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Abstract

Older adults tend to have poorer outcomes compared to younger adults following moderate-to-severe traumatic
brain injury (TBI). Currently, there is a need for research focusing on how elderly TBI has changed as the U.S.
population shifts. This study provides a statewide account of moderate-to-severe TBI in regard to injury-related
variables and incidence rates in the elderly. Data from Pennsylvania accredited trauma centers collected in the
Pennsylvania Trauma Outcome Study between 1992 and 2009 were used in the current study. Incidence rates for
TBI were calculated using U.S. Census Bureau estimates for individuals aged 65–90 years (separated into three
subgroups: ages 65–73, 74–82, and 83–90 years). In addition, we focused on describing the following injury-
related variables: mechanism of injury, injury severity, hospital length of stay, and functional status at discharge.
The results indicate that the incidence of elderly TBI has approximately doubled in the past 18 years, and that the
increase in elderly TBI is greatest for individuals between the ages of 83 and 90. Furthermore, this age group had
the poorest outcomes following TBI. Prevention and awareness of TBI in the elderly is imperative in reducing the
likelihood of injury and disability. Continued statewide work is needed to demonstrate trends in elderly TBI
nationwide to further add to the knowledge base used for prevention and rehabilitation work.
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Introduction

Traumatic brain injury (TBI) is a global health concern
and is one of the leading causes of chronic disability and

death in the United States. Worldwide, it is estimated that
57 million people have sustained at least one TBI during their
lifetime; within the United States the approximate annual
incidence of TBI is 1.4 to 2 million (Frankowski, 1986; Langlois
et al., 2006; Moscato et al., 1994). A trimodal age distribution
of injury risk has been identified; children under the age of 5,
individuals between the ages of 15 and 24, and individuals 65
years and older tend to be at the greatest risk for sustaining
injuries (Bruns and Hauser, 2003; Langlois et al., 2004). Al-
though the incidence of TBI in younger individuals (e.g., 15–
24 years old) has decreased due to greater awareness and
preventive measures (aimed at decreasing motor vehicle ac-
cidents), the opposite has been found in the elderly popula-
tion. Driving rates have continued to increase in the elderly
over time (Federal Highway Administration, 1999,2009), and
TBI has also continued to increase. Even given that the elderly

are driving in higher numbers than ever, falls may have re-
placed motor vehicle accidents as the primary mechanism of
injury (Masson et al., 2001; Thurman et al., 1999). In addition
to being at greater risk, elderly individuals tend to have
slower recovery rates, higher mortality rates, and lower
functional status at discharge following moderate-to-severe
TBI compared to younger individuals (Cagetti et al., 1992;
Hukkelhoven et al., 2003; Mosenthal et al., 2002; Pennings
et al., 1993; Susman et al., 2002). The combined effects of in-
creased risk and poorer outcome after TBI in the elderly are
concerning, considering population trends indicating that the
aging population is increasing. It is projected that the number
of individuals 65 years old and above will reach 71 million in
2030 (U.S. Census Bureau, 2009), and in 2050 it is projected
that there will be approximately 88.5 million elderly indi-
viduals in the U.S. (which would be about double what the
elderly population was in 2010; Vincent and Velkoff, 2010).

Nationwide population estimates show that the U.S. is
becoming increasingly older (Shrestha, 2006), but this growth
has not been uniform between the states or even linear over
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time. In the state of Pennsylvania, between 1992 and 2009,
U.S. Census Bureau (2009) estimates indicate a 4% increase in
the Pennsylvania elderly population; however, more recently
(from 2000–2005) the elderly population has decreased in
several states, including Pennsylvania (Colello, 2007; U.S.
Census Bureau, 2009). Because of the increased risk for poorer
outcomes in the elderly, there is a need for large-scale de-
scriptions of how moderate-to-severe TBI in the elderly has
changed as the U.S. population ages. Improved documenta-
tion of TBI can aid in efforts targeting the causes of TBI, its
treatment, and further awareness and education about TBI in
the elderly. Further, there has been little work examining the
elderly in different age subgroups in order to gain a more
specific understanding of the relationship between older age
and TBI. Some recent work has begun to outline the trends in
elderly TBI (Bouras et al., 2007; Coronado et al., 2005; Fletcher
et al., 2007).

There exists no recent comprehensive description of the
incidence, acute care, and injury trends in the elderly popu-
lation over a period of a decade or longer. Several groups have
conducted statewide TBI surveillance studies, albeit in a
shortened time span, including an account of TBI epidemi-
ology in individuals 65 years and older in Oklahoma from
1992–2003 (Fletcher et al., 2007), a description of fatal and
nonfatal TBI cases in Wisconsin in 2001 (Tieves et al., 2005), an
account of TBI epidemiology in West Virginia from 1989–1999
(Adekoya and Majumder, 2004), and surveillance of hospital
admissions and fatal cases of TBI among Utah residents from
1990–1992 (Thurman et al., 1996). Prior epidemiological work
has examined changes in head injury in Minnesota between
1935 and 1974 (Annegers et al., 1980), head trauma charac-
teristics in a rural area in Virginia ( Jagger et al., 1984), and
incidence rates among the residents of San Diego, California
during 1981 (Kraus et al., 1984).

The current study utilized Pennsylvania Trauma Outcome
Study (PTOS) data obtained from the Pennsylvania Trauma
Systems Foundation (PTSF) during the years 1992 through
2009. The goal is to describe epidemiological shifts in mod-
erate-to-severe TBI in the elderly. What remains unknown
about the influence of age on TBI is the possibility of increased
risk with advancing age within elderly samples (e.g., ages 65–
90 years). Therefore, the current study aimed to examine the
elderly in three different age subgroups (younger elderly,
middle elderly, and older elderly, described in more detail
below), over an 18-year period. In addition, this examination
will provide a comprehensive description of incidence and
outcome in elderly groups.

The aims of this study are to: (1) provide a statewide epi-
demiological surveillance of TBI for a period of 18 years by
examining variables such as age, mortality rate, injury se-
verity, length of stay, and functional status at discharge, (2)
examine changes in TBI incidence rates in the elderly over
time, and (3) examine the elderly in three age subgroups to
determine if advancing age within the elderly is associated
with greater risk for injury and poorer outcome.

Methods

The current study examined data collected between the
years 1992–2009 for the PTOS, a statewide trauma registry
formed by the PTSF in Mechanicsburg, Pennsylvania. The
PTOS was created in 1985 and its mandate was established

with the creation of the Emergency Medical Service Act (Act
45) in July 1985. Trauma patients are only included in this
database if they meet specific patient inclusion criteria and are
seen at a PTSF-accredited trauma center. The PTSF accredits
trauma centers by following guidelines defined by the
American College of Surgeons, Committee on Trauma.
Pennsylvania hospitals can apply to the PTSF and a 20-
member board of directors determines if the applicant hos-
pital meets the Standards for Trauma Center Accreditation.
Trauma centers that are accredited by the PTSF are mandated
to report the data elements to the PTOS (see below for further
details), and their continued accreditation depends on com-
pliance with this standard. Currently, there are 31 active, ac-
credited trauma centers in the state of Pennsylvania, which
represent centers in both rural and urban counties. Of those 31
centers, 22 have been accredited and present in the PTOS for
every year from 1992–2009. To document changing trends
over time, we focus our analysis on those 22 medical centers.

Inclusionary criteria for individuals in the PTOS include
a diagnosis of trauma (ICD-9-CM injury codes 800–999), and
one of the following criteria: admission to any intensive
care unit (ICU), admission to a step-down unit, all trauma-
diagnosed deaths, all trauma patients remaining in a hospital
facility for over 48 h following emergency department (ED)
admission, all transfers seen at another facility (unless trans-
ferred to the ED and then discharged home), and individu-
als transferred out to another facility. For the purposes of
this study, individuals were selected with ICD-9-CM codes
indicative of TBI, and the current database included ICD-9-
CM codes 800–997, and total Glasgow Coma Scale (GCS)
scores indicating moderate-to-severe TBI (e.g., GCS score
from 3–12).

Procedures for data extraction have remained consistent for
the PTSF since 1985. Each trauma center registrar is respon-
sible for the quality and accuracy of the data entered by their
facility. However, the PTSF has established methods to ensure
the quality of data extraction, for example by maintaining
uniform statewide data definitions and by conducting regis-
try audits of the trauma centers. Data are integrated from
trauma centers on a quarterly basis. Although data submitted
by each trauma center to the PTSF occurs on a daily basis, the
foundation processes the data during the 3-month period by
rechecking, assessing, and correcting data as needed. Once
the data have gone through the PTSF submission processing it
is integrated into the main database.

The PTOS includes over 200 variables regarding fatal and
nonfatal cases of TBI. The current examination focused on the
following variables: (1) demographic information, (2) inci-
dence, (3) mechanism of injury, (4) injury severity, (5) hospital
length of stay, and (6) functional status. See below for a de-
scription of study variables and measures. The only identi-
fying information provided in the database was date of birth
and gender; further identifying information such as name,
address, telephone number, and social security number are
excluded to protect patient confidentiality.

Variables and measures

Glasgow Coma Scale. Injury severity was measured
using the GCS score (Teasdale and Jennett, 1976). Specifically,
the total GCS score for an individual is calculated using scales
for eye opening (maximum score of 4), verbal response
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(maximum score of 5), and motor response (maximum score
of 6). The total GCS score taken at the scene of injury was used
in the current study to determine TBI injury severity.

Functional Independence Measure. Functional status at
discharge was measured by the Functional Independence
Measure (FIM; Hamilton et al., 1987). Within 48 h of hospital
discharge, all trauma patients are evaluated by a trauma unit
nurse and given a FIM score. The categories evaluated on the
FIM are feeding, transfer mobility, locomotion, expression,
and social interaction. For each category, a value of 1–4 is
assigned: 4 denotes complete independence, 3 indicates in-
dependence with some supporting device, 2 means modified
dependence, and 1 signifies complete dependence.

Mechanism of injury. Within the PTOS, the mechanism of
injury is indicated by ICD-9 e-codes. For example, the fol-
lowing e-codes were used in the current study: railway acci-
dents (e800–e807), motor vehicle traffic accidents (e810–e819),
motor vehicle non-traffic accidents (e820–e825), other road
vehicle accidents (e826–e829), accidental falls (e880–e888),
suicide and self-inflicted injury (e950–e959), homicide and
injury purposely inflicted by other persons (e960–e969),
crushing injury (e925–929), water transport accidents (e830–
e838), air and space transport accidents (e840–e845), and in-
jury resulting from war (e990–e999).

Fatality rate. The PTOS provides information on whether
a patient was discharged alive from the hospital, or if the
patient died in the hospital. Therefore, fatality rates were
determined using this variable and do not indicate if the pa-
tient died at the scene of injury.

Length of stay. Total length of stay in the current study
was defined as duration from hospital admission to hospital
discharge.

Data analyses to address study goals

The study goals were addressed using three specific sets of
analyses. First, in order to examine the changing demo-
graphics in elderly TBI, data from the PTOS were analyzed in
conjunction with Pennsylvania population estimates pro-

vided by the U.S. Census Bureau for the years 1992–2009.
Rates of TBI per 10,000 in the sample were calculated using
the U.S. Census Bureau estimates for elderly individuals. The
elderly sample was then divided into three groups. The first
group was the Younger Elderly (YE) group, which included
individuals between the ages of 65 through 73. The second
group was the Middle Elderly (ME) group, including indi-
viduals from 74–82 years of age, and the last group was the
Older Elderly group (OE), which included individuals aged
83–90. Therefore, the first set of analyses examined changing
incidence rates in the elderly sample as well as in elderly age
subgroups.

Incidence rates were only calculated in the select 22 trauma
centers that have been present for every year from 1992–2009.
In addition, we calculated incidence ratios as a way to ex-
amine relative changes in the proportions of different elderly
age subgroups contributing to total elderly TBI. For example,
a ratio of each elderly TBI subgroup (YE, ME, and OE) was
divided by the number of total elderly TBI to document
changes in proportions over time.

The third set of analyses involved examining the mean age,
GCS score, length of stay, mechanism of injury, and functional
status at discharge in the elderly and elderly age subgroups.
All statistical analyses in the current study were conducted
using SPSS Statistical Software, Version 19.

Results

There were 18,164 moderate-to-severe head injuries (fatal
and nonfatal) sustained by adults (ages 18 and above) in the
data from 1992 through 2009. The typical bimodal distribu-
tion observed in adult head trauma was evident: ages 15–25
and 65–90. The current study focused on the elderly sample
(aged 65–90), which accounted for 3895 (21%) of the total
adult injuries.

Within the elderly sample (ages 65–90 years; mean 74.0,
standard deviation [SD] 8.4), 57% were male and 43% were
female. The sample was comprised of the following racial
groups: white (86%), black (9%), Asian (0.8%), and race for the
remaining individuals (4.2%) was unreported or unknown. In
regard to the fatality rate, of the 3895 elderly individuals
sustaining TBI in Pennsylvania between 1992 and 2009, a total
of 2386 individuals (58%) had fatal injuries. However, there

FIG. 1. Elderly traumatic brain injury in Pennsylvania. Straight line denotes the linear trendline for the data.
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was a downward trend in the fatality rate over time: in 1992
the fatality rate was 65%, in 1998 it was 61%, in 2004 it was
55%, and in 2009 it was 53%.

Incidence rates were calculated in the select 22 trauma
centers. As seen in Figure 1, elderly TBI has increased over
time. Table 1 shows the mechanisms of injury in the elderly for
each year. The data indicate that MVAs were the primary
mechanism of injury in the elderly up until 1999, but since that
time, falls in the elderly have been the leading cause of TBI. To
further demonstrate changes in mechanism of injury over
time, the raw number of injuries for MVAs and falls are shown
for each year in Figure 2.

The change in injury age within the elderly sample over
time is shown in Figure 3. Mean age of injury in the elderly
increased by 4.6 years between the years 1992 and 2009.
Therefore, the incidence in TBI has increased significantly
over the past 18 years, but individuals are also increas-

ingly sustaining injuries later in life. In addition, the aver-
age length of stay in the hospital was 9.9 days (SD 14.4 days)
for this group, and it increased by 4 days between 1992 and
2009.

Elderly subgroup results

Younger Elderly group. There were 1079 individuals in
the YE group between the ages of 65 and 73. When examining
injury severity, there was a significant increase in GCS scores
during the 18-year period (indicating decreased in injury se-
verity) [F(17,1059) = 1.8, p = 0.024]. When examining FIM scores,
there were no significant differences over time. In the YE
group, MVAs were the leading cause of injury from 1992–
1997, and also 2002, 2003, and 2005. However, more recently
(2006–2009), falls have been the leading cause of injury in this
age group.

Table 1. Mechanism of Injury in the Elderly, Percentage and Number per Year

MVA
traffic

MVA
non-traffic Falls

Suicide/self-
inflicted injury

Homicide/injury
inflicted by others

1992 46.9% (69) 2.0% (4) 38.8% (57) 6.1% (9) 3.4% (5)
1993 46.9 (61) 0.8 (1) 40.8 (53) 5.4 (7) 1.5 (2)
1994 39.9 (57) 1.4 (2) 42.7 (61) 7.7 (11) 3.5 (5)
1995 47.8 (66) 0 (0) 39.9 (55) 6.5 (9) 0.7 (1)
1996 44.6 (62) 0.7 (1) 39.6 (55) 9.4 (13) 0 (0)
1997 43.1 (53) 1.6 (2) 43.1 (53) 4.1 (5) 0.8 (1)
1998 42.7 (56) 0.8 (1) 41.2 (54) 4.6 (6) 3.1 (4)
1999 33.1 (57) 0.6 (1) 51.7 (89) 6.4 (11) 3.5 (6)
2000 30.3 (46) 2.0 (3) 52.6 (80) 5.9 (9) 3.3 (5)
2001 33.3 (49) 1.4 (2) 55.8 (82) 3.4 (5) 1.4 (2)
2002 36.0 (59) 1.2 (2) 51.2 (84) 4.9 (8) 1.8 (3)
2003 32.7 (49) 1.3 (2) 50.0 (75) 6.7 (10) 3.3 (5)
2004 25.0 (44) 0 (0) 61.9 (109) 4.0 (7) 2.3 (4)
2005 29.5 (64) 1.4 (3) 57.1 (124) 5.5 (12) 0 (0)
2006 23.4 (59) 0.8 (2) 60.3 (152) 5.6 (14) 2.8 (7)
2007 30.9 (75) 1.2 (3) 61.3 (149) 0.8 (2) 0.4 (1)
2008 22.9 (64) 0.7 (2) 63.9 (179) 2.5 (7) 1.4 (4)
2009 24.4 (75) 0.6 (2) 64.3 (198) 4.5 (14) 1.3 (4)

Primary mechanism of injury for each year is in bold.
MVA, motor vehicle accident.

FIG. 2. Change in mechanism of injury over time. Dashed line is for motor vehicle accidents and the solid line is for falls.
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Middle Elderly group. The ME group was comprised of
1348 individuals between the ages of 74 and 82 years. Al-
though GCS and FIM scores slightly increased during the 18-
year period, these differences were not significant. In 1992,
MVAs were the primary cause of injury for this group, but for
all subsequent years (1993–2009), falls were the predominant
mechanism of injury.

Older Elderly group. The OE group was comprised of 799
individuals between the ages of 83 and 90. When this group
was examined over time, there was an increase in GCS scores
(indicating a trend of less severe injuries over time), and these
changes were significantly different [F(17,778) = 1.7, p = 0.045].
No significant differences were found in FIM scores over time.
MVAs were the primary mechanism of injury in 1992, 1995,
and 1998. For all other years falls were the leading cause of
injury.

Differences between elderly age subgroups

Table 2 summarizes descriptive analyses of the elderly age
subgroups. The data indicate that although falls are the pri-
mary mechanism of injury in the elderly, they account for a
higher percentage of injuries as age increases. Incidence rates
in the 22 trauma centers for the YE, ME, and OE groups are
shown in Figure 4, indicating that TBI has increased in all
groups. Incidence rates were then examined by calculating the
proportion of total elderly TBI (ages 65–90 years) that each
elderly subgroup (YE, ME, and OE) accounted for. Figure 5
indicates that the proportion of OE TBI to total elderly TBI has
increased over time relative to the other elderly TBI sub-
groups.

Discussion

The current data reveal that the incidence of TBI in the
elderly in Pennsylvania approximately doubled between 1992
and 2009 (increasing by 87%), and this increase in TBI is evi-
dent after controlling for the overall population growth and
changes in the number of trauma centers contributing to the
database during that period. Dramatic increases in the inci-
dence of TBI in the elderly have been similarly demonstrated
in prior research (Fletcher et al., 2007; Kannus et al., 1999;
Stevens and Adekoya, 2001). Additionally, given the world-
wide projected increases in the elderly population, including
industrialized nations such as Australia, Canada, France,
Germany, Japan, New Zealand, and the United Kingdom
(Anderson and Hussey, 2000), increasing TBI in the elderly
may become a global issue.

Within the elderly sample (aged 65–90 years), the mean age
of injury is on the rise, indicating greater TBI risk with in-
creasing age. With regard to the fatality rate, there was a de-
crease over time, indicating that more elderly individuals are
surviving moderate-to-severe TBI, findings similar to those of
Fletcher and colleagues (2007), using statewide data collected
in Oklahoma.

When elderly subgroups (YE, ME, and OE) were examined,
the OE group had the lowest injury severity and lowest FIM
score at discharge compared to the YE and ME groups.
Therefore, increased age was associated with less severe in-
juries, but also poorer functional status at discharge. This
finding has also been demonstrated in work by Mosenthal
and colleagues (2002). However, the OE group also had the
shortest acute hospital stays post-injury. This may be due to
the difference in functional status among the elderly

FIG. 3. Increase in injury age over time.

Table 2. Description of Elderly Age Subgroups

Group
Average

age (years)
Average

GCS score
Percent
fatality

Primary mechanism
of injury

FIM score
at discharge

Length of
stay (days)

Young n = 1079 69.1 (SD 2.6) 5.3 (SD 2.9)* 56.8% Falls (43%, n = 462) 12.3 (SD 5.7) 11.7 (SD 16.2)
Middle n = 1348 78.0 (SD 2.6) 5.4 (SD 2.9) 66.8% Falls (56%, n = 756) 10.7 (SD 5.2) 9.9 (SD 14.7)
Older n = 799 85.8 (SD 2.2) 6.1 (SD 3.1)* 66.0% Falls (63%, n = 501) 9.6 (SD 4.8) 7.7 (SD 11.0)

*Differences over 18 years are significant at p < 0.05.
FIMS, Functional Independence Measure.
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subgroups; OE individuals maybe be discharged earlier in
order to receive more specialized support services.

When fatality rates were examined in the elderly sub-
groups, the ME and OE groups had significantly higher fa-
tality rates compared to the YE group, indicating that
individuals between the ages of 74 and 90 years in this sample
were more likely to sustain fatal injuries compared to indi-
viduals aged 65 to 73 years. With regard to mechanism of
injury, as age and injury year increased in the elderly, the
frequency of injuries due to falls also increased. Furthermore,
the raw number of MVAs has been constant over time, while
the number of falls has increased.

One of the most intriguing findings was that total elderly
TBI was not made up of equivalent proportions of individuals
from the YE, ME, and OE groups. Rather, the OE TBI group
made up a greater proportion of the total elderly TBI sample
over time. Therefore, it is possible that the OE group is dif-
ferentially influencing the rise in elderly TBI compared to the
YE and ME groups.

It is possible that the increase in OE TBI can be explained by
an increase in life expectancy, health care, and medical ad-
vances; while individuals are living longer, they are much
more active and could be more susceptible to falling (Freed-
man et al., 2002; Murabito et al., 2008; Victorino and Gauthier,
2005). Further, as previously noted, MVAs in the general
population have decreased over time due to greater aware-
ness and enforcement; falls may have increased possibly due
to the lack of awareness and preventive efforts. If it is the case
that there have been fewer interventions aimed at reducing
falls compared to MVAs, we would expect a greater incidence
of TBI due to falls in the elderly, who are likely to be more
susceptible to them.

This study is not without its limitations. While the current
study provides observational information on epidemiological
changes and trends, premorbid conditions were not exam-
ined. In this regard, factors that might contribute to epide-
miological shifts cannot be determined from the current
study. Also, as previously noted, these results do not include

FIG. 4. Traumatic brain injury in elderly subgroups over time (squares indicate YE TBI, circles indicate ME TBI, triangles
indicate OE TBI).

FIG. 5. Changes in the proportions of elderly subgroup traumatic brain injury (squares indicate YE TBI, circles indicate
ME TBI, triangles indicate OE TBI).
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all TBI cases from 1992–2009 that occurred in the state.
However, we anticipate that these findings are representative
of TBI observed throughout the state, and have no reason
to believe that there exists selection bias in the catchment in
the trauma centers represented here that could account for the
observed changes in elderly TBI. Finally, the results from this
study do not extend to individuals in older age groups sus-
taining mild TBI, and the epidemiological trends demon-
strated in moderate-to-severe TBI in the current study may
not represent trends in other forms of TBI.

Conclusions

The data from this study indicate that elderly TBI is on the
rise, and individuals in the ME and OE groups are at an ele-
vated risk for TBI, fatal injuries, and poorer functional out-
comes following injury. The eldest group (ages 83–90 years)
poses the highest risk for injury. Incidence is continuing to
increase in this sample, and individuals in this subgroup have
the lowest functional levels at discharge, despite sustaining
the least severe injuries. There may be treatment implications
for the oldest elderly individuals due to disparities in inci-
dence, injury severity, fatality rate, and short-term outcome.

Awareness and prevention efforts targeting the risks of
falling may work to decrease the incidence of TBI in the el-
derly. Research compiled by the Centers for Disease Control
and Prevention (Centers for Disease Control and Prevention,
2008) provides recommendations for community-based fall
prevention methods and interventions that could be useful for
elderly individuals who are at risk for sustaining injuries.
Concerted efforts by health care professionals are needed to
increase awareness of the primary risks of injury related to
falls, with the goal of reducing the incidence of TBI and dis-
ability in the elderly.
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