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PURPOSE 

The purpose of this research review is to summarize peer-reviewed scientific literature on pain 
associated with traumatic brain injury (TBI) in the military, including its characteristics, risk 
factors, comorbidities, effects on recovery, pathophysiology, evaluation, and treatment.  

Information in this research review is current as of July 2024 and is subject to change given 
emerging research and evidence.   

BACKGROUND 

TBI is a signature injury of modern war, and in the military population, blast exposure has 
become a more common cause of TBI than penetrating head impacts and injuries due to 
rotational acceleration of the head.1-6 In the military, most TBIs are classified as mild, with a 
Glasgow Coma Scale score of 13–15, confused or disoriented state lasting less than 24 hours, 
loss of consciousness for up to 30 minutes, and/or memory loss lasting less than 24 hours.  
Despite the often subtle nature of mild TBI (mTBI), a considerable proportion of individuals 
with mTBI experience long-term postconcussive symptoms, such as disturbed cognitive 
function, mood, and sleep, as well as somatic symptoms, which include pain.7-9 Research on 
quality of life after TBI suggests that pain associated with the injury may have a central role in 
disability, recovery, and return to productivity and work after TBI.10-13  

Generally, pain is defined as an unpleasant sensory and emotional experience associated with—
or resembling that associated with—actual or potential tissue damage.14 Based on this definition, 
pain is a subjective and multidimensional phenomenon that differs considerably across 
individuals. An estimated 52% of all civilians with TBI and 43–81% of individuals with TBI in 
the military experience pain symptoms,15,16 which includes neuropathic, nociceptive, 
inflammatory, centralized, or psychogenic pain (Table 1).17-19 Acute pain occurs within the first 
seven days of the injury and resolves within three months,20,21 and research suggests pain during 
this period is primarily due to physical, nociceptive processes rather than psychological factors.22 
In contrast, pain that persists or recurs for longer than three months is considered chronic,21,23 
and many studies indicate that chronic pain following TBI involves a combination of molecular 
and neuropsychological mechanisms, leading to complex interactions between pain and other 
TBI outcomes.24 These interactions complicate the evaluation and treatment of pain after TBI 
and have distinct implications for recovery in active duty military personnel and veterans.20,25,26  

PAIN AFTER TBI AND ASSOCIATED RISK FACTORS 

Types of Pain after TBI 

Research on pain associated with TBI has largely focused on chronic pain, leading to an 
improved understanding of its manifestations and potential risk factors. Chronic pain can be 
categorized as nociceptive, neuropathic, or mixed. Nociceptive pain involves mechanical 
disruption to the skin or muscle tissue and is the result of an inflammatory response to an 
injury.20,27 Neuropathic pain is somatic referred pain caused by a lesion or disease of the central 
somatosensory nervous system.19,28 Mixed chronic pain can involve both nociceptive and 
neuropathic components.27 Notably, chronic pain associated with TBI can result not only from 
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the head trauma itself, but also from bodily trauma sustained during the incident that resulted in a 
head impact, such as a vehicle collision, fall, or exposure to an injurious level of blast 
overpressure.20 

Persistent posttraumatic headache is the most common postconcussive symptom and the most 
frequently reported form of chronic pain among military service members.29-31 One study of over 
5,000 service members returning from Iraq or Afghanistan found that almost 98% of those who 
sustained a mTBI reported having headaches during the last three months of deployment; 
posttraumatic headache that developed within the first four weeks after trauma limited service 
members’ ability to perform their usual duties in 37% of these cases and also resulted in more 
frequent sick call visits than nontraumatic headache.32 Due to its high prevalence and 
complexity, persistent posttraumatic headache after TBI is now classified by the International 
Classification of Headache Disorders (ICHD) as a unique form of secondary headache lasting for 
more than three months after head trauma.33 The ICHD also specifies that the headache must 
have developed within seven days of the injury to be considered secondary to TBI.33 The 2023 
Department of Veteran Affairs (VA) and Department of Defense (DOD) Clinical Practice 
Guideline (CPG) for the Management of Headache utilizes the ICHD definition of persistent 
posttraumatic headache and characterizes this condition as a headache attributed to traumatic 
injury of the head, neck, body, or any combination of these areas.21  

While headache is the most common form of chronic pain associated with TBI, cases of chronic 
neck, shoulder, back, and limb pain have also been reported in both military and civilian TBI 
patients.16,24,34-39 One retrospective study of individuals who sustained a moderate-to-severe TBI 
15 or more years prior to the study and were between ages 16 and 28 at the time of injury found 
that 79% reported experiencing musculoskeletal pain, defined as pain, stiffness, or aching around 
a joint.40 Back pain persisting 10 years after moderate-to-severe TBI was reported in 7.5% of 
patients in a study of over 400 participants.41 A recent study using data from over 1,700 
individuals enrolled in the civilian arm of the TBI Model Systems (TBIMS) longitudinal study 
on moderate-to-severe TBI reported that pain was most prevalent in the back (65%), legs or feet 
(61%), shoulder (48%), head (47%), and neck (45%); additionally, 44% experienced pain daily, 
24% experienced pain several times a week, and 32% reported constant pain.42 Photosensitivity 
and ocular pain have also been reported to occur along with other chronic pain symptoms after 
TBIs of all severities.43,44 However, more studies are needed to obtain more accurate estimates of 
the proportion of individuals who develop extracranial forms of chronic pain after TBI. 

Injury Characteristics Associated with Post-TBI Pain Symptoms 

Although the development of persisting pain after TBI is difficult to predict, associations 
between the incidence of chronic pain after TBI and features of the initial injury have been 
reported.45 Two recent studies investigating mTBI symptoms in U.S. Marines revealed that blast-
related mTBI was significantly associated with more frequent reports of neurological and 
musculoskeletal symptoms, including pain, than impact-related mTBI;46,47 similarly, another 
study of U.S. Marines showed that individuals who sustained blast-related TBIs were 
significantly more likely to report headache within 30 days of returning from deployment than 
those who sustained impact-related TBIs.46-48 However, a separate study of service members who 
were treated at polytrauma rehabilitation centers did not observe a significant difference in the 
incidence of pain between service members who sustained TBIs of any severity from injurious 



Research Review    JULY 2024 
Pain and TBI  

4 
 

levels of blast exposure and those with TBIs from other causes,49 suggesting that factors other 
than the mechanism of injury may contribute to pain symptoms after TBI.  

Other characteristics that may be associated with chronic pain after TBI include features of the 
initial injury, deployment-related TBI, and a history of multiple TBIs. Those who experience 
more severe pain at the time of the initial injury have been found to be significantly more likely 
to develop chronic pain after mTBI in a recent meta-analysis37 and in another study of over 100 
individuals with non-severe TBI.50 Additionally, loss of consciousness at the time of the injury 
has been associated with an increased risk for chronic pain following TBI of any severity,5,51,52 
but presence and duration of retrograde amnesia after mTBI have not been found to be associated 
with pain symptoms.53,54 Members of Special Operations Forces (SOF), who exhibit an elevated 
risk of TBI due to inherent occupational risks, were also found to more frequently report chronic 
pain after moderate-to-severe TBI than those in conventional forces in a recent TBIMS study.55 
Mild TBIs and moderate-to-severe TBIs sustained during deployment were also found to be 
significantly associated with back pain in veterans.39 Additionally, studies of repetitive head 
impacts in civilian athletes and military service members have revealed that individuals with a 
history of multiple mTBIs are more likely to report pain symptoms and to report more severe 
pain than those who sustain one TBI.56-59 

The majority of studies investigating the relationship between TBI severity and incidence of 
chronic pain have shown that mTBI is associated with a greater incidence of chronic pain than 
moderate-to-severe TBI.15,60,61 For example, one meta-analysis including over 4,200 individuals 
reported that the prevalence of chronic pain was 75% in those with mTBI, while that in 
individuals with moderate-to-severe TBI was 32%,15 and these rates are consistent among 
different studies.15,60,61 It is unclear why mTBI is associated with a higher prevalence of chronic 
pain, but some investigators speculate that those with more severe TBIs may have difficulty 
reporting or processing their symptoms due to memory or language deficits or executive 
dysfunction.15,62  They also may be more likely to use potent analgesics, thus reducing self-
reported pain.63,64  

However, some studies have reported a higher prevalence of chronic pain during the first year 
after injury in those who sustained more severe TBIs65,66; one study of over 100,000 veterans 
observed that 59% of those with mTBI experienced chronic pain, while the prevalence of chronic 
pain was 64% in those with moderate-to-severe TBI, but whether this difference was statistically 
significant was not reported.65 The authors of this study speculate that this discrepant finding 
may be related to their reliance on pain diagnoses rather than self-report, and the study 
population, which included young veterans who predominantly incurred blast-related TBIs and 
exhibited comorbid depression and posttraumatic stress disorder (PTSD). Additional studies are 
needed to reach consensus on the relationship between TBI severity and chronic pain, 
particularly in the military population.  

Individual Characteristics Associated with Post-TBI Pain Symptoms 

Many studies have investigated the demographic risk factors associated with chronic pain after 
TBI. Most studies have reported a higher incidence of pain in females after mTBI67-69 and sex 
differences in pain localization after TBI of any severity.38 However, some studies dispute this 
finding, showing no differences in pain intensity between males and females after mTBI38,70 or 
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that initial sex differences in pain symptoms disappeared at 6–12 months after mild-to-moderate 
TBI.71 Most studies on racial differences in post-TBI pain symptoms report higher pain intensity 
among nonwhite individuals with TBIs of all severities.67,69,72-74 Racial differences in pain 
intensity were also found to increase with age in a civilian TBIMS study of 621 participants with 
moderate-to-severe TBI.74 Another study reported older age and probable mTBI as correlates of 
chronic pain in military personnel who sustained blast exposure.75 However, another study 
reported no differences in back pain 10 years after moderate-to-severe TBI between civilians 
older than 50 and those younger than 50,41 suggesting chronic pain after TBI in older individuals 
may be related to blast exposure.  

To date, studies on the lifestyle and genetic factors that may confer an increased risk of chronic 
pain after TBI have been limited. In one study on the influence of self-reported physical activity 
and pain symptoms one month after mTBI, moderate physical activity, walking, and total 
physical activity one to two weeks post-injury predicted greater pain inhibitory capacity.76 
Sedentary behavior during recovery was also associated with worse pain inhibition after TBI and 
greater pain catastrophizing,76 which is a coping style involving exaggerated negative appraisal 
of actual or anticipated pain and feelings of helplessness in the context of pain.77 Regarding 
genetic factors, one study reported a greater incidence and severity of pain in concussed athletes 
with the ε4 allele of the apolipoprotein E gene,78 which is involved in neuronal repair and 
synaptogenesis after injury.79 Since the ε4 allele has a disadvantageous effect on neuronal 
repair,80 this finding suggests a potential mechanism through which tissue damage sustained 
during injury mediates pain symptoms in individuals with this allele. Another study identified 
two haplotypes of the gene encoding brain-derived neurotrophic factor (BDNF), an important 
mediator of neuroplasticity, that were associated with the development of chronic pain one year 
after mTBI.12 The identification of other lifestyle and genetic factors associated with the 
development of chronic pain after TBI could improve the prediction of long-term pain symptoms 
during the clinical evaluation of those with TBI and lead to novel avenues for preventing chronic 
pain in these individuals.  

Collectively, research to date demonstrates heterogeneity in the types of pain experienced after 
TBI, which is not limited to posttraumatic headache. These studies also suggest the development 
of chronic pain after TBI may be influenced by both the mechanism and characteristics of the 
initial injury, as well as specific demographic, lifestyle, and genetic factors. While this work has 
enabled an improved understanding of potential predictors of chronic pain after TBI, several 
limitations of these studies should be considered. First, only a few studies have investigated each 
of the relationships discussed above, and some used relatively small sample sizes, limiting the 
generalizability of the findings. Additionally, the study population may affect the identified 
associations between individual or injury characteristics and chronic pain after TBI; for example, 
the limited amount of data from females and racial minorities in the military may challenge the 
study of the demographic factors associated with chronic pain after blast-related TBI.74 Future 
research should aim to address these limitations to reach a more precise understanding of the 
factors that confer an increased risk of developing chronic pain after TBI. 

CHRONIC PAIN, OTHER TBI OUTCOMES, AND RECOVERY  

Many researchers have advocated for the conceptualization of TBI as a dynamic, chronic disease 
rather than an isolated event,81-83 since TBIs can initiate a decline in function lasting years after 
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the initial insult.83,84  Pain contributes to this functional impairment and is particularly 
challenging for those undergoing rehabilitation after TBI as it can cause them to resist 
mobilization efforts due to activity-related increases in pain.85 Chronic pain after TBI thus 
impacts an individual’s ability to return to work and productivity.10,11,42,86,87 Pain may also affect 
service member return to duty and on the job performance by mediating other TBI symptoms. 
For example, in a study using data from 322 participants enrolled in the Long-term Impact of 
Military-relevant Brain Injury Consortium Chronic Effects of Neurotrauma Consortium 
(LIMBIC-CENC) prospective longitudinal study, researchers developed various models to 
investigate how pain influenced postural stability and balance.88 In one model, sustaining three 
or more mTBIs resulted in a significant increase in pain interference, which measures the extent 
to which pain restricts engagement with physical, cognitive, emotional, and recreational 
activities.89 In this study, each point increase in pain interference also decreased the composite 
equilibrium score, reflecting increasingly impaired balance.88 Several other studies have 
similarly demonstrated significant associations between pain interference or the incidence of 
pain and reduced life satisfaction,90,91 as well as lower health-related quality of life after TBI.92,93  

Additionally, studies have revealed that the impact of chronic pain on recovery and quality of life 
after TBI is variable across individuals and can change over time. A recent TBIMS study utilized 
extreme phenotyping, a method of classifying those at the extreme ends of a specific 
characteristic, to identify the factors associated with low versus high pain interference after 
moderate-to-severe TBI; the results showed significant differences in all measures of concurrent 
function between the groups, with those in the low-interference group experiencing better 
function.94 Another study observed five distinct longitudinal patterns phenotypes of pain in a 
cohort of over 40,000 post-9/11 veterans who sustained TBIs of any severity.95 The pain 
symptoms associated with these five phenotypes impacted patient life activities to different 
degrees, were associated with different treatments, and either remained stable in intensity or 
worsened over five years. Other smaller studies have revealed that moderate-to-severe TBI 
patients show significant improvements in the bodily pain component of quality-of-life scores in 
the years after TBI, indicating that pain symptoms in some individuals can resolve after TBI and 
may have less of an impact on quality of life over time.84,96   

The complexity of pain in TBI patients likely contributes to the differences in findings across 
studies on how pain affects quality of life after TBI. Pain in those with TBI is often accompanied 
by prolonged neurocognitive, psychiatric, or somatic symptoms, and the interactions among 
these symptoms may contribute to how pain affects recovery. For example, in one study of over 
1,000 elderly adults, investigators found that the association between TBI and functional and 
physical impairment was no longer significant after adjusting for neuropsychological disorders,82 
emphasizing the important role of mental health in patient recovery. The interaction of pain, TBI, 
and psychiatric symptoms—also known as the polytrauma clinical triad—is particularly 
pronounced in military service members and veterans and has been studied extensively in these 
populations.3,20,97,98 Additionally, sleep disturbances, which are also prevalent in military 
personnel, can affect the influence of pain on recovery from TBI.99  

The Relationship between Neuropsychiatric Disorders and Pain after TBI 

In the military population, the most common neuropsychiatric disorders shown to interact with 
pain during TBI recovery include PTSD and depression. PTSD is particularly common among 
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military personnel, and some researchers have proposed “consequence of war syndrome” as a 
model for describing how the inherent stresses of deployment, difficulties reintegrating into life 
after deployment, PTSD, and other postconcussive symptoms interact to affect service member 
quality of life.100-104 One study of over two million active duty service members reported that the 
prevalence of comorbid PTSD and chronic pain in individuals who sustained TBIs of any 
severity was 5.99 per 1,000 individuals.105 In another study focusing specifically on Operation 
Enduring Freedom/Operation Iraqi Freedom/Operation New Dawn (OEF/OIF/OND) veterans, 
the cooccurrence of these three conditions over a three-year period was 6.0%.106 These findings 
suggest the polytrauma clinical triad is relatively common, but its incidence may depend on the 
specific experiences or duties of the service member.   

Regarding the interaction between pain and PTSD, one study of over 300 OEF/OIF/OND 
veterans who sustained mTBIs revealed that those who had PTSD also reported significantly 
higher pain intensity than those without PTSD.107 Consistent with this finding, in a sample of 
1,500 service members enrolled in the LIMBIC-CENC study, those who had both mTBI history 
and PTSD had the highest pain interference scores and the most individuals reporting severe 
pain.36 Recent TBIMS studies have similarly reported significant interactions between pain 
incidence and interference and PTSD among other psychosocial outcomes.108,109  

Several other large studies (N>100) have also found that PTSD severity in service members and 
veterans who have sustained TBIs is significantly associated with pain interference.110-113 
However, in one study of OEF/OIF/OND veterans, individuals with PTSD with or without mTBI 
reported significantly worse psychosocial functioning than those with mTBI alone and those with 
neither mTBI nor PTSD; importantly, this finding was still significant after adjusting for the 
severity of chronic pain, suggesting that chronic pain is not always a major contributor to the 
psychosocial impairment associated with PTSD.114 Distress tolerance, or an individual’s 
perceived ability to endure negative emotional states, has been proposed as one possible 
contributor to these variable outcomes and has been found to significantly affect PTSD severity, 
quality of life, and other functional outcomes in combat veterans.115 Specifically, as distress 
tolerance improved, posttraumatic stress symptom severity and sleep quality improved.115 

Depression is also an important contributor to quality of life after TBI and has been associated 
with pain symptoms in both civilians and service members who sustain head injuries.91,116 One 
study of 83 veterans with TBI of any severity found that while pain was significantly associated 
with employment status, this relationship was mediated by depressive symptoms.117 Consistent 
with this finding, in 146 individuals with moderate-to-severe TBI undergoing inpatient 
rehabilitation one year after injury, depressive symptoms were significantly associated with pain 
one year after TBI, even after adjusting for demographic and injury characteristics.67 However, 
evidence suggests that the relationship between pain and depression may be bidirectional, as pain 
has been found to independently contribute to and predict depressive symptoms after TBI of any 
severity.118,119 Studies have also found connections among pain, PTSD, and depression in 
individuals who have sustained a TBI.120 For example, the risk of chronic pain among veterans 
was found to be higher in individuals who had sustained a TBI and had both depression and 
PTSD than in those with no TBI, PTSD, or depression in one study.65  

Pain symptoms have also been shown to interact with other mood and cognitive symptoms of 
TBI. For example, some studies have observed that pain symptoms after TBI of any severity are 
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significantly associated with feelings of anger and violent impulses.121-123 A small study of 
combat veterans reported that worse executive function and slowed processing speed were 
associated with pain catastrophizing in individuals who sustained mTBIs.124 Pain was also shown 
to be associated with worse semantic fluency and impaired attention and memory in individuals 
with TBI of any severity.125 Importantly, these studies all emphasize that the pain symptoms 
occurring in the TBI patients often cooccurred with PTSD or depression, making it difficult to 
determine the precise relationship between pain and these mood and cognitive symptoms of TBI. 
Together, these studies demonstrate a bidirectional relationship between chronic pain and 
neuropsychiatric symptoms of TBI.  

The Relationship between Sleep-Wake Disturbances and Pain after TBI  

In addition to neuropsychiatric symptoms, sleep-wake disturbances, such as insomnia, excessive 
daytime sleepiness, and fatigue, are frequently reported in individuals with TBI,126 and research 
indicates that these symptoms are closely related to pain after TBI.60,99,127-129 Human studies have 
shown that a loss of rapid eye movement (REM) sleep can be hyperalgesic130 and that sleep 
disturbances after mTBI are more common in those with pain symptoms.131 In one study, mTBI 
was associated with altered electroencephalogram (EEG) activity during different stages of sleep 
and decreased sleep quality, and these disruptions were exacerbated in individuals with mTBI 
who reported pain symptoms.132 A TBIMS Pain Collaborative Study found that those with 
moderate-to-severe TBI who developed chronic pain symptoms were more likely to have sleep-
related breathing disorders during acute rehabilitation,133 and pain has also been reported to 
disrupt sleep in veterans with TBIs of any severity.134 Additionally, individuals with mTBI who 
exhibit pain symptoms have been found to require more sleep than those who did not experience 
pain symptoms one month after injury,135 emphasizing the important role that sleep has in 
recovery. The benefits of sleep in those who experience pain symptoms after TBI may be 
mediated by melatonin; this endogenous hormone is a key regulator of the circadian rhythm and 
has been shown to suppress pain and inflammation.136 Together, these studies suggest that the 
relationship between sleep-wake disturbances and pain symptoms is bidirectional and may 
involve changes in brain activity or circadian regulation. 

Other studies indicate that sleep, neuropsychiatric symptoms, and pain in TBI patients all 
interact. In one study of 137 veterans who sustained TBIs of any severity, 52% were reported to 
experience co-occurring PTSD, insomnia, and pain.137 Another study of veterans found that 
those with a history of both TBI (any severity) and PTSD reported worse pain, greater pain 
intensity, and more frequent sleep disturbances than individuals who did not sustain a TBI or did 
not have PTSD.138 Additionally, more severe insomnia in veterans with TBI (any severity) was 
found to be significantly associated with greater depression and PTSD symptoms and slower 
processing speed.139 In a study of individuals with TBIs of any severity enrolled in the 
Transforming Research and Clinical Knowledge in TBI (TRACK-TBI) study, the severity of 
insomnia was correlated with pain symptoms and quality of life at multiple timepoints after 
injury, including 2 weeks and 3, 6, and 12 months post-TBI.129 More severe insomnia, 
depression, anxiety, and pain have also been reported in individuals with mTBI who reported 
greater disability after the injury.140    

Collectively, published literature suggests that chronic pain, psychiatric symptoms, and sleep 
impairments exhibit complex interactions, which may contribute synergistically to disability 



Research Review    JULY 2024 
Pain and TBI  

9 
 

after TBI. These interactions also pose challenges to the evaluation and treatment of pain in 
individuals with TBI. Consistent with this complexity, some studies have demonstrated that a 
multidisciplinary approach to pain management that targets both neuropsychiatric and pain 
symptoms of TBI may be more effective at promoting recovery than reliance on a single 
treatment modality.141 Thus, studies in this area emphasize the importance of considering chronic 
pain within the context of the overall health of the individual, rather than as an isolated symptom, 
when managing TBI symptoms. 

PATHOPHYSIOLOGY OF PAIN ASSOCIATED WITH TBI 

Pain after TBI arises from the interactions of biochemical, physiologic, and psychologic 
mechanisms that involve both the peripheral and central nervous systems.85 During the acute 
period after TBI, somatic pain pathways are triggered when the mechanical injury causes cellular 
breakdown and the release of biochemical factors that stimulate nociceptors.7,85 These 
specialized, high-threshold pain receptors are located on sensory neurons, which synapse with 
neurons in the dorsal horn of the spinal cord, allowing transmission of nociceptive signals to the 
central nervous system where they can be processed.85 This pathway works in concert with what 
is known as the descending pain pathway, which transmits pain signals from the brain stem to 
the spinal cord and periphery.142  

There is growing consensus that chronic pain after TBI involves nociceptive sensitization, which 
refers to the hyperresponsiveness of the peripheral or central components of the pain system, as 
well as reduced inhibition of these pain-promoting pathways.85,143 Preclinical studies have 
revealed several important processes that contribute to nociceptive sensitization and the 
development of chronic pain in animal models of TBI. Collectively, these studies suggest that the 
imbalance of pain inhibitory and facilitatory processes associated with pain after TBI may be 
mediated by disrupted serotonergic,144-148 adrenergic,144,148 opioid,146,149 glutamatergic,150 and 
transient receptor potential vanilloid 1 (TRPV1) signaling;151 epigenetic changes;152-154 
neuroinflammatory factors;147,153,155-157 and growth factors, such as BDNF.158 While these 
findings have potential for advancing our knowledge of the signaling processes that promote 
chronic pain, the precise role of these processes in humans requires further study.  

Several case-control and cross-sectional studies have revealed that TBI patients with more 
intense pain exhibit reduced endogenous pain modulatory function and evidence of mechanical 
allodynia.23,159-164 Magnetic resonance imaging (MRI) studies have demonstrated that central 
pain after TBI also involves changes in fractional anisotropy in the spinothalamocortical tract165 
and the periaqueductal gray,166 which is a structure near the top of the brain stem that is involved 
in the descending pain pathway. Additionally, studies have shown changes in the default mode 
network and functional connectivity associated with persistent pain after TBI.167-171 Other studies 
conducted using proton magnetic resonance spectroscopic imaging have reported that the levels 
of N-acetylaspartate, a marker of neuronal density and viability, are reduced in brain regions 
involved in nociception and pain modulation in TBI patients with chronic pain symptoms.172,173 
Together, these clinical findings indicate that neuronal loss and maladaptive processes of 
neuroplasticity may play important roles in the development of pain after TBI.  
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EVALUATION OF PAIN 

Since pain is a subjective phenomenon, self-report assessments are often used to characterize the 
experience of pain after TBI, including the location, duration, intensity, and exacerbating factors 
of pain sensations.174 Verbal descriptors, numeric ratings, and visual analog scales are the most 
frequently used tools to evaluate pain intensity.175 In both civilian and military hospital settings, 
numeric rating scales are the most preferred by patients and the most commonly used of these 
tools; however, visual analog scales are more sensitive assessments of pain.176 The verbal 
descriptor scale uses words to describe pain intensity and is considered a reliable measure of pain 
levels.177 The Sports Concussion Assessment Tool (SCAT) is used to evaluate sports-related 
mTBI and has a section for documenting pain symptoms.178 The Neurobehavioral Symptom 
Inventory (NSI)179 is another nonspecific assessment of neurologic symptoms that can be used to 
record pain among other symptoms after deployment or TBI. In the military, the Defense and 
Veterans Pain Rating Scale (DVPRS 2.0) has been validated as a tool for assessing pain in active 
duty service members and veterans.180 Additionally, the Post-Deployment Health Assessment 
(PDHA)181 is a mandatory self-report questionnaire completed within 30 days of return from 
deployment; using the PDHA, service members record potentially concussive exposures, 
complete an mTBI screen if exposed, and report symptoms, including pain symptoms, for which 
they sought care during deployment.182 The Post-Deployment Health Re-Assessment (PDHRA) 
is then completed six months later.183 (Table 2)  

Pain interference has emerged as an important indicator of how pain impacts daily activities and 
functioning and can be measured using many different tools, such as the Brief Pain Inventory184 
and the Pain Disability Index185 among others. While these tools have been applied across a 
variety of chronic conditions, the Patient-Reported Outcomes Measurement Information System 
(PROMIS)186 and Quality of Life in Neurological Disorders measurement system187 provide 
more comprehensive assessments of pain interference and evaluate items that are more relevant 
to the level of pain interference in an individual. The Traumatic Brain Injury Quality of Life 
(TBI-QOL) measurement system was designed to complement these assessments and includes a 
Pain Interference bank with measures that are specific to individuals with TBI.87,174,188,189 In a 
recent study of over 500 individuals with TBI, the TBI-QOL Pain Interference bank 
demonstrated good comparability and reliability across different administration formats (i.e., as a 
10-item short form or computerized test).174 This scale has also been used to detect differences in 
pain interference in military personnel with mTBI.88,190  

Although self-report tools are the most commonly used methods of evaluating pain in TBI 
patients, certain conditions—such as altered mental state, intubation, unconsciousness, and 
sedation—may challenge communication and the ability to use these tools with nonverbal 
individuals with more severe TBI.191,192 Pain in these critically ill TBI patients can be evaluated 
using behavioral pain tools, such as the Behavioral Pain Scale,193 and may manifest as flushing, 
sudden eye opening, eye weeping, and flexion of limbs, even in individuals who are 
unconscious.194-196 The Analgesia Nociception Index has been proposed as a tool for assessing 
pain in critically ill TBI patients who are mechanically ventilated and relies on the noninvasive 
detection of heart rate variability.197 Additionally, changes in EEG patterns reflected in the 
bispectral index system were shown to correlate with pain behaviors in these patients in one 
study, but only in individuals with left-sided TBI.198 The authors speculated that the 
lateralization of bispectral index system results could relate to hemispheric differences in pain 
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processing, as the right hemisphere may have a more prominent role.199 Although these studies 
suggest that alternatives to behavioral pain scales show promise for detecting pain in nonverbal 
patients, fluctuations in vital signs and EEG patterns in these individuals may not be specific to 
pain.200  

To address the limitations of self-report tools and behavioral pain scales and develop more 
objective measures of pain in TBI patients, some investigators have aimed to identify blood-
based or imaging biomarkers of pain. One study of over 200 military service members measured 
the plasma levels of calcitonin gene-related peptide (CGRP) and nerve growth factor (NGF), two 
proteins thought to be involved in pain pathology and nociceptive sensitization.201 The 
investigators found significantly lower levels of both CGRP and NGF in those who experienced 
pain symptoms after TBI than in those who did not.202 While there are some guidelines on the 
use of imaging techniques during the evaluation of TBI patients,203 most individuals with mTBIs 
do not exhibit findings of trauma on computed tomography scans or MRI that could help explain 
pain symptoms in those who develop chronic pain.204 To address this challenge, some 
investigators have aimed to develop imaging methods that could be used to identify the 
underlying causes of pain symptoms such as excessive neuroinflammation205 and alterations in 
cerebral perfusion206 that cannot be detected using conventional imaging. However, additional 
research is needed to validate these strategies and develop more robust standards for the use of 
these tools before they can be implemented in the routine evaluation of pain in individuals with 
TBI. With further study, these tools could enable advances in the individualized treatment of 
pain symptoms following TBI.  

TREATMENT AND MANAGEMENT OF PAIN AFTER TBI  

The medical complexity of pain after TBI, which may co-occur with other TBI symptoms, as 
well as the heterogeneous and dynamic nature of pain symptoms,95 lead to vast individual 
differences in how pain is treated after TBI. The treatment of chronic pain symptoms after TBI 
may begin with a modest medication protocol that is refined over time and individualized based 
on the needs of the patient. Pain that is refractory to first-line medications may be treated with 
narcotic analgesics, physical therapy, nerve blocking procedures, and spinal cord stimulation in 
more severe cases.141 Treating pain in civilians and military personnel who have sustained TBIs 
often involves both pharmaceutical and nonpharmaceutical approaches, including behavioral and 
psychological strategies, such as cognitive behavioral therapy (CBT), stress management, and 
lifestyle changes, and alternative techniques have also been studied.207-211  

Clinical guidelines exist for treating pain in active duty military personnel and veterans who 
sustain TBIs (Table 3). The 2021 VA/DOD CPG for the Management and Rehabilitation of 
Post-Acute Mild Traumatic Brain Injury describes evidence-based practices for treating 
postconcussive symptoms, including headache and persistent pain.212 The Traumatic Brain Injury 
Center of Excellence (TBICoE) also developed various clinical recommendations (CRs) for 
treating pain after TBI that describe the risk factors associated with pain in individuals with TBI 
(e.g., TBI history, previous neuropsychological symptoms, presence of life stressors during the 
time of the TBI).213,214 While these guidelines state that the treatment of chronic pain in those 
with mTBI should be similar to that in those without mTBI, they also acknowledge the 
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complexity of pain symptoms after mTBI that is related to co-occurring neuropsychiatric 
disorders and sleep disturbance. For example, the 2020 TBICoE CR for the Management of Sleep 
Disturbances Following Mild TBI recommends that pain symptoms be investigated in those with 
persisting sleep disturbances.215 Overall, a battery of clinical tools are available to support 
clinicians in treating service members with symptoms of pain after TBI. 

Pharmaceutical Management of Pain Associated with TBI 

The 2023 VA/DOD CPG for the Management of Headache provides recommendations for 
pharmacological treatment of post-traumatic headache pain.21 The CPG strongly recommends 
the use of the monoclonal antibodies erenumab, fremanezumab, or galcanezumab for preventing 
episodic or chronic migraine. The CPG also emphasizes that the use of opioids for chronic pain 
management should be avoided until all other avenues of pain control have been attempted. 
Many individuals who experience pain symptoms after TBI self-treat with over-the-counter 
medications, such as acetaminophen or nonsteroidal anti-inflammatory medications, which often 
provide limited long-term pain relief.216 To address the limitations of these medications, several 
alternatives have been investigated. Amitriptyline, a tricyclic antidepressant, has been 
investigated as a treatment for pain in TBI patients in small studies,217 but there is currently 
insufficient evidence of its efficacy in these individuals. S-adenosylmethionine, which is a non-
prescription supplement, was shown to have good safety and tolerability in the treatment of 
multiple postconcussive symptoms and to improve or have no effect on pain symptoms in a 
recent meta-analysis.218 Other emerging potential therapeutic targets for treating pain after TBI 
that have been investigated primarily in preclinical studies include the apelin/APJ system,219 N-
acetylaspartylglutamate,220 BDNF,221 and cathepsin B;222 oral cannabidiol,223 and intranasal 
oxytocin224 have also been investigated as potential treatments in animal models.  

CPGs generally discourage prescribing opioids for individuals with chronic pain after TBI due to 
an increased risk of adverse outcomes;225 however, there is evidence that individuals with greater 
TBI severity and comorbid mental health burden are more likely to be prescribed opioids for 
chronic pain.63,64,226 One study of over 35,000 veterans who sustained TBIs of any severity 
reported that approximately 25% used opioids chronically, while most ceased opioid therapy 
after two months.227 Initiation of opioid use was significantly associated with female sex, back 
pain, arthritis or joint pain, and neuropathic pain, while headache pain was associated with lower 
odds of chronic opioid use.227 Increasing pain severity has also been found to increase the odds 
of chronic opioid use.63 In another study of over 50,000 veterans with TBI of any severity, the 
presence of emotional symptoms was the strongest predictor of the initiation of opioid therapy, 
although vestibular, cognitive, and somatic/sensory symptoms evaluated on the NSI were also 
significantly associated with opioid use.228 Additionally, in a study of individuals with TBI of 
any severity, the ones at highest risk for opioid use were those with recent TBIs (sustained within 
the last 10 years), a first TBI sustained after age 40, and a history of more than two TBIs.229  

Importantly, pain can increase the likelihood of opioid misuse after TBI, which may be 
particularly challenging in individuals with comorbid psychiatric disorders230; opioid misuse 
after TBI likely involves mechanisms related to microglial priming, neuroinflammation, 
modified synaptic plasticity, and changes in opioid receptor expression.231 In one study of over 
49,000 veterans, individuals who sustained a TBI of any severity were found to have three times 
higher risk of nonfatal opioid overdose than those who did not sustain a TBI.232 This association 
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was not found after adjustment for co-occurring psychiatric and individual conditions (e.g., 
mood disorders, anxiety, substance abuse, and PTSD), indicating the important role that 
comorbid conditions have in the potential outcomes of long-term opioid use by individuals with 
TBI. The 2022 VA/DOD CPG for Opioid Therapy for Chronic Pain prioritizes safe opioid 
prescribing practices for military service members and veterans and lists TBI, as well as certain 
sleep and psychiatric disorders, as significant risk factors for adverse effects from opioid 
therapy.233     

Nonpharmaceutical Management of Pain Associated with TBI 

Nonpharmaceutical therapies are recommended as a first-line treatment method of pain 
symptoms after TBI, and rehabilitation therapies are also endorsed as potentially beneficial.21,212 
Implementing a healthy lifestyle is particularly important to reduce the long-term risk of TBI-
associated secondary pathologies, including chronic pain. In this context, health is not just the 
absence of disease but the interaction of physical health, mental health, and social 
wellbeing.234,235 Lifestyle-related interventions that may help to alleviate chronic pain after TBI 
include promoting healthy sleeping habits and treating sleep disturbances.236-238 CBT is also 
commonly used for the treatment of chronic pain in the general population and includes 
strategies that aim to reduce pain intensity and pain-related disability.210,239 CBT has been shown 
to be effective in the treatment of pain and sleep disturbances after TBI.240-242 A few studies have 
investigated the use of dietary interventions, such as a ketogenic diet, for the treatment of TBI 
symptoms.243 Such interventions are safe, but the effects on pain symptoms are unclear. Regular 
exercise has also been reported to promote improvements in perceived pain in preclinical244 and 
clinical245 studies, while intensive mobility training has limited effects on pain.246  

Several alternatives have been studied for treating pain after TBI and include yoga, mindfulness 
meditation, and osteopathic manipulative treatment. Yoga is a mindfulness-based intervention 
shown to be more effective for improving headache and lower back pain than pain in other areas 
of the body247,248 and to improve fatigue, depression, physical health, cognitive performance, and 
quality of life.249 Additionally, a recent TBIMS extreme phenotypes study revealed that yoga 
was associated with a higher odds of extreme perceived improvement in pain symptoms after 
moderate-to-severe TBI than no change in pain symptoms.250 Collectively, studies suggest that 
yoga and mindfulness meditation may have beneficial effects in TBI patients based on self-report 
measures.251-257 Osteopathic manipulative treatment utilizes hands-on methods to promote 
muscle fluidity and reduce chronic pain,258-260 but its efficacy in TBI patients has been 
understudied. However, in the TBIMS study on perceived improvements from pain treatments 
after moderate-to-severe TBI, massage and physical therapy were associated with a higher odds 
of extreme improvements.250 Notably, some studies on these potential treatments for chronic pain 
after TBI exhibit several concerns, such as heterogeneous study designs, potential placebo 
effects, and difficulties in determining appropriate controls.261 

Other alternative treatments for pain symptoms after TBI have been studied in recent years, 
though findings on these methods are limited. Several small studies (N<30) have reported that 
repetitive transcranial magnetic stimulation treatment of pain in individuals with TBI decreased 
pain intensity and incidence within one week after treatment262-273 and was associated with 
changes in functional connectivity262 or diffusion tensor imaging metrics263 in brain regions 
involved in pain inhibition. A TBIMS study reported that acupuncture treatment of pain 
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symptoms is common and is used more in males and those reporting a higher number of pain 
sites.274 Other investigators studying acupuncture treatment of TBI patients have shown 
promising or no effects on pain symptoms, but many of these studies have been small and exhibit 
poor methodological quality.274-278 However, battlefield acupuncture, which is a form of 
auricular acupuncture, has been proposed as a safe, simple, and effective treatment for pain in 
military service members and veterans that could provide an efficient alternative to opioid 
therapy for use on the battlefield.279,280 One study reported that this treatment reduced self-
reported pain in 88%, 80%, 52%, and 51% of veterans with chronic pain at 0, 1, 7, and 30 days 
posttreatment, respectively.281 Studies on hyperbaric oxygen therapy282 and 
photobiomodulation283,284 for the treatment of chronic pain after TBI have methodological flaws, 
preventing robust conclusions on their efficacy. Additional well-designed studies in larger 
samples that are conducted across longer time periods are needed to confirm the utility of these 
alternative strategies for the treatment of chronic pain after TBI.      

Clinical Considerations Regarding the Management of Pain in Individuals with TBI 

Despite the wide variety of options available for pain management, symptoms may persist or 
recur in some individuals. Many researchers have aimed to better identify those at risk for poor 
treatment outcomes and methods of facilitating precision treatment of pain after TBI.94 To this 
end, studies have identified barriers to treating pain in individuals with TBI that medical 
personnel should consider when developing treatment plans. Individuals with pain after TBI 
report considerable challenges related to healthcare access and utilization, and these barriers are 
associated with reports of greater unmet rehabilitation needs in the years after TBI.285  

Through provider interviews, a recent TBIMS study investigated factors preventing individuals 
with chronic pain after TBI from utilizing treatment, and four key themes emerged.286 These 
included cognitive deficits of patients (reported by 67% of interviewed providers); patient 
comorbidities (63%); mental health and/or substance abuse issues (59%); and patient 
participation or noncompliance (62%).286 Another recent TBIMS study with provider interviews 
identified nine barriers that reached saturation, defined as a theme mentioned by over 20% of 
interviewees.287 Cognitive disability was again identified as a key theme, as well as issues related 
to the coordination and continuity of treatment, such as lack of or pause in services due to the 
COVID-19 pandemic.287 In other studies, health care providers treating military service members 
have also reported a need for patient and family educational material on options for managing 
pain after TBI and trainings tailored to provider specialty.104,288,289 Scheduling, high out-of-
pocket costs, and lack of support have also been reported as important issues.290   

Studies on the facilitators of effective treatment have found several factors associated with high-
quality treatment of pain after TBI. Adequate treatment coordination and continuity have been 
consistently reported as facilitators of chronic pain health care utilization.287 In one study, 
treatment tailored to the specific patient needs (endorsed by 100% of interviewed providers), 
interdisciplinary team engagement (97%), and community resource availability (48%) were key 
themes providers identified as related to improved health care utilization in chronic pain 
treatment after TBI.287 However, to apply this information to patient care, implementation 
science is needed to develop strategies of translating these findings into actionable changes. In 
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fact, the National Academies of Sciences, Engineering, and Medicine (NASEM) report on 
accelerating progress in TBI specifically describes the need to promote research translation using 
implementation science.291 To this end, one TBIMS study identified four primary objectives and 
implementation strategies for improving the treatment of pain after TBI, such as developing 
dissemination guidelines and best practices, as well as increasing workforce readiness to treat 
pain in these individuals.286  

While the barriers to and facilitators of effective treatment of pain after TBI have begun to 
emerge, questions remain regarding the factors that may confer better treatment outcomes and 
the optimal approach for designing an effective treatment plan. One TBIMS study applying the 
extreme phenotypes approach identified an extreme no-change phenotype, which involved either 
no change in pain or worse pain (N=290), and an extreme improvement phenotype, characterized 
by pain that was reported as moderately to a great deal better (N=512).292 Those who were 
female and married and those with better motor function, lower pain intensity, and less frequent 
pain had higher odds of exhibiting the extreme improvement phenotype. However, to advance 
precision medicine for chronic pain after TBI, it is important to consider how phenotypes related 
to different treatment outcomes are defined. For example, one study found that even individuals 
who report similar levels of pain on self-report assessments after TBI exhibit considerable 
differences in treatment;95 thus, some strategies for evaluating pain, such as pain intensity scales, 
may not be the most effective tools for developing interventions tailored to the patient’s needs. 
Additional studies are needed to reach conclusions on the indicators that should be used to 
establish patient phenotypes and enable personalized treatment of pain after TBI.   

CONCLUSION 

Clinical and research programs in the military aim to develop more objective measures of TBI 
that can be used to predict patient outcome.293 These efforts may improve our ability to prevent 
and treat pain symptoms. The identification of injury-related, demographic, and genetic risk 
factors may provide novel opportunities to advance the personalized long-term treatment of TBI 
patients by allowing the early identification of those who are most likely to develop chronic pain. 
However, these efforts are challenged by the complexity of pain symptoms in individuals who 
sustain TBIs, which often co-occur with neuropsychiatric disorders and sleep disturbances. 
Therefore, treatment should utilize an interdisciplinary approach that emphasizes non-
pharmacologic strategies and aims to resolve the underlying causes of pain, as well as 
exacerbating factors. Treatment should also focus on promoting functional recovery and return to 
duty, while minimizing the effects of pain on quality of life. With further study, emerging 
therapies may be identified to resolve the limitations of current strategies for treating chronic 
pain in TBI patients.   

KEY POINTS 

• Chronic pain in TBI patients can involve nociceptive, neuropathic, and mixed mechanisms, 
and although headache is the most common form of chronic pain in these individuals, pain in 
the neck, back, and other areas is not uncommon.  

• Emerging evidence suggests that severe pain at the time of the TBI, loss of consciousness, 
female sex, a history of multiple TBIs, and other characteristics may be associated with an 
increased risk of chronic pain after TBI. 
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• Pain in TBI patients is often accompanied by neuropsychiatric symptoms, such as PTSD and 
depression, as well as sleep disturbances, complicating effective patient management and 
compromising quality of life after TBI.   

• Evaluating pain in TBI patients is challenging due to the subjective nature of pain and the 
limitations of self-report tools. The development of more objective measures, such as 
biomarkers, may enable more comprehensive pain assessment in the TBI population with 
further study. 

• While alternative therapies such as acupuncture have been proposed for the treatment of 
chronic pain after TBI, their long-term efficacy is yet to be confirmed. 
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APPENDIX A  

Table 1: Types of Pain after TBI 

PAIN STATE DEFINITION 

Neuropathic19  • Results from sensory nerve damage 
• Symptoms: burning, tingling, or shock-like, spontaneous pain  

Nociceptive19 • Reflects activation of nociceptors by intense mechanical stimuli; also referred 
to as mechanical pain 

• Symptoms: pain is localized to the area of the mechanical stimulus   
Inflammatory17,19 • Results from tissue damage and inflammatory process  

• Symptoms: redness, warmth, swelling of the affected area 
Centralized19 • Pain in the absence of an identifiable noxious stimulus, inflammation, or neural 

damage; may involve increased pain facilitation or decreased pain inhibition  
Psychogenic18 • Pain that mostly involves emotional conflict or psychosocial problems, rather 

than damage to somatosensory structures  

 
Table 2: Tools Used to Evaluate Pain in TBI Patients  

TOOL DESCRIPTION 
VA/DOD 

SPECIFIC 
(Y/N) 

Sport Concussion Assessment 
Tool-6 (SCAT-6)178 

• Used to assess sports-related concussion  
• Includes questions related to pain symptoms at the 

time of injury  

N 

Defense and Veterans Pain 
Rating Scale (DVPRS) 2.0180  

• A pain assessment tool that uses a numerical rating 
scale, functional word descriptors, color coding, 
and pictorial facial expressions matched to pain 
levels   

Y 

Post-Deployment Health 
Assessment (PDHA)182 

• Mandatory self-report questionnaire completed 
within 30 days of return from deployment  

• Can be used to record pain symptoms experienced 
during deployment  

Y 

Post-Deployment Health 
Reassessment (PDHRA)183 

• Mandatory self-report questionnaire completed six 
months after return from deployment  

• Can be used to record pain symptoms experienced 
during and after deployment 

Y 

Neurobehavioral Symptom 
Inventory (NSI)179 

• A 22-item self-report questionnaire of 
neurobehavioral symptoms, including pain  

N 
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Table 3: Clinical Tools for Managing Pain in TBI Patients  

TOOL SUMMARY AND RECOMMENDATIONS 

VA/DOD CPG for the 
Management and Rehabilitation of 
Post-Acute Mild Traumatic Brain 
Injury (2021)212  

• Provides an overview of the assessment and treatment of TBI 
patients with persistent pain 

• Recommends nonpharmacologic therapies as a first-line 
treatment method, while avoiding opioid treatments until 
other strategies have been tested  

VA/DOD CPG for the 
Management of Headache (2023)21 

• Provides recommendations for pharmacological and non-
pharmacological treatment of post-traumatic headache pain 

VA/DOD CPG for Opioid Therapy 
for Chronic Pain (2022)233 

• Highlights that TBI is a risk factor for adverse outcome of 
opioid therapy 

• States the potential harms and benefits should be weighed 
before recommending opioid treatment for pain treatment 

TBICoE Clinical 
Recommendation: Management of 
Headache Following mTBI: 
Guidance for Primary Care 
Management in Deployed and 
Non-deployed Setting213  

• Describes the characteristics of headache and other types of 
pain associated with posttraumatic headache, different 
headache types, and the differential assessment, diagnosis, 
and treatment recommendations for headache types 

TBICoE Clinical 
Recommendation: Cognitive 
Rehabilitation for Service 
Members and Veterans Following 
Mild to Moderate Traumatic Brain 
Injury214 

• Recommends that treating pain during post-acute (7–12 
weeks post injury) should be a primary focus  

• Emphasizes that referral for pain management may be 
warranted before or during cognitive rehabilitation 

TBICoE Clinical 
Recommendation: Management of 
Sleep Disturbances Following 
mTBI: Guidance for Primary Care 
Management in Deployed and 
Non-Deployed Settings215 

• Highlights comorbidities implicated in sleep disturbances 
including chronic pain 

• Recommends investigating pain symptoms if excessive 
daytime sleepiness persists beyond 2–4 weeks following 
mTBI 
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