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ABSTRACT

BACKGROUND AND PURPOSE: In patients with spinal cord injury after blunt trauma, several studies have observed a correlation
between neurologic impairment and radiologic findings. Few studies have been performed to correlate spinal cord injury with ligamentous
injury. The purpose of this study was to retrospectively evaluate whether ligamentous injury or disk disruption after spinal cord injury
correlates with lesion length.

MATERIALS AND METHODS: We retrospectively reviewed 108 patients diagnosed with traumatic spinal cord injury after cervical trauma
between 1990-2011. Plain films, CT, and MR imaging were performed on patients and then reviewed for this study. MR imaging was
performed within 96 hours after cervical trauma for all patients. Data regarding ligamentous injury, disk injury, and the extent of the spinal
cord injury were collected from an adequate number of MR images. We evaluated anterior longitudinal ligaments, posterior longitudinal
ligaments, and the ligamentum flavum. Length of lesion, disk disruption, and ligamentous injury association, as well as the extent of the
spinal cord injury were statistically assessed by means of univariate analysis, with the use of nonparametric tests and multivariate analysis
along with linear regression.

RESULTS: There were significant differences in lesion length on T2-weighted images for anterior longitudinal ligaments, posterior longi-
tudinal ligaments, and ligamentum flavum in the univariate analysis; however, when this was adjusted by age, level of injury, sex, and
disruption of the soft tissue evaluated (disk, anterior longitudinal ligaments, posterior longitudinal ligaments, and ligamentum flavum) in a
multivariable analysis, only ligamentum flavum showed a statistically significant association with lesion length. Furthermore, the number of
ligaments affected had a positive correlation with the extension of the lesion.

CONCLUSIONS: In cervical spine trauma, a specific pattern of ligamentous injury correlates with the length of the spinal cord lesion in MR
imaging studies. Ligamentous injury detected by MR imaging is not a dynamic finding; thus it proved to be useful in predicting neurologic
outcome in patients for whom the MR imaging examination was delayed.

ABREVIATIONS: ALL = anterior longitudinal ligament; ASIA = American Spinal Injury Association Impairment Scale; LF = ligamentum flavum; PLL = posterior
longitudinal ligament; SCI = spinal cord injury; SCIWORA = spinal cord injury without radiological abnormalities

Acute traumatic spinal cord injury (SCI) is located at the cer-
vical level in 45-75% of cases."> Thus, cervical trauma is
potentially the source of long-term disability because of its asso-
ciated risk of SCI.? The internal architecture of the spinal cord, as
well as soft tissue injury, is best visualized with MR imaging. How-
ever, MR imaging performed after the cervical trauma has prog-
nostic implications for the therapeutic management of this dis-
ease; hence, it has become part of the standard imaging protocol
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for patients with acute cervical spine injury.” Since the early 1990s,
several studies have investigated the role of several radiologic
findings in SCL>* Previous published reports have described
the mechanism and biomechanics of spinal stability after blunt
trauma.>” It is believed that the degree of soft-tissue damage is
related to the severity of the SCI. However, very few studies have
similarly shown this association.

Instead, the correlation between lesion length and neurologic
outcome has been sufficiently demonstrated in the acute phase
after cervical trauma.®® In fact, it has been recommended that the
first MR imaging should be performed 2472 hours after injury."°
The prognostic value of MR imaging in later stages is less clear
because of the dynamic nature of edema and the dependence on
the lesion length after trauma.'"' Therefore, we designed this study
to detect soft-tissue injuries that are related to more pronounced
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FIGURE. A, Traumatic herniation disk producing spinal cord compression at the same level; it is seen as hyperintensity in the T2-weighted image.
Lesion length is measured in millimeters from the most cephalad level to the lowest (arrows). B, Sagittal projection on T2-weigthed images.
Disruption of posterior longitudinal ligament is visualized at level C5-C6. C, Sagittal projection on T2-weighted image. At level C7-T1, the injured
anterior longitudinal ligament (arrow) is seen. Signal changes are shown at level C6—C7. D, Damage in anterior longitudinal ligament, posterior
longitudinal ligament, ligamentum flavum, and disk are represented by a disruption in low signal intensity corresponding to this structure.

lesions, which MR imaging can detect, including more severe SCIL.
Soft-tissue injury is a more static finding than is cord edema and
can convey potentially relevant information when MR imaging is
delayed (Fig 1).

MATERIALS AND METHODS

Patients with known SCI after non-penetrating cervical spine
trauma over a 21-year period were recruited in the clinical, retro-
spective data base. Only patients in whom cervical MR imaging
was performed within 96 hours after trauma were selected for
further analysis.

Patients who were neurologically intact, or whose MR imaging
was performed after the fourth day of the injury, were excluded.
Patients with severe traumatic brain injury or upper cervical spine
injuries (C1-C2 fractures) were also excluded from the analysis.
Thoracic injuries were not included either.

We recorded clinical variables, including age, sex, mechanism
of injury, and neurologic status. Epidemiologic data also exam-
ined age, sex, and mechanism of injury from the medical records.
Neurologic status was assessed clinically during the first examina-
tion by using the American Spinal Injury Association Impairment
Scale (ASIA) (Table 1).

Plain radiographs, CT scans, and MR images were consensu-
ally assessed by a neurosurgeon trained in cervical trauma images
(I.P.) and an experimental neuroradiologist (A.R.). Both observ-
ers were blinded to patient clinical and neurologic data.

To diagnose the level and extension of injury and determine
the number of fractures, plain radiographs, MR imaging, and CT
were used. The presence of fracture and bone integrity was as-
sessed in the CT scan.

Soft-tissue injury was assessed with the use of MR imaging and
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Table 1: American Spinal Injury Association Impairment Scale

Grade A Complete: No sensory or motor function is
preserved in the sacral segments $4-S5

Incomplete: Sensory but not motor function is
preserved below the neurological level and
includes the sacral segments S4-S5

Incomplete: Motor function is preserved below the
neurological level, and more than half of key
muscles below the neurological level have a
muscle grade <3

Incomplete: Motor function is preserved below the
neurological level, and at least half of key
muscles below the neurological level have a
muscle grade =3

Normal: Sensory and motor function is normal

Grade B

Grade C

Grade D

Grade E

analyzed with anterior longitudinal ligament (ALL), posterior
longitudinal ligament (PLL), and ligamentum flavum (LF), and
the intervertebral disk was examined. In all patients, MR imaging
was performed within the first 4 days after trauma. MR imaging
was performed with the use of a 1.5T magnet and 3-mm section
thickness for axial and sagittal planes. We analyzed ligamentous
injury by assessing disruption in T1- and T2-weighted images (in
a sagittal plane), including axial T2- and T2*-weighted images. In
all patients, lesion length was determined by intramedullary cord
signal intensity change in T2-weighted images and was defined as
the distance in millimeters between the most caudal and cephalad
signal intensity change in the cord. Soft-tissue disruption was de-
fined as a clear MR imaging signal with complete discontinuity of
the structure in all appropriate imaging sections.

The segment affected was defined as fracture level with only 1
fracture: if there was more than 1, it was defined as the fracture



level that produced the most cord compression. In cases with SCI
but without radiologic abnormalities (SCIWORA), we consid-
ered the segment to be affected when the soft tissues were most
injured.

We analyzed the data with univariate and multivariate meth-
ods to compare the damage of soft-tissue structures (LF, ALL,
PLL, and disk), including the extent of SCI. ALL, PLL, LF, and disk
injuries were independently analyzed as dichotomous variables
(damaged or intact); the extent of SCI (distance between the most
caudal and cephalad of the cord signal intensity change [hyperin-
tensity] in a sagittal plane, T2-weighted image measured in milli-
meters) was considered to be a continuous variable. Levels of
injury, age, and sex were analyzed as potential covariates. Sex
(male/female) and level of injury (upper lesion, C3-C4-C5 and
lower lesion, C6-C7-C8) were considered dichotomous variables,
whereas age was seen as a continuous variable. The Mann-Whit-
ney U test compared lesion length of each predefined qualitative
variable (ALL, PLL, LF, and disk damage, sex, and level of injury).
Spearman p was calculated to demonstrate the correlation be-
tween lesion length and age. Variables with a value of P < .1 were
included in the multivariate analysis. Linear regression was used
for the multivariate analysis as well.

The Kruskall-Wallis test could also probe a possible associa-
tion between how many ligaments were affected (none, 1, 2, or 3
ligaments), including lesion length.

The association between lesion length and neurologic status
was also analyzed. Lesion length was considered a continuous
variable, as stated previously. Neurologic status at admission was
separated as complete SCI (ASIA A) and incomplete SCI (ASIA B,
C, and D). We used a t test to compare the lesion length for the 2
groups. The threshold for statistical significance was P < .05, and
all tests were calculated by use of SPSS v20 (IBM, Armonk, New
York).

RESULTS

We retrospectively reviewed 331 patients with known or sus-
pected SCI or with radiculopathy after a non-penetrating cervical
spine trauma who presented to the emergency department or the
intensive care unit at our institution between 1990-2011. MR
imaging was performed on 186 patients within 96 hours after
trauma who were then selected for further analysis. We excluded
40 patients with severe traumatic brain injury from the analysis.
In addition, 38 patients with upper cervical spine trauma (C1-C2
fractures) were also excluded. Finally, data analysis included 108
patients (87 men and 21 women, ages 17—86 years; overall mean
age, 40.5 years) (Table 2). Seventy-four patients had 1 fracture, 13
patients had 2, and 3 patients had 3 noncontiguous fractures,
respectively. In 18 patients, there was no evidence of any fracture
after radiologic examination: all patients were diagnosed with SCI
without radiologic abnormalities (SCIWORA). The most com-
mon mechanism of injury was motor vehicle crash (Table 2). The
C5-C6 spinal level was most commonly involved (Table 2). As
stated, MR imaging was performed within 96 hours after the
trauma occurred in all patients, whereas in 81.4% of these pa-
tients, it was performed within the first 72 hours. According to
ASIA, there were 39 patients with ASIA A, 10 patients with ASIA
B, 22 patients with ASIA C, and 37 patients with ASIA D (Table 2).

Table 2: Characteristics of patients with acute traumatic cervical
sCl

Characteristic No. of Patients (%)

Mean age, y 40.5 (17-86)
Male 87 (80.6)
Female 21(19.4)
Severity of SCI
ASIA A 39 (36.))
ASIA B 10(9.3)
ASIA C 22(203)
ASIA D 37(343)
Spinal level of SCI
C3-C4 16 (14.8)
C4-C5 22(203)
C5-C6 31(287)
c6-C7 24(222)
c7-Tl 15(13.8)
Cause of SCI
Motor vehicle crash 61(56.4)
Car crash 35(324)
Pedestrians 8(74)
Motorcyclists 18 (16.6)
Falls 33(30.6)
Sport injury 9(83)
Aggression/assault 5(4.6)

Table 3: Univariate analysis: Qualitative variables (soft tissues)

Mean Length of
No. of Cases (%) Lesion, mm p
Structure  Intact  Disrupted Intact Disrupted Value
ALL 51(472)  57(52.8) 4322 6460  <.00
PLL 45(417)  63(583)  47.64 59.40 05
LF 56(51.9)  52(481) 3596 7446 <001
Disk 46(42.6) 62(574) 4748 59.71 044
Table 4: Multivariate analysis: Linear regression
Dependent Variable Independent Variable P Value
Lesion length (mm) ALL 395
PLL .525
LF <.001
Disk 464
Age 215

Note:—R? value of prediction model number 1 = 0.365.

Age was correlated with lesion length (P = .036) in the univar-
iate analysis and was included in the multivariate analysis as a
covariate. The level of lesion (P = .449) and sex (P = .398) were
not associated with larger lesions in the univariate analysis. Eigh-
teen patients did not show hyperintensity changes in T2-weighted
images. ALL was disrupted in 52.8% of cases, PLL in 58.3%, LF in
48.1%, and disk in 57.4%. Average cord lesion length (in mm) for
disrupted and non-disrupted soft tissue was 64.60 and 43.22 for
ALL, 59.40 and 47.64 for PLL, 74.46 and 35.96 for LF, 59.71 and
47.48 for disk, respectively. All structures showed a greater mean
lesion length when there was soft-tissue disruption, compared
with when there was not disruption. With the use of univariate
analysis, LLA, PLL, LF, and disk disruption were related to a
significantly larger lesion length (Table 3). However, in multi-
variate analysis, LF was the only structure showing a significant
association between the ligament injured and greater lesion
length (Table 4).

There were 22 patients without disrupted ligaments, 34 with 1
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disrupted ligament, 17 with 2 disrupted ligaments, and 35 with 3
disrupted ligaments. Mean lesion lengths in millimeters were
29.75, 50.15, 56.38, and 73.37 for none, 1, 2, and 3 disrupted
ligaments, respectively. The number of disrupted ligaments cor-
related with lesion length (Pearson correlation coefficient, 0.49;
P < .01).

Patients with complete SCI at admission had a larger in-
tramedullary lesion (P < .001) than did patients with incomplete
SCI.

DISCUSSION

Previous studies show that lesion lengths measured in sagittal
T2-weighted images are related to patient prognosis.”'*"'* Edema
is seen in T2 MR imaging sequences as hyperintensity of the signal
within the cord, whereas a low intensity area on T2-weighted im-
ages in the acute stage is thought to indicate intramedullary hem-
orrhage, attributed to deoxyhemoglobin.'>'¢ In addition, be-
cause hemorrhage is almost always concurrent with edema, it is
common to measure signal hyperintensity in T2-weighted images
to determine the length of the lesion.'” It is not clear whether these
signal changes are a result of primary or secondary spinal cord
damage.'®

MR imaging may be a useful tool in the management of cervi-
cal trauma, especially in cases of questionable structural instabil-
ity, because it is extremely useful in detecting soft-tissue in-
jury.'®?° Patients without demonstrated abnormalities in plain
radiographs or CT may show signs of instability with MR imag-
ing, as determined by soft-tissue involvement. Some authors have
demonstrated that different ligamentous injuries are associated
with spinal instability; therefore, this could serve as a guide for
surgical treatment of traumatic instability of the spinal cord.
Greater posterior vertebral body translation and angulation are
related to disruption of the posterior ligamentous complex®"*
and are indirect signs of spinal instability.

For assessing disruption of ligaments, T2-weighted images in
the sagittal plane should be included in all MR imaging proto-
cols.” Other sequences have been described in the literature to
rule out soft-tissue injuries, such as fat-suppressed T2 images
(STIR).'™° In acute cervical trauma, MR imaging has moderate
to high sensitivity for injury of specific ligamentous structures but
low specificity for intraoperative findings of the same injuries.>***
The posterior ligamentous complex consists of supraspinous and
interspinous ligaments: the LF, the facet capsules, and the cervical
fascia.>>® In several studies, MR imaging was also sensitive for
the evaluation of injury of the posterior ligamentous com-
plex'®2%; this suggests that injury to ALL may be underestimated
with the use of MR imaging, if the findings are considered in
isolation. The explanation is that ALL and PLL adhere to the disk,
whereas only the ALL adheres to the vertebrae, such that the PLL
is easier to identify.’

We have discussed the importance of MR imaging in the de-
tection of ligamentous injury after cervical trauma: it also deter-
mines the structural stability of the cervical spine. Spinal instabil-
ity is related to neurologic injury and therefore to cord injury
because the involvement of soft tissue may play a role in the extent
of SCI. This report shows that damage to soft tissue such as LF,
ALL, PLL, and disk is related to longer-length cord hyperintensity
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as measured in T2-weighted images; when this was adjusted for
age, level of injury, sex, and ligamentous or disk injury in a mul-
tivariate analysis, only LF injury was found to be significantly
associated with lesion length.

We hypothesize that LF injury is more strongly correlated with
extension of cord damage, in that posterior elements are associ-
ated with increased instability and therefore with greater SCI. An-
other possible explanation is that the LF is more elastic and that
more pressure is needed to break it. The force required for this
kind of injury would be responsible for SCI; it is probably the
result of a combination of the 2 mechanisms because they are not
mutually exclusive. We excluded patients with upper cervical
fractures because these lesions are the result of different injury
mechanisms.'®

Several prognostic factors have been described as predictive of
traumatic spinal cord damage.'®'>'7*°~2 Some studies have fo-
cused on particular clinical features, such as SCIWORA,?*3? Cen-
tral Cord syndrome,*” or Brown-Sequard syndrome.>* Evidence
in the literature shows that more severe abnormalities seen
through MR imaging have been associated with more severe neu-
rologic status. Excessive edema, changes in T2-weighted images,
greater degree of cord compression, and hemorrhage have been
related to worse neurologic outcomes.”**>* Gain in motor
strength at follow-up has been seen to correlate with a decrease in
T2-weighted hyperintensity in serial MR imaging studies.”® Some
authors have described a close correlation between level of injury
and severity of SCI.>® Miranda et al** found an association be-
tween MR imaging signal changes and level of injury. Therefore,
because the level of injury is related anatomically with the level of
fracture, we also introduced this factor in the multivariate analy-
sis. To our knowledge, there is 1 paper in the literature that relates
the severity of ligamentous injury with degree of SCL° In this
study, we found that the severity of PLL, versus ALL injury, was
correlated with more severe SCI, especially in patients with exten-
sion fractures.

Our study found that patients without signal changes in the
spinal cord had few neurologic deficits. Patients with complete
SCI showed larger lesions than did those with incomplete SCI.
This in turn highlights the correlation between radiologic and
clinical findings.

Limitations

The first limitation of our study may be related to the timing of the
MR imaging. Clinical instability associated with cervical trauma
sometimes impedes the reliability of MR imaging in the first
hours. A review of the literature by Bozzo et al’ concluded that
MR imaging should be done in the acute period after SCI for
better prognostication. It has also been recommended that the
first MR imaging should be performed 24-72 hours after
trauma.'® However, there is a lack of evidence supporting precise
guidelines.>** In fact, transferring critical or unstable patients
from the intensive care unit to an x-ray room presents an unac-
ceptable risk during the first days, especially in patients with
trauma. Length of edema in T2-weighted images depends on the
time when the MR imaging was performed after trauma."' The
extension of the lesion may be overestimated in patients in whom
MR imaging was performed at a later point in time. To focus on



acute traumatic injury, and to minimize potential bias introduced
with chronic injury, we only included patients who had under-
gone MR imaging during the first 96 hours after injury. In 82.4%
of these patients, MR imaging was performed within 72 hours
after trauma.

The second limitation of our study could be correct identifi-
cation and diagnosis of ligament disruption. T2-weighted images
have shown moderate to high sensitivity with low specificity
when compared with intraoperative findings in ligament disrup-
tion.>>>* Other sequences have been described in the literature
that rule out soft-tissue injuries, such as STIR. One study showed
a high correlation between STIR sequences and intraoperative
findings in detecting soft-tissue injury.>” Unfortunately, the STIR
sequence was not included in all cervical trauma protocols during
the initial years of this study; in this sense, not all patients were
observed for STIR sequence, even though most were. We used
STIR for assessment of soft tissue when it was available. Any as-
sessment of the extent of damage in spinal cord and ligament
injuries is subjective, which poses another potential limitation
and source of bias.

Third, this study comprised a select group of cases that were
managed in the intensive care or neurosurgery units. Minor cer-
vical trauma with a lesser degree of lesion does not require MR
imaging by protocol in most cases. Furthermore, this study does
not include all patients with cervical spine trauma, but it does
involve most patients with more severe cervical trauma.

Fourth, steroids were not included in our treatment protocol

after Bracken et al*®

could not corroborate statistically significant
benefits from steroids. Most patients did not receive steroids, and
it was therefore not possible to access this information in relation
to the time of imaging; thus, this factor could not be adequately
analyzed because it could have affected length of abnormal cord
signals.

Finally, lesion length represents the degree of SCI but is not a
measure of neurologic outcome at follow-up. In this light, inter-
pretation of these results should be taken with caution. Neverthe-
less, initial neurologic examination tends to have a certain degree
of subjectivity: in patients with trauma, sedation, distractive pain,
or clinical condition confounds reliable interpretation of the neu-
rologic state at admission. This is often the case when it is neces-
sary to differentiate between ASIA A (complete SCI) and ASIA B
(incomplete, but no motor function preserved) in sedated pa-
tients. In the acute phase, lesion length is a measure that has been
well correlated with neurologic recovery.”'" Reliability issues, as
the result of feasibility of clinical examination for initial assess-
ment of cervical spine trauma, were better determined in our
study when MRI was performed within 96 hours after trauma. We
prefer to use a continuous quantitative variable to indirectly ap-
praise the degree of SCI. Our results correlate with those of pre-

8936 and larger lesions statistically correlate with

vious works,
more severe neurologic deficits with complete SCI in the acute
phase (P < .001). However, other investigators have found that
lesion length depends on the time of MR imaging after trauma.''
The value of the extent of the lesion may be overestimated in
patients for whom MR imaging was performed later. Therefore,
we must determine which soft-tissue injury is associated with a

greater degree of SCI, given that this is a static finding; however,

intramedullary signal changes are dynamic, and their prognostic
value decreases over time. Injury of the LF is a feature perdurable
over time. It can also be detected when MR imaging is performed
at a more delayed stage if the patient is clinically unstable during
the acute phase and the MR imaging is not able to be obtained at
an earlier stage. It could also be helpful in predicting neurologic
outcome in these cases.

CONCLUSIONS

We have presented the first study that correlates ALL, PLL, LF,
and disk lesions according to the degree of spinal cord damage.
Patients who had disruption of the LF showed greater length of
lesion as measured by MR imaging. Additionally, the statistical
association between number of ligaments injured and greater sig-
nal changes in T2-weighted images of the spinal cord has been
demonstrated.

We still have several concerns (timing of imaging, poor spec-
ificity in measurement method, short follow-up period, lack of
objectivity); however, findings suggest that the extent of the T2
signal (after cervical spine trauma) correlates to a specific pattern
of ligamentous injury. This might help determine neurologic out-
come when MR imaging is performed after the acute phase, in
that other features have less predictive potential.

Carefully designed studies, including neurologic outcome at
follow-up, are needed to confirm some of our preliminary
observations.

Disclosures: Ana Ramos—UNRELATED: Grants/Grants Pending: FIS* (*money paid
to institution).
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