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Abstract 

Mild traumatic brain injury (mTBI) has dramatically affected the lives of many American 

soldiers involved in Operation Enduring Freedom (OEF), Operation Iraqi Freedom (OIF), and 

Operation New Dawn (OND). mTBI is often exacerbated by post-traumatic stress disorder 

(PTSD), a condition that is five times more likely to affect soldiers that already have mTBI. 

Despite this, there is no current treatment for both mTBI and PTSD. Hyperbaric oxygen therapy 

(HBOT) and virtual reality exposure therapy (VRET) were both investigated in this study as a 

possible synergistic treatment for the combined diagnosis of mTBI and PTSD present in many 

American soldiers. Data was collected through a systematic literature review using databases 

such as Google Scholar, EBSCOHost, PubMed, and a variety of other journals. Data analysis 

involved a paired T-test with significance defined as p<0.05 at 95% confidence intervals. Data 

obtained indicated that HBOT was effective in treating mTBI symptoms, but it was ineffective in 

treating PTSD as quantified by the Clinician Administered PTSD Scale (CAPS) (p=0.6330). 

However, VRET was shown to be significant in reducing CAPS scores (p=0.0014).  There were 

no studies available testing the effectiveness of both HBOT and VRET concurrently, so further 

work is needed to confirm that the combination of both can be used to treat both mTBI and 

PTSD. 

 

Key terms: mild traumatic brain injury, post-traumatic stress disorder, hyperbaric oxygen 

therapy, virtual reality exposure therapy, military 
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Introduction 

Mild Traumatic Brain Injury 

From 2001-2014, as many as 320,000 American soldiers returned home from Iraq and 

Afghanistan with mild traumatic 

brain injury (mTBI) (Bandak et al., 

2015). mTBI is caused by a bump 

or blow to the head and results in 

disruption to normal brain function 

(Elder et al., 2012). The most 

common cause of mTBI 

for American soldiers 

deployed to Afghanistan and Iraq in Operation Enduring Freedom (OEF), Operation Iraqi 

Freedom (OIF), and Operation New Dawn (OND) is blast injury (Blennow et al., 2011). A blast 

injury is sustained through exposure to an explosion (Jianx, 2001). As illustrated in Figure 1, 

there are three mechanisms of blast injury that can impact the brain: primary, secondary, and 

tertiary (Granberg, 2010). Primary blast injury results in over-pressurization of bodily tissues 

(Long, 2014). This mostly impacts gas-filled organs, such as the lungs and ears. However, the 

immense pressure caused by explosion can also constrict the torso, impacting blood vessels 

(Proud, 2016).  As a result, detrimental energy waves are sent to the brain, which can cause the 

brain to be pushed against the skull. When the brain is bruised in this way, a mTBI may occur 

(Scherer, 2007). Secondary blast injury is caused by debris from the blast colliding with the brain 

(Trudeau et al., 1998). This impact can crack the skull, which may puncture blood vessels in the 
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brain. If blood vessels are punctured, cerebral edema may occur (Bandak et al., 2015).When 

cerebral edema occurs, cerebral blood flow is reduced, and this may result in a mild traumatic 

brain injury (Long, 2014). Lastly, the blast releases kinetic energy which can throw the body of a 

soldier into the air and onto the ground. When the body is thrown to the ground, the brain is 

slammed against the anterior and posterior sides of the skull (Scherer, 2007). This is referred to a 

coup-contrecoup injury, and it is also the result of a tertiary blast injury (Trudeau et al., 1998). 

The number of improvised explosive devices (IEDs) utilized in wartime is growing, so blast 

exposure in soldiers is becoming more common, increasing the frequency of mTBI (Jianx, 2001). 

mTBI is a moderate form of TBI. The main difference between the two is that mTBI is 

defined as disorientation/loss of consciousness lasting less than thirty minutes following the 

initial injury (Bremner, 2016).  Although, the two conditions do share the same symptoms: 

headache, vision problems, memory loss, dizziness, insomnia, nausea, fatigue, mood changes, 

depression, and anxiety (Bull, 2016). In the general population, symptoms from mTBI typically 

resolve themselves within a month, but symptoms from TBI typically last for six months to two 

years (Clasper, 2011). However, up to 15% of American soldiers experience mTBI symptoms up 

to one year, much longer than the typical recovery time (Elder et al., 2012). This is due to the 

fact that mTBI sustained during wartime are usually much more severe than those sustained by 

the general populations (Harch et al., 2009). Additionally, Bandak et al. showed that there are 

long-term effects of mTBI, such as atrophy of gray and white matter in the brain (2015). This 

can lead neurodegeneration, resulting in conditions such as Parkinson’s disease, Alzheimer’s 

disease, and motor neuron disease (Bandak et al., 2015). Even though mTBI symptoms may 
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subside after a short amount of time without treatment, there are many long-term invisible effects 

that are often overlooked. 

Even though mTBI is a common condition among soldiers, it is often misdiagnosed 

since there is not a clearly defined treatment plan for the injury (Harch, 2015). This can be 

attributed to the fact that soldiers with mTBI appear to be uninjured in a physical sense (Liu et 

al., 2010). It is estimated that as many as 60% of mTBIs are missed during diagnosis (Masel, 

2011). Without a proper diagnosis, it is extremely difficult for the patient to receive treatment. 

While the symptoms of some mTBIs may resolve themselves within a matter of months, many 

soldiers with mTBI may encounter severe cognitive, behavioral, and physical distress for a year 

or more (Obenaus, 2011). If the condition is properly diagnosed, however, current treatment 

options include physical rest, cognitive rest, rehabilitative therapies (occupational, physical, 

speech, etc.), and medication (Schwab et al., 2007). However, these treatments are extremely 

time-extensive and ignore the psychological side of mTBI as well as the long-term effects of the 

condition (Tanielian & Jaycox, 2014). mTBIs result in time away from battle and extensive 

suffering for American soldiers, and a treatment method that treats all aspects of the condition 

needs to be established. 

 

PTSD 

PTSD is a psychological disorder caused by trauma that manifests itself in haunting 

nightmares/memories, anxiety, insomnia, and/or social withdrawal that lasts for four or more 

weeks (Elder et al., 2012). Approximately 300,000 American veterans, active in battle from 

2001-2004 have experienced combat PTSD (Harch et al., 2009).  There are many traumatic 
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events experienced by soldiers during wartime; soldiers are constantly exposed to devastating 

and life-threatening events. While soldiers are not the only ones affected by PTSD, they are, 

collectively, affected by the condition the most (Mclay et al., 2011).  

PTSD significantly reduces the quality of life for those who have it. When exposed to 

situations similar to the trauma that 

caused their PTSD, those affected 

may experience panic attacks and/or 

extreme anxiety (Scofield et al., 

2017). Some of these 

situations include small 

spaces, places filled with large amounts of people, and exposure to loud noises (fireworks, 

gunshots, etc.) (Shin et al., 2009). This leads to avoiding such situations, leaving many of those 

with PTSD unable to ride the subway, go to work, or attend social events (Wolff, 2013). 

Additionally, many of those with PTSD experience terrible nightmares in which they vividly 

relive their trauma (Felmingham et al., 2017). As a result, insomnia may occur, which leads to 

even more devastating consequences such as decreased cognitive functioning (Gahm et al. 2014).  

As seen in Figure 2, PTSD affects structures in the brain such as the hippocampus, 

prefrontal cortex (PFC),  anterior cingulate cortex (ACC), and amygdala (Charney et al., 2004). 

The hippocampus is a structure in the limbic system, a system in the brain involved with 

regulating emotion. Its specific function involves learning and memory (Felmingham et al., 

2017). In patients with PTSD, the hippocampus has been shown to be reduced. As a result, it is 

difficult for those with PTSD to interpret the context of their environment as well as to be able to 
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differentiate between past and present experiences (Scofield et al., 2017). For example, a soldier 

with PTSD may be unable to listen to fireworks because it reminds him or her too much of 

wartime. The PFC and ACC are responsible for regulating the emotional responses caused by the 

amygdala (Mclay et al., 2011). The function of the amygdala is to experience and perceive 

emotions, particularly fear. In patients with PTSD, the PFC and ACC are remarkably reduced 

while the amygdala is overactive (Shin et al., 2009). Certain events may trigger PTSD symptoms 

in those who suffer the condition, and they may exhibit extreme fear responses. In someone 

without PTSD, this extreme fear would be regulated by the PFC and ACC before the amygdala is 

activated, resulting in little to no fear. However, since these structures are damaged in those with 

PTSD, simple events slightly related to the original trauma can cause severe psychological 

damage (Elder et al., 2012). 

PTSD in soldiers is more difficult to recover from than PTSD experienced by the general 

population (Mclay et al., 2011). Typical treatments for PTSD, such as psychotherapy and 

antidepressants, are remarkably less effective in soldiers as a result. In fact, ⅔ of soldiers 

receiving treatment in the form of psychotherapy and/or antidepressants still displayed PTSD 

symptoms after the treatment was completed (Elder et al., 2012). New treatments are currently 

being established for military-specific PTSD, but many soldiers still suffer from the disabling 

condition today.  

 

Correlation Between mTBI and PTSD 

There is a proven correlation between mTBI and post-traumatic stress disorder (PTSD). 

Soldiers are five times as likely to have PTSD if they have suffered a mTBI. 82,000 soldiers 
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returning from Iraq and Afghanistan have both PTSD and mTBI (Harch 2012). There is no such 

correlation between mTBI and PTSD seen in the general public (Harch et al. 2009). There are 

three hypothesized reasons to explain the correlation between mTBI and PTSD. Since mTBI in 

soldiers is typically caused by a blast injury, PTSD can accompany the mTBI because the 

explosive blast was a traumatic experience. The blast is a life-threatening experience, and this 

can be very traumatic for 

soldiers who experience 

it. Additionally, after a 

blast injury, soldiers may 

have to deal with the loss 

of other soldiers, another 

traumatic event (Elder et. 

al, 2012). The 

next possible 

reason to explain this correlation is that the symptoms of each condition are very similar. As seen 

in Figure 3, symptoms such as irritability, cognitive deficits, insomnia, depression, fatigue, and 

anxiety are both seen in mTBI and PTSD (Stein & McCallister, 2009). It has been theorized that 

physicians may diagnose patients with both conditions, even if the patient only has neither or 

only one of the two conditions (Blennow et al., 2011). The third possibility is that PTSD is 

directly caused by mTBI. A mTBI could damage structures in the brain that are important for 

processing and responding to psychological stressors, such as the hippocampus, amygdala, 

and/or PFC (Clasper, 2011). Even though all mTBIs are unique, the most common damaged 
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structure in the brain is the PFC (Gahm et al., 2014). As mentioned above, the PFC is often 

reduced in patients with PTSD. This can lead to PTSD symptoms (Bull, 2016). Even though 

there is a proven correlation between the two conditions, there is no treatment plan currently 

available for the combined diagnosis of mTBI and PTSD (Campos-Pires & Dickinson, 2016). 

 

Hyperbaric Oxygen Therapy 

Hyperbaric oxygen therapy (HBOT) is a medical treatment in which a patient is exposed 

to 100% oxygen in a contained, pressurized environment (Liu et al., 2010). It is already a 

clinically proven treatment for fifteen ailments, including decompression sickness, and it is 

covered for these fifteen by insurance/Medicare (Masel, 2011).  HBOT is a favorable treatment 

because it increases the concentration of oxygen gas within the blood, and this results in 

improved oxygenation of tissues(Uszler, 2016). The first hyperbaric oxygen chamber was 

created in 1662 by a British physician, but the first use of HBOT was not until the 19th century. 

In 1878, a French physiologist 

discovered that HBOT could be 

used to treat decompression 

sickness, and HBOT as a treatment 

method for this condition was 

proven in 

1930 by the 

United States military (Harch et al., 2009). The current model for a typical hyperbaric oxygen 

therapy can be seen in Figure 4 (Mayo Foundation for Medical Education and Research, 2018). 

 
 



10 
EFFECT OF HBOT AND VRET ON MTBI WITH PTSD 

While HBOT as a treatment for neurological conditions has not been widely used in the United 

States, it is common in countries such as China, Japan, and Russia (Harch, 2012). Countless 

experiments over the last forty years on the effect of HBOT on neurological disorders have 

shown that HBOT can be a treatment method for this condition (Scofield et al., 2017). 

HBOT can be beneficial in treating mTBI. HBOT can reduce cerebral edema, which is 

commonly seen in mTBIs caused by secondary and tertiary blast injuries (Trudeau et al., 1998). 

In secondary blast injury, shrapnel from an explosion may cause a skull fracture. The broken, 

sharp pieces of skull may puncture cerebral blood vessels, resulting in cerebral edema (Schwab 

et al., 2007).  Cerebral edema reduces cerebral blood flow, resulting in deoxygenation of the 

brain. This is detrimental to the brain, an organ that relies on constant oxygen (Scherer, 2007). 

HBOT can provide the much-needed oxygen to oxygen-deprived neurons and cerebral blood 

vessels, returning the brain back to its constant state. Cerebral edema is reduced, and the 

symptoms of mTBI dissipate (Proud, 2016).v A similar pathway is seen in mTBI caused by 

tertiary blast injury, but the difference is that cerebral edema results from damaged blood vessels 

caused by a coup-contrecoup injury (Obenaus, 2011).  mTBI is a severely damaging disorder, 

and HBOT may be able to increase recovery time.  

 

Virtual Reality Exposure Therapy 

Virtual reality exposure therapy (VRET) combines virtual reality and exposure therapy, a 

form of behavioral therapy. Virtual reality is a computer-generated experience that can allow 

those who use it to simulate reality (Gahm et al., 2014). The user is transported into another 

reality, in which the actions the user makes in real-life (i.e. moving the head to look around) are 
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mimicked in the simulation (Kramer, 

2013). The user wears a headset that 

covers both eyes which both tracks 

eye/head movement and acts as a video 

screen to allow the user to see the 

simulation. Typically, headphones are 

also worn to enhance the 

simulation (Mclay et al., 

2011).  The term virtual reality was coined by Jaron Lanier in 1987, and Nintendo created its 

own virtual reality gaming headset in 1995 (Rothbaum, 2005). The concept of virtual reality is 

widely used today in video games.  

Exposure therapy involves exposing the patient to what is causing their anxiety utilizing 

principles of systematic desentization and the anxiety hierarchy (Creech & Misca, 2017). The 

patient is taught anxiety-reducing techniques and gradually exposed to the trigger of their 

fear/anxiety (Steenkamp et al., 2015). The patient is able to experience their fear in a safe 

environment with techniques that calm down their sympathetic nervous system which can 

decrease avoidance of these situations and decrease overall anxiety (Wang & Li, 2013). It was 

first established by a Joseph Wolpe, a behaviorist, in 1958 and used to treat patients with 

obsessive-compulsive disorder in 1970 by Stanley Rachman, a psychologist (Wolff, 2013). It is 

commonly used today both for OCD as well as specific phobias (Steenkamp et al., 2015). 

The initial trauma that caused PTSD in soldiers may be extremely difficult to replicate in 

an exposure therapy setting. However, virtual reality allows the therapist to replicate the event 
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almost exactly, according to the patient’s account of the situation (Creech & Misca, 2017). After 

a few sessions of teaching the patient anxiety-reducing techniques, the patient is gradually 

exposed to what triggered their PTSD (Mclay et al., 2011). Following the principles of 

systematic desentization, this occurs in small steps (Kramer, 2013). First, the patient may be 

exposed to the sound of fireworks. Later on, they will relive the exact situation that caused their 

PTSD utilizing virtual reality (Gahm et al., 2014). A typical session of VRET can be seen in 

Figure 5 (Rizzo, 2016). VRET is typically conducted in 12-16 sessions, which is much shorter 

than the typical 20-24 sessions prescribed for traditional psychotherapies. This makes VRET an 

effective, quick, and relatively inexpensive treatment for PTSD in soldiers (Wang & Li, 2013). 

 

The Gap in Current Research 

There is not currently a treatment for both mTBI and PTSD, despite the proven 

correlation between the two conditions in soldiers. Many soldiers do not undergo treatment, 

resulting in long-term irreversible brain damage and a decreased quality of life. However, this 

does not need to be the case. This paper will discuss and investigate the possible synergistic 

effect of HBOT and VRET in order to treat both mTBI and PTSD. 

 

Purpose 

The purpose of this study is to explore the validity of the synergistic effect of hyperbaric oxygen 

and virtual reality exposure therapy on mild traumatic brain injury with post-traumatic stress 

disorder. These conditions reduce the quality of life for many American soldiers and veterans, so 

the implementation of an effective treatment plan is pertinent. 
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Research Question 

Is there a synergistic effect between hyperbaric oxygen and virtual reality exposure therapy on 

the treatment of mild traumatic brain injury with post-traumatic stress disorder in soldiers? 

Hypotheses 

Alternative 

The combination of HBOT and VRET will have a significant effect on mTBI with PTSD in 

soldiers. 

Null 

The combination of HBOT and VRET will not have a significant effect on mTBI with PTSD in 

soldiers. 

Methods 

Data was collected from various peer-reviewed papers and analyzed using systematic data 

analysis. The papers were found through various including Google Scholar and EBSCOhost, 

using keywords “hyperbaric oxygen therapy”, “virtual reality therapy”, “PTSD”, “traumatic 

brain injury in soldiers”, “mild traumatic brain injury in soldiers”, “PTSD and mTBI”, and 

“hyperbaric oxygen therapy and mild traumatic brain injury”. Additional papers were found 

through the references of articles discovered through these online databases. 

Selection Criteria 

All data in this study was extracted from peer-reviewed studies no more than ten years old to 

ensure current research. Additionally, the subjects tested in these studies were all current/past 

members of the American military in OEF, OIF, and/or OND.  
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In the studies focusing on HBOT, subjects had to have sustained a mTBI from a blast 

injury during wartime. Subjects also had to be diagnosed with both mTBI as well as PTSD. 

Subjects had to be tested prior to and following the study utilizing subject-reported mTBI 

symptom questionnaires and the Clinician Administered PTSD Scale (CAPS).  

There is not one effective way to quantifiably measure mTBI, and many studies used a 

combination of cognitive, behavioral, and physical tests to quantify mTBI. However, 

subject-reported mTBI symptom questionnaires summarized the results of these tests and were 

commonly present throughout different studies, so they were analyzed in this paper.  

The Clinician Administered PTSD Scale (CAPS) is the currently acceptable quantifiable 

scale for PTSD according to the U.S. Department of Veterans Affairs. It is a 30-question test 

administered by clinicians and clinical researchers. Each question corresponds to a specific 

criterion of symptoms. The questions are answered by the patient with a scored response of 0-5, 

with 0 meaning the symptom is completely absent and 5 meaning the symptom is extreme. To be 

diagnosed with PTSD, patients must have at least one Criterion B symptom, one Criterion C 

symptom, two Criterion D symptom, and two Criterion E symptoms as well as meet Criterion F 

(condition has lasted at least four weeks) and Criterion G (condition results in severe 

distress/impairment). An overall score of 25 or higher can be used to officially diagnosis PTSD, 

but scores of 47 and higher (signifying extreme PTSD) are most common in soldiers. 

In the studies focusing on VRET, subjects also had to be diagnosed with both mTBI as 

well as PTSD. Subjects had to be tested prior to and following the study utilizing CAPS.  

Papers were excluded if they did not meet these requirements. Eleven data sets were 

included and thirteen data sets were excluded. 
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Data Analysis 

Paired t-tests for the initial research question were performed in Microsoft Excel to determine if 

the data was significant. Significance was defined as a p-value<0.05 at 95% confidence intervals.  

 

Results 

Table 1. The effect of HBOT on specific symptoms of mTBI as self-reported by patients 

Symptom Improved No Change Declined p-Value 

Headache 80% (12/15) 20% (3/15) 0% (0/15) 0.0140 

Sleep disruption 93% (14/15) 7% (1/15) 0% (0/15) 0.0001 

Memory  72% (13/18) 28% (5/18) 0% (0/18) 0.0500 

Cognition  94% (15/16) 6% (1/16) 0% (0/16) 0.0001 

Energy level 80% (8/10) 20% (2/10) 0% (0/10) 0.0500 

PTSD stress 20% (1/5) 80% (4/5) 0% (0/5) 0.2080 

Irritability  73% (8/11) 27% (3/11) 0% (0/11) 0.1377 

Photophobia 67% (6/9) 33% (3/9) 0% (0/9) 0.3466 

 

This data was extracted from a sample size of twenty total subjects from six total studies. Not all 

patients experienced all of the following symptoms, so there is a different patient size for each 

symptom. The table includes the percentage of subjects that indicated that a particular symptom 

improved, did not change, or declined following HBOT treatment. The fractions inside the 

parentheses following the percentages indicate the number of subjects that indicated that a 

particular symptom improved, did not change, or declined following HBOT treatment out of the 

total subjects that experienced the specific symptom. Following HBOT treatment, almost all 
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symptoms improved, except for PTSD. Most symptoms improved over 70% following HBOT. 

No subjects reported that their symptoms had no change following HBOT treatment. The 

p-values for all but 3 symptoms (PTSD stress, irritability, and photophobia) were significant with 

a value of over 0.05.  

 

Figure 6: The effect of hyperbaric oxygen therapy on CAPS scores. Bars indicate standard deviation 
*shows insignificant difference (p=0.663) 
 
This bar graph indicates the effect of HBOT on CAPS scores. CAPS scores were collected and 

averaged from six studies with a total of 20 subjects across all studies. Before treatment, the 

average CAPS score was 84.7, with a standard deviation of 14.1. After HBOT treatment, the 

average CAPS score was reduced to 80.1, with a standard deviation of 26.2. The p-value was 

0.663, meaning the effect of HBOT on CAPS scores was insignificant.  
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Figure 7: The effect of virtual reality exposure therapy on CAPS scores. Bars indicate standard 
deviation *shows significant difference (p=0.0014) 
 
This bar graph indicates the effect of VRET on CAPS scores. CAPS scores were collected and 

averaged from five studies with a total of 16 subjects across all studies. Before treatment, the 

average CAPS score was 83.5, with a standard deviation of 14.1. After HBOT treatment, the 

average CAPS score was reduced to 48.1, with a standard deviation of 36.9. The p-value was 

0.0014, meaning the effect of VRET on CAPS scores was significant.  

 

 

DISCUSSION 

The number of American soldiers/veterans with mTBI is increasing due to growing risk 

of blast exposure on the battlefield. Additionally, the rate of PTSD in soldiers is rising because 

the two conditions are correlated in soldiers. However, many current treatment options are 
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ineffective for mTBI and PTSD. There is no current treatment plan for the combined diagnosis of 

both conditions. The combination of HBOT and VRET pose as a possible treatment for mTBI 

and PTSD.  

Data was analyzed from studies on the effectiveness of HBOT alone and the 

effectiveness of VRET alone. There have been no studies done on both treatment concurrently. 

The results of the data collected concerning the effect of HBOT on mTBI and PTSD indicated 

that hyperbaric oxygen therapy was an effective treatment for mTBI but not for PTSD. The data 

analyzed was subject-reported symptom questionnaires and CAPS scores pre- and 

post-treatment. After the treatment was over the experimenters asked the subjects if specific 

symptoms had improved, declined, or stayed stagnant. For seven out of the eight symptoms, 

there was at least 65% improvement post-HBOT. This resulted in p-values of less than 0.05 for 

all but three symptoms, which means that the data was significant. The one symptom that did not 

improve on average for most of the subjects tested was PTSD stress. 80% of subjects reported 

that their symptom of PTSD stress was unchanged after treatment. This result correlated with the 

CAPS score results, in which the effect of HBOT on CAPS scores was insignificant (p=0.663).  

HBOT has been shown to be effective in reducing cerebral edema, brain swelling that can 

be caused by mTBI. By providing oxygen to the brain, unoxygenated neurons and blood vessels 

become oxygenated, reducing cerebral edema. This explains why symptoms such as headache, 

memory loss, and low energy level were improved after HBOT treatment because they were a 

direct result of the cerebral edema. However, PTSD typically causes changes in the brain such as 

increased activity in the amygdala and decreased activity in the hippocampus and PFC. HBOT 

has not been researched in repairing damaged neural structures that were not damaged by lack of 
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oxygen. As a result, HBOT had no effect on PTSD symptoms because the treatment is not an 

effective way to treat the root cause of the disorder. 

The results of the data collected concerning the effect of VRET on PTSD show that 

VRET is an effective treatment for PTSD. The effect of VRET on mTBI was not included 

because there has been no researched effect of VRET on mTBI. CAPS scores in soldiers 

improved from pre-VRET to post-VRET. It was also a significant difference with a p-value of 

0.0014. However, the mean CAPS score post-treatment was still 48.1 which is still categorized 

as extreme PTSD. Possibly, the mean number of treatments of VRET prescribed to a patient 

needs to increase to lower this number to under 25, the benchmark for PTSD diagnosis. 

However, VRET did still result in a significant improvement because the average starting CAPS 

score was 83.5, meaning that there was a 35.4 (27%) improvement pre-treatment to 

post-treatment. 

The changes in the brain as a result of VRET have not been researched. However, as a 

result of this paper, it can be hypothesized that VRET decreases the activity of the amygdala and 

increases the activity of the hippocampus and PFC. These structures are typical damaged in those 

with PTSD, causing PTSD symptoms such as jumpy anxiety and social withdrawal. Since VRET 

had such a significant effect in reducing CAPS scores, it is highly likely it influenced brain 

activity in such a way. 

 

CONCLUSION 

The increasing number of mTBIs seen in American soldiers/veterans as well as the high 

correlation between mTBI and PTSD necessitates a treatment plan that treats both conditions. 
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This systematic data review provides evidence to support the hypothesis that the combination of 

HBOT and VRET have a significant effect on treating mTBI and PTSD. The p-values gathered 

from the t-tests conducted confirm this significance. HBOT reduces most symptoms of mTBI 

except for PTSD stress. This result is confirmed by a lack of significance of HBOT on CAPS 

scores post-treatment. However, VRET does have a significant effect on lowering CAPS scores 

post-treatment. The two treatments should be looked at as a possible treatment option for 

soldiers/veterans currently suffering from both mTBI and PTSD to increase their quality of life 

and to reduce negative long-term effects.  

FURTHER WORK  

The studies investigated in this paper either focused on solely HBOT or solely VRET. To 

accurately judge whether or not there is a synergistic effect between the two, a study needs to be 

conducted in which patients with mTBI and PTSD are treated with both treatments concurrently. 

In this study, the brains of each patient should be analyzed via magnetic resonance imaging 

(MRI) to determine a baseline of damage caused by each condition. Additionally, a symptom 

questionnaire as well as a CAPS test should be administered to each patient to, again, determine 

a baseline.  Then, the patients should receive 20-40 sessions of HBOT and 6-12 sessions of 

VRET in order to maximize the effectiveness of each treatment. After the treatment is over, all 

diagnostic tests should be repeated to analyze the effect of each of the treatments. Special 

attention should be noted to structures in the brain such as the amygdala, hippocampus, and PFC 

in MRI scans. If there is a significant difference between patients pre- and post- treatments 

(p<0.05 at 95% confidence intervals), there would be a valid synergistic effect between both 

HBOT and VRET. 
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