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Traumatic brain injury in U.S. Veterans with traumatic spinal cord injury
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Abstract—Patients with both a spinal cord injury (SCI) and 
traumatic brain injury (TBI) are often very difficult to manage 
and can strain the resources of clinical units specialized in 
treating either diagnosis. However, a wide range of estimates 
exists on the extent of this problem. The aim of this study was 
to describe the scope of the problem in a well-defined popula-
tion attending a comprehensive SCI unit. Electronic medical 
records of all patients with SCI being followed by the SCI unit 
in a U.S. Veterans’ hospital were searched to identify those 
with concurrent TBI. The data were analyzed for age, sex, 
cause of injury, level and completeness of SCI, cognitive 
impairment, relationship with Active Duty military, and date of 
injury. Of 409 Veterans with a traumatic SCI, 99 (24.2%) were 
identified as having had a concurrent TBI. The occurrence did 
not appear to be closely related to military conflict. Reports of 
TBI were much more common in the last 20 yr than in previous 
decades. Documentation of TBI in patients with SCI was 
inconsistent. Improved screening and documentation could 
identify all patients with this dual diagnosis and facilitate 
appropriate management.

Key words: Active Duty military, cognitive impairment, elec-
tronic medical records, military trauma, polytrauma, retrospec-
tive study, spinal cord injury, traumatic brain injury, Veterans, 
Veterans Health Administration.

INTRODUCTION

Since World War II, when patients with spinal cord 
injury (SCI) began to survive in significant numbers, it 
has been recognized that SCI is often associated with 
other injuries. Recent military conflicts have drawn 

renewed attention to traumatic brain injury (TBI) and 
SCI [1–2]. Both can be catastrophic, and their manage-
ment is particularly difficult when they occur in the same 
individual. Patients with paraplegia and co-occurring 
severe TBI have been shown to have worse motor out-
comes and longer acute rehabilitation lengths of stay than 
those with paraplegia and no TBI [3]. There is, however, 
a wide range of estimates of the prevalence of such a dual 
diagnosis [4].

The prevalence of SCI among patients with TBI is 
relatively low. Two decades ago, acute spinal cord trauma 
was estimated to occur in between 5 and 15 percent of 
patients with severe head injury [5–6]. A recent article on 
closed or penetrating head injury sustained in military 
personnel in Iraq reported a 9.8 percent incidence of SCI 
or spinal column injury [7]. A retrospective study of 447 
patients with moderate or severe head injury evaluated at 
two civilian level 1 trauma centers showed that 3.1 per-
cent sustained SCI [8]. A prospective study of 180 
patients with moderate or severe TBI admitted to a neu-
rotrauma intensive care unit found that 7.8 percent had 
SCI [9].

Abbreviations: CPRS = Computerized Patient Record Sys-
tem, ICD-9-CM = International Classification of Diseases-9th 
Revision-Clinical Modification, SCI = spinal cord injury, TBI = 
traumatic brain injury, VA = Department of Veterans Affairs.
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The prevalence of TBI among patients with SCI is 
not clear and has a wide range of estimates. The Spinal 
Cord Injury Model Systems reported retrospectively in 
1995 that 28.2 percent of patients with SCI had at least a 
mild TBI with loss of consciousness and 11.5 percent had 
a TBI severe enough to demonstrate cognitive or behav-
ioral changes [10]. A more recent prospective study of a 
sample of 198 patients with SCI in a single large SCI 
model system estimated that 60 percent had TBI [4]. 
There may be several reasons for uncertainty about the 
prevalence of TBI in patients with SCI. The location of 
the study (e.g., trauma service, intensive care unit, SCI 
unit) and whether the injuries occurred in a military or 
civilian context will determine the population studied. 
Much depends on the design of the study and definitions 
used for TBI, particularly mild TBI whose definition has 
not always been clear and which can be confused with 
posttraumatic stress disorder and other conditions. 
Patients themselves may underreport TBI through lack of 
insight or a desire to return to Active Duty or overreport 
TBI in the context of compensation or to avoid the stigma 
of mental illness [11–13]. TBI may be particularly under-
diagnosed in retrospective studies [14], where it is highly 
dependent on documentation.

In view of the wide range of published estimates and 
the medical, social, and financial significance of these 
injuries, we investigated documentation of TBI in a well-
defined population with known SCI. The U.S. Depart-
ment of Veterans Affairs (VA) has a national System of 
Care for Spinal Cord Injuries and Disorders, with 24 SCI 
centers and 127 SCI clinics arranged in a hub and spoke 
system. Veterans of the U.S. military with spinal cord 
injuries or disorders are accepted into this system for 
rehabilitation and lifetime follow-up, and their medical 
records are maintained in an electronic medical record 
known as the Computerized Patient Record System 
(CPRS). Most of the contents of this system are text-
based, but they can be searched electronically, allowing 
for the examination of thousands of notes extending over 
many years.

METHODS

The SCI service of the VA Palo Alto Health Care 
System maintains a registry of patients with spinal cord 
injuries or disorders that undergo initial inpatient rehabil-
itation or follow-up care. Some of these patients sus-

tained their SCI many years ago and continue to receive 
active follow-up at the SCI service as is recommended by 
the VA. The current study included patients who were 
admitted initially or for follow-up care during a 2 yr 
period (October 2010–October 2012). Patients who died 
during this period were not excluded. Since our interest 
was in co-occurrence of SCI and TBI, the first step was 
to identify the subset of patients with traumatic SCI. The 
etiology of traumatic SCI was determined using the 
Common Data Elements classification of (1) sports and 
leisure, (2) assault, (3) transport, (4) fall, and (5) other 
traumatic causes [15]. The Common Data Elements clas-
sification is based on the World Health Organization 
International Classification of External Causes of Injury 
and recommends that when the etiology is classifiable 
into more than one of these five categories, the category 
with the highest priority (the lowest number) should be 
assigned.

The personal identifiers of these patients were then 
used to obtain their electronic medical records in the VA 
CPRS and search for any reference to TBI or head injury. 
The electronic medical record of each patient includes a 
list of Active Problems, which uses codes of the Interna-
tional Classification of Diseases-9th Revision-Clinical 
Modification (ICD-9-CM). The Active Problems list was 
examined and if a reference to TBI or head injury was 
found, the ICD-9-CM code was noted as well as the date 
of entry, which was used to determine whether the injury 
happened at the same time as the SCI. The electronic 
medical record may contain hundreds or even thousands 
of notes for each patient. The text of all notes was 
searched electronically for any of the following text 
phrases: “TBI,” “brain injury,” “brain trauma,” “head 
injury,” “head trauma,” “loss of consciousness,” or 
“LOC.” When any of these words or phrases was found 
in the notes, their context was examined to determine 
whether the patient did indeed have a history of any TBI 
(mild, moderate, severe, or self-reported) and its relation-
ship in time to the SCI. For patients identified as having 
TBI that occurred at the same time as SCI, an additional 
search for cognitive impairment was conducted. SCI ser-
vice psychologists perform an annual evaluation of all 
patients. Every note from the SCI service psychologists 
includes a section on cognitive functioning that was iden-
tified by this search; each of these notes was then read to 
determine whether there was cognitive impairment and 
whether it was attributable to the TBI or to other known 
conditions. Other information was also extracted from 
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the electronic medical record, such as sex, current age, 
age at the time of the SCI, date of SCI, and level and 
completeness of the spinal cord lesion. The military sta-
tus (Active Duty or retired) of the Veteran at the time of 
the injury was also determined.

RESULTS

A total of 701 patients were included in this study, of 
whom 675 (96.3%) were male and 26 (3.7%) were 
female, which is typical in the Veteran population with 
SCI. Screening by cause of spinal cord or column dam-
age revealed that 292 patients had nontraumatic damage 
and were excluded from further analysis. The remaining 
409 (58%) patients had traumatic SCI, of whom only 9 
were female. The mean ± standard deviation current age 
of patients with traumatic SCI was 60 ± 13 yr (range: 23–
98 yr) and the mean time since injury was 24 ± 16 yr 
(range: 1–69 yr).

Of the 409 patients with traumatic SCI, only 18 had 
any reference to TBI noted in their Active Problem list; 
in all these cases, the TBI had occurred at the same time 
as the SCI. However, electronic searching of the text of 
notes using the criteria described in the “Methods” sec-
tion identified an additional 81 patients with traumatic 
SCI as having had a TBI at the same time as the SCI. 
Thus, a total of 99 out of 409 patients with traumatic SCI 
(24.2%) had experienced a concurrent TBI.

The Active Problems list in the CPRS thus did not 
record the existence of the TBI in over 80 percent of 
these cases. In many of these cases, the head and/or brain 
injury or trauma was also not mentioned in the history 
recorded on admission but only in the text of notes by 
psychologists working in the SCI service, sometimes 
when reviewing a patient years after the injury.

The available information was not sufficient to deter-
mine the severity of the TBI in each case. Table 1 shows 
the distribution by sex and age group. Table 1 also shows 
the distribution and frequencies by etiology of the trau-
matic SCI. Transport (category 3) 

Table 1.
Distribution and frequencies (%) of key patient characteristics by group: concurrent traumatic brain injury (TBI) and spinal cord injury (SCI), SCI 
only, and SCI total.

Characteristic SCI + TBI (n = 99) SCI Only (n = 310) SCI Total (n = 409)
Sex

Male 94 (95) 306 (99) 400 (98)
Female 5 (5) 4 (1) 9 (2)

Age (yr)
20–39 17 (17) 20 (7) 37 (9)
40–59 37 (37) 97 (31) 134 (33)
60 45 (46) 193 (62) 238 (58)

Age at Time of SCI (yr)
20–39 56 (57) 203 (65) 259 (63)
40–59 11 (11) 71 (23) 82 (20)
60 32 (32) 36 (12) 68 (17)

SCI Etiology
Sports/Leisure 12 (12) 44 (14) 56 (14)
Assault 2 (2) 45 (14) 47 (11)
Transport 58 (59) 161 (52) 219 (54)
Fall 24 (24) 49 (16) 73 (18)
Other* 3 (3) 11 (4) 14 (3)

SCI Level and Completeness
Complete Tetraplegia 9 (9) 55 (18) 64 (16)
Incomplete Tetraplegia 47 (48) 107 (34) 154 (38)
Complete Paraplegia 22 (22) 89 (29) 111 (27)
Incomplete Paraplegia 21 (21) 59 (19) 80 (19)

*Other traumatic cases included patients struck by trees or other objects and construction and mining accidents (not falls).

was the most common 
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cause both in patients with SCI only (52%) and those with 
concurrent SCI and TBI (59%). Fall (category 4) was the 
second most common cause. Notably, when the SCI was 
caused by assault (category 2), concurrent TBI was rare. 
Of 47 cases with SCI due to assault, 39 were due to gun-
shot wounds and none of these 39 had concurrent TBI. 
The two cases with concurrent SCI and TBI due to assault 
were caused by shrapnel and rocket-propelled grenade, 
respectively. Thus, only 4 percent of all assault cases led to 
concurrent SCI and TBI compared with 26.8 percent of 
nonassault SCI etiologies.

The number of patients with cervical SCI was only 
slightly higher than the number with thoracic and lumbar 
SCI: 218 (53.3%) tetraplegia versus 191 (46.7%) para-
plegia (Table 1). The frequencies of concurrent SCI and 
TBI among tetraplegia patients (25.7%) and among para-
plegia patients (22.5%) were also similar.

About half of the patients with concurrent traumatic 
SCI and TBI were also found to have cognitive impair-
ment: 54 out of 99 (55%). Further comments on this find-
ing are given in the “Discussion” section.

Investigation of when the concurrent SCI and TBI 
occurred in relation to military service (Active Duty or 
after military discharge) revealed that most of the 
patients (69 [70%]) had been injured after leaving mili-
tary duty. While 30 of the injuries occurred during Active 
Duty, the majority of cases (20) were caused by accidents 
during transport by road or air, 8 were caused by falls and 
sport or leisure activities, and only 2 were caused by 
assault (shrapnel or rocket-propelled grenade).

When patients were stratified according to the date of 
their traumatic SCI, it became notable that records of 
concurrent TBI had increased greatly in recent years 
(Table 2). Half of all patients for whom we found elec-
tronic medical records of concurrent SCI and TBI were 
injured in the last decade (2003 to 2012). For compari-
son, the cases with SCI were more evenly distributed 

(15% to 24%) between different decades. Possible rea-
sons for this are discussed later.

DISCUSSION

In this single-center retrospective study, the overall 
percentage of patients with traumatic SCI who were 
recorded as having had a concurrent TBI was 24.2 per-
cent, and for nonassault etiologies the frequency was 
slightly higher (26.8%). This frequency is similar to mul-
ticenter retrospective figures from the SCI model systems 
reported in 1995 (28.2%) [10] but lower than figures 
from a prospective study in a single SCI model system 
reported in 2008 (60%) [4]. We believe that the higher 
frequency found in the prospective research study is 
attributable to more accurate screening and documenta-
tion of associated injuries at the time of the SCI and that 
more consistent screening and documentation of associ-
ated injuries, particularly TBI, is required in clinical 
practice, as discussed later.

Some studies have found cervical SCI to be associ-
ated with greater rates of concurrent TBI [4,9]. Our 
results did not show significant differences in the fre-
quency of TBI between the groups of patients with tetra-
plegia or paraplegia (Table 1).

In the current study, the number of Veterans with 
traumatic SCI in whom a concurrent TBI was recorded 
has increased substantially over recent decades, from 
<9 percent before 1983 to 50 percent since 2003, while 
the number of patients with SCI only stayed more or less 
similar over time (Table 2). Three possible reasons are 
discussed next.

Military Activity
In recent years, TBI has been described as the signa-

ture injury of military action in the Middle East, and it 
might be hypothesized that this has

Table 2.
Distribution and frequencies (%) of concurrent traumatic brain injury (TBI) and spinal cord injury (SCI), SCI only, and SCI total by date of injury.
Date of Injury SCI + TBI (n = 99) SCI Only (n = 310) SCI Total (n = 409)
2003–2012 49 (50) 71 (23) 120 (29)
1993–2002 23 (23) 47 (15) 70 (17)
1983–1992 11 (11) 50 (16) 61 (15)
1973–1982 6 (6) 74 (24) 80 (20)
1963–1972 9 (9) 56 (18) 65 (16)
<1963 1 (1) 12 (4) 13 (3)

 increased the number 
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of patients with SCI and TBI. However, patients whose 
SCI was caused by gunshot wound or shrapnel were 
rarely recorded in this study as having a TBI, presumably 
because missiles strike either the spine or head but rarely 
both, and in recent conflicts the use of body armor 
appears to have greatly reduced the incidence of SCI. It is 
well known that during Active Duty, many injuries are 
caused not in combat but by other forms of trauma such 
as motor vehicle accidents. In this study, while 30 percent 
of concurrent injuries occurred during Active Duty, the 
majority of these occurred during transport by road or air. 
Only 7 of 99 concurrent injuries occurred during combat, 
and none were caused by a gunshot; one was caused by 
shrapnel, one by rocket-propelled grenade, two by motor 
vehicle accidents, and three by flying accidents. It seems 
likely, therefore, that the contribution of military combat 
to increasing records of concurrent SCI and TBI is small.

Improved Documentation
The CPRS was introduced by the VA in 1997. 

Patients injured before this time have their current medi-
cal records entered into this system, but the notes about 
their medical history before this time are often dependent 
on patients’ memory, which can be impaired if they had a 
head injury or because of their current age. The CPRS 
provides improved ability to retrieve information entered 
about injuries since 1997. However, proper documenta-
tion also depends on whether patients are asked about the 
possibility of past head injury even if the injury resolved, 
which depends on awareness by clinical staff of the pos-
sibility of head injury.

Improved Awareness
Awareness of head injury in military personnel has 

increased during the last two decades, and this has led to 
increased screening in the Department of Defense and 
VA. Psychologists working in SCI units are usually 
aware of this, but other staff, including medical residents 
in training who may do much of the documentation, may 
be less aware of the possibility of head injury and less 
skilled in diagnosing it. The results of screening in the 
Department of Defense are not necessarily made avail-
able to the VA when a patient is transferred. We believe 
that more consistent documentation and communication 
of this information should become standard practice in 
the Department of Defense and VA to reduce the chance 
of missing a diagnosis of TBI.

Traumatic SCI usually has obvious symptoms and 
signs and is therefore relatively rarely missed, and major 
TBI is rarely missed as well. When both are present, 
management is usually assigned to either an SCI or TBI 
unit, depending on the relative severity of the two inju-
ries. Ideally, the staff of such units would collaborate in 
the management of such patients. However, SCI and TBI 
units may not be located in the same institution, and even 
when they are, they often have different cultures and col-
laboration may be limited. In practice, each unit will con-
centrate on the injury it knows best, and the other injury 
may not receive state-of-the-art attention.

Less severe TBI can be missed, particularly in 
patients with multiple and life-threatening injuries who 
may be in shock, undergoing emergency surgery, sedated, 
or on a ventilator. When they are stabilized, their man-
agement will depend somewhat on the service to which 
they are transferred and on its awareness of the possibil-
ity of concurrent injuries.

Identification of TBI in electronic medical records of 
patients with SCI in this study was inconsistent. It might 
be thought that this was because the head injury was mild 
in this series of patients, but 55 percent of the Veterans 
with concurrent TBI and SCI were identified as having 
cognitive impairment. This is similar to the percentage 
found in patients with SCI treated in the SCI model sys-
tems of care. While cognitive impairment can be due to 
causes other than TBI in these patients, it remains impor-
tant to identify whether they have had a TBI. During 
annual evaluations of Veterans with SCI, our VA SCI ser-
vice psychologists evaluate attention, problem solving, 
processing speed, and memory by interview, and if cog-
nitive impairment is suspected they supplement the inter-
view with neuropsychological tests selected on the basis 
of the impairment suspected. The most frequent terms 
used in the electronic medical record for cognitive 
impairment were slowed processing speed and “short-
term memory loss,” although it is now recognized that it 
would be beneficial to use clearer terms to describe atten-
tion and memory in the medical record. In the past, the 
term short-term memory loss used in the medical record 
has often been nonspecific and may have been used to 
refer to anything from working memory of a few seconds 
to recall of the events from a few weeks before.

In the case of patients with mild TBI, it might have 
been argued in the past that they did not suffer greatly 
from delayed or absent documentation of the injury, but 
there is now increased interest in the unknown long-term 
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effects of mild and repeated TBI on conditions such as 
Parkinson disease and dementia. The fact that the VA 
healthcare system follows patients with SCI for life 
offers an opportunity to study the relationship between 
these conditions.

The use of an electronic medical record in the VA has 
had many advantages, but it may be necessary to structure 
the collection and recording of some information in a 
more consistent way that could be implemented in a 
national system of care. Consistent screening of patients 
with SCI for TBI during their initial rehabilitation should 
be done to avoid missing the diagnosis of TBI. If TBI 
resolves, there is no way to identify it subsequently other 
than history from the patient, collaterals, and prior medi-
cal reports. Screening will need to be done after patients 
are stabilized on medications for pain and spasticity since 
these medications are known to affect cognitive function-
ing until patients accommodate to them. Patients will also 
need to be clear of delirium from surgical anesthesia, uri-
nary tract infections, and other SCI complications. In 
many cases, it will be difficult to distinguish TBI from 
depression, posttraumatic stress disorder, and/or anxiety, 
so diagnosis will be delayed until psychiatric symptoms 
are adequately treated. These are some of many reasons 
for providing adequate time for rehabilitation rather than 
discharging patients as soon as they can survive outside of 
a hospital. Fortunately, adequate admission time is stan-
dard practice in the VA. It is possible that our finding that 
50 percent of Veterans who experienced traumatic SCI in 
the last 10 yr are currently being recorded as having a con-
current TBI is still an underestimate, so there may still be 
a significant number of Veterans in whom TBI has not 
been diagnosed as suggested by the recent study in civil-
ians [4]. It is critically important to avoid missing the 
diagnosis of TBI in Veterans (and others) if appropriate 
rehabilitation and follow-up care is to be provided.

The causes of SCI in Veterans with concurrent TBI, 
such as motor vehicle accidents, falls, and sporting acci-
dents, resemble the causes seen in the civilian population, 
so some of the conclusions of this study may be applied 
to civilians. It would be of value to improve documenta-
tion of TBI in the civilian population with SCI, particu-
larly as electronic medical records are being adopted. 
This could best be done within the SCI model systems, 
even though only a minority of U.S. civilians with SCI 
receives their care in these systems and they may have a 
higher proportion of patients with severe SCI than in the 
population treated outside the SCI model systems. Such 

documentation would allow for the collection of data in 
civilians comparable to that in Veterans and provide 
guidelines for future management of long-term conse-
quences of these injuries, especially in young people.

CONCLUSIONS

1. Documentation of TBI in this population of Veterans 
with traumatic SCI was inconsistent; in patients with 
both SCI and TBI, the TBI identified by searching the 
notes in the electronic medical record was only 
recorded in the Active Problems list 18 percent of the 
time and was often absent from admission histories 
and discharge summaries.

2. Recorded incidents of TBI in Veterans with traumatic 
SCI in this study have increased from <9 percent 
before 1983 to 50 percent since 2003. This may reflect 
improved documentation and increased awareness, but 
there may be more cases that are still not being identi-
fied. Extrapolation of these figures nationally suggests 
that there may be a substantial number of Veterans 
whose TBI has not been documented.

3. Improved screening and documentation would help to 
identify all Veterans with both SCI and TBI and allow 
appropriate management and long-term follow-up.

4. Based on these findings, we propose the following 
recommendations:

    a. Screening by a psychologist of all Veterans newly 
enrolled in the VA System of Care for Spinal Cord 
Injuries and Disorders to assess for potential TBI, 
because all VA SCI centers are required to have a 
psychologist in their team.

    b. Structuring documentation of TBI in the CPRS at 
least in the Active or Inactive Problems lists and per-
haps in other locations and templates.

    c. Making available the baseline automated neuropsy-
chological assessment data now collected on all U.S. 
military personnel to VA clinicians in the VA CPRS 
and using these data to assist in screening all patients 
with SCI for TBI when they are enrolled in the 
VA System of Care for Spinal Cord Injuries and 
Disorders.

    d. Training of medical residents, fellows, and other 
physicians who work with SCI to screen for TBI.

    e. Screening for TBI in non-Veteran populations with 
traumatic SCI, with documentation led by the SCI 
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model systems and their database in the National 
Spinal Cord Injuries Statistical Center.
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