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Background: the demographics, mechanisms of injury, and concurrent injuries associated with cervical, thoracic
and lumbar spinal fracture and/or spinal cord injury remain poorly characterized.

Methods: Patients aged 18 and older with spinal injury between 2011 and 2015 in the National Trauma Data
Bank (NTDB) were identified. Patient demographics, comorbidity burden, mechanism of injury, and associated
injuries were analyzed.

Results: in total, 520,183 patients with acute spinal injury were identified including 216,522 cervical, 191,218
thoracic, and 220,294 lumbar. The age distributions were trimodal with peaks in incidence at around 2155 and a
lesser peak around 85 years of age. The number of comorbidities increased while injury severity decreased with
advancing patient age. Motor vehicle accidents (MVAs) were the most common mechanism of injury. Associated
bony and internal organ injuries were common and occurred in 63% of cervical spine injury patients, 79% of
thoracic spine injury patients, and 71% of lumbar spine injury patients. In all three sub-populations, there was a
predominance of injuries in the local area of the primary injury. For cervical, these were rib injuries (28%), tho-
racic spine injuries (22%), skull fractures (20%), intracranial injuries (26%) and lung injuries (21%). For thoracic,
these were rib injuries (47%), lumbar spine injuries (26%), cervical spine injuries (25%), lung injuries (35%) and
intracranial injuries (24%). For lumbar, these were rib injuries (38%), thoracic spine injuries (22%), pelvic frac-
tures (20%), lung injuries (26%) and intracranial injuries (19%). Multivariate regression analysis demonstrated
that increased injury severity was strongly correlated with increased mortality, with lesser contributions from
increased age and comorbidity burden.

Conclusions: the current study revealed spinal fractures and/or cord injuries had high incidences of associated
injuries that had a predominance of local distribution. These findings, in combination with the mortality analysis,
demonstrate the importance of local targeted evaluations for associated injuries.

Introduction Associated injury patterns are well recognized with several fracture

types. For example, there are known associations with calcaneus frac-

Spinal fractures and/or spinal cord injuries (SCI) are common and
associated with significant morbidity and cost. The incidence of verte-
bral fractures in the United States varies from about 500 to 3000 per
100,000 person-years [1]. In terms of the burden on society, patients
with an unstable spinal fracture without neurological deficits have an
average hospital length of stay of 29 days, and an average cost of about
$22,078 for these injuries alone [2].

tures (lumbar spine injuries) [3], clavicle fractures (lung injuries) [4],
and femoral shaft fractures (ipsilateral femoral neck injuries) [5]. By ap-
preciating distributions of associated injuries, focused evaluations can
be prioritized to optimize care and limit the risk of missed injuries.
For spinal injuries, non-contiguous spinal fractures have long been
acknowledged to have an incidence of around 15% [6], although a few
studies suggest an incidence between 4 and 10%. Keenen et al. found
a 6.4% incidence of noncontiguous spinal fractures in a retrospective
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review of 817 patients [7]; Calenoff et al. found a 4.5% incidence of
multiple noncontiguous injuries in a review of 710 spinal injury patients
[81; and Herbert et al. found a 9.6% noncontiguous fracture incidence
in a study of 830 patients with traumatic spine injury [9].

A few studies have also looked at non-spinal associated injuries with
spinal fractures. Miller et al. studied 492 patients with cervical spine
fracture or dislocation and found that 57% had at least one non-spinal
injury [10]. Moreover, Herbet et al. examined 830 patients with trau-
matic spine injury admitted to a single institution and found 69.5% had
a single fracture, 17% had multiple contiguous spinal fractures, 9.6%
had multiple noncontiguous spinal fractures, and 71.7% had at least
one associated injury (including spinal and non-spinal) [9]. While these
studies provide baseline data, they are limited by relatively small sample
sizes / local sample cohorts.

Better understanding the demographics, mechanisms of injury, and
injuries associated with spinal fractures and/or cord injuries may help
target workups and optimize care and guide the clinical and radio-
graphic workup of those presenting with such injuries. Furthermore,
understanding the implications of such associated injuries would un-
derscore the importance of such considerations.

To address the above questions, the current study evaluated spinal
fracture and/or cord injury patients captured by the National Trauma
Data Bank (NTDB). The NTDB contains detailed data from over 900 par-
ticipating registered trauma centers and is maintained by the American
College of Surgeons [11].

Materials and methods
Study population

The patients for the current study were extracted from the 2011-
2015 National Trauma Data Bank (NTDB). The NTDB contains over 5
million patient records from over 700 hospitals, and is the largest United
States trauma registry [12]. The dataset’s reputability has led to its use
in publications in a variety of orthopedic journals [13,14]. A waiver for
this study was issued by our Institutional Review Board.

Adult patients (aged 18 and over) were extracted from the NTDB
years 2011-2015 using International Classification of Disease, 9th Revi-
sion (ICD-9) codes for open or closed fracture of the cervical, thoracic,
or lumbar spine and/or cervical, thoracic or lumbar spine injury (see
Appendix A for ICD-9 codes).

Demographics and comorbidities

Demographic information included in this study were found in the
NTDB variables for age and gender. Age was listed numerically, while
gender was listed in a binary format (male or female).

The disease burden in the patient population was assessed using
a modified Charlson Comorbidity Index (CCI). The modified CCI is a
dataset adapted classification of comorbidity that has been validated
in predicting short- and long-term patient mortality [15]. This index
accounts for age, hypertension, alcoholism, diabetes, respiratory dis-
ease, obesity, congestive heart failure, coronary artery disease, prior
cerebrovascular accident, liver disease, functionally dependent status,
cancer, renal disease, dementia and peripheral vascular disease.

Mechanism of injury, injury severity, and associated injuries

The NTDB also provided information regarding the mechanism of in-
jury through ICD-9 e-codes (see Appendix B for ICD-9 e-codes). Patients
with a ‘motor vehicle accident’ mechanism of injury included trauma
involving traditional automobiles, rail transport, and aircraft accidents.
The fall mechanism injury included fall from standing height and fall
from height. All other mechanisms of injury were categorized in the
‘other’ category.
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Fig. 1. Age distribution.

In order to understand the totality of the injury burden, the Injury
Severity Score (ISS) was also included in the analysis. The ISS, derived
from the Abbreviated Injury Scale, is a summary measure of trauma to
multiple body regions that assigns patients integer scores of 1 to 75,
with higher scores corresponding with more severe trauma [16].

Associated injuries were also extracted from the dataset using ICD-
9 coding. They were categorized into bony injuries and internal organ
injuries. The figures displaying the associated bony and internal organ
injuries were created using Adobe® Photoshop® CS3.

Mortality

Mortality data was identified based on a variable in the NTDB that in-
dicated whether or not the patient died in the hospital prior to discharge
(inpatient mortality). A multivariate logistic regression was performed
for mortality including age (categorized as 18-39, 40-64, or 65+), pa-
tient health (using divisions of the modified CCI), and totality of in-
jury burden (relying upon groupings of ISS). The statistical analysis was
conducted using Stata® version 13.0. All tests were two-tailed with a
two-sided a of 0.05 being indicative of statistical significance.(Table 2).

Results
Demographics and comorbidities

The NTDB data years 2011-2015 contained 520,183 patients with
spinal injury. By region, 216,522 patients were diagnosed with cervical
spine injury, 191,218 patients were found to have thoracic spine injury,
and 220,294 patients were identified with lumbar spine injury. Fig. 1
demonstrates the age distribution of the injuries by spine region. The
age distributions were trimodal with peaks in incidence at around 21,
55 and a lesser peak around 85 years of age.

Mechanism of injury and injury severity

The mechanisms of injury were consistent across the spinal regions of
injury as seen in Fig. 2. Overall, the most common cause involves motor
vehicle accidents (MVAs), accounting for over half of all of the injuries.
This was followed by falls, accounting for over a third of injuries, and
ending with other causes (about one tenth of patients). Ballistic trauma
accounted for 0.54% of cervical spine injuries, 1.01% of thoracic spine
injuries, and 0.71% of lumbar spine injuries.

Injury severity score (ISS) distributions for each of the injury types
are shown in Fig. 3. Generally, all three injury types follow the pattern
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of decreasing ISS with increasing age. Notably, lumbar spine injury pa-
tients had the highest fraction of patients with ISS<10 and generally had
lower injury severity scores than the two other injury groups.

Associated injuries

Overall, associated injuries occurred in 63% of cervical spine injury
patients, 79% of thoracic spine injury patients and 71% of lumbar spine
injury patients. With respect to orthopedic trauma, adjacent spine re-
gions and ribs are the most common bony injury sites for cervical, tho-
racic, and lumbar spine injury as demonstrated in Fig. 4.

Many of the associated injuries occurred near the primary injury. For
cervical spine injuries, these were rib injuries (28%), thoracic spine in-
juries (22%), skull fractures (20%), intracranial injuries (26%) and lung
injuries (21%). For thoracic spine injuries, these were rib injuries (47%),
lumbar spine injuries (26%), cervical spine injuries (25%), lung injuries
(35%) and intracranial injuries (24%). For lumbar spine injuries, these

Lumbar Spine Injury

were rib injuries (38%), thoracic spine injuries (22%), pelvic fractures
(20%), lung injuries (26%) and intracranial injuries (19%).

Associated internal organ injuries, as shown in Fig. 5, demonstrated
a similar proximity pattern as skeletal fractures for both cervical and
thoracic injury. Cervical spine injury was notable for over 1 in 4 pa-
tients having intracranial injury and over 1 in 5 patients having lung
injury. While lumbar spine injury was significant for increases in ab-
dominal organ injuries in comparison with cervical and thoracic spine
injury, the highest incidence of internal organ injury was more dis-
tant to the index fracture with over 1 in 4 patients having a lung
injury.

Mortality
Finally, the impact of demographics and associated injuries on mor-

tality for cervical, thoracic and lumbar spine injury was assessed through
a multivariate regression shown in Tables 1-3. For all spine regions, the
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Fig. 5. Percentage of cervical, thoracic and lumbar spine injury patients with associated internal organ injuries.

Table 1
Cervical spine regression for mortality.

Multivariate Odds Ratio 95% Confidence Interval P-Value
Age
18-39 Reference
40-64 1.51 1.29 - 1.77 <0.001
65+ 2.35 1.96 - 2.81 <0.001
Modified CCI
0 Reference
1 0.77 0.66 - 0.91 0.002
2 0.87 0.74 --1.03 0.12
3 0.85 0.72 --1.02 0.08
4 1.44 1.20 - 1.73 <0.001
>4 2.08 1.73 - 249 <0.001
ISS
0-10 Reference
11-20 1.55 1.43 - 1.69 <0.001
21-30 5.53 5.12 - 599 <0.001
>30 25.33 23.47 - 27.34 <0.001

totality of patient trauma was the most significant driver for mortal-
ity (odds ratios of 25 to 60 for ISS scores greater than 30) with lesser
contributions from age and increased comorbidity burden.

Discussion

Spinal fractures are a common and serious injuries that have re-
ceived significant attention in the literature regarding their manage-
ment and prognosis. However, much less has been explored regard-
ing the affected patient population, common causes, as well as the
rate and role of associated injuries. In this context, the purpose of the
present study was to evaluate the demographics, mechanisms of injury,
and the profile of associated bony and internal organ injuries. Under-
standing the aforementioned information is helpful as it allows clini-
cians to identify patient populations for which they need to maintain a
higher index of suspicion for spinal trauma and then, in those individ-
uals with spinal injury, to more easily identify and manage associated
injuries.

The use of knowledge of common injury patterns in order to quickly
diagnose and manage associated injuries is of utmost value as this
study demonstrates that the severity of injury, as measured through
the ISS, drives mortality far more than age and patient comorbidities
(Tables 1-3). Furthermore, as we enter the age of bundled payments,
judicious imaging ordering based upon situational and clinical suspi-
cion has become more important than ever.
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Table 2
Thoracic spine regression for mortality.
Outcome: Multivariate 95% Confidence
Mortality Odds Ratio Interval P-Value
Age
18-39 Reference
40-64 1.63 137 -1.94 <0.001
65+ 2.25 1.84 - 2.75 <0.001
Modified CCI
0 Reference
1 0.70 0.59 - 0.84 <0.001
2 0.90 0.75 - 1.09 0.28
3 0.89 0.74 - 1.09 0.26
4 1.47 1.20 - 1.80 <0.001
>4 1.97 1.60 - 2.41 <0.001
ISS
0-10 Reference
11-20 2.17 192 - 2.45 <0.001
21-30 7.47 6.68 - 8.37 <0.001
>30 38.45 34.50 - 42.86 <0.001
Table 3
Lumbar spine regression for mortality.
Multivariate 95% Confidence
Outcome: Mortality Odds Ratio Interval P-Value
Age
18-39 Reference
40-64 1.52 1.26 - 1.83 0.001
65+ 1.95 1.57 - 2.41 <0.001
Modified CCI
0 Reference
1 0.73 0.60 - 0.88 0.001
2 0.94 0.77 - 1.15 0.548
3 1.03 0.83 - 1.26 0.803
4 1.73 139 - 2.14 <0.001
>4 243 1.95 - 3.02 <0.001
ISS
0-10 Reference
11-20 2.93 2.54 - 3.36 <0.001
21-30 10.79 9.50 - 12.27 <0.001
>30 59.78 52.84 - 67.64 <0.001

The demographic investigation revealed a peak in incidence at age
21 years, which coincides with a common motor vehicle mechanism of
injury across all three spinal distributions. This is intuitive given that in-
dividuals of this age are less experienced drivers and have more severe
crashes than older individuals as measured by cost per victim [17]. The
peak in incidence at age 85 years coincides with a fall mechanism, which
is also expected given the bone weakening that accompanies aging. Pa-
tients presenting to the emergency room with either of these mecha-
nisms should be carefully evaluated for clinical and radiographic signs
of spine trauma.

The association between patient comorbidities and mortality follow-
ing surgical intervention of the spine has been demonstrated, as patients
who have achieved one year survival following invasive management
for odontoid fractures, have a significantly lower CCI score (1.5) than
those who did not (3.2) [18]. Thus, CCI scores are important when mak-
ing the decision to proceed with operative management versus contin-
uing with a more conservative approach.

The characterization of associated bony injuries for index cervical,
thoracic and lumbar spine trauma revealed a high prevalence of con-
current spine injury. For all three regions, over 1 in 5 patients had an
associated injury in the adjacent spine segment. Additionally, other local
injuries were found to be frequent including skull injuries for cervical
trauma, rib injuries for thoracic trauma, and pelvis injuries for lumbar
spine trauma. These findings underscore the attention that must be paid
to the local region of the index injury when evaluating patients with
spine injury.
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Associated internal organ injuries were also evaluated for all three
spinal regions. As expected, local injuries were widespread with the
most common concurrent injury with cervical spine insult being in-
tracranial (over 1 in 4 patients) and with thoracic spine insult being
lung injury (over 1 in 3 patients). However, this local pattern was not
as strong for lumbar spine injury. While certainly the percentage of pa-
tients with gastrointestinal, liver, spleen and kidney injuries increased
as the index spine injury became more proximal to the abdomen, there
was a much less anticipated high incidence of intracranial (under 1 in
5) injury.

The above-noted associated injury results emphasize the importance
of thorough trauma evaluation, especially for patients with a known
lumbar injury. Additionally, this analysis demonstrates that the percent-
age of patients with intracranial injuries was higher than those with cra-
nial fractures highlighting the fact that patients may lack more easily
identified bony signs of head trauma yet may still have internal injury
that may be only discovered through mental status examination and ap-
propriate imaging.

Strengths of the current study include that this is the first analysis
focused on all causes of traumatic spinal injury grouped by insults to
the cervical, thoracic and lumbar spine. This novel all-encompassing
approach allows physicians to more thoroughly understand the intrica-
cies of the demographics, mechanisms of injury and concurrent injuries
in spinal trauma patients. Additionally, the sample size of over a half-
million is the largest cohort of traumatic spine injury patients in the
literature, to the authors’ knowledge.

Limitations of this study involve dataset quality, particularly admin-
istratively coded data [19]. However, the NTDB is partially chart ab-
stracted (including age, comorbidity, and injury severity score variables)
and all submitted data is screened with the Validator, an edit check pro-
gram [20]. Additionally, the present study does not utilize NTDB data
coded in the ICD-10 format, to avoid ICD-9/10 code crossover. Finally,
the NTDB lacks some important demographic variables including race,
geographic region, and urban/rural classification.

Conclusions

In conclusion, there are peaks in cervical, thoracic and lumbar spinal
trauma at around 21, 55 and a lesser peak around 85 years of age, with
motor vehicle accidents and falls being the most common mechanisms.
There is high prevalence of both local bony and internal organ injury
with spinal trauma. Clinicians should be aware of the epidemiology and
injury pattern of spinal trauma as injury severity and concurrent injuries
have been shown to have strong associations with mortality.
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Appendix A

-Cervical spine injuries defined by ICD-9 codes:

805.0: Closed fracture of cervical vertebra without mention of spinal
cord injury

805.1: Open fracture of cervical vertebra without mention of spinal
cord injury

806.0: Closed fracture of cervical vertebra with spinal cord injury

806.1: Open fracture of cervical vertebra with spinal cord injury

952.0: Cervical spine cord injury without evidence of spinal bone
injury

-Thoracic spine injuries defined by ICD-9 codes:

805.2: Closed fracture of thoracic vertebra without mention of spinal
cord injury
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805.3: Open fracture of dorsal vertebra without mention of spinal
cord injury

806.2: Closed fracture of thoracic vertebra with spinal cord injury

806.3: Open fracture of thoracic vertebra with spinal cord injury

952.1: Thoracic spinal cord injury without evidence of spinal cord

injury
-Lumbar spine injuries defined by ICD-9 codes:

805.4: Closed fracture of lumbar vertebra without mention of spinal
cord injury

805.5: Open fracture of lumbar vertebra without mention of spinal
cord injury.

806.4: Closed fracture of lumbar spine with spinal cord injury

806.5: Open fracture of lumbar spine with spinal cord injury

952.2: Lumbar spinal cord injury without evidence of spinal bone

injury

Appendix B

Motor Vehicle Accident Mechanisms defined by ICD-9 e-codes: 800
- 825.99, 829-829.99, 840 - 844.99, 958.5, 988.5

Fall Mechanisms defined bv ICD-9 e-codes: 833 — 835.99, 844.7, 880
- 889.99, 957 — 957.99, 968.1, 987 — 987.99, 988

Other Mechanisms included all other ICD-9 e-codes

References

[1] Schousboe JT. Epidemiology of vertebral fractures. J Clin Densitom Off J Int Soc

Clin Densitom 2016;19:8-22.

[2] van der Roer N, de Bruyne MC, Bakker FC, et al. Direct medical costs of traumatic

thoracolumbar spine fractures. Acta Orthop 2005;76:662-6.

[3]1 Worsham JR, Elliott MR, Harris AM. Open calcaneus fractures and associated in-

juries. J Foot Ankle Surg Off Publ Am Coll Foot Ankle Surg 2015;55(1):68-71.

[4

=

[5

[}

[6

—

[7

—

[8

—

[9

—_

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

North American Spine Society Journal (NASSJ) 6 (2021) 100057

Taitsman LA, Nork SE, Coles CP, et al. Open clavicle fractures and associated injuries.
J Orthop Trauma 2006;20:396-9.

Wu CC, Shih CH. Ipsilateral femoral neck and shaft fractures. Retrospective study of
33 cases. Acta Orthop Scand 1991;62:346-51.

Egol K, Koval KJ, Zuckerman JD. Handbook of Fractures. 5th ed. Wolters Kluwer
Health; 2015.

Keenen TL, Antony J, Benson DR. Non-contiguous spinal fractures. J Trauma
1990;30:489-91.

Calenoff L, Chessare JW, Rogers LF, et al. Multiple level spinal injuries: importance
of early recognition. AJR Am J Roentgenol 1978;130:665-9.

Hebert JS, Burnham RS. The effect of polytrauma in persons with traumatic spine
injury. A prospective database of spine fractures. Spine 2000;25:55-60 (Phila Pa
1976).

Miller CP, Brubacher JW, Biswas D, et al. The incidence of noncontiguous spinal frac-
tures and other traumatic injuries associated with cervical spine fractures: a 10-year
experience at an academic medical center. Spine 2011;36:1532-40 (Phila Pa 1976).
Surgeons ACo. National Trauma Data Bank Research Data set Admission Year 2012
User Manual. National Trauma Data Bank Research Data set Admission Year 2012.
Chicago, IL: American College of Surgeons; 2013.

National Trauma Data Bank 2012 Annual Report. In Nance ML ed: American College
of Surgeons, 2012.

Samuel AM, Russo GS, Lukasiewicz AM, et al. Surgical Treatment of femoral neck
fractures after 24h in patients between the ages of 18 and 49 is associated with poor
inpatient outcomes: an analysis of 1361 patients in the national trauma data bank.
J Orthop Trauma 2016;30:89-94.

Thakur NA, McDonnell M, Got CJ, et al. Injury patterns causing isolated foot com-
partment syndrome. J Bone Joint Surg Am 2012;94:1030-5.

D’Hoore W, Bouckaert A, Tilquin C. Practical considerations on the use of the
Charlson comorbidity index with administrative data bases. J Clin Epidemiol
1996;49:1429-33.

Copes WS, Champion HR, Sacco WJ, et al. The injury severity score revisited. J
Trauma 1988;28:69-77.

Miller TR, Lestina DC, Spicer RS. Highway crash costs in the United States by
driver age, blood alcohol level, victim age, and restraint use. Accid Anal Prev
1998;30:137-50.

Woods BI, Hohl JB, Braly B, et al. Mortality in elderly patients following oper-
ative and nonoperative management of odontoid fractures. J Spinal Disord Tech
2014;27:321-6.

Golinvaux NS, Bohl DD, Basques BA, et al. Limitations of administrative databases
in spine research: a study in obesity. Spine J 2014;14:2923-8.

National Trauma Data Bank User Manual, Admission Year 2011. Chicago, IL: Amer-
ican College of Surgeons; 2012.


http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0001
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0001
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0002
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0002
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0002
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0002
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0002
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0003
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0003
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0003
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0003
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0004
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0004
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0004
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0004
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0004
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0005
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0005
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0005
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0006
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0006
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0006
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0006
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0007
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0007
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0007
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0007
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0008
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0008
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0008
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0008
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0008
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0009
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0009
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0009
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0010
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0010
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0010
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0010
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0010
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0011
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0013
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0013
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0013
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0013
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0013
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0015
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0015
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0015
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0015
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0015
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0016
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0016
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0016
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0016
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0017
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0017
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0017
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0017
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0017
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0018
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0018
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0018
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0018
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0019
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0019
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0019
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0019
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0019
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0020
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0020
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0020
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0020
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0020
http://refhub.elsevier.com/S2666-5484(21)00009-3/sbref0021

	Spinal fractures and/or spinal cord injuries are associated with orthopedic and internal organ injuries in proximity to the spinal injury
	Introduction
	Materials and methods
	Study population
	Demographics and comorbidities
	Mechanism of injury, injury severity, and associated injuries
	Mortality

	Results
	Demographics and comorbidities
	Mechanism of injury and injury severity
	Associated injuries
	Mortality

	Discussion
	Conclusions
	Declarations of Competing Interests
	Appendix A
	Appendix B
	References


