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Results: The rate of thoracolumbar fracture in blunt trauma patients was 6.90% (£3.77, 95% CI). The rate of
spinal cord injury was 26.56% (£10.70), and non-contiguous cervical spine fracture occurred in 10.49%
(+4.17). Associated injury was as follows: abdominal trauma 7.63% (+9.74), thoracic trauma 22.64%
(£13.94), pelvic trauma 9.39% (+£6.45), extremity trauma 18.26% (+5.95), and head trauma 12.96% (+2.01).
Studies that included cervical spine fracture with thoracolumbar fracture had the following rates of
associated trauma: 3.78% (£5.94) abdominal trauma, 21.65% (416.79) thoracic trauma, 3.62% (4+1.07) pelvic
trauma, 18.36% (£4.94) extremity trauma, and 15.45% (£11.70) head trauma. A subgroup of flexion
distraction injuries showed an associated intra-abdominal injury rate of 38.70% (£13.30). The most common
vertebra injured was L1 at a rate of 34.40% (415.90). T7 was the most common non-junctional vertebra
injured at 3.90% (+1.09). Burst/AO type A3 fractures were the most common morphology 39.50% (+16.30)
followed by 33.60% (415.10) compression/AO type A1, 14.20% (+8.08) fracture dislocation/AO type C, and
6.96% (+3.50) flexion distraction/AO type B. The most common etiology for a thoracolumbar fracture was
motor vehicle collision 36.70% (45.35), followed by high-energy fall 31.70% (£6.70).
Conclusions: Here we report the incidence of thoracolumbar fracture in blunt trauma and the spectrum
of associated injuries. To our knowledge, this paper provides the first epidemiological road map for blunt
trauma thoracolumbar injuries.
© 2016 Prof. PK Surendran Memorial Education Foundation. Published by Elsevier, a division of Reed
Elsevier India, Pvt. Ltd. All rights reserved.

1. Introduction

Blunt trauma is a leading cause of death in industrialized
nations.! Although fractures of the spine occur only in small
proportion of blunt trauma patients, they often have serious
consequences on the medical, social and financial status of the
patient.!> While the overall prevalence and causation of spinal
injuries varies according to region and level of urbanization, the
Unites States has the highest prevalence of spinal injury globally.>
Composite epidemiological data is needed to guide emergency
management, treatment, and policy development regarding spinal
trauma. Currently no such comprehensive guide exists.
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The purpose of this study was to conduct a systematic review of
the literature regarding the epidemiology of thoracolumbar
trauma and to perform a meta-analysis on available data. The
goals were to summarize the rate of thoracolumbar trauma in
blunt trauma patients and to compile the rates of etiology, location,
fracture type, and associated injuries into a single source for
treating physicians. This will allow quick reference to epidemio-
logical rates of thoracolumbar trauma and associated injuries.

2. Materials and methods
2.1. Inclusion and exclusion criteria
We used the Cochrane collaboration guidelines* to help develop

our methods and reported our results according to the PRISMA
checklist.”

0972-978X/© 2016 Prof. PK Surendran Memorial Education Foundation. Published by Elsevier, a division of Reed Elsevier India, Pvt. Ltd. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jor.2016.06.019&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jor.2016.06.019&domain=pdf
http://dx.doi.org/10.1016/j.jor.2016.06.019
mailto:yoshikatsuura@gmail.com
http://www.sciencedirect.com/science/journal/0972978X
www.elsevier.com/locate/jor
http://dx.doi.org/10.1016/j.jor.2016.06.019

384 Y. Katsuura et al./Journal of Orthopaedics 13 (2016) 383-388

Inclusion criteria: English language articles published from
1980 onward were evaluated for inclusion. The study had to
contain patients who sustained a spinal fracture as a result of blunt
trauma (specifically the T1-L5 thoracolumbar region or C1-L5
global spine).

Exclusion criteria: Studies were excluded if the primary focus
was: biomechanical, a case report of an individual or several
incidents, the cervical spine, complications of surgery, osteopo-
rotic or insufficiency fractures, a military based population, a
pediatric population, specific interventions or treatments, other
specific patient populations such as diabetics or ankylosing
spondylitis patients, pathological fractures, radiographic param-
eter studies not containing epidemiological data, review articles,
or papers not relevant to thoracolumbar trauma (Fig. 1).
Elderly and pediatric patients were not specifically excluded
from this paper; merely studies which were focused only on
osteoporotic fractures in the elderly or only evaluated a
pediatric population.

Search Algorithm

2.2. Literature search and study selection

In November 2014 a comprehensive literature search was
performed through the electronic database of MEDLINE (1980-
2014) using medical subject headings (MeSH) terms and Boolean
operators outlined in Table 1. Search limits were: (1) study date
1980-2014, (2) human species, (3) abstracts were available, (4)
study was reported in English. Studies were assessed initially
based on title by 3 independent reviewers. From the yield of this
search, two reviewers analyzed abstracts to determine which
papers to investigate and include for paper review based on title,
abstract, and keywords of the references retrieved from the
electronic literature search. To further ensure that no appropriate
studies were missed a manual cross-reference search of citations of
each included article was performed. The two independent
reviewers then evaluated the eligibility of each article. All
disagreements were discussed in a consensus meeting. A third
party reviewer resolved disagreements, which were not resolved

MeSH Terms/ Search Limits ’

1802 ARTICLES
EXCLUDED

-Biomechanical (64)
-Case Reports (261)
-Cervical Spine Studies (22)

MEDLINE SEARCH
entified

18701d
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-Military Studies (11)

] -Complications of Surgery (47)
-Pediatric Studies (63)

-Specific Intervention (638)
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-Radiographic Studies (145)
-Review (63)

ABSTRACT
68 Articles Selected
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Fig. 1. Search algorithm used to select articles for analysis. Search terms initially yielded 1870 articles, 68 of which were selected for analysis of abstract based on inclusion
and exclusion criteria. Another 42 articles were removed because they were too specific in their focus or lacked relevant data. This yielded 26 articles for full text analysis.
Another 7 articles were included from manual cross-referencing. From these, 12 articles lacked relevant epidemiological data and were excluded to leave 21 relevant articles
that were eventually selected for analysis of the full text. Some articles were utilized twice for different analyses. Abbreviations: Fx: fracture, SCI: spinal cord injury.
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Table 1
MeSH Terms and Boolean operators used for literature search.

e Lumbar Vertebrae/radiography[MeSH Terms]

e OR

e Thoracic Vertebrae/radiography[MeSH Terms]
L] OR

o Thoracic Vertebrae/injuries*[MeSH Terms]

e OR

e Lumbar Vertebrae/injuries*[MeSH Terms]

L] OR

e Thoracolumbar*[MeSH Terms]

e AND

o Spinal Fractures/therapy[MeSH Terms]

L] OR

o Spinal Fractures/complications|[MeSH Terms]
e OR

o Spinal Fractures/epidemiology*[MeSH Terms]
L] OR

o Spinal Fractures/diagnosis*[MeSH Terms]

L] OR

o Spinal Fractures/surgery[MeSH Terms]

L] OR

o Spinal Injuries/radiography[MeSH Terms]

o NOT

e Osteoporosis[MeSH Terms]

L] OR

o Age related osteoporosis [MeSH Terms]

by the consensus meeting. If relevant epidemiological data could
not be extracted from the selected full text or abstract it excluded
from this review.

2.3. Search results

A flow chart of the search algorithm used is shown in
Fig. 1. From our primary search 1870 articles were identified.
1802 articles were excluded based on inclusion and exclusion
criteria listed above yielding 68 articles. The abstracts of these
articles were evaluated for data of interest. Based on this review
another 42 studies were excluded because their focus was too
specific (i.e. only concerning the lumbar spine or only blunt trauma
victims from motor vehicle collisions). This left 26 articles, to
which another 7 were added from references and were scrutinized
for relevant data. 12 further articles were excluded because of lack
of reporting of relevant or useful data. Table 2 shows the included
studies with a summary of demographics and their contributions
to the data pool.

Overall there were three main study categories of interest. First
were articles pertaining to patients who suffered a thoracolumbar
fracture (T1-L5). The second were studies, which included patients
that had suffered a fracture anywhere in the spinal column (C1-L5).
The last group of interest was studies devoted only to patients,
which had suffered a flexion distraction injury to the thoraco-
lumbar spine (T1-L5).

2.4. Data extraction

Data was extracted in duplicate to avoid anthropic mistakes.
Data extracted included publication information, hospital location
and trauma level, patient demographics, number of blunt trauma
patients, number of patients with a thoracolumbar fracture,
geographic location of fractures, morphology of fractures, presence
of neurologic injury, non contiguous cervical spine injury,
associated injuries (thoracic, abdominal, head, extremity, and
pelvic) and mechanism of injury.

Fracture morphology was classified using either the Denis or AO
classification systems with the following conversions compression
fractures (Denis A or AO type A), burst fractures (Denis anterior and
middle or AO type A3), flexion distraction fractures (Denis middle

and posterior or AO type B), fracture dislocation (Denis anterior,
middle and posterior or AO type C).

Spinal cord injury was classified as either present (ASIA type A-
D or Frankel type A-D) or absent.

Associated injuries were classified as abdominal, extremity
injury, head injury, pelvic injury or thoracic injury.

Mechanisms of injury were classified as motor vehicle collision
(MVC), motorcycle collision (MCC or ATV related accident), fall (fall
from height greater than 2 m), pedestrian struck, or other (sports
related, industrial, cyclist).

2.5. Statistical analysis

The presence of heterogeneity was tested using the I statistic
with an P? statistic of 25% low heterogeneity 50% moderate
heterogeneity and 75% high heterogeneity.® A random effects
model was used to synthesize rates for all analyses except those
containing less than 3 studies for which a fixed-effects method was
used. The mean rate was calculated for all categories. The meta
analysis was carried out using Excel software (Microsoft, V12.3.6).”

3. Results
3.1. Rate of thoracolumbar fracture in all-comers blunt trauma

A total of 8 studies®~'° (684,595 patients) were included in this
meta-analysis visible. The heterogeneity was measured as
I?=0 indicating low heterogeneity. The rate of thoracolumbar
fracture in blunt trauma patients was found to be 6.9% (95% CI 3.2%,
10.6%) (Fig. 2). One study from the global spine group of articles
was included as data compatible with the thoracolumbar data
could be extracted.'”

3.2. Spinal cord injury in thoracolumbar trauma
7 studies!%121416-18 yyere included (3146 patients) for analysis
of the rate of neurologic spinal cord injury in thoracolumbar
fracture patients. One study'? which contained a poly trauma
group and a specifically thoracolumbar trauma group was broken
down and compiled as two separate studies. The heterogeneity
was measures as I” =0 indicating low heterogeneity. The rate of
spinal cord injury was 26.5% (95% CI 15.8%, 37.2%) in patients who
had sustained a thoracolumbar fracture.

3.3. Concomitant non-contiguous cervical spine fractures in
thoracolumbar trauma
Five studies®!%121819 were included (531 patients) for the
analysis of the rate of non-contiguous cervical spine fractures in
patients who had thoracolumbar spine fractures. The heterogene-
ity was measured as I?> = 44 indicating moderate heterogeneity.
The rate of non-contiguous cervical spine fracture 10.49% (95% CI
6.29%, 14.7%).

3.4. Associated injury in thoracolumbar trauma

Six studies®!>2%-23 total were included for the analysis of
associated injuries in thoracolumbar trauma patients. 3 studies
were of patients who only had fractures of the thoracolumbar
region (381 patients) and another 3 included patients with
fractures from C1-L5 (87,042 patients).

The rate of associated injury was 12.96% (95% CI 10.9%, 14.9%)
for head trauma, 18.26% (95% CI 12.31%, 24.21%) for extremity
trauma, 9.39% (95% CI 2.94% 15.84%) for pelvic trauma, 22.64% (95%
CI 8.74%, 36.54%) for thoracic trauma, and 7.62% (95% CI 0, 17.36%)
for abdominal trauma. This was contrasted with papers which
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Table 2
List of included studies.
First authors Journal Category Location of study Design of study Period of Patients
study
Nelson (2012) J Trauma Acute Global spine C1-L5 National Trauma Data bank Retrospective series 2010 654,052
Care Surg (NTDB)
Leucht (2009) Injury Global spine C1-L5 Ruhr University Bochum, Retrospective series 1996-2000 562
Bochum, Germany
Wang (2012) J Neurosurg Spine  Global spine C1-L5 Third Military Medical Retrospective series 2001-2010 3142
University, Chongqing, China
Samuels (1993) J Trauma Thoracolumbar spine T1-L5 Hanemann University Hospital, Retrospective series 1989-1990 929
Phildelphia, PA
Frankel (1994) J Trauma Thoracolumbar spine T1-L5 Multicenter Retrospective/prospective 1992-1993 1965
series
Cooper (1995) J Trauma Thoracolumbar spine T1-L5  Shock Trauma Center, Baltimore, = Retrospective series Not reported 4142
Maryland
Holmes (2001) Acad Emerg Med Thoracolumbar spine T1-L5  UCD Sacramento Medical Center,  Prospective observational 1997-1998 2404
Sarcamento, CA
Hsu (2002) Injury Thoracolumbar spine T1-L5  Royal North Shore Hospital, St Retrospective series 1998-2000 100/29
Leonards, Australia
Inaba (2011) ] trauma Thoracolumbar spine T1-L5 Los Angeles County Hospital and  Prospective observational 2008-2008 884
University of Southern California
Medical Center, CA
Joaquim (2013) Spine ] Thoracolumbar spine T1-L5  University of Utah Health Retrospective series, 2000-2010 20,292
Sciences Center, Salt Lake City, prospectively gathered
Utah data base
Gertzbein (1991)  Spine Thoracolumbar spine T1-L5  Multicenter Prospective multicenter 1986-1988 1019
Magerl (1994) Eur Spine | Thoracolumbar spine T1-L5 Multicenter Retrospective series Not reported 1445
Meldon (1995) J Trauma Thoracolumbar spine T1-L5  Metrohealth Medical Center, Retrospective series 1989-1992 145
Cleveland OH
Terregino (1995) Ann Emerg Med Thoracolumbar spine T1-L5  Southern New Jersey Regional Retrospective series, 1993 319
Trauma Center prospectively gathered
data base
Saboe (1991) J Trauma Thoracolumbar spine T1-L5  University of Alberta Hospitals, Prospective longitudinal 1983-1988 183
Alberta, Canada
Denis (1983) Spine Thoracolumbar spine T1-L5 St Paul-Ramsey Medical Center, Retrospective series Not Available 412
St. Paul, MN and Ottowa Civic
Hospital, Ottowa, Canada
Dai (2004) J Trauma Thoracolumbar spine T1-L5  Xinhua Hospital, Shanghai Retrospective series 1988-1997 147
Second Medical University,
Shanghai, China.
Chapman (2008) Spine Thoracolumbar flexion Harborview Medical Center, Retrospective series, 1989-2003 153
distraction Seattle, WA prospectively gathered
data base
Anderson (1991) J Orthop Trauma Thoracolumbar flexion Harborview Medical Center, Retrospective series 1954-1988 20
distraction Seattle, WA
Tyroch (2005) Am Surg Thoracolumbar flexion Multicenter Retrospective series 1996-2001 55,000
distraction
LeGay (1990) J Trauma Thoracolumbar flexion Unknown Retrospective series 1983-1990 18

distraction

included cervical spine fracture with thoracolumbar fracture and
had the following rates of associated trauma: 15.4% (95% CI 3.7%,
27.1%) for head trauma, 18.36% (95% CI 13.43%, 23.29%) for
extremity trauma, 3.38% (95% CI 2.79%, 3.97%) for pelvic trauma,
21.64% (95% Cl 4.84%, 38.44%) for thoracic trauma, and 3.78%
(£5.94, 95% CI 0, 9.72%) for abdominal trauma.

3.5. Intraabdominal injury associated with flexion distraction injuries

Four studies®*~?7 total were included (270 patients) to analyze
the rate of intraabdominal injury in patients with flexion
distraction injuries. The heterogeneity was measured as
P = 54 indicating moderate heterogeneity. This subgroup of flexion
distraction injuries showed an associated intra-abdominal injury
rate of 38.7% (95% Cl 25.4%, 52%).

3.6. Specific vertebral involvement in thoracolumbar trauma
Five studies®'""172228 were included for this analysis. The most
common vertebra injured was L1 at a rate of 34.4% (95% CI 18.2%,
50.3%). T7 was the most common non-junctional vertebra injured

at 3.9% (95% CI 2.81%, 4.99%). T2 was the least injured vertebrae at
0.26% (95% CI 0, 0.56%).

3.7. Fracture morphology in thoracolumbar trauma
Six studies® 16172829 were included (3546 patients) in this
analysis. The heterogeneity was measured as follows: I statistic:
98 (A), 98 (A3), 92 (B), 97 (C). The rates of fracture morphology
were 39.5% (95% CI 23.2%, 55.8%) burst/AO type A3, 33.6% (95% CI
18.5%, 48.7%) compression/AO type A1, 14.2% (+8.08, 95% CI 6.12%,
22.28%) fracture dislocation/AO type C, and 6.96% (95% CI 3.46%,
10.46%) flexion distraction (AO type B).

3.8. Mechanisms of injury resulting in thoracolumbar trauma
Nine studies®!1-13:16.18.1921 were included in the analysis of the
rates of different mechanisms of injury which resulted in
thoracolumbar fracture. One study® which contained a poly
trauma group and a specifically thoracolumbar trauma group
was broken down and compiled as two separate studies.
Heterogeneity was measured as follows: I statistic = 47% (MVC),
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STUDY RATE (%) CI(95%)
Samuels, 1993 1.98 1.00
Frankel, 1994 3.31 0.80
Cooper, 1995 4.42 0.64
Helmes, 2001 6.32 1.01

Hsu, 2002 29.00 10.55
Inaba, 2011 9.16 2.00
Joaquim, 2013 2.26 0.21
Nelson, 2013 10.12 0.08
Summary 6.90 3.78

e
&
*
o
S e—
-
L 4
4
S
0.00 20.00 40.00

Percentage (%)

Fig. 2. Random effects model of the rate of thoracolumbar fractures in blunt trauma patients. Summary effect highlighted in red, individual studies in blue.

65% (MCC), 70% (Pedestrian), 72% (Falls), 63% (other). The most
common etiology for a thoracolumbar fracture was motor vehicle
collision 36.7% (95% CI 31.35%, 42.0%) followed by high-energy fall
31.7% (95% CI 25%, 38.4%). Motor cycle collision accounted for
10.05%, other for 9.06%, and pedestrian struck for 4.83%.

4. Discussion

More than 160,000 spinal injuries occur per year in North
America and have high rates of morbidity and mortality.>° Spinal
fractures are usually the result of high-energy trauma, which tend
to leave patients with a constellation of injuries. A thorough
understanding of the epidemiology and associated injury patterns
of thoracolumbar spine injuries helps guide the evaluation and
management of blunt trauma patients both in the emergency and
operating rooms. To the best of our knowledge this is the first
meta-analysis of the epidemiology of thoracolumbar fractures that
attempts to summarize the spectrum of pathology resulting from
blunt trauma.

Since 1990 there has been a decrease in the rate of MVC related
injuries owning to increased rates of seatbelt use, behavior
modification, improved safety design of cars.>! Despite this there
have been reports of increasing rates of spinal trauma from MVC
accidents.>? Indeed, Doud et al. showed increases in the rate of
thoracolumbar injury incidence across the nation from 1998 to
2011.%° The improved automotive safety measures combined with
the aggressive use of surveillance imaging techniques seem
responsible for this paradoxical trend.>*3> Moreover, more
previously fatal injuries are perhaps reaching the emergency
room now than in previous decades. With improved safety
measures there may be a trade off between death for an increased
rate of serious injuries. Thos epidemiological study allows
clinicians to identify high yield constellations of injuries to quickly
triage and treat patients involved in blunt trauma.

In this study the rate of injury to the thoracolumbar spine was
6.9% in patients presenting to level 1 trauma centers following

blunt trauma. The most common mechanism was a motor vehicle
accident, which accounted for 36.7% of fractures. This was followed
by falls from height, which accounted for 31.7%. The most common
fracture morphology was the burst fracture, occurring at a rate of
40% in this study. The most common geographic location was L1
occurring at 34.4%. The thoracolumbar junction (T11-L2) is
biomechanically prone to injury as it marks the transition from
the rigid thoracic spine to the flexible lumbar spine.>®

Within this group of patients there were a host of associated
injuries. For example, 26% of patients with a fracture of the
thoracolumbar spine had a coexisting fracture of the cervical spine.
This is a similar number to prior reports which have shown that
patients with cervical spine fractures have a 20% risk of a secondary
fracture somewhere else in the spine.>”

Following this, 22% had injury to the thoracic region, which is
predictable as a significant amount of force is directed through this
area to the spine. In addition 18.2% of patients suffered a fracture or
dislocation of an extremity. The next most frequent injuries were
to the neurological system. 13% had head injuries which 10% had
spinal or neurological injury (excluding head injury). Lastly 7.6% of
patients with a thoracolumbar fracture sustained an intraabdom-
inal injury. However this number jumped to 38.7% when looking
only at flexion distraction type fractures.

In addition we found that compared to studies, which included
the entire spine, thoracolumbar fractures had a lower rate of
associated head trauma (12.96% vs 15.4%) and a higher rate of
pelvic trauma (9.38% vs 3.38%).

4.1. Limitations

Some limitations must be recognized in our meta analysis. First
was that some analyses had small numbers of studies. In these
cases a fixed effects analysis was used to increase accuracy.
Moreover, studies included in this paper range over a long period of
publication times, with resulting rates of injuries perhaps changing
between decades.
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Conclusion

Our meta-analysis indicates that while fractures of the

thoracolumbar spine occur at a relatively low rate, they are
associated with a diverse array of injuries. To our knowledge this is
the first study using meta-analysis to summarize the rates of
thoracolumbar fracture in blunt trauma patients and their
associated injuries. This information is valuable because the
treating physician must be vigilant, and treat the whole patient.
This study provides an overview of the rates of associated injury to
help guide the management of these complex patients.
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