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Abstract
Introduction: A cervical spine lesion (CSL) is common among polytrauma patients. Injuries
may be life threatening. The clinical impact of CSL in multiple injured patients is the focus of this
study.
Methods: A retrospective investigation on a total of 62,903 patients of the Trauma Register
DGU® from 2009 and 2014 was performed. Preclinical and clinical data were analyzed.
Results: The cohort depicted the typical severity in polytrauma (mean age 51 ±21; mean ISS of
22 ± 12). 1,321 patients sustained a CSL with an AIS 4-6 including complete spinal cord
syndrome. The number of male patients was more than twice as high as of female patients.
Leading causes for CSL were car accidents, falls from <3m height and falls from >3m height.
12,023 patients were unconscious (GCS ≤8). The majority had a CSL of AIS <2. 406
unconscious patients suffered from a CSL with an AIS 4-6. Cardiopulmonary resuscitation
(CPR) was performed in 2,000 patients in the preclinical setting and 1,003 patients received
CPR in the resuscitation bay. Severe CSL (AIS 4-6) had a significantly lower blood pressure
(102mmHg ± 46) and a significantly lower heart rate (74/min ± 34) than patients with less severe
CSLs (AIS <2). Hospitalization was extended with the severity of CSL. Early mortality was high.
More than half of the patients with CSLs (AIS 2-6) died within the first 24 hours. 404 patients
were transferred to a rehabilitation facility.
Conclusion: Cervical spine lesions imply a peculiar element among polytrauma patients. Early
mortality correlates with the severity of CSL. Rehabilitation facilities are mainly the end point.
Keywords: Cervical spine lesion, spinal cord injury, Glasgow Coma Scale, multiple trauma,
TraumaRegister DGU® (TR-DGU)
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The cervical spine is first and foremost to be
protected in the case of polytrauma. In
rationale terms, a cervical spine lesion
(CSL) has potentially life-threatening impact
and may cause long-standing disabilities
with poor neurological outcome [1, 2].

http://www.npplweb.com/wjcm/content/4/3
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The mortality is reasonably high with around
17% due to spinal cord injury [2] after major
trauma [3]. The annual incidence of SCI is
around 29.5 persons per million worldwide
[4]. Incidence rates of CSL dramatically
increase in case of multiple injuries [5, 6]. In
a large European cohort study the cervical
spine was injured in almost 29% from a total
of more than 33,000 patients with spinal
injuries.
Other studies unveil an annual incidence of
spinal cord injuries (SCIs) of around 40
cases per million population in the United
States [6, 7]. Therefore, numbers vary
concerning incidence rates of SCI.
Uttermost, the proper management of a
CSL is essential as early diagnostics and
adequate treatment are indicatory for the
further clinical course. Thus, the pre-clinical
application of cervical collars such as the
“Stifneck”
(Laerdal
Medical
GmbH,
Puchheim, Germany) has been established
in trauma guidelines [8-10]. Though,
cervical collars may be falsely applied and
may harm pulmonary functions [8, 11, 12].
Still, the usage is reasonable. Neurological
deficits and therefore spinal injuries need to
be addressed in the course of initial
treatment in the emergency department.
Overlooking and miscalculation of cervical
spine injuries determine poor clinical
outcome [13, 14]. Thus, the correct
understanding of a cervical spine lesion and
its treatment are of essence within the
management of multiple injuries. Anyhow,
polytrauma treatment remains a multidisciplinary approach [15].
Firstly, the intention of this study was to
demonstrate the current epidemiology of
CSL in polytrauma patients in the
TraumaRegister DGU®. Secondly, we
aimed to reveal the correlation of CSLs and
the patients´ initial neurological status
indicated by the Glasgow Coma Scale.
Therefore, aspects of preclinical settings
were considered and clinical course
analysed.
Methods
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The TraumaRegister DGU®
The TraumaRegister DGU® ofthe German
Trauma Society (Deutsche Gesellschaft für
Unfallchirurgie, DGU) was founded in 1993.
The aim of this multi-centre database is an
pseudonymised
and
standardized
documentation of severely injured patients.
Data are collected prospectively in four
consecutive time phases from the site of the
accident until discharge from hospital: A)
Pre-hospital phase, B) Emergency room
and initial surgery, C) Intensive care unit
and D) Discharge. The documentation
includes
detailed
information
on
demographics, injury pattern, co morbidities,
pre- and in-hospital management, course on
intensive care unit, relevant laboratory
findings including data on transfusion and
outcome of each individual. The inclusion
criterion is admission to hospital via
emergency room with subsequent ICU/ICM
care or reach the hospital with vital signs
and die before admission to ICU. The
infrastructure for documentation, data
management, and data analysis is provided
by AUC - Academy for Trauma Surgery
(AUC - Akademie der Unfallchirurgie
GmbH), a company affiliated to the German
Trauma Society. The scientific leadership is
provided by the Committee on Emergency
Medicine, Intensive Care and Trauma
Management (Sektion NIS) of the German
Trauma Society. The participating hospitals
submit their data pseudonymised into a
central database via a web-based
application. Scientific data analysis is
approved according to a peer review
procedure established by Sektion NIS. The
participating hospitals are primarily located
in Germany (90%), but a rising number of
hospitals of other countries contribute data
as well (at the moment from Austria,
Belgium, China, Finland, Luxembourg,
Slovenia, Switzerland, The Netherlands,
and the United Arab Emirates). Currently,
approx. 25,000 cases from more than 600
hospitals are entered into the database per
year. Participation in TraumaRegister DGU®
is voluntary. For hospitals associated with
TraumaNetzwerk DGU® however, the entry
of at least a basic data set is obligatory for
http://www.npplweb.com/wjcm/content/4/3

World J Trauma Critical Care Med 2016;4:10‐23

Weuster M. et al.

®

Figure 1: Consort diagram with inclusion and exclusion criteria. Data of TraumaRegister DGU . Only
German trauma centers were included.

reasons
of
quality
assurance.
All
participating hospitals are described on the
website of the TraumaRegister DGU® at
www.traumaregister-dgu.de.
The present study is based on the
evaluation of the standard documentation. It
is in line with the publication guidelines of
the TraumaRegister DGU® and registered
as TR-DGU project ID 2014-028.
Data collection
The study was conducted over a five-year
period from 2009 until 2014. We included all
12

primarily admitted patients of the age
≥16yrs. Secondary transfers were not
considered. The patients had an ISS ≥9 and
(ICU/death). We included participating
hospitals within Germany. The inclusion and
exclusion criteria are displayed in Figure 1.
The severity was encoded as described by
the Abbreviated Injury Scale (AIS). This
score was established as an anatomical
scoring system in 1969 and revised in 1990.
Injuries are ranked on a scale of 1 to 6 from
minor to unsurvivable lesions (AIS 9 = Died
without further evaluation). Cervical spine
lesions of an AIS ≥2 were considered. The
http://www.npplweb.com/wjcm/content/4/3
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description of AIS considering CSL is shown
in Table 1.Inclusion- and exclusion criteria
are shown in Figure 1. Data were collected
and classified by pre- and in-clinical phases.
This retrospective analysis included trauma
mechanisms,
transporting
devices,
preclinical
and
clinical
parameters.
Preclinical treatment and clinical outcome
were examined. The clinical course is

Traumaregister DGU

focused on common terms and definitions of
the TR-DGU: Glasgow Coma Scale (GCS
3-15), unconsciousness was defined as a
GCS ≤8; shock was defined as a systolic
blood pressure (RR sys) ≤90mmHg; multiple
organ failure [16]is a failure of two or more
organ systems; sepsis is defined by the
ACCP/SCCM
Consensus
Conference
Committee[17]. Mortality is a death caused

Table 1: Detailed information of the Abbreviated Injury Scale (AIS) in cervical spine lesion. The last
number indicates the severity of the cervical spine lesion. Not further specified (NFS).
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by an incidence during the hospital stay.
Outcome is defined by the patients´
discharge from hospital either home,
rehabilitation or other hospitals.
Statistical analysis
We performed a descriptive analysis.
Results are shown as mean with standard
deviation. Statistical significance was
defined as p<0.05.
Results
Epidemiology
In a 5-year period from 2009 until 2014 one
hundred and three thousand three hundred
and thirty five(103,335) patients were
documented in the TraumaRegister DGU®.
62,903 patients were included due to criteria
(Figure 1). 6,797 (10.8%) patients had a
documented cervical spine lesion (CSL) of
AIS ≥2. Five thousand four hundred and
seventy six (8.7%) patients had an AIS 2-3,
which involved cord contusion with transient
neurological signs. One thousand and three
hundred and twenty one (2%) patients
sustained a CSL of AIS 4-6, which included
complete plexus injuries or a complete cord
syndrome (Figure 2). In the collective of AIS
2-6, the mean age was 51 ±21 with a mean
ISS of 22 ± 12. Considering all types of
CSLs including AIS ≤2, the number of male
patients was more than twice as high as the
rate of female patients (44,728 vs. 17,803
patients).
Preclinical
settings
mechanisms

and

trauma

Blunt trauma prevailed penetrating trauma
mechanisms (56,749 vs. 2,641 patients). In
general, the leading three causes for CSL
were car accidents (14,447 patients), falls
from <3m height and falls from >3m height
in the range of AIS 1-6. Serious injuries (AIS
4-6) were induced in descending order by
falls <3m height, car accidents and falls
>3m height. The majority of patients were
transported by ground transporting systems.
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The Glasgow Coma Scale was documented
in fifty two thousand seven hundred and
eighty nine (52,789) patients. The GCS was
>8 in 40,766 (77.2%) patients. Among this
cohort; 36,954 patients had a CSL of AIS
<2. 3,236 patients had a CSL of AIS 2-3
and 576 patients had a CSL of AIS 4-6. A
total of twelve thousand and twenty three
(12,023) (22,8%) patients were unconscious
(GCS ≤8). 10,384 patients of those had a
CSL of AIS <2. 1,233 patients had a CSL of
AIS 2-3. 406 patients suffered from a CSL
of AIS 4-6.
The detailed spectrum of GCS and CSL is
shown in Figure 3. Intubation was recorded
in eighteen thousand four hundred and
seventeen (18,417) patients. The majority
had a CSL of AIS <2. 1,891 patients had an
AIS 2-3 and 494 patients had an AIS 4-6.
Cardiopulmonary resuscitation (CPR) was
observed in two thousand (2,000) patients
in the preclinical setting. 214 patients had
an AIS 2-3 and 226 had an AIS 4-6.
Monitoring the vital signs, severe CSLs (AIS
4-6) had a significantly lower blood pressure
(102mmHg ± 46) and a significantly lower
heart frequency (74/min ± 34)than patients
with less severe CSL (AIS <2). Preclinical
volume management did not differ among
the patients with CSLs (AIS <2, AIS 2-3 and
AIS 4-6).
AIS 5,
AIS 4, 760
277

AIS 6,
284
AIS 1,
1173

AIS 3,
1022
AIS 2,
4454

Figure 2:Frequency of cervical spine lesion (CSL)
sorted by the Abbreviated Injury Scale (AIS 1-6).
The rate is shown in absolute frequency. Data of
®
TraumaRegister DGU .
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Glasgow Coma Scale
Figure 3:Distribution of Glasgow Coma Scale (GCS) considering the cervical spine lesion
(CSL). CSLs are subdivided by AIS in three groups (AIS<2, 2-3, 4-6).
X-axis: Scoring of GCS from 3-15; Y-axis: AIS in groups <2, 2-3, and 4-6. The numbers are displayed in absolute
®
frequency. Data of TraumaRegister DGU .

Injury characteristics
We screened the anatomic regions for the
detailed array of injuries as given by the
AIS. Head injuries were documented in
37,692 patients. In the occurrence of severe
CSLs (AIS 4-6), five hundred and sixty five
(565) patients had head injuries of an AIS 26. Eleven patients of those had head
injuries of an AIS 6, such as open lesions
and penetrating injuries (Figure 4). Spinal
lesions (AIS 2) on thoracic and lumbar level
were gathered. A thoracic spine lesion was
present in 1,819 patients with a CSL of AIS
2-3 and 193 patients with a CSL of AIS 4-6.
Concerning lumbar spine lesions, 912
patients had a CSL of an AIS 2-3 and 76
patients had a CSL of an AIS 4-6 (Figure.
5). Thoracic injuries (AIS ≥3) were found in
more than twenty nine thousand patients
with CSL (AIS <2-6). Most of whom
(26,158) were little affected in CSL (AIS <2).
3,037 patients had an AIS of 2-3 and 420
had an AIS 4-6. Abdominal injuries (AIS ≥3)
occurred in 664 patients with a CSL (AIS 215

6). Extremity lesions (AIS ≥3) coexisted in
18,885 patients who had a CSL with AIS
<2-6 of whom the majority 17,300 suffered
from AIS <2. 138 patients had an AIS 4-6.
Clinical course and outcome
One thousand and three (1,003) patients
received CPR in the shock room. Patients
sustaining a CSL of an AIS 4-6 spent 69min
± 48 in the emergency room and received
their first multi slice CT after around 20min.
The majority of the patients (42,210) with
CSLs (AIS <2-6) received a Multislice CT
(MSCT)and 10,274 did not receive a MSCT.
Hospitalization was extended with the
severity of CSL.
Patients with an AIS 4-6 stayed more than
26 days in hospital. Early mortality was
rather high as more than half of the patients
with CSLs (AIS <2-6) died within the first
24hours. In general, 7,670 patients died in
the hospital whereas 45,118 patients could
be discharged from the hospital. 90 patients
http://www.npplweb.com/wjcm/content/4/3
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Figure 4: Frequency of head injuries in correlation to cervical spine lesions. X-axis: Head injuries in six
columns AIS 1-6. Y-axis: The frequency of head injuries is displayed in three groups of cervical spine
lesions (AIS<2, 2-3, 4-6). Absolute frequency is displayed in the table below. Data of TraumaRegister
DGU®.

(AIS 4-6) went home, whereas the majority
(n=404) of severely injured patients went to
rehabilitation facility.
Discussion
Epidemiology
Roughly 18,000 patients are expected to be
severely injured each year in Germany [18].
This
study
illustrates
the
current
epidemiology of cervical spine lesions in
polytrauma taken from a large German
cohort of 62,903 patients included over a
five-year period. Considering the general
data, our cohort was congruent in sex and
age with other studies. The typical patient
was male and young. 1,321 patients
suffered from a severe cervical spine lesion
of AIS 4-6. This grade of severity includes
complete cord syndromes C-4 and below as
16

well as C-3 and above with quadri- or
paraplegia. Numbers on incidences of CSLs
variegate in multiple injured patients due to
the methods of study. This can be explained
by regional and intercontinental differences
on the one hand and by diverging inclusion
criteria on the other hand [6, 19, 20]. A
small number of 4% of all cervical spine
lesions affect the traumatic atlanto-occipital
and atlanto-axial dislocation [21]. Case
reports are rare as such traumatic events
are overlooked or end up lethally due to
cardiorespiratory
failure
and
spinal
hematoma/rupture [22]. Large cohort
studies on cervical spinal lesions i.e. spinal
cord injuries result from worldwide trauma
registers such as the Trauma Audit &
Research Network from United Kingdom or
the National Trauma Data Bank from the
United States. Hasler et al. reported on
250,584 patients of whom 13% sustained
http://www.npplweb.com/wjcm/content/4/3
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Figure 5: Frequency of thoracic and lumbar injuries in correlation to cervical spine lesions. X-axis:
Thoracic and lumbar injuries in six columns AIS 2. Y-axis: The frequency and percentage of spinal
injuries is displayed in three groups of cervical spine lesions (AIS<2, 2-3, 4-6). Data of
TraumaRegister DGU®.

spinal trauma, a rather large European
study.
9.6%
had
spinal
fractures/dislocations without neurological
signs. Breaking down in subgroups the
cervical spine was affected in 5,879
patients. They represent almost one-third in
correlation to thoracic and lumbar spine
fractures/dislocations. 1.8% suffered from
spinal cord trauma among 250,584 patients
and the CSL depicted the majority
(n=2,039). Data were conducted over 11
years more than twofold in stretch of time in
comparison to our study. But, patients
included were less severe injured with
median ISS 9 and a median GCS 15.
Furthermore, the AIS had not been
considered [3]. Almost 12% of our study
group had a CSL. The general severity was
heavier in these patients than in the
previous mentioned study as measured by
ISS. A very interesting study was published
recently; around 6% had a cervical spine
17

lesion in a prospective single-centre
examination of more than 9,000 blunt
trauma patients. The authors confirmed 5
predictors for cervical spine ligament
injuries, such as 1) CT evidence of ligament
injury; 2) Fracture pattern 'not' isolated
transverse/spinous process; 3)Neurologic
symptoms; 4) Midline tenderness and 5)
GCS<15[23]. Other studies clarified the
rating of CSLs among multiple injured
patients. Stephan et al. detected CSLs as
the most frequent injuries amongst SCI. The
severity of injury was described by the AIS
as well as in our investigation. In declining
order cervical spine lesions were distributed
by AIS 5 followed by AIS 4, 6 and 3 [7]. The
majority had a lesion of AIS 2 followed by
AIS 3 and 5, baring lighter lesions in our
study. These findings are affirmed by other
examinations on SCIs [2]. Unfortunately, the
TraumaRegister DGU® does not deliver
detailed information on CSLs besides AIS.
http://www.npplweb.com/wjcm/content/4/3
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Still, clinical sequelae of CSLs are
tremendous as injuries of the cervical spine
are high in rates compared to the thoracic
and lumbar spine. Thus, these facts still
underline the need for a high quality
management in trauma care. Trauma
guidelines
e.g.
ATLS®
have
been
successfully established [24, 25]. This
system implements a quick assessment,
which includes the obligatory application of
a cervical collar. Cervical stabilizations are
not quite uncritical as past studies showed.
False handling and decrease in respiratory
capacity were observed [8, 11]. Training
skills are of essence and recommended
[10].
Preclinical
settings
mechanisms

and

Trauma

Trauma victims have been mainly
transported by ground than by air.
Generally, transfer of patients from accident
site to the next adequate trauma centre has
been well organized in Trauma Networks,
which has been established since years in
Germany [26]. The trauma mechanisms
were blunt despite a rising number of
penetrating casualties in Northern Europe
[27]. Falls from either <3m or >3m height as
well as car accidents were the leading
mechanisms [3, 7]. It was not unexpected
that car accidents imply a high relevance as
shown by a study from the TraumaRegister
DGU®[28]. In detail, precise mechanisms of
CSLs have been examined by case reports
and technical investigations e.g. in
trampoline accidents in adults. Fractures
and dislocations were described due to
hyperflexions / -extensions of the cervical
spine after landing [29].
Other studies showed the impact of a head
velocity greater than 10ft/s (3m/s), which
was enough to produce an injury to the
lower spine between C5 and C7. This part is
decisive as it forms the functional axis of
rotation between the head and trunk.
Tetraparesis or tetraplegia might follow in
case of injury [30]. More typical CSLs are
caused by diving accidents, which are
provoked by flexion with or without axial
18

compression [30]. Unfortunately, our
database did not document these
mechanisms of cervical trauma. We can
only estimate the process of lesion in the
cervical spine. Beyond, the type of lesion is
decisive which was demonstrated in
radiologic studies [1, 31]. MRI embodies the
favourite tool [32]. Our study did not provide
data on MRI. But, the majority of our cohort
received CT respectively multi slice
computer tomography (MSCT) by default.
Indispensable, CT imaging has become a
golden standard in acute trauma diagnostics
and it is a fixed parameter within the
TraumaRegister DGU® [33].
GCS, clinical parameters and outcome
The initial neurological status of trauma
patients is commonly captured by the
Glasgow Coma Scale (GCS). This scale
was established in Scotland in 1974 in order
to verify patients´ consciousness [34].
Emergency care physicians apply this
established parameter in trauma protocols
worldwide. Most notably, the GCS (i.e. GCS
≤8) represents one criterion among four
others
defining
the
current
term
“polytrauma” in its revised version from
2014 [35]. In case of loss of consciousness
a high alertness for spinal trauma is
generally assumed. At least lumbar spine
injuries can be excluded in patients with a
GCS 15, with absence of pain or tenderness
and without any influence of drugs/alcohol
or preclinical sedative [36]. In particular, a
cervical spine lesion might possibly
correlate in its severity with the grade of
consciousness. The anatomical location
close to the respiratory centre and
brainstem may be causative. Nevertheless,
a one-to-one correlation is not completely
feasible. Considering our data, we observed
two peaks in the Glasgow Coma Scale
(GCS 15 and 3) in the group of moderate to
severe CSL (AIS 4-6). Sudden deaths were
not listed, equivalent to an AIS 9 (=Died of
cervical spine injury). One case report
described
one
vertical
atlanto-axial
dislocation as a high cervical spine injury
among 300 cervical CT scans. Two more
patients died. The surgical treatment
http://www.npplweb.com/wjcm/content/4/3
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involved a fixation whereas traction was
contraindicated [22]. Another study declared
a high risk for cervical spine lesion in
comatose patients (GCS 3-5) due to
traumatic brain injury (TBI) [37]. Further
studies elucidate the immense risk for
cervical spine injuries as the typical
patients´ characteristic include low GCS,
frequently TBI and other severe injuries in
polytrauma [23, 38]. Further on, the
important vital signs (HF and Rays) were
depressed as the severity of CSLs
increased due to neurogenic shock. In our
cohort heart frequency (HF) and systolic
blood pressure (RRsys) were significantly
lower in the CSLs of an AIS 4-6 than in
AIS<2.
Summers et al. analysed a complex
hemodynamic flow after spinal cord injury.
Lastly, they explained the neurogenic shock
as a multifactorial process in case of trauma
patients [39]. Volume management did not
show significant differences among the AIS
groups in CSLs in our study. Wood et al.
justified pseudoephedrine as an effective
adjunct in the medical treatment of a
neurogenic
shock
[40].
Definitely,
emergency care should be alert in
recognising neurogenic shock and therefore
adequate therapies should be initiated.
Considering relevant injuries besides CSL,
we observed quite a high number of
coexisting head and thoracic injuries. These
injuries are common in severely injured
patients after polytrauma[41], and therefore
these findings were not a surprise in our
study. Moreover, length of hospital stay in
patients with AIS 4-6 and the high rate of
early mortality indicate the severity of
injuries of such. This fact was underlined by
the high rate of ISS (22 ± 12) in our cohort.
Moreover, it implies high rates of sepsis,
and multi-organ failure [42] as confirmed by
our findings.
Ultimately, the majority of severely injured
patients in our study that were discharged
went to rehabilitation facilities. But, we still
do not know enough on recovery and on
outcome of patients after rehab. As upper
cervical spine lesions above C3 lead to
19
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restrictions in pulmonary functions and even
death at scene [22, 43, 44], the lower
cervical spine lesions rather cause
restrictions concerning mobility in the upper
extremities up to quadri- /paraplegia [31].
The recovery of these patients should be in
the future focus.
Limitations
This study is a registry-based work, which
involves incomplete and even missing data.
Concerning the cervical spine, data is
fragmentary on precise diagnosis. We could
not differentiate on the exact level among
CSLs. The Trauma Register DGU® only
conducts the AIS. We could not specify the
precise neurologic status in the emergency
room. Moreover the exact neurologic
recovery during hospital stay was not
documented.
Conclusions
The cervical spine lesion is a profound
injury after polytrauma. Preclinical settings
indicate the severity. Strategies and
accurate treatment are of essence. The
impact of lesions is implied by depressed
hemodynamic functions and even sudden
death respectively early mortality. The
coexisting injuries aggravate the patients´
clinical course. Furthermore, the hospital
stay is complex and extended in such
patients. Finally, quality of life and recovery
after cervical spine lesions should be in
focus.
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