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ARTICLE INFO ABSTRACT
Keywords: Rationale and objectives: To provide a detailed analysis of injury patterns of the spine following
Spinal injuries blunt trauma and establish the role of supplementary MRI by evaluating discrepancies in the

Magnetic resonance imaging

detection rates of damaged structures in CT and MRI.
Computed tomography imaging

Wounds Method: 216 patients with blunt trauma to the spine who underwent CT followed by supple-

Nonpenetrating mentary MRI were included in this study. Two board-certified radiologists blinded to clinical

Vertebral body symptoms and injury mechanisms independently interpreted all acquired CT and MRI images.
The interpretation was performed using a dedicated catalogue of typical findings associated with
spinal trauma and assessed for spinal stability using the AO classification systems.
Results: Lesions to structures associated with spinal instability were present in 31.0% in the
cervical spine, 12.3% in the thoracic spine, and 29.9% in the lumbar spine. In all spinal segments,
MRI provided additional information regarding potentially unstable injuries. Novel information
derived from supplementary MRI changed clinical management in 3.6% of patients with injury to
the cervical spine. No change in clinical management resulted from novel information on the
thoracolumbar spine. Patients with injuries to the vertebral body, intervertebral disc, or spinous
process were significantly more likely to benefit from supplementary MRI.
Conclusion: In patients that sustained blunt spinal trauma, supplementary MRI of the cervical
spine should routinely be performed to detect injuries that require surgical treatment, whereas CT
is the superior imaging modality for the detection of unstable injuries in the thoracolumbar spine.

1. Introduction

Injuries of the spine are a common finding in polytraumatized patients. According to the National Trauma Data Bank 2010, 13% of
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adult patients that sustained a blunt trauma were diagnosed with one or more fractures of the spine, and 7% of these patients sustained
spinal cord injury (SCI) [1]. In the United States alone, approximately 85.000 cases of spinal column fractures and 10.000 cases of
spinal cord injury occur annually [2].

In acute trauma management, detecting spinal injuries is particularly important due to the risk of spinal cord injury (SCI). In most
cases, SCI is caused by bony fractures from direct trauma to the spine, which are easily picked up on CT. In some instances, however,
disruption of vertebral discs or ligamentous injury alone will cause spinal injuries and possibly lead to permanent neurological deficits
[3,4].

CT imaging is currently the standard of care in polytraumatized patients with spine involvement due to its superiority in detecting
bony injuries and the speed of examinations [5-7]. Material differentiation in dual-energy CT (DECT) allows for a certain degree of
visualization of soft tissue and marrow edema and provides novel information for different musculoskeletal applications compared to
conventional single-energy CT [8-13]. However, this technology is not broadly available and in conventional CT, the assessment of the
ligamentous structures, intervertebral discs, and the spinal cord is not sufficiently possible, resulting in missed unstable injuries and
subsequent SCI [14-16]. This has led to an ongoing debate about whether additional MRI of the spine can provide clinically relevant
additional information that changes the management of spine injuries, with many studies reporting conflicting results [17-19]. Recent
studies that assessed different imaging modalities to clear the cervical spine, for example, reported detection rates of new injuries by
supplementary MRI between 3.3% and 54%, with an average of 15% [18,20,21]. Similar variability between studies is observed
regarding the detection rates of injuries classified as unstable, rooted in varying criteria for spinal instability and discrepancies in study
design.

For the cervical spine, Malhotra et al. reported an incidence as low as 0.3% for the occurrence of unstable injuries, indicating a
subordinate role of routinely performed supplementary MRI. These findings align with current recommendations by professional
societies, which suggest a CT-only approach for the initial assessment, supplemented by MRI only when neurological deficits are
present or to assist preoperative planning. The same diagnostic approach is generally suggested for injuries to the thoracolumbar spine,
with almost identical reasoning [18,22-24].

The purpose of this study was to provide a detailed analysis of injury patterns of all spinal segments and structures following blunt
trauma to the spine and, with this information, to establish the proportion of potentially unstable injuries. Furthermore, we aimed to
evaluate discrepancies in detection rates of individual lesions in CT and MRI to determine how often supplementary MRI will provide
additional information and change clinical management. Last, we wanted to establish if specific lesions detected in CT are more likely
to provide additional findings in MRI.

2. Materials and methods
2.1. Institutional review board approval

This is a retrospective study. Approval was granted by the institutional review board (Ethics Committee of the University Hospital
Frankfurt am Main), which waived the requirement to obtain written informed consent.

2.2. Patient selection and study design

This is a retrospective, single center study performed at the main trauma center for a city with a population >750.000. Patients who
had undergone CT of the spine followed by MRI of the same spinal segments between January 2014 and December 2020 were
considered for inclusion in this study. Inclusion criteria were an age >18 years, sustained blunt trauma to the spine and a maximum
time interval between CT and MR of 10 days. Exclusion criteria were spine examinations due to non-traumatic reasons (i.e., suspected
spondylitis or spondylodiscitis, degenerative spine disease, or malignancy) and surgical spine procedures performed before MRI ex-
aminations. Of 800 patients considered for study inclusion, we excluded 267 patients that underwent surgical procedures of the spine
before an MRI was performed, and 317 patients that received imaging due to non-traumatic reasons such as inflammatory spinal
conditions or suspected malignancy. Therefore, a total of 216 patients (152 male and 64 female) with a mean age of 42.8 years (range,
4-85 years) were included in this study (Fig. 1).

2.3. CT and MR imaging

CT imaging was conducted using a second-generation 128-slice dual-source CT (Somatom Definition Flash, Siemens Healthcare,
Erlangen, Germany). Image series (axial, coronal, and sagittal: section thickness 1 mm, increment 0.75 mm) were reconstructed with a
dedicated bone kernel. The CT protocols used in the setting of acute trauma in our institution include unenhanced head and cervical
spine images and split-bolus contrast enhanced imaging of the lung, abdomen and thoracolumbar spine, adapted as needed.

MR imaging was conducted with a 1.5-T Magnetom Avanto, 1.5- T Magnetom Espree, or 3-T Magnetom Trio system (all from
Siemens Healthcare) using similar protocols with a body spine-array coil and fast spin-echo imaging. As per institutional guidelines,
T1-weighted, T2-weighted, and T2 turbo inversion recovery magnitude (TIRM) images were obtained in the sagittal plane, and T1-and
T2-weighted images were obtained in the axial plane, patient supine. For sagittal imaging, a FOV of 32 cm, matrix of 512 x 256, and
slice thickness of 4 mm were used, and for axial images a FOV of 22 cm, matrix of 320 x 320 and slice thickness of 3 mm were used.

The image series were automatically transferred to the picture archiving and communication system (PACS; General Electric
Company).
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Inclusion criteria:

Patients > 18 years who underwent CT and MR imaging
with a maximum time interval of 10 days

n = 800 patients

Exclusion criterion 1:
Surgical intervention
before MRI was
performed
(n=267)

—

Exclusion criterion 2:
Examinations due to non-
traumatic reasons
(n=317)

l
Final study population:
n =216 patients

Fig. 1. Note. — STARD flow diagram of patient selection.

2.4. Unstable spine injuries

Injuries to the upper cervical spine were classified as potentially unstable with a classifier of B or above in the AO Spine classi-
fication of upper cervical injuries, including atypical Jefferson fractures with or without disruption of the transverse ligament, (sub-)
luxation of C1/C2 > 7 mm or transverse ligament avulsion of the C1 tubercle [25,26].

Injuries to the subaxial cervical spine were classified as potentially unstable with a classifier of A3 and above in the AO Spine
classification of subaxial injuries, including injuries with involvement of the posterior vertebral wall with or without retropulsion of
vertebral fragments, tension band injuries (including injuries to the posterior ligamentous complex [PLC]) and translational injuries,
including facet joint (sub-)luxation [25,26].

Injuries to the thoracolumbar spine were classified as potentially unstable with a classifier of A4 and above in the AO Spine
classification of thoracolumbar injuries, including injuries with involvement of both endplates and the posterior wall, distraction
injuries, and translation injuries [27].

Furthermore, injuries to the spinal cord and traumatic spinal canal compression were classified as unstable in all segments.

2.5. Image interpretation

Two radiologists with 14 and 37 years of experience in musculoskeletal imaging (K.E. and T.V.) analyzed all acquired CT and MRI
images independent of the initial clinical symptoms and injury mechanisms using a dedicated catalogue of typical findings in the
setting of spinal trauma. In case of disagreement, a third radiologist with 17 years of experience in musculoskeletal imaging (T.G.) was
consulted. Reported is the majority decision. Case shuffling was used for CT and MRI analysis to prevent observer recall bias. Analysis
was performed for each injured spinal segment, as suggested in the AO classification systems [25-27].

2.6. Statistical analysis

Statistical analysis was performed with dedicated commercial software (Prism 9 for macOS, version 9.0.0, GraphPad Software LLC,
San Diego; MedCalc for Windows, Version 13, MedCalc, Mariakerke, Belgium). Differences in baseline characteristics were analyzed
by unpaired t-tests for continuous variables and Fisher’s exact test for categorical values. All imaging data were compiled in cross-
tables. Differences in CT and MRI detection rates were analyzed using McNemar’s test. Cohens Kappa was calculated for the agree-
ment of CT and MR imaging between readers and the intraclass correlation coefficient (ICC) was calculated in a 2-way mixed-effects
model for absolute agreement to obtain the agreement between CT and MR imaging. A p-value less than 0.05 was considered sta-
tistically significant.
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3. Results
3.1. Study population and injury mechanisms

216 patients (152 male and 64 female) with a mean age of 42.8 years (range, 4-85 years) were included in this study The
mechanisms of injury included traffic accidents (n = 109, 50.5%) and falls (n = 94, 43.5%). In 13 cases (6.0%), the mechanism of
injury could not be determined. Neurological symptoms were present in 68 of 216 patients (31.5%). Of these, 12 patients showed signs
of acute SCI, and 16 were obtunded. Detailed patient characteristics are depicted in Table 1.

3.2. Image acquisition

All patients underwent CT followed by MRI of the same spine segment. 190 of 216 (88.0%) patients received CT imaging
immediately after trauma; however, the examination of some patients was delayed for up to 3 days. The average time interval between
trauma and the initial CT examination was 0.08 days (range, 0-3 days). MRI of the same spine segment was performed on average 1.62
(range: 1 to 10) days after the initial CT examination.

Imaging of the cervical spine was the most frequently performed examination, with 117 cases, followed by imaging of the lumbar
spine (n = 53) and the thoracic spine (n = 32). In 43 cases, more than one region was examined, and imaging of the whole spine was
performed in 27 patients. Cohens kappa demonstrated very good agreement between both readers for CT imaging with a value of 0.84
and good agreement for MR imaging with a value of 0.72.

3.3. Medical indications for requested imaging modalities

Due to hospital policy, the mechanism of trauma was the most common medical indication why CT imaging was requested, fol-
lowed by neurological deficits (n = 41, 19%) and severe or persistent pain (n = 34, 15.7%). MRI imaging was obtained primarily to
confirm suspected ligamentous injury and injury to soft tissue structures (n = 92, 43.6%), followed by previous imaging modalities
being indicative of injury (n = 67, 31.0%) as well as the evaluation of neurological deficits (n = 66, 30.6%).

3.4. Sustained injuries

The most common injuries sustained by patients in our study cohort were fractures of the vertebral bodies, predominantly affecting
the thoracic and lumbar spine (up to 23.2%), followed by lesions of the intervertebral disc (up to 13.6%) and large pre- and para-
vertebral hematomas (up to 11.8%).

In the sub-cohort of patients with neurological symptoms, injuries predominantly affected the spinal cord of the cervical spine (up
to 20.8%), followed by large pre- and paravertebral hematomas of cervical spine segments (up to 15.1%) and damage to interspinous
ligaments (up to 11.3%). A heatmap depicting the injury patterns in the study cohort and the sub-cohort of patients with neurological
deficits is given in Tables 2 and 3.

3.5. Differences in imaging modalities

As expected, MRI detection rates for injuries to the spinal cord, spinal ligaments, intervertebral discs, and paravertebral hematomas
were superior compared to CT. In line with current literature, CT examinations provided higher detection rates for osseous injuries to
the anterior and posterior edges of the vertebral bodies and the vertebral joints and processes. An overview over the detection rates for

Table 1

Note. — Detailed patient characteristics. The average age of the study population was 42.8 + 20.0 years. Mechanisms of injury
included traffic accidents (n = 109) and falls (n = 94). In 13 cases, the mechanism of injury could not be determined. Neurological
symptoms were present in 68 of the 216 patients.

Variables — mean =+ SD or n (%) Total (n = 216) Neurological Symptoms (n = 68)
Age (years) 42.8 +20.0 41.2 +18.2
Sex (n)
Male 152 (70.4%) 46 (67.6%)
Female 64 (29.6%) 22 (32.4%)
Mechanism of injury (n)
Traffic Accidents 109 (50.5%) 27 (39.7%)
e Car/Motorcycle 44 (20.4%) 14 (20.6%)
e Bicycle/Pedestrian 36 (16.7%) 7 (10.3%)
e Undetermined 29 (13.4%) 6 (8.8%)
Fall/Jump 94 (43.5%) 37 (54.4%)
e Heights > 2 m 66 (30.6%) 23 (33.8%)
e Level Ground 18 (8.3%) 9 (13.2%)
e Undetermined 10 (4.6%) 5 (7.3%)
Not Determined 13 (6.0%) 4 (5.9%)
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Note. — Heat map of image findings in CT and MRI in all patients. The evaluation was performed separately for each vertebra. We
observed a clustering of lesions affecting the vertebral bodies of the thoracic and lumbar spine and the cervical spine’s ligamentous
structures and spinal cord.

Th12
L1

)

L2 5 (6.3%) 2 (2.5%)

L3 6 (7.5%) 6 (7.6%) 5 (6.3%) 5 (6.3%) 2 (2.5%)

L4 6 (7.6%) 6 (7.6%) 5 (6.3%) 1(1.3%) 1(1.3%)

L5 2 (2.5%) 3 (3.8%) 2 (2.5%) 1(1.3%)
Table 3

Segment Vertebral Body | Vertebral Body | Bone bruise Intgrvertebral _Interspinous Spinal Cord Hematoma
[CT] [MRI] MR Disc [MRI] | ligament [MRI] [MRI] [MRI]
C1 (Arch) 13 (9.2%) 14 (9.7%) n.a. 3 (2.1%) 2 (1.4%) 6 (4.2%)
CZ/(\I?;]n)s & 5 (3.5%) 6 (4.2%) 2 (1.4%) 1(0.7%) 6 (4.2%) 3(2.1%) 11 (7.6%)
c3 6 (4.2%) 6 (4.2%) 4 (2.8%) 7 (4.9%) 11 (7.6%) 13 (9.0%) 14 (9.7%)
c4 3 (2.1%) 4 (2.8%) 6 (4.2%) 2 (1.4%) 13 (9.0%) 14 (9.7%) 14 (9.7%)
c5 5 (3.5%) 8 (5.6%) 8 (5.6%) 6 (4.2%)
C6 7 (4.9%) 9 (6.3%) 7 (4.9%) 11 (7.6%)
c7 8 (5.5%) 13 (9.0%) 7 (4.8%) 11 (7.6%)
5 (4.9%) 5 (4.9%) 2 (1.9%) 5 (4.9%)
| 2(2.1%) 3(3.1%) 3(3.1%)
| 1(1.1%) 2 (2.2%) 5 (5.4%)
| 1(1.1%) 5 (5.6%) 6 (6.7%)
Th5 | 3 (3.5%) 4 (4.7%) 2 (2.4%) 6 (7.1%)
\ 2 (2.4%) 2 (2.4%) 4(4.8%)
\ 7 (8.6%) 4 (4.9%) 1(1.2%) 2 (2.5%)
| 8(9.8%) 5 (6.1%) 3 (3.7%) 1(1.2%) 1(1.2%) 1(1.2%)
7 (8.5%) 5 (6.1%) 3 (3.7%) 1(1.2%) 1(1.2%)
Th10 5 (5.9%) 6 (7.1%) 4 (4.7%) 3(3.5%) 3 (3.5%)
Th11 8 (8.8%) 9 (9.9%) 6 (6.6%)

1(1.3%)

1 (1.0%)
1(1.2%)

Note. — Heat map of image findings in CT and MRI in patients with neurological deficits. The evaluation was performed separately for
each vertebra. In contrast to Table 2, the clustering of lesions affecting the thoracolumbar spine has widely disappeared, but the
clustering affecting the ligamentous structures and spinal cord of the cervical spine showed a sharp increase.

Segment Vertebral Vertebral Body | Bone bruise Int(-_)rvertebral _Interspinous
Body [CT] [MRI] MRI Disc [MRI] ligament [MRI]
C1 (Arch) 2 (3.8%) 1(1.9%) n.a. 1(1.9%)
c2 /&?;r;s & 1 101.9%) 2 (3.8%)

C3 2 (3.8%) 1(1.9%) 2 (3.8%)
C4 1(1.9%)

C5 3 (5.7%) 3 (5.7%) 1(1.9%) 3 (5.7%) 5 (9.4%)
C6 2 (3.8%) 2 (3.8%) 2 (3.8%) 2 (3.8%) 2 (3.8%)
C7 1(1.9%) 1(1.9%) 1(1.9%)
Th1 1(3.1%) 1(3.1%)

Th2 1(3.4%) 2 (6.9%) 1(3.4%) 1(3.4%)
Th3 1(3.4%) 1(3.4%) 1(3.4%)
Th4 2 (7.1%) 2(7.1%)

Th5 2 (7.4%) 1(3.7%) 2 (7.4%) 1(3.7%)
Th6 1(3.7%) 1(3.7%) 2 (7.4%)

Th7 2 (7.4%) 1(3.7%) 1(3.7%) 1(3.7%)

Th8 2 (7.4%) 1(3.7%) 1(3.7%)

Th9 2 (7.4%) 2 (7.4%) 1(3.7%)
Th10 1(3.7%) 1(3.7%)
Th11 1(3.7%) 1(3.7%)
Th12 2 (6.7%) 2 (6.7%) 1(3.3%)

L1 2 (8.7%) 2 (8.7%) 1(4.3%) 1(4.3%)

L2 1(4.3%) 1(4.3%)

L3 1(4.3%)

L4

L5 1(4.3%) 1(4.3%)

Spinal Cord Hematoma
MRI MRI
1(1.9%)
2 (3.8%) 2 (3.8%)
5 (9.4%)
4 (7.5%) 4 (7.5%)
1(3.1%) 3 (9.4%)
1(3.4%)
2 (6.9%)
1(3.7%) 1(3.7%)
1(3.7%)
1(3.7%)
1(3.7%)
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different spinal structures in all patients and in the subgroup of patients with neurological deficits is given in Tables 4 and 5.

MRI revealed lesions in 29 of 216 patients (13.4%) without traumatic findings in the preceding CT scans. We observed no sig-
nificant association with gender, age or trauma mechanism. Of these, 20 patients (69.0%, p < 0.005) showed neurological deficits. MRI
provided additional information that changed clinical management in six of 216 patients, four of which required surgical intervention
due to cervical posterior tension band injuries. In two patients, MRI revealed myelopathy without compression of the myelon; sub-
sequently, both patients received corticosteroids.

Moreover, MRI provided additional information in almost every patient and all spine segments, as described in the following
chapters. Patients in which supplementary MRI revealed lesions associated with unstable injuries of the spine showed significantly
higher rates of injuries to the intervertebral discs (p < 0.005), the vertebral body (p < 0.005), particularly the anterior and posterior
walls of the vertebral body (p < 0.005), and the spinous processes (p < 0.05). In line, agreement between CT and MR imaging was only
moderate with an ICC of 0.44. Detailed information is given in the Supplementary Tables 1-3.

3.6. Unstable injuries to the cervical spine

Injuries associated with instability of the upper and subaxial cervical spine were present in 31.0% of all analyzed structures,
predominantly affecting the interspinous ligaments (7.0%), vertebral bodies (6.3%), and spinal cord (6.7%). Of these, 69.0% (21.4% of
all lesions) were only detected in MRI, and 5.8% were only visible in CT (1.8% of all lesions). Most injuries missed in CT imaging
affected the interspinous ligaments (6.8%), the spinal cord (6.6%), and the intervertebral discs (1.7%).

Similar observations were made for the sub-cohort of patients with neurological deficits. In this group, injuries associated with
unstable injuries of the cervical spine were present in 25.7% of all analyzed structures, predominantly affecting the spinal cord
(11.6%), interspinous ligaments (4.6%), and intervertebral discs (1.9%). In this sub-cohort, 88.7% (22.8% of all lesions) were only
picked up in MRI with almost identical distributions. None of the lesions were visible in CT scans only.

3.7. Unstable injuries to the thoracic spine

We found injuries to 12.3% of all structures associated with a potentially unstable thoracic spine, most commonly to the inter-
vertebral disc (4.2% of injuries), followed by injuries to the posterior wall of the vertebral body (2.4%) and the interspinous ligaments
(2.3%). Of these, 52.0% (6.4% of all lesions) were only detected in MRI, affecting predominantly interspinous ligaments (2.3%),
intervertebral discs (1.5%), and the spinal cord (0.8%). In 13.0% (1.6% of all lesions), lesions were detected in CT only, affecting
almost exclusively the bony structures, predominantly the posterior wall of the vertebral body (50% of lesions missed in MRI).

In the cohort of patients with neurological deficits, lesions associated with an unstable spine were found in 6.5% of all segments,
affecting the intervertebral discs (1.5%), interspinous ligaments (1.2%), and the spinal cord (1.5%) predominantly. Of these, 60.0%
were only picked up in MRI, with almost identical distributions. In this sub-cohort, no lesion was visible only on CT scans.

3.8. Unstable injuries to the lumbar spine

We found injuries to 29,9% of all structures associated with potential instability of the lumbar spine, most commonly to the

Table 4

Note. — Differences of imaging findings in CT and MRI. The evaluation was performed separately for each segment. Bold entries show statistically
significant differences between MRI and CT detection rates (p < 0.05). *p < 0.05, **p < 0.01, ***p < 0.001, *p < 0.0001, ns:p > 0.05, na not
applicable.

Total Neurological Symptoms

CT+/MRI+ CT+/MRI- CT-/MRI+ CT-/MRI- CT+/MRI+ CT+/MRI- CT-/MRI+ CT-/MRI-

Vertebral body (**) 153 35 67 2398 21 5 11 846
Compression fractures (ns) 6 3 1 2352 2 1 0 777
Anterior edge (ns) 15 6 1 2332 3 0 0 774
Posterior edge (ns) 61 8 3 2255 7 0 1 761
Vertebral joint (ns) 8 5 0 2467 1 1 0 822
Transverse process (ns) 18 8 0 2452 2 1 0 819
Spinous process (**) 40 11 24 2404 10 2 4 808
Bone Bruise (****) 0 3 165 2341 0 1 45 805
Intervertebral disc (****) 35 4 42 2266 4 0 19 758
Ant. Longitudinal ligament (**) 13 5 19 2587 3 0 5 866
Post. Longitudinal ligament (*) 4 4 13 2285 2 0 2 764
Ligamentum flavum (*) 11 4 15 2440 0 0 6 816
Interspinous ligament (****) 2 3 102 2383 0 0 29 802
Supraspinous ligament (ns) 0 4 9 2469 0 0 1 822
Luxation (ns) 6 3 2 2471 1 0 1 822
Spinal canal compression (ns) 6 6 5 2456 0 0 5 818
Myelon (**** 1 3 75 2402 0 0 48 775
Hematoma (* 2 3 121 2356 0 0 41 783




Table 5

Note. - Lesions associated with spinal instability in CT and MRI. The evaluation was performed separately for the cervical, thoracic, and lumbar spine and detection. Below the total percentage of lesions,
the detection rates in CT and MRI are given. No information is provided for the vertebral bodies of the thoracic and lumbar spine. These lesions are not generally considered unstable without the
involvement of the posterior edge, which is evaluated separately.
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C1-C7
Total lesions 6,3% 0,5% 0,6% 2,7% 2,3% 1,2% 1,0% 7,0% 0,8% 0,6% 1,4% 6,7% 31,0%
visible in MRI only 1,9% 0,0% 0,0% 1,7% 1,3% 0,8% 0,9% 6,8% 0,7% 0,1% 0,5% 6,6% 21,4%
visible in CT only 0,7% 0,1% 0,2% 0,0% 0,2% 0,1% 0,1% 0,0% 0,1% 0,0% 0,3% 0,0% 1,8%
Neurological deficits 2,1% 0,3% 0,0% 1,9% 1,7% 0,6% 1,1% 4,6% 0,3% 0,3% 1,3% 11,6% 25,7%
visible in MRI only 0,2% 0,0% 0,0% 1,9% 1,2% 0,6% 1,1% 4,6% 0,3% 0,0% 1,3% 11,6% 22,8%
visible in CT only 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%
Th1-Th12
Total lesions 2,4% 0,1% 4,2% 0,6% 0,9% 0,5% 2,3% 0,2% 0,1% 0,1% 0,9% 12,3%
visible in MRI only 0,3% 0,0% 1,5% 0,4% 0,5% 0,4% 2,3% 0,2% 0,0% 0,0% 0,8% 6,4%
visible in CT only 0,8% 0,0% 0,3% 0,1% 0,1% 0,1% 0,0% 0,0% 0,0% 0,1% 0,1% 1,6%
Neurological deficits 0,9% 0,0% 1,7% 0,3% 0,6% 0,3% 1,2% 0,0% 0,0% 0,0% 1,5% 6,5%
visible in MRI only 0,3% 0,0% 0,6% 0,0% 0,0% 0,3% 1,2% 0,0% 0,0% 0,0% 1,5% 3,9%
visible in CT only 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%
L1-L5
Total lesions 12,7% 1,5% 3,8% 1,5% 0,8% 3,7% 2,8% 0,8% 1,0% 0,8% 0,8% 29,9%
visible in MRI only 0,0% 0,0% 2,8% 0,0% 0,0% 0,3% 2,0% 0,0% 0,2% 0,0% 0,0% 5,3%
visible in CT only 1,8% 0,8% 1,0% 0,8% 0,8% 0,8% 0,8% 0,8% 0,8% 0,8% 0,8% 9,5%
Neurological deficits 3,5% 0,9% 0,9% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 5,2%
visible in MRI only 0,0% 0,0% 0,9% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,9%
visible in CT only 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%
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posterior wall of the vertebral body (12.7%), the intervertebral discs (3.8%), and the ligamentum flavum (3.7%). Of these, 17.7%
(5.3% of all lesions) were only detected in MRI, affecting predominantly intervertebral discs (2.8%), interspinous ligaments (2.0%),
and ligamentum flavum (0.3%). In 30.1% (9.5% of all lesions), lesions were only picked up in CT, affecting the posterior wall of the
vertebral body (1.8%) and the intervertebral disc (1.0%) predominantly.

In the group of patients with neurological deficits, lesions associated with an unstable lumbar spine were found in 5.2% of all
segments, affecting the posterior wall of the vertebral body (3.5%), the intervertebral discs (0.9%), and the vertebral joints (0.95). Of
these, 16.9% were only identified in MRI, affecting the intervertebral disc exclusively, and no lesions were identified in CT only.

4. Discussion

Adequate management and imaging of patients with blunt trauma to the spine, especially the cervical spine, remains controversial,
despite the detrimental effects a missed unstable injury can have for patients. This uncertainty is rooted in different protocols for the
primary survey of patients with potential injury to the spine, varying criteria for spinal instability, and discrepancies in study design.

Here we provide a structured analysis of cervical, thoracic, and lumbar spine injuries as determined by CT and MRI, emphasizing
spinal stability, injury patterns, and discrepancies in detection rates between imaging modalities. We used a dedicated catalogue of
typical findings in the setting of spinal trauma and evaluated each injured spinal segment for spinal instability as suggested in the
corresponding AO classification systems, thereby providing a transparent and comprehensible overview of injury patterns in the
setting of spinal trauma [18,19].

We demonstrate that supplementary MRI yields additional information in all spinal segments regarding spinal stability, most often
in the cervical spine. Novel information derived from MRI changed clinical management to surgical intervention in 2.4% by revealing
unstable injuries to the cervical spine that were not detected in the previous CT examination. Due to different injury patterns, sup-
plementary MRI of the thoracolumbar spine provided only limited additional information and did not impact clinical management.
MRI of the lumbar spine provided inferior detection rates of potentially unstable injuries compared to CT.

Baseline patient demographics of our study cohort, such as age, gender, injury mechanism, percentage of neurological deficits, and
the average time between CT and MRI, are comparable to previously conducted studies, indicating a good transferability of our study
results to larger patient cohorts [24,28-31]. In line with the current literature, detection rates of injuries to soft tissue and ligaments
were superior in MR, and detection rates of osseous lesions were generally superior in CT [32]. However, due to hospital policy, which
mandates additional MRI in the case of vertebral body fractures to determine fracture age, the detection rates of acute vertebral body
fractures in MRI could be overestimated in our study.

The cervical spine was the most examined spinal segment in our patient cohort, which can be attributed to its relative instability
and the fact that most spinal cord injuries result from trauma to the cervical spine, resulting in a lower threshold to request imaging
[33,34]. In line with the increased susceptibility to injury, there is a predominance of studies investigating the role of CT and MRI in the
cervical spine compared to other spinal segments, with mixed recommendations. This study found injuries to 31.0% of structures
associated with instability of the upper and subaxial cervical spine. Of these, 69.0% were only visible in subsequently performed MRI,
underlining that supplementary MRI of the cervical spine will yield additional information most of the time. Similar observations were
made in the subgroup of patients with neurological deficits.

In contrast, only a fraction of lesions was only visible in CT scans, both for patients with and without neurological symptoms. The
number of novel lesions detected by MRI over CT is well within the range of 3.3%-54.0% reported by Malhotra et al. However,
comparability is limited because we adjusted novel lesions for their association with spinal instability and performed an analysis per
segment rather than a per-patient. Furthermore, we found a significantly higher rate of unstable cervical spine fractures that changed
clinical management in 6 out of 165 patients (3.64%), four requiring surgical intervention, compared to 0.3% previously reported
[18].

Injuries to structures associated with thoracic and lumbar spine instability were present in 12.3% and 29.9%, respectively, higher
than 17.8% previously reported by Deramo et al. However, studies investigating instability of the thoracolumbar spine without evi-
dence of a fracture are scarce, and comparability is limited due to inconsistent definitions of stability [35]. Fifty-two percent of
potentially unstable injuries of the thoracic spine were visible in MRI only; this number was significantly lower for the lumbar spine, in
which MRI detected only 17.7% of potentially unstable lesions, predominantly affecting the PLC and the intervertebral discs. While
injury to the PLC can lead to persistent instability of the thoracolumbar spine and often requires surgical intervention in the long term,
no change in clinical management resulted from supplementary MRI in the short term [36]. Therefore, MRI seems to play a subordinate
role in patients without a fracture or neurological symptoms; however, it should be performed for persisting pain. These findings align
with current research, which suggests that supplementary MRI does not alter the clinical course in patients with trauma to the
thoracolumbar spine without neurological symptoms [35]. Furthermore, MRIs of the lumbar spine missed some potentially unstable
osseous injuries detected previously in CT.

This study has certain limitations we would like to address. First, we only included patients that received CT and subsequent MRI
imaging. Since, at our institution, supplementary MRI is routinely performed only for select indications, this possibly led to a pre-
selection bias towards patients with previously documented injuries or persistent pain. Second, our analysis of injured structures was
performed per segment rather than per patient and independent of injury mechanisms and initial clinical symptoms, somewhat
detaching the analysis from the clinical context and potentially overestimating the number of injuries compared to a per-patient
analysis. However, due to significant discrepancies in the assessment of spinal stability between studies, we felt this was necessary
to allow and facilitate further analysis by other parties. By adhering to the recommendations of the AO classification systems regarding
spinal injury and per-segment analysis, we took a step towards improved comparability between future research regarding the
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integrity of spinal stability [25-27,37]. Last, the diagnostic accuracy of MRI regarding spinal instability and injuries to the PLC remains
controversial, and more extensive studies are required to establish the connection more accurately between injury patterns in imaging
and intraoperatively verified lesions [37,38].

In conclusion, our study provides a detailed summary of injury patterns and their detection rates in CT and MRI following blunt
trauma of the cervical, thoracic, and lumbar spine. We demonstrate that, in all spine segments, MRI provides additional information
regarding injury to structures associated with spinal instability. In the cervical spine, this additional information led to a change in
clinical management in up to 3.6% of patients, whereas no change in clinical management was observed in patients with lesions of the
thoracolumbar spine. Therefore, we suggest that supplementary MRI of the cervical spine should routinely be performed in patients
that sustained blunt spinal trauma, whereas CT is sufficient for the detection of unstable injuries in the thoracolumbar spine.
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