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Background: Post-traumatic kyphosis of the thoracic and lumbar spine can lead to pain and decreased function.
MRI has been advocated to assess ligament integrity and risk of kyphosis.

Methods: All thoracic and lumbar spine MRI performed for evaluation of trauma over a 3-year period at a single
institution were reviewed. Patients were included if there was an MRI showing a vertebral body fracture and
follow-up radiographs. Two observers retrospectively reviewed all radiographs, CT and MRI scans, and classified
injuries based on the Denis, TLICS, AO and load sharing classification systems. Change in kyphosis between injury
and follow-up studies was measured. The initial radiology reports made at time of patient injury were compared
to the retrospective interpretations.

Results: There were 67 separate injuries in 62 patients. Kyphosis measuring > 10° developed despite an intact
PLC in 6/14 nonoperative cases, and 3/7 surgically treated cases; when PLC was partially injured, it developed
in 6/10 cases (8 treated nonoperatively, 2 treated operatively. Thirty injuries had complete disruption of PLC
by MRI, 24 treated with fusion. Kyphosis > 10° developed in 3/6 treated nonoperatively, and 8/24 treated with
fusion. Development of kyphosis was independent of degree of vertebral body comminution. It developed equally
in patients with Grade 2 and Grade 3 Denis injuries. It developed in patients with intact PLC when multiple
vertebrae were involved and/or there was compressive injury to anterior longitudinal ligament (ALL). There was
high interobserver variability in assessment of severity of ligamentous injury on MRI.

Conclusions: Classification systems of thoracic and lumbar spine injury and integrity of the PLC failed to predict
the risk of development of post-traumatic kyphotic deformity.

Introduction The Denis, TLICS and AO classify fractures based on the forces act-

ing on the spine, vertebral body fracture morphology, and distraction

The classification of thoracic and lumbar spine fractures is a subject
of ongoing debate. Many classification schemes have been proposed.
Each system’s goal is to improve uniformity of description of injury, di-
rect treatment and predict patient outcomes. The Denis system [1] was
published in 1983 and has had the longest utilization. The Thoraco-
Lumbar Injury Classification and Severity scale (TLICS) [2,3] was de-
veloped in 2006. The AO classification [4] was first proposed by Magerl
[5] in 1994, and subsequently modified. The load sharing system was
proposed in 1994 to focus attention on the anterior column of the spine
in axial load injuries [6,7].

injury to the posterior ligamentous complex (PLC) or anterior longitu-
dinal ligament (ALL). AO system divides fractures into 3 main groups,
of which type A are compression (axial load), type B are tension band
(either injury to the PLC or osseous posterior column), and type C are
displacement injuries, including hyperextension, translation and sepa-
ration. The load-sharing system was developed for evaluation of burst
fractures, and classifies vertebral body fractures based on the amount of
comminution and displacement in the sagittal and axial planes.

We studied the ability of classification systems to predict a single out-
come measure, development of progressive kyphotic deformity, which is
often associated with back pain, decreased daily function and adjacent
segment degeneration [8-10].

Abbreviations: AO, Arbeitsgemeinschaft fiir Osteosynthesefragen; TLICS, Thoraco-Lumbar injury Classification and severity scale; PLC, posterior ligamentous

complex, anterior longitudinal ligament-ALL; PLL, posterior longitudinal ligament.

* Short sentence: Post-traumatic kyphotic deformity in the thoracic and lumbar spine may develop in the presence of an intact PLC, and depends in part on number

of contiguous involved vertebrae and compressive injury to the ALL.
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Fig. 1. Flowchart showing patient selection for the study.
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Materials and methods
Patient cohort

Institutional review board approval was obtained prior to beginning
the study, and the study was Health Insurance Portability and Account-
ability Act compliant. Informed consent was waived. Radiology records
were retrospectively reviewed for all patients who underwent MRI for
acute thoracic and lumbar spinal trauma at a single level 1 trauma hos-
pital between January 2014 and December 2017, excluding patients in
whom vertebral body fracture was related to neoplasm or infection. Pa-
tients were included in the study if imaging demonstrated traumatic
thoracic or lumbar vertebral body fractures, and follow-up upright ra-
diographs were available. Sixty-two patients (67 separate injury levels)
met criteria. Fig. 1 shows flowchart of patient selection. All MRI scans
were at 1.5 Tesla, and included sagittal T1-weighted, T2-weighted and
STIR sequences as well as axial T2-weighted images.

Imaging evaluation

The initial and follow-up imaging studies were retrospectively re-
viewed by two radiologists by consensus, without knowledge of the
initial interpretations of the studies which were made at time of pre-
sentation and treatment. Fractures were classified based on published
criteria for Denis [1], TLICS [2,3,11-13], AO [4] and load-sharing [7,6]
classifications. Published literature was used as the guide for assessment
of MRI findings of ligament disruption [14-16]. The first observer is a
fellowship-trained musculoskeletal radiologist with 30 years’ experience

in trauma spine MRI interpretation, and the second is an interventional
radiology fellow. The spinal level, number of involved vertebrae, verte-
bral body fracture morphology, status of ligaments, posterior element
fractures, and alignment on initial MRI and follow-up imaging were
recorded. Upright radiographs were obtained, usually after the initial
CT scan, in all patients, and all but 10 patients also were examined with
CT scan in addition to the injury MRI at the time of injury; these were
also reviewed.

Measurement of kyphosis in the trauma setting has been previously
shown to have high interobserver and intraobserver reliability [17], and
for that reason variability was not measured for this study. Utilizing
the method of Cobb, the change in kyphosis was calculated between
MRI (performed supine) and initial pretreatment upright radiographs,
as well as between MRI and final upright radiographs (Fig. 2). Sagittal
plane alignment was measured on supine MRI scans as a surrogate for
supine radiographs. The change in focal sagittal plane alignment from
supine to upright, measured from 1 level above to 1 level below the
fracture, was used to assess axial mechanical instability of the fracture
at time of injury: i.e., the development of focal, acute kyphosis indicated
loss of vertebral body height under the stress of weight-bearing. This
comparison is analogous to the standard comparison of supine to upright
images for evaluation of scoliosis, or supine to gravity stress views of the
ankle for ankle stability.

Each level of injury was classified using the TLICS, AO, Denis, and
load-sharing classification systems. The original radiologist’s MRI inter-
pretation made at the time that the patient presented was also reviewed,
at a separate time subsequent to the independent review of the im-
ages; the original MRI interpretations were made by fellowship-trained
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Fig. 2. Twenty-three-year-old male who fell from a height. A. Sagittal STIR image in midline shows burst morphology of L2 fracture, with retropulsion of the
posterior vertebral body cortex. Loss of vertebral body height is <50%. Kyphosis measured 5° using the method of Cobb, from 1 level above the injury to 1 level
below. All radiology readers agreed that the posterior ligamentous complex is intact (arrows). There is increased signal intensity of the anterior longitudinal ligament
(arrowhead) consistent with sprain due to compression, but there is no fluid signal to indicate ligament discontinuity. There was no neurologic deficit. TLICS score
is 2. Denis grading is 2 column injury. AO grading is A3. Load sharing classification based on CT (not shown) is mild comminution (score of 1), and minimal axial
spreading (score of 1), total score 2. B. Initial upright lateral radiograph shows the kyphosis has increased to 10° compared to 5° on supine MRI. C. Final lateral
radiograph, obtained 3 months after injury, shows kyphosis has increased to 16°, for an overall increase in kyphosis of 11° compared to the initial supine MRIL

neuroradiologists and musculoskeletal radiologists at the same Level 1
Trauma Center. The original and retrospective radiologic interpretations
were compared. Data were analyzed for patients of all ages, as well as
separate analyses to assess the potential impact of osteoporosis. Patients
were placed in the category of higher likelihood of osteoporosis when
they were males >age 60 and females > age55 [15]. Progressive kypho-
sis at the injured level was recorded, and subdivided into 2 groups: 10—
19°, and 20° or more.

Statistical analysis

Statistical analysis was performed using SAS 9.4 version using PROC
FREQ procedure. Odds ratios were calculated for relative risk of devel-
oping kyphosis for differing grades of injury. Cohen’s Kappa coefficient
(k) was used to measure the interobserver agreement for MRI diagnosis
of PLC injury. The categorization of « value follows the guidelines pro-
posed by Landis and Koch [18]. Treatment and outcomes were recorded
from the electronic medical record.

Theory

Classification systems are useful when they are unambiguous, have
high interobserver consistency, and predict outcomes. There is a paucity
of literature on the ability of spine trauma classifications to predict pa-
tient outcomes. This paper evaluates how different classifications pre-
dict a single outcome measure.

Results
Patient cohort

There were 25 female and 37 male patients, ages 15 to 77 years
(mean 40.8). Seventeen patients were classified as potentially osteo-
porotic based on age. There were 67 separate injuries, because 5 pa-
tients had 2 noncontiguous levels of injury. There were 14 thoracic, 11
lumbar, and 42 thoracolumbar junction (T11-L2) levels. Percutaneous
posterior fixation surgery was performed for 37 injuries, and 30 were

conservatively managed. The average time of clinical follow up was 11.1
months with an average time of imaging follow up of 6.2 months. For
operatively treated patients, follow-up averaged 4 months. For nonop-
eratively treated patients, follow-up averaged 8 months. Mechanisms of
injury as determined by review of imaging and medical records were
axial load (36), flexion-distraction (18), translation (10) and extension

(3.

Fracture classification

Table 1 shows fractures and outcomes as categorized by the different
systems. One Denis 2 column injury was due to a flexion-distraction
mechanism, with disruption of PLC. Following the guidelines in Denis’
original paper, this was included with the Denis 3 column fractures as
an unstable injury. One fracture could not be classified in the TLICS
system because the patient had neurologic deficits from a concomitant
cervical spine injury. There were no injuries classified as TLICS 3. The
assessment of injury severity by the different classification systems was
variable: several TLICS 1-2 met Denis 3 criteria (Fig. 3).

The load-sharing system is limited to axial load injuries, and was
therefore not compared to the more inclusive classifications. The de-
gree of vertebral body comminution was diagnosed as none in 3 patients
(4.48%), mild in 38 (56.72%), moderate in 21 (31.34%) and severe in 5
(7.46%). Axial (transverse plane) displacement of vertebral body frag-
ments was none in 2 (2.99%), mild in 22 (32.84%), moderate in 28
(41.79%), and severe in 15 (22.39%). None of the surgeons formally
employed a classification system.

Outcomes and treatment

Overall, 12 injuries developed post-traumatic kyphosis of 10-19°,
and 4 developed kyphosis of >20°, with the largest post-traumatic
kyphosis measuring 26°. Kyphosis occurred with injuries at all levels,
but injuries to the thoracic spine above T11 resulted in kyphosis of 10°
or greater only when 2 or more vertebral bodies were fractured.

Injury to the PLC as documented on MRI did not correlate to de-
velopment of kyphosis (P = 0.86); the odds ratio of development of
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. Grade of injury in TLICS, Denis, and AO systems, correlated to nonsurgical or surgical treatment and development of progressive kyphosis. Classifications are

based on retrospective readings. A=delta or change in kyphosis.

Patients treated without surgery

Patients with surgical fixation

Grade of injury Total Kyphosis A10-19° KyphosisA> 20 © Total KyphosisA10-19° KyphosisA> 20 ©
TLICS 1-2 (n = 23) 18 (78%) 6 (33%) 0 (0%) 5 (22%) 1 (20%) 0 (0%)
TLICS 4 (n = 10) 7 (70%) 4 (57%) 1 (14%) 3 (30%) 2 (67%) 0 (0%)
TLICS 5+ (n = 33) 4 (12%) 0 (0%) 2 (50%) 29 (88%) 6 (21%) 4 (14%)
TLICS 1 (100%) 1 (100%) 0 (0%) 0 na na
Indeterminate

(n=1)

Denis 1 (n = 5) 5 (100%) 1 (20%) 0 (0%) 0 na na
Stable Denis 2 17 (71%) 9 (53%) 1 (6%) 7 (29%) 2 (29%) 0 (0%)
(n =24)

Denis 3 (n = 37) + 8 (21%) 1 (13%) 2 (25%) 30 (79%) 7 (23%) 4 (13%)
Unstable Denis 2

(n=1)

AO A only (n = 32) 23 (72%) 10 (39%) 0 (0%) 9 (28%) 4 (44%) 0 (0%)
AOB1-2:allA,C=0 6 (29%) 1 (17%) 3 (50%) 15 (71%) 2 (13%) 3 (20%)
(n=21)

AOB3:allA,C=0 0 0 0 2 1 (50%) 0
(n=2)

AO C: All A, all B 1 (8%) 0 0 11 (92%) 2 (18%) 1 (9%)
(n=12)

A

C

Fig. 3. Twenty-seven-year-old male who fell from a height, showing discordance of surgical recommendations from TLICS, Denis and load sharing classifications.
The patient underwent surgical fixation one level above and one level below the fracture, and had no increased kyphosis on follow up imaging. A. Sagittal STIR
shows burst morphology of T12 fracture, with intact PLC. Neurologic status was normal, and this injury has a TLICS score of 2, indicating nonsurgical management
is recommended. The load sharing score based on CT is 4, and nonoperative management would be recommended. B. Coronal CT shows fracture of the left pars
interarticularis (arrow) indicating 3-column fracture in Denis classification. This is an A4B2 injury in AO classification. C. Axial CT shows that bilateral laminar

fractures (arrows) are also present.

kyphosis with PLC injury was 0.91 (95% CI = 0.32-2.6). There was no
significant difference in development of kyphosis between Denis Grade
2 and Grade 3 injuries (P = 0.35). Utilizing the load sharing classifica-
tion, axial (transverse) spread of fracture fragments did not correlate to
development of kyphosis (P = 0.41), and neither did degree of fracture
comminution (P = 0.85).

Potential contribution of compressive anterior longitudinal ligament (ALL)
and posterior longitudinal ligament (PLL) injury

A compressive, incomplete injury to the ALL was seen in 21 patients
who developed a kyphotic deformity. This represents an odds ratio of
1.625 (95% CI 0.558-4.73) for the development of kyphosis, compared
to patient with intact ALL. Seven patients who developed kyphosis had
injury to the ALL but an intact PLC. Injury to the PLL did not contribute
to the development of kyphosis. Twenty-three patients had PLL injury;
odds ratio of developing kyphosis due to PLL injury was 0.643 (95% CI
0.2268-1.822).

Involvement of multiple contiguous spinal levels

Thirteen patients (4 axial load, 7 flexion distraction and 2 transla-
tion) had injuries involving at least 3 contiguous levels. Seven of them
underwent surgery; four out of the 6 who were treated nonsurgically
developed significant kyphosis. One patient with multilevel injury in
the potentially osteoporotic group developed kyphosis despite surgical
fixation.

Potential contribution of osteoporosis

Seventeen injuries were in the potentially osteoporotic age group.
Seven of these (41%) developed kyphotic deformity. Two of these were
2 column Denis and 2 points TLICS, while 5 were 3 column Denis and
4-7 points TLICS. In comparison, 17/50 (34%) of younger patients de-
veloped a kyphotic deformity.
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Correlation of prospective (at time that study was performed and retrospective (review by independent reader
without knowledge of initial reading or patient history) assessment of the PLC out of 42 patients in whom the
integrity of the PLC was prospectively assessed. Kappa = 0.3162 (95% confidence interval 0.1302-0.5022).

Prospective

assessment of PLC Retrospective assessment of PLC

normal Partially injured Completely torn Total
Normal 6 3 0 9
(14.29%) (7.14%) (0.00%) (21.43%)
Partially injured 2 2 14 18
(4.76%) (4.76%) (33.33%) (42.86%)
Completely torn 0 0 15 15
(0.00%) (0.00%) (35.71%) (35.71%)
Total 8 5 29 42
(19.05%) (11.90%) (69.05%) (100.00%)

Fig. 4. Fifty-year-old woman with flexion-distraction injury at L4 due to motor vehicle collision. Injury was 3-column by Denis classification, with posterior element
fractures present in addition to burst morphology, and A4B2 in AO classification. There was mild comminution and moderate spreading of the fragments (3 points
in the load sharing classification). Initial MRI interpretation at time of injury was partial injury of PLC (TLICS 4) but retrospective interpretation was complete PLC
injury (TLICS 5). Neurologic status was normal. A. Sagittal STIR MRI Initial MRI was interpreted at time of injury as partial PLC injury. On retrospective review, it
was felt to be completely disrupted. Solid arrow points to ligamentum flavum, arrowhead to interspinous ligament, and open arrow to supraspinous ligament. The
patient did not undergo surgical fixation. Lordosis from L3 to L5 measured 36°.B. Axial T2 WI 13 months after injury shows widened facet joints (arrows), which
were not present on initial MRI. C. Lateral radiographs 13 months after injury show healed fracture, with loss of vertebral body height. Lordosis measured 10°,
representing a 25° decrease from the original MRI. The patient complained of chronic back pain.

Interobserver variability

Interobserver variability in assessment of PLC integrity is summa-
rized in Table 2. The greatest area of disagreement was in the diagno-
sis of an injured but not definitely disrupted PLC. There were 18 cases
where the PLC was prospectively called injured but not definitively dis-
rupted, and the retrospective reading agreed with this assessment in
only 2 cases. This disagreement in PLC status led to changes in the TLICS
scores of multiple patients. Two injuries were changed from TLICS cate-
gory 1-3 on prospective radiology reading to category 4 on retrospective
reading, and 5 injuries were changed from prospective TLICS category
4 to category 5 or above on retrospective review (Fig. 4).

Discussion

We studied a single outcome measure of thoracic and lumbar spine
trauma, post-traumatic kyphosis in thoracic and lumbar spine. Kyphosis
can lead to pain, postural imbalance, and adjacent segment degenera-
tion. It is our hope that our data might raise awareness of limitations
in current classification systems, and consideration of additional factors
which may lead to development of kyphosis.

By providing a posterior tether, the PLC restrains the spine against
the development of kyphotic deformity. Previous reports [19] have
found high interobserver variability in the MRI assessment of PLC in-
jury, and this was confirmed in our series. The place of MRI in the man-

agement of thoracic and lumbar trauma is debated. A recent series of pa-
tients without neurologic injury found that MRI changed management
in 15% of cases [20]. A consensus paper from the Congress of Neuro-
logic Surgeons found that MRI can change management by evaluation
of PLC [21]. A recent literature review found that MRI shows high posi-
tive predictive value and low negative predictive value for injury to the
PLC, but also that there is little information about the prognostic value
of PLC injury [22].

Without anterior column support, an intact PLC will not prevent
kyphosis, as shown in a study which found that loss of vertebral body
height >50% and local kyphosis of 20° on the initial trauma evalua-
tion did not correlate to PLC injury [23]. The load sharing classification
provides the most extensive evaluation of the integrity of the anterior
column, although it is limited to the evaluation of axial load injuries. It
has not been found to correlate to PLC injury or empiric decision making
[24]. Our study did not find that the load sharing system correlated to
development of kyphosis. Data on intra and interobserver consistency
utilizing the load sharing classification is mixed, with an earlier study
finding excellent reliability [25], but a later study finding only fair reli-
ability [26].

One study compared operative to nonoperative treatment of injuries
with a TLICS score of 4, where there is incomplete or inconclusive in-
jury to the PLC [22]. They found that patients treated surgically had less
pain, less development of kyphosis, and earlier return to work. Ten pa-
tients in our cohort were retrospectively assessed as TLICS 4. Kyphotic
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deformity developed in 5/7 TLICS: 4 patients treated nonoperatively,
and 2/3 treated with surgical fixation. The degree of kyphosis was less
in the surgical group, but numbers are not sufficient to be statistically
significant. This is consistent with a previous long-term follow-up of
thoracolumbar burst fractures which found that kyphosis was similar in
operatively and nonoperatively managed patients [27].

One case report called the development of kyphotic deformity the
“Achilles heel” of TLICS [28]. We believe it is the Achilles heel of other
classifications as well. Additional factors which might be addressed in
future classification systems are the number of adjacent injured levels,
and compressive injury to the anterior longitudinal ligament, both of
which appeared in our study to contribute to risk of kyphotic deformity.

Study limitations

The study was retrospective. We were unable to compare MRI as-
sessment of ligament integrity to surgical assessment, because surgery
was percutaneous. Overall sagittal alignment of the spine was not eval-

uated because full standing radiographs were not obtained. We cannot
say what degree of progressive kyphosis correlates to pain.

Study strengths

All images were high-resolution and performed at a single institu-
tion. Review of images was unbiased by clinical examination. We com-
pared the radiologists’ interpretations at time of the injury to a separate
interpretation based on in-depth literature review of classification sys-
tems and imaging findings.

Summary

The prevalent thoracolumbar spine trauma classification systems and
MRI demonstration of injury to the PLC are not predictive of develop-
ment of kyphosis. Interobserver variability in assessing injury to PLC on
MRI is high. The number of adjacent injured levels and the presence of
compressive injury to the ALL are risk factors for development of kypho-
sis.
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