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Abstract: Background: Mechanisms of injury in trauma populations evolve over time as a result of system changes,
prevention and safety activities, and shifts in population composition. Such changes have implications for reimburse-
ment and resource utilization within all trauma centers. This study examines the evolution of trauma mechanisms at
a regional Level | trauma center over 10 years to document the impact of these changes. Methods: After IRB ap-
proval, the trauma registry was queried for total trauma admissions over 10 years. Data points of mechanism of in-
jury, ISS, age, mortality, financial information, and discharge disposition were obtained. Statistical significance was
determined by Chi square analysis. Results: Total admissions increased steadily over the course of the 10 years stud-
ied. The percentage of motor vehicle crashes (MVC) decreased, while falls increased. Fall patients were older, with
lower ISS and with longer length of stay. Mortality rates were higher, but statistically similar to those of the population
as a whole. Fall patients were more frequently discharged to skilled nursing facilities. Federally supported Medicare
programs increased steadily as a portion of payer mix. Conclusions: Mechanism of injury within our regional Level |
trauma center changed over time with MVC as a percentage of blunt trauma mechanisms decreasing as falls in-
creased. Falls are now a leading mechanism for traumatic injury, even at tertiary referral systems, and will continue
to rise in incidence as the population of America ages. This change has direct implications for reimbursement and

resource utilization. Current scoring systems employed by trauma centers do not predict this trend well.
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Introduction

A study of the changes in trauma systems over
time is a study of the changes in technology,
living conditions, access to care, and epidemiol-
ogy of the nation as a whole. As these factors
change, they are reflected by the evolution of
mechanisms of injury seen in trauma popula-
tions, the age of the population itself, the num-
ber of chronic conditions requiring interven-
tions, and the resultant mortality and morbidity
of trauma. Trauma or accidental injury is among
the top five diagnoses of the public health cost
burden in America; the estimated cost associ-
ated with both fatal and nonfatal injuries in the
year 2000 was $406 billion dollars, a portion of
which was due to lost productivity and direct
expenditures due to rehabilitation [1].

Injury is currently the fourth leading cause of
death in the United States in all age groups,

accounting for over 182,000 deaths annually
[2]. It is the leading cause of death among chil-
dren, adolescents and young adults, and the
fifth leading cause of death in individuals over
65 [2, 3]. Interestingly, though injury causes
fewer deaths in people over the age of 65 than
other causes like cancer and cardiovascular
disease, the rate of injury death is three times
higher in this age group than any other [4]. In
2003, the elderly, defined as people with age
greater than 65, comprised 12% of the US
population but accounted for 25% of injury re-
lated deaths and 30% of injury related hospitali-
zations. As the “baby boomer” generation
reaches the age of 65, the percentage of the US
population represented by this age group is ex-
pected to increase from 12 to nearly 20% by
2030 [2]. As this population ages, so too will its
impact on trauma admissions, reimbursement,
patient care, and expenditures. In fact, it is ex-
pected to bankrupt the Medicare system.
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Table 1. This table depicts the trends in admission rates, number of MVC admissions versus fall admis-
sions, and the respective ages, injury severity scores, and death rates in each group

Year ;gtrilit MVvC Age ISS Death Falls Age ISS Deaths

1998 2752 1409 (51.2%) 34.7  13.1 60 (4.3%) 504 (18.3%) 49.8 10 20 (4%)

1999 2790 1512 (54.2%) 35.2 14.3 85 (5.6%) 423 (15.2%) 51.8 11.2 18 (4.3%)
2000 3302 1684 (51%) 35.5 11.8 76 (4.5%) 609 (18.4%) 495 9.7 29 (4.8%)
2001 3067 1526 (49.8%) 35.3 10.4 72 (4.7%) 587(19.1%) 49.2 9 28 (4.8%)
2002 3089 1573 (50.9%) 35.5 10.4 76 (4.8%) 594(19.2%) 534 9.1 36 (6%)

2003 3071 1496 (48.7%) 36.4 11.3 52 (3.5%) 584 (19%) 53.6 94 31 (5.3%)
2004 3425 1572 (45.9%) 37.4 13.5 93 (5.9%) 699 (20.4%) 52 10.5 26 (3.7%)
2005 3652 1587 (43.5%) 37 13.1 36 (4%) 804 (22%) 545 10.7 36 (4.5%)
2006 3710 1526 (41.1%) 37.7 14.4 65 (4.3%) 848(22.9%) 54.3 109 43 (5.1%)
2007 3609 1361(37.7%) 36.7 15.2 36 (5.7%) 866 (24%) 54.3 10.8 36 (4.2%)
2008 3699 1325(35.8%) 38.8 14.5 56 (4.2%) 997 (27%) 56.2 10.7 A7 (4.7%)

The purpose of this study is to document
changes in trauma mechanisms and demo-
graphics and the potential impact of these
changes at a mature Level | Trauma Center over
time. We hypothesized that changes in demo-
graphics, mechanism, and payer source have
occurred, and that evaluating these trends
would help us better understand the challenges
facing the future of trauma care and to allow
insight into development of strategies to im-
prove delivery of that care.

Materials and methods

Approval for this study was obtained from the
Graduate Medical School and the Institutional
Review Board. The Trauma Registry of the
American College of Surgeons (TRACS) was then
reviewed for total trauma admissions from Janu-
ary 1998 through December 2008. Mechanism
of injury, ISS, age, mortality, financial informa-
tion, and discharge disposition were collected
for each patient over this 10 year time period.

We specifically reviewed patients sustaining
injuries from two major injury mechanisms: mo-
tor vehicle collisions and falls. Within these two
data sets, we looked at age differences, ISS,
mortality rates, payer source, and whether the
patients were discharged to home or to a reha-
bilitation facility.

Chi square analysis was performed between
data sets. There was no statistically significant
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difference between mortality rates in the falls
group or the MVC group for any year (p ranges
between O and 0.9). There was a numerically
higher death rate in the falls group when com-
pared to the MVC group.

Results

There were 36,166 patients admitted through
Trauma Services at the University of Tennessee
Medical Center between January 1998 and De-
cember 2008 (Table 1). Motor vehicle collisions
remained the chief mechanism by which this
patient population sustained injury throughout
the ten year time period, although the percent-
age has gradually declined.

Within the MVC population, the average age
was 36.4. The average ISS was 12.9 and mor-
tality was 5.15% for this group. In contrast to
the MVC population, the fall population was
older with a lower average ISS. The average age
of patients within the fall group was 56.2 years
and the average ISS was 10.2. Despite having a
lower ISS, the average mortality rate of 5.2%
within the fall cohort remained similar to that of
the population as a whole, which was 4.7%.

Looking at trends over the last ten years within
our hospital, the overall fall population has aged
and more falls are admitted than 10 years ago.
In 2008, patients had a mean age of 56.2
years, while the average age in 1998 was 49.8.
The actual number of falls has doubled in the
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Figure 1. Trends in MVCs and Falls in trauma population (1998-2008). Trends over ten years in admissions from
motor vehicle collisions versus falls; note the number of MVC admissions has steadily declined, while the number of

fall admissions has steadily increased.
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Figure 2. Overall trauma payer mix. Trends in payer source for the trauma population over ten years. Note the propor-

tion of Medicare patients is gradually increasing.

course of this ten year time period. In addition,
the percentage of falls is gradually increasing
while the percentage of MVCs is gradually de-
creasing (Figure 1).

Trends in payer mix in the fall population are
depicted in Figure 2 increased proportion of
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Medicare as a payer source was seen. The per-
centage of Medicare within this cohort repre-
sents about half of the patients, and a large
percentage of these patients were discharged
to a skilled nursing facility or rehabilitation cen-
ter (Figure 3). No statistical significance was
assigned to these trends; these numbers illus-
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Figure 3. Trends in Falls 65 years old and older (1998-2008). Trends in fall patients with regard to death rates, age
>65 years of age, and percentage discharged to a long term care facility. While age and the percentage of patients
discharged to a facility increased, the death rate remained largely stable over ten years.

trate descriptive trends only.
Discussion

A change in mechanism of injury patterns seen
within a mature trauma center reflects social,
political, and economic changes rather than
changes in medical care. In the past, trauma
systems were oriented to treating injuries for
motor vehicle collisions and firearm wounds,
which represented the two leading causes of
fatal injury [2]. Historically, falls were the num-
ber one cause of nonfatal injury and were
thought to be issues for suburban trauma cen-
ters only [2]. Falls currently account for 11% of
all injury deaths and one third of all injury re-
lated hospital admissions5. Studies indicate
that 2.2 million people yearly have a medically
injurious fall [6]. It is estimated that 30% of
adults age 65 and older fall each year [7]. One
half of those who fall in one year will fall again,
and factors predicting whether they fall repeat-
edly include increasing age, female sex, and
poor baseline health status [3,6]. The number
of falls is increasing in the elderly population;
between 1970 and 1995 there was a 284%
increase in the number of falls, and an 80%
increase in mortality among falls [3,8].

The cost of falls in the trauma population is sig-
nificant, especially among the elderly. 5% of
falls will result in an extremity fracture, 11%
result in more serious injury, and falls are the
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most common cause of traumatic brain injury in
the elderly [3,9]. The direct cost of falls for peo-
ple 65 and older exceeded $19 billion in 2000,
and the annual direct and indirect cost are ex-
pected to reach $54.9 billion dollars by 2020
[2]. It is clear where these expenditures come
from; 42% of falls require hospitalization, and
43% of those patients required discharge to a
skilled nursing facility [7]. This translates to an
estimated cost per fall patient of $2,039 [10].
These epidemiologic and cost trends are seen
not only in the US, but in other developed na-
tions including Singapore, the United Kingdom,
and Finland [11-13].

Such trends have profound implications for
health care systems as a whole. The percentage
of elderly patients covered by Medicare or simi-
lar payer sources is much higher than that of
the general population, and this raises concern
as government reimbursement rates continue
to drop. A double digit drop in physician pay-
ments has been averted by crisis driven con-
gressional action in the last few years, however
there continues to be a push from the federal
government to reduce reimbursement rates.
Additionally, Medicare reimbursement is already
inadequate to meet the costs trauma care [14].

We are seeing a decreasing impact of motor
vehicle collisions and increasing impact of falls
on our system. This is a progression forced by
changes in technology, population age, safety
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measures, and education. For example, people
have become more aware of the importance of
safety belts and legislation enforces their use.
In addition, motor vehicles are engineered to
withstand more kinetic energy and transmit less
of this energy to the victims of collisions, thus
reducing injury due to MVC. On the converse,
many providers fail to recognize the impact of
falls in their elderly patients, and therefore do
not educate appropriately on how to prevent
them. As lean body mass decreases in the eld-
erly, muscle weakness and gait disturbances
become more common. It is imperative that
precautions are taken within the home to re-
duce obstacles, provide aids for navigation and
ambulation up stairs and through tight spaces,
and provide a means of assistance should a fall
occur.

As the population of the country ages, so will
the trauma populations of Level | and commu-
nity trauma centers. This necessitates aware-
ness of all stakeholders, but most importantly
on the part of the legislators to allow continued
financial support to meet these needs. It re-
quires nurses and physicians to be aware of the
changes in care patterns to the elderly to en-
sure they provide quality care for the best out-
comes.

Falls among the elderly are an increasingly large
portion of the trauma population. This trend is
illustrated by our ten year review. In fact, the
data from our institution in the year following
this study revealed that the number of falls ac-
tually superseded that of MVCs. This is not
unique to the United States as numerous global
papers in the literature document similar find-
ings. Despite a lower ISS within this group, mor-
tality rates among elderly who fall are higher
than the mortality rates of the trauma popula-
tion as a whole. Current scoring systems, such
as the Injury Severity Score, do not allow for
chronic health problems, which may increase
mortality and morbidity. In addition, the loss of
independent activities of daily living as a result
of the morbidity associated with their injuries
drives a significant portion of this group into
long term skilled nursing facility or rehabilitation
center placement [14]. As the proportion of this
population being insured by Medicare in-
creases, this places an ever increasing financial
burden on the entire health care system.

The magnitude of this problem is understated.
Current practice in emergency departments fail

60

to recognize risk factors, fail to emphasize these
risk factors, fail to implement appropriate physi-
cal therapy programs, and fail to appropriately
educate family members and patients [15]. Pri-
mary care physicians are likely not initiating fall
reducing prevention programs. This contributes
to an increasing number of readmissions for the
same problem. Data shows that the early recog-
nition of risk factors, education of trauma and
emergency department staff, and implementa-
tion of fall prevention programs in the home and
community of the patients reduced the risk of
falling by eleven percent and at a modest cost
[9,16].

The purpose of this study was to review the
changing demographics of our trauma system
and to add to the evidence that already exists to
help spur health care policy directed toward
addressing the economic burden this is placing
on the health care system and to help imple-
ment more effective prevention programs within
our community.

Address correspondence to: Christy M. Lawson, MD,
Department of Surgery, Division of Trauma/Critical
Care, University of Tennessee Medical Center, Knox-
ville, Knoxville, TN, USA.E-mail: cmlawson@utmck.edu
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