withdrawal

Flexion 
withdrawal 3 Inappropriate 

words; cries Screams
Inappropriate 

crying/
screaming

1 No response
No 

response 3
Flexion 

abnormal 
(decorticate)

Flexion 
abnormal 

(decorticate)
2 Incomprehensible 

sounds Grunts Grunts

   2 Extension 
(decerebrate)

Extension 
(decerebrate) 1 No response No response No response

   1 No response No response     

Total = V1 + V2 + M

Table 2: Scoring system of the pediatric GCS.

The diagnosis of mild TBI is the most challenging of all the f) 
severities. This is due to the rapid resolution of symptoms [34]. 
It often goes undiagnosed sometimes and sometimes patients 
do not go seek medical advice after sustaining a mild TBI.

Moderate TBI presents with a GCS score between 9 and 12.•	

Severe TBI: presents with a GCS score less than 9.•	

The Different Classes of TBI
Mild TBI

There is no standardized definition of mild TBI as stated 
by the Department of Veteran Affairs and Department of Defense 
[35]. The Centers for Disease Control and Prevention (CDC) 
recommends a conceptual definition of TBI: a blunt trauma 
causing an injury to the head or acceleration or deceleration forces 
resulting in a likewise injury [36]. Mild TBI is most often referred 
to as concussion and is an extremely heterogeneous spectrum of 
injury severity [28]. Severity might range between slight neuro-
metabolic alterations in the brain and structural brain damage [37]. 
Mild TBI can therefore rarely lead to permanent brain damage [37]. 
The annual incidence of TBI in the US is 1.5 million with mild 
TBI accounting for 80% of the cases and the remaining 20% split 
equally between moderate and severe [34]. The incidence rates of 
mild TBI from reported emergency departments (ED) visits could 
be underestimated since a big portion of mild TBI victims do not 
report to the ED and instead visit their primary care physician or 
don’t report it at all [34]. 

Even though there is a heterogeneous distribution of mild 
TBI severities, there are two main classes: complicated vs. 
uncomplicated mild TBI. The distinction between them is based 
on two criteria: the presence of a depressed skull fracture (a cranial 
bone breakage that displaces the bone towards the brain) and/or 
an intracranial lesion related to the trauma such as intracranial 
hemorrhage, edema or a contusion [32]. Complicated TBI are 
therefore cases that meet one or two of these criteria. These can 
be labeled as high risk mild TBI and can have similar outcomes to 
patients with moderate TBI.

Concussion is considered a form of mild TBI. The American 
Academy of Neurology divides concussions into three grades 
(Table 1, Appendix 2) [34]. 

Appendix 2: Concussion Overview

 Loss of 
Consciousness Mental status changes

Grade 1 No LOC Mental status changes that resolve 
in less than fifteen minutes, 

Grade 2 No LOC

Mental status changes that last 
more than fifteen minutes, along 

with transient confusion and some 
symptoms (such as headache).
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Grade 3

LOC lasting 
between few 
seconds and 
few minutes 

Mental status changes last for 
longer than 15 minutes

Table 1: Summary of Concussion Grades.

Moderate TBI

Moderate TBI can be identified based on the GCS score. 
A patient can sustain a moderate TBI and live symptoms free 
or suffer from debilitating sequelae with time. Moderate TBI is 
usually caused by either a non-penetrating blow to the head or a 
violent shaking mechanism [38]. The authors suggest the following 
definition: moderate TBI patients sustain intracranial lesions with 
or without a skull fracture in addition to macroscopic changes that 
occur in the brain [29]. Moderate TBI shares some characteristics 
with complicated mild TBI and severe TBI. 

Severe TBI

Severe TBI is often called diffuse traumatic brain injury, 
having structural and macroscopic in addition to microscopic 
alterations on the brain [29,39]. It is typically caused by penetrating 
wounds (could also be instigated by non-penetrating) and crushing 
blows to the head and causes brain tissue tears [38]. 

Types of TBI
Closed vs Penetrating TBI (cTBI vs. pTBI)

The distinction between cTBI and pTBI is that in pTBI there 
is a penetration, fracture or breakage of the skull –which is absent 
in cTBI. During pTBI, an object (bullet, knife, shrapnel, projectile 
etc.) penetrates the skull into the brain, and causes localized or 
focal brain damage depending on the area it injures. In cTBI, 
the head could receive a hit against a wall or windshield so that 
the skull is not penetrated and injury is diffuse leading to diffuse 
axonal injury. [40].

Neuropathology of TBI

Injury progression in TBI is labeled as primary or secondary 
injury. In order to understand the neuropathology of TBI, it is 
imperative to understand the mechanism of injury acquisition. 
Primary injury can be acquired by direct trauma or by an inertial 
force (which can either be an acceleration/deceleration force or a 
rotational force) [41]. The primary injury is what occurs on impact 
and is important to consider when tackling preventive measures. 
Primary injury most often destroys brain tissue however the 
structure of neurons, axons and glial cells is maintained even if the 
injury is widespread [42]. 

At the cellular level, there are many neurochemical 
effects taking place following primary injury. Initially, there 
is a widespread depolarization of brain tissue: neurons, glial 

cells and cerebral vascular endothelium. The cause behind that 
massive depolarization is thought to be glutamate, an excitatory 
neurotransmitter. Pre- and post-synaptic glutamate receptors 
and glutamate mediated ion channels become altered leading to 
excite-toxicity, disruption of calcium homeostasis and brain cell 
death and dysfunction, all of which are contributing factors to the 
development of secondary injury. In addition, NMDA (a glutamate 
receptor) activation leads to nitric oxide production. Nitric oxide 
is a weak radical but when combined with superoxide anions 
that are derived from the mitochondria, it can produce powerful 
peroxynitrite radicals which can trigger DNA fragmentation, lipid 
peroxidation-causing disruption of cell membranes and hence cell 
death- and amino acid destruction [43]. Sometimes, in diffuse 
axonal injury, regenerative growth cones can be seen however 
there is no evidence of restoration of neurological function [44]. 
What is seen is an alteration in cellular protein synthesis where 
some proteins are up-regulated and others are down-regulated; 
these changes are mediated by cytokines [43].

Another mediator of cell injury in TBI is a family of 
enzymatic proteins called calpains [45]. Calpains are calcium 
dependent, non-lysosomal cysteine proteases. They breakdown 
the neuronal cytoskeleton and disrupt axonal transport [46,47]. 
Sometimes, cell death is a protective mechanism and proliferation 
is a destructive mechanism. In TBI, neuronal cell death and glial 
and astrocyte proliferation is seen [43]. Other mediators of cell 
injury include adenosine, endogenous opioids and catechol amines 
[43]. If the primary injury is survived, morbidity and mortality 
are determined by the secondary injury which causes widespread 
destruction of brain tissue [43].

All of the mediators of primary injury can lead to ischemic 
changes and a decrease in cerebral perfusion pressure, causing an 
alteration in the cerebral milieu and a destruction of the blood brain 
barrier. Cerebral ischemia could be the most important secondary 
outcome affecting mortality in TBI. Cerebral ischemia causes 90% 
of TBI deaths [43]. There is also a loss of auto regulation in cerebral 
blood flow. Additionally, brain edema could lead to secondary 
injury in the brain, mainly brain dysfunction. Hemorrhage can also 
be the result of brain edema and is considered pro-inflammatory 
when the blood is in the interstitial space [43]. 

Overview of TBI Biomarkers
The FDA definition of a biomarker is “Any measurable 

diagnostic indicator that is used to assess the risk or presence of 
disease.”[48]. Unarguably, TBI is a complex and multifaceted 
condition. For that, professionals cannot rely on only one 
biomarker to assess the condition of their patients [49]. In TBI, 
certain biomarkers have been used to assess outcomes in patients 
[50]. Since this is an emergent field, it is noteworthy to mention 
that its successes are limited. Biomarkers can either be measured 
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from serum or from cerebrospinal fluid. Some of the most common TBI markers are brain specific creatine kinase, S-100 Beta, Neuron 
Specific Enolase (NSE), Major Basic Protein (MBP), Ubiquitin C-Terminal Hydrolase L1 (UCH-L1), glial fibrillary acidic protein 
(GFAP), and Neurofilament Light Protein (NFL). A summary about these markers can be found in Table 1 (Appendix 3).

Appendix 3: TBI Biomarkers Overview

Name of biomarker Location of collection Usefulness in TBI Sensitivity Specificity

Creatine Kinase BB Serum or CSF Moderate TBI
Severe TBI

Inadequate use as an 
indicator [131]

Inadequate use as 
an indicator [131]

Glial Fibrillary Acidic Protein Serum or CSF Moderate TBI
Severe TBI 50%-60% [132] 100% [132]

Neurofilament Light Protein Serum or CSF Mild TBI 97% [133] 96% [133]

Neuron Specific Enolase Serum or CSF Moderate TBI
Severe TBI 79% [134] 50% [134]

Ubiquitin C-terminal hydrolase 
L1 Serum or CSF

Mild TBI
Moderate TBI

Severe TBI
59% [135] 80% [135]

S-100 Beta Serum or CSF Severe TBI 69% [136] 78% [136]

Table 1: Summary of some TBI biomarkers.

The most promising biomarker in predicting mild TBI 
outcome is S-100 Beta, which is an astrocyte glial calcium binding 
protein used to detect astroglial injury [50,51]. Its level has a 100% 
specificity in identifying an unfavorable outcome [52]; it can 
differentiate between patients who need emergency treatment and 
patients who can be safely discharged at a cutoff of 0.53mcg/L. A 
study was conducted to assess the importance of its predictive value 
in the case of severe TBI [50]. Results showed that patients with 
a Glasgow Outcome Score (GOS) of 1 (death) and 2 (persistent 
vegetative) had much higher levels of serum S-100 Beta than 
patients with a GOS of 4 and 5 (good outcome) [50]. 

Another commonly used biomarker for TBI is NSE which 
detects neuronal injury [51, 53]. It has a high specificity for the brain 
and is rapidly detectable in serum post-TBI [54,55]. Its prognostic 
value for mortality has a sensitivity of 100% and a specificity of 
90% provided a cutoff value of 18 μg/L [56]. However NSE has 
showed some conflicting results in severe TBI patients and failed 
to differentiate between mild TBI and controls [57]. Furthermore, 
hemolysis causes NSE release, which could result in interpretation 
error [53]. When compared to MBP, NSE has a lower specificity 
(64% for NSE vs. 96% for MBP) but higher sensitivity (71% for 
NSE vs. 44% for MBP) [51]. MBP is a weak CSF biomarker and is 
better detected in serum, [51] whereas NSE is detected in both [51].

In another study, NSE and creatine kinase- BB levels were 
studied in a cohort of TBI patients [58]. Their levels increased 
in 88% of moderate to severe TBI patients. Their maximal 

concentrations also correlated with the severity of the injury [58].

Two CSF biomarkers the tau protein and NFL are used to 
detect axonal injury [51]. NFL is highly sensitive to axonal injury 
[59,60]. Its levels increase after a mild TBI or after a boxing bout has 
been sustained [59,60]. Studies comparing TBI patients to controls 
showed significantly higher mean levels of NFL in TBI patients 
[mean±SD, 532±553ng/L vs 135±51 ng/L (p = 0.001)] [59,60]. 

When it comes to Glial Fibrillary Acidic Protein (GFAP) 
and Ubiquitin C-terminal hydrolase- L1 (UCH-L1), they both 
have the ability to discriminate between a healthy and TBI patient 
[49]. There is no direct correlation between their levels however 
when combined for analysis, higher sensitivity and specificity 
for TBI diagnosis was the result with an AUC=0.94 [49]. When 
used together, a differentiation between a TBI patient with and 
without intracranial lesions can be made; GFAP remains to be the 
most sensitive and specific of the two when used alone (with an 
AUC=0.88 vs AUC=0.71 for UCH-L1) [49].

Management and Treatment of TBI
Management and treatment of TBI is dependent on many factors, 
mainly pre-hospital assessment and management, clinical 
examination and ED work-up including imaging results

Mild TBI 
The workup and management of mild TBI (mTBI) in the ED 
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at presentation is comprised of: a comprehensive clinical exam, 
brain CT, wound care, and intravenous fluids if needed [61]. Pain 
management and advice for follow up though rarely addressed, are 
also very important [61]. Pain management includes symptomatic 
management such as treatment for headaches, sleep problems and 
irritability [28]. 

PTSD most often accompanies mTBI mainly in war 
veterans [28]. Thus the treatment of mTBI has been problematic, 
causing a misattribution of symptoms and failure to address the 
important ones (depression, PTSD…), while resulting in extensive 
neurological testing and aggravating the patient’s perception of 
illness [28]. In addition, depression often accompanies mTBI in 
most of the cases [62]. Thus, it is of high importance to recognize 
the underlying sequlae of mTBI and focus on them in the treatment 
process. 

A very common form of mTBI is concussion. A concussion 
is an alteration of brain function that is induced traumatically or 
biomechanically [31]. It is often used interchangeably with mTBI 
however some still debate that mTBI could be a more serious 
grade of injury [31]. 

Concussions resulting from sports are widespread. 
Guidelines for managing a concussion do exist. A comparison of 
three new guidelines by the American Medical Society for Sports 
Medicine, The American Academy of Neurology, and the Zurich 
Consensus working group was reviewed. It is agreed that a CT 
scan is not routinely recommended unless there is suspicion of a 
contusion or an intracranial hemorrhage [31]. It is noteworthy to 
carry out neuropsychological testing to detect the presence of any 
cognitive deficits [31]. Testing for postural stability is necessary; 
the Balance Error Scoring System (BESS) assessment tool is also 
used often [31]. Lastly, it is of utmost importance to follow up 
with a specialized health care physician and to consult them before 
returning back to play [63]. 

The CDC has also disseminated a tool to help physicians 
in identifying concussion using their acute concussion evaluation 
checklist [64] and have disseminated many policies relating to 
management and approach to sports concussion in their HEADS 
UP program [64].

Moderate TBI

The management of moderate TBI depends on where it falls 
on the scale; whether it is closer to mild or severe TBI.

Severe TBI
The management of severe TBI comprises many stages: pre-

hospital, emergency and in-hospital care and chronic care related 
to admission to a rehabilitation center. In many countries, the latter 
is lacking and most of the management takes place in the primary 
hospital setting. 

Management at the pre-hospital scene most often comprises 
adequate resuscitation as ischemic insults happen commonly at 
time of injury [65]. Avoiding hypotension and hypoxia to prevent 
secondary injury are essential. [65] 

The ATLS approach is usually used for evaluating patients 
with TBI. Specifically, cervical spine immobilization is important 
as there may be a risk of cervical spine injury in TBI patients 
[20,47]. It is also vital to deliver and monitor adequate oxygenation 
and ventilation parameters with a goal of >90% saturation [66]. 
Hyperventilation should not be performed unless there is clinical 
indication of cerebral herniation (52). When it comes to circulation, 
it is pivotal to maintain a systolic blood pressure > 90mmHg or a 
Mean Arterial Pressure > 60mmHg as these values coincide with 
optimal cerebral perfusion [66]. Patients sustaining a severe TBI 
are most likely agitated and in pain; conducting a full neurological 
examination and ruling out cardiopulmonary compromised are 
recommended before administering anxiolytics and analgesics [66]. 

Preventing or treating elevated intracranial pressure are also 
important [66]:

The primary approach consists of 

Positioning the patient in a reverse Trendelenberg or raising •	
their head to 30 degrees to improve venous outflow (64).

Sedation may be administered to decrease pain and agitation •	
provided the patient passes the neurological exam.

Hyperventilating the patient to reduce ICP.•	

The secondary approach consists of decreasing intracerebral •	
volume by diruesing the patient with mannitol, for example:

If the ICP is refractory to standard treatment, high dose •	
barbiturate may be administered to control the elevated 
pressure. 

It is worth mentioning that steroids and hypothermia will not •	
contribute to the management

Health professionals may resolve to a hemicraniectomy if •	
indications are fulfilled. 

Proper documentation of injury characteristics, neurological 
state assessment, injury scores and injuries maintained should be 
carried out as well [65]. Admission to the Intensive Care Unit (ICU) 
is most often the case with proper monitoring of vitals, ventilatory 
parameters and Intracranial Pressure (ICP) and Cerebral Perfusion 
Pressure (CPP) [65].

Neurosurgical care in severe non-penetrating TBI case 
consists of medical and surgical to avoid the progression into 
secondary brain injury [67-69]. An important secondary insult 
post-severe TBI is cerebral edema, which leads to an increased 
ICP [67,69,70]. In many cases, this increase is refractory to first-
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line therapies; a decompressive craniectomy can be performed to 
relieve the increased ICP [68,70,71]. A decompressive craniectomy 
is a neurosurgical procedure where part of the skull is removed 
to allow swelling in the brain to expand without subjecting it to 
a high pressure. In one randomized controlled trial, severe TBI 
patients who underwent decompressive craniectomy had a lower 
mean ICP compared to patients who underwent other nonsurgical 
treatment (mannitol, hypertonic saline…) [72]. However, evidence 
of effectiveness of craniectomies as the optimal therapy in diffuse 
severe TBI is not conclusive. Further research about this topic is 
needed [72]. 

Outcomes of TBI 
Different models proposed different predictors for TBI 

prognosis and outcomes. In one retrospective study that included 
846 severe TBI patients, GCS, age, hypoxia, hyperthermia, an 
increased ICP and pupillary reactivity were found to be important 
predictors of outcome [73]. 

Another prospective study compiling patients from 11 studies 
proposed an assessment model where age, pupillary response, CT 
findings, motor score and the presence of subarachnoid hemorrhage 
were important predictors of outcome [74].

The London school of hygiene and tropical medicine also 
aimed at assessing the best model for TBI outcome. Their model 
showed 4 main predictors: age, GCS, pupillary reactivity and 
the presence of extra-cranial injury [75]. Patients with older age, 
lower GCS, absence or weak pupillary reactivity in addition to the 
presence of extra-cranial injuries had poor prognosis. [75]. 

There is no consensus on TBI predictors of outcome. This is 
further supported by a systematic review that aimed to assess all 
models for TBI outcomes [76]. Out of 53 reports with 102 models, 
most studies were conducted in high income countries, while most 
TBIs are sustained in middle and low-income countries. Analysis 
was conducted using logistic regression in most of the studies and 
external validation was performed in only 11%. Results showed 
that there are a plentiful of prognostic models, however they have 
a poor methodology. In addition, their generalizability is weak and 
they are not clinically practical [76]. Additional research is needed 
to identify a more reliable model for predictors of TBI outcome.

Complications of TBI
Many TBI complications have been reported in the 

literature. These range from cognitive and memory problems, 
post-concussion syndrome, seizures, hydrocephalus, increased 
risk for deep vein thrombosis, brain atrophy, to cushing’s ulcer and 
heterotopic ossification. 

Cognitive problems: a systematic review of 430 articles selected 
33 articles that dealt with cognitive problems post-TBI [77]. The 
articles were heterogeneous in including closed head injury and/

or penetrating head injury. All articles assessed adult performance 
at least 6 months after sustaining the TBI injury. There is a proven 
association between traumatic brain injury and impaired cognitive 
function; this association is supported by a trial that assessed and 
compared cognition between controls and TBI victims (whose to 
pre-injury data were available) [77]. Brain injury location was 
documented, in addition to intelligence before sustaining the 
injury and the volume of brain parenchyma lost as a result of 
the injury. Association between severe and moderate TBI with 
cognitive impairment at 6 months and longer post-injury was 
also shown. However, there was insufficient data to prove a link 
between mTBI and the deterioration of cognition 6 months or later 
post-injury [77]. The most severe forms of cognitive dysfunction 
were associated with moderate and severe TBI. As many as 65% of 
moderate and severe TBI victims suffer from cognitive impairment 
post-injury [78].

Functional imaging studies in healthy individuals have 
shown that the working memory area in the brain is also part of 
the vulnerable regions of the brain to TBI [79]. This explains 
the reasons behind the memory deficit that might follow mild, 
moderate and severe TBI [79, 80]. 

Post-Concussion Syndrome (PCS): can develop post-mTBI. 
When present it often frightens the patient and his/her family due 
to its impact on cognition, emotion and personality [81]. PCS 
presents with many symptoms, mainly tinnitus, photophobia, 
blurred vision, weakened memory and concentration, mood 
swings, sleep disorders and neuropsychological disturbances [81, 
82]. Recovery takes three months post-injury and could last up-
to 6 months [82]. Prevalence of PCS ranges between 40% and 
80% in mTBI patients [83]. Prolonged recovery can be avoided if 
multifaceted approaches to rehabilitation are adopted [84].

Seizures: the pathophysiology of TBI comprises an alteration in 
metabolism in the brain, disruption in cerebral blood flow and 
excitotoxicity, all which predispose TBI patients to Post-Traumatic 
Epilepsy (PTE) [85]. In a prospective study that examined EEG 
recordings of moderate to severe TBI patients, up to 20% of 
patients had PTE in the ICU setting [85]. A strong association was 
also found between severity of TBI, time post-injury and presence 
of PTE [86]. 

Neuropsychiatric symptoms: namely psychosis, depression, 
mania, post-traumatic stress disorder and agitation and aggression 
are the main psychiatric TBI complications [87]. In a study by 
Cuirli et al., 42% of severe TBI patients developed neuropsychiatric 
complications [88].

Hydrocephalus: Post-Traumatic Hydrocephalus (PTH) is 
an active process of excessive progressive accumulation of 
cerebrospinal fluid due to brain milieu disturbances following head 
injury [89]. Its incidence ranges between 0.7 and 86% [90-93]. 
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PTH predisposing factors in TBI include older age, subarachnoid 
hemorrhage, decompressive craniotomy and a longer duration of 
coma [94, 95].

Deep venous Thrombosis: There is also an independent association 
between TBI and deep vein thrombosis of the lower extremities 
which is common among trauma patients and may result in a 
deadly pulmonary embolus [96]. In a prospective study, patients 
sustaining a TBI had a 20% overall incidence of DVTs [97].

Measuring the volume of brain parenchyma is a useful tool 
for assessing the presence of brain atrophy. In a retrospective study 
by MacKenzie et al., the Volume of Brain Parenchyma (VBP), % 
change in VBP and CSF was assessed [98]. Patients with a longer 
LOC sustained a greater brain mass loss; in addition, mild and 
moderate TBI patients showed whole brain atrophy at around 11 
months or more post-injury [98]. In another study, brain atrophy 
was present on MRI in 10 out of 14 patients who sustained 
moderate to severe TBI [99].

Heterotopic Ossification (HO), defined as localized and 
progressive pathologic ectopic deposition of bone in soft tissue 
near the big joints, is another complication of TBI [100-103]. The 
prevalence of HO in TBI patients in the literature is between 11 
and 73.3% [104]. In a study done by Simonsen et al., 114 patients 
with severe TBI were checked for HO; incidence was recorded at 
11.4% [104]. Female gender and a high injury severity score were 
found to have a significant independent positive correlation with 
the development of HO [104].

Rehabilitation Post-TBI

Secondary Intervention (Post-TBI Management): 
Rehabilitation 

TBI rehabilitation is a life-long process requiring multi-
disciplinary treatments: cognitive, speech and language, physical, 
recreational, neurobehavioral, and occupational. The rehabilitative 
process can be prolonged and is presented below. 

Cognitive therapy: TBI patients most often require cognitive 
rehabilitation therapy post-TBI. Its aim is to enhance the 
independent functioning of TBI survivors [105]. Severe brain 
injury patients suffer from significant fluctuations in cognitive 
behavior; these fluctuations are known however not well recorded 
in the literature [106]. Cognitive therapy has become a standard 
treatment post-TBI [107]. In addition, deep brain stimulation is 
an increasingly used technique in functional neurosurgery for 
the treatment of cognitive defects in severe TBI patients [106]. A 
recent meta-analysis involving cognitive rehabilitation literature 
provided evidence for the effectiveness of attention training post-
TBI [108]. Cognitive therapy is effective in the post-acute period 
even when done one year post-injury or beyond. [109]. Cognitive 
therapy involves many disciplines such as speech and language 

therapy, in addition to occupational therapy [110]. 

Speech/language therapy: apraxia of speech is a common 
condition that hits TBI patients post injury, causing them to lose 
the ability to coordinate their own speech movements. Patients 
would still however be able to perceive speech sounds [111]. This 
requires the need for a speech-language pathologist who will work 
tightly with the patient and family in order to restore cognition, 
speech and interaction in addition to other activities [112].

Occupational therapy is the treatment that helps patients with 
different disorders (cognitive, mental or physical) recover daily 
activities and working skills. In fact, participation in goal-specific 
occupational therapy is strongly associated with achievement of 
self-made goals [113].

Physical rehabilitation has been proven to be effective in TBI 
patients [114-119]. Effective forms of physical therapy include: 
passive range of motion exercises, body repositioning, body 
weight supported gait devices in addition to gaming and virtual 
reality based treatment adjuncts [110,115,118,120]. 

Effects and Implications of TBI
The impact of TBI is large on TBI victims, their caregivers and 
the society. 

On the patient

TBI survivors lead a different life post-injury. In a one-
year post-severe TBI follow-up study caregivers provided an 
assessment of the functional status of TBI patients: Several 
physical, cognitive, behavioral, emotional and social changes were 
reported in the TBI victims’ lives. The most striking change was in 
physical and cognitive abilities (87%) followed by emotional and 
social changes [121]. When it comes to behavioral problems, the 
most common ones were impatience (74%) followed by impulsive, 
childish and overly sensitive behavior (61%) [121]. Irresponsibility 
and aggression were also reported. 

On the family

A primary caregiver is defined as someone who knows 
the TBI patient before he/she sustained the injury and is in close 
contact with him/her post-injury [121]. Primary caregivers have 
to deal quite a lot with TBI patients as they are the ones who take 
care of them most of the time and thus suffer a big toll on their own 
psychological and sometimes physical well-being. In a follow-up 
study on severe TBI caregiver burden, anxiety (35%), depression 
(32%) and social adjustment (25%) issues were commonly 
reported among caregivers. In another prospective study, stress, 
strain, anxiety and depression were measured in caregivers pre-
discharge, at one and -three months post-discharge. Stress, strain 
anxiety and depression symptoms were higher in the pre-discharge 
phase; depressive symptoms were higher in TBI patient caregivers 
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than in the normal population and strain was highly prevalent in 
the transition phase between the rehabilitation center and going 
back home [122]. 

On society

TBI also impact society: The economic burden is mainly 
related to costs for rehabilitation for TBI victims and the and to 
loss of man-power in society. An important measure of disease 
burden in such a case is the day adjusted life years (DALYs), 
which aims to assess the overall burden of TBI, and is expressed 
by the number of life years lost due to disease or disability. In a 
study that assessed the burden and cost of TBI in the Netherlands, 
the cost was estimated to be around 433.8$ million per year and 
the burden of disease was assessed to be 171,200 DALYs [123]. 
Costs and DALYs related to TBI are not readily available in other 
countries. This gap in knowledge is important to address in future 
research to help initiate TBI prevention strategies. 

TBI prevention

Prevention strategies are important to address the increasing 
incidences of TBI. Complete prevention has to address cause-
specific strategies by identifying the problem first, assess the risk 
factors second, come up with new interventions and test them, 
and lastly implement new programs and evaluate their outcomes 
[25]. In order to design cause specific prevention strategies, state 
surveillance systems are needed to assess the most common causes, 
trends and precipitating factors leading to TBI [124]. 

Policy change is needed to address specific causes of TBI. 
Implementing traffic law and encouraging citizens to wear helmets 
is an effective policy to reduce the incidence of RTAs and MVCs 
related mTBI [125]. The world report on RTA prevention is a 
useful guideline for policy makers when implementing new laws 
and for engineers when designing new roads [126].

Initiatives to reduce TBI incidence should be age specific. 
TBI related to falls is more common in the older age group (65 
years and older). Several systematic reviews have assessed 
preventive strategies for fall prone patients [127]. Implementing a 
fall prevention program as a group reduces the falling risk by 11% 
[128]. In addition, focusing on prevention programs for high risk 
individuals is more effective than programs that target a random 
group of seniors above the age of 65 [129]. 

Identifying high-risk activities is also important to design 
TBI prevention strategies. This is especially pertinent to sports-
related injuries. Emphasizing helmet use and avoiding collisions 
on the ski slopes for example has been shown to reduce rates of ski 
related TBI [130]. 

Conclusion 
TBI is a high burden disease. This comprehensive review of 

TBI described different aspects of TBI including but not limited 
to TBI classification, treatment options, available biomarkers, 
rehabilitation process, and prevention strategies. Although 
prevention remains most effective to reduce TBI incidence, future 
research should aim at understanding the usefulness of biomarkers 
in TBI and at exploring how altering these at the cellular level could 
prove protective against long-term complications of TBI. Country 
or region specific TBI research is also very important to foster for 
designing effective interventions and alter the burden of TBI as disease. 
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