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Are “Unstable” Burst Fractures Really Unstable?
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Objective : The stability is an important factor to decide the treatment plan in thoracolumbar burst fracture patients. Patients with
an unstable burst fracture generally need operative management. Decrease in vertebral body height, local kyphosis, involvement of
posterior column, and/or canal compromise are considered important factors to determine the treatment plan. On the other hand,
in thoracolumbar injury classification system (TLICS), surgery is recommended in patients with TLICS of more than 5 points. The
purpose of this study was to apply the TLICS score in patients with thoracolumbar burst fractures and to distinguish the differences
of treatment plan on burst fracture.

Methods : All patients, diagnosed as a thoracolumbar burst fracture between January 2006 and February 2019 were included
in this study. Unstable thoracolumbar burst fracture was defined as burst fracture with neurologic deficit, three-column injury,
kyphosis over 30 degrees, decrease of anterior body height over 40 percent and canal comprise more than 50%. TLICS score was
measured with morphology, neurological involvement and posterior ligamentous complex integrity. The existence of instability
was compared with TLICS score.

Results : Total 233 patients (131 men, 102 women) were included in this study. In Denis classification, 51 patients (21.9%) diagnosed
as stable burst fracture while 182 patients (78.1%) had unstable burst fracture. According to TLICS, 72 patients (30.9%) scored less
than 4, while 161 patients (69.1%) scored 4 or more. All the patients with stable burst fracture scored 2 in TLICS. Twenty-one patients
(9.0) scored 2 in TLICS but diagnosed as unstable burst fracture. Thirteen patients had over 40% of vertebra body compression,
four patients had more than 50% of canal compromise, three patients had both body compression over 40% and kyphosis over
30 degrees, one patients had both body compression and canal compromise. Fifteen patients presented kyphosis over 30 degrees,
and three (20%) of them scored 2 in TLICS. Seventy-three patients presented vertebral body compression over 40% and 17 (23.3%)
of them scored 2 in TLICS. Fifty-three patients presented spinal canal compromise more than 50%, and five (9.4%) of them scored
2in TLICS.

Conclusion : Although the instability of thoracolumbar burst fracture was regarded as a critical factor for operability, therapeutic
strategies by TLICS do not exactly match with the concept of instability. According to the concept of TLICS, it should be reconsidered
whether the unstable burst fracture truly unstable to do operation.
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INTRODUCTION

Nearly 90% of all spinal injuries involve the thoracolumbar
vertebra, and 10% to 20% of such injuries are burst fractures"*'”.
The term “burst fracture” was first defined by Holdsworth” as a
fracture result from vertical compression leading to herniation
of the nucleus pulposus of the vertebral disk through the upper
end plate, resulting in the disruption of the vertebra from with-
in. The 3-column theory presented by Denis describes both the
mechanism of the injury and the concept of spinal stability and
the burst fracture can be 2 or 3 column injuries"”. According to
Denis, burst fracture is described as the compression of the an-
terior and middle vertebral columns which causes retropulsion
of a posterior vertebral body fragment into the spinal canal.

Many authors have provided important insights that helped
to distinguish between different types of thoracolumbar frac-
tures and several thoracolumbar spine injury classification
systems had been introduced to help clinical and surgical
treatment™**"""”. Until Denis”, who proposed three-column
model, the assessment of the integrity of the posterior liga-
mentous complex was not properly considered. Denis classi-
fied spinal injury into four groups (compression fracture,
burst fracture, seat-belt injury and fracture-dislocation) de-
pending on the injury mechanism and the degree of injury.
However, McAfee pointed out that Denis’ thought overesti-
mates the effect of the stability of middle column so that it
promotes the unnecessary surgeries. McAfee classified thora-
columbar fracture as six types depending on compression,
distraction, and direct shearing force on middle column uti-
lizing computed tomography (CT) scan. As a result, he divid-
ed bursting fracture into two categories, stable fracture and
unstable fracture, and defining unstable fracture as three col-
umn injury including posterior column injury. He also argued
that neurological deficits, posterior element disruption, ky-
phosis above 20 degrees, loss of vertebral body height by 50%
or more, and canal compromise of the free bony fragments as
factors that indicate instability in rupture fractures'". In addi-
tion, McCormack et al.”” supplemented this to introduce load-
sharing classification to influence the determination of the
scope of surgical treatment.

The thoracolumbar injury classification system (TLICS) has
been developed to improve injury classification and guide sur-
gical decision-making. TLICS includes fracture morphology,

neurologic status, and integrity of posterior ligamentous com-
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Table 1. Summary of the revised scale, the TLICS

Component Score
Morphology type
Compression 1
Burst 2
Translation/rotation 3
Distraction 4
Neurological involvement
Intact 0
Nerve root 2
Cord, conus medullaris
Complete 2
Incomplete 3
Cauda equina 3
PLC
Intact 0
Injury suspected/indeterminate 2
Injured 3

TLICS : thoracolumbar injury classification and severity score, PLC :
posterior ligamentous complex

plex (Table 1). Patients with TLICS score 1-3 deserve conser-
vative treatment and patients with TLICS score more than 5
needs surgical treatment. Patients with TLICS score 4 could
consider surgical or conservative treatment. The aim of this
study was to identify the appropriateness of decision-making

according to general concepts and TLICS.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board
of Dong-A University Hospital (DAUHIRB-21-194).

From January 2005 to February 2019, patients who visited a
single tertiary hospital and diagnosed as burst fracture in tho-
racic or lumbar spine were included. Patients’ simple radio-
graphs, CT and magnetic resonance image of injured spine
were reviewed. Their neurologic status were thoroughly re-
viewed and their treatment options were also checked.

It is difficult to define the critical values of the parameters
that may be required for determining the stability of a burst
fracture. In this study, we define unstable thoracolumbar

burst fracture in case of injury of all three columns, severe ca-
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nal compromise more than 50% in axial CT scan of injured
level, vertebral height loss more than 40%, kyphosis more
than 30° in plain X-ray and neurologic deficit, which are pro-
posed as indicators of implementing pedicle screw fixation in
Korea Health Insurance Review & Assessment Service Center.
Canal compromise was calculated on the axial view of CT
scan of mostly injured level. In plain X-ray lateral view, com-
pression ratio of vertebral height was evaluated as the ratio of
the fractured front vertebral body height to the mean of the
front height of the adjacent upper and lower vertebral body.
Kyphotic angle was measured in plain X-ray lateral view be-
tween the superior end plate of the vertebra above and the in-
ferior vertebra below the fractured level (Fig. 1). According to
the criteria of this paper, the operation was performed in con-
sideration of the patient’s general condition. Injuries were de-
scribed as thoracic (T1-10), thoracolumbar (T11-L2), or lum-
bar (L3-5). All the data of the patients was reviewed by three
neurosurgeons according to McAfee classification and TLICS
system at the most severely injured level twice in another day.
The parameters of unstable thoracolumbar burst fracture
were also checked by three different reviewers twice. Exclu-
sion criteria included pathologic fractures (infection, cancer)
and those with chronic or age-indeterminate thoracic and

lumbar traumas.

RESULTS

Total 233 patients were included in this study and 131 pa-
tients (56.2%) were men while 102 patients( 45.8%) were
women. Their mean age was 51.9 year-old range from 15 to 83.
Standard deviation of the age was 16.3 years. Nine patients
(3.9%) had thoracic burst fracture, 171 patients (73.4%) had
burst fracture in thoracolumbar lesion (T11-L2) and 53 pa-
tients (22.7%) had burst fracture in L3-5 level (Table 2).

Fifty-one patients (21.9%) were diagnosed as stable thoraco-
lumbar burst fracture while 182 patients (78.1%) were diag-
nosed as unstable burst fracture. Injury of all three columns
was the most common reason (65.2%, 152/233) which causes
unstable thoracolumbar burst fracture. According to TLICS
classification, 72 patients (30.1%) scored 2, 38 patients (16.3%)
scored 4, 39 patients (16.7%) scored 5, 26 patients (11.2%)
scored 6, 37 patients (15.9%) scored 7, and 21 patients (9.0%)
scored 8. In patients group with stable burst fracture, every 51
patients scored 2 in TLICS. Patients with unstable thoraco-
lumbar burst fracture had various TLICS score from 2 to 8.
Twenty-one patients (9.0%) had TLICS score less than 3, 38
patients (16.3%) had TLICS score of 4, and 123 patients
(52.8%) scored more than 5 in TLICS (Table 3).

Among 21 patients (9.0%) who diagnosed as unstable thora-
columbar burst fracture but presented TLICS 2 score, 17 pa-
tients (80.9%) had more than 40% of vertebral body compres-

Fig. 1. Plain X-ray, computed tomography (CT) and magnetic resonance image (MRI) of a 36-year-old male patient with a L2 burst fracture without
neurological deficits. Radiologic measure of parameters. In plain X-ray lateral view, compression ratio of vertebral height was calculated by [1 - 2b / (a + )], as
the ratio of the fractured front vertebral body height to the mean of the adjacent upper and lower vertebral frontal body. He showed 55% of
compression ratio. Kyphotic angle was measured by Cobb’s angle, between the superior end plate of the vertebra above and the inferior vertebra below
the fractured level. He showed 9.2° of kyphosis (A). Spinal canal compromise was measured in axial image of CT scan by [1- d/e]. He showed 47% of spinal
canal compromise (B). MRI of injured level present no signs of posterior ligamentous complex damage (C). His thoracolumbar injury classification system
score was 2 (morphology, 2; posterior ligamentous complex, 0; neurology, 0). He underwent posterior decompression and pedicle screw fixation.
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sion ratio, two patients (9.5%) had spinal canal compromise
more than 50%, one patient (4.8%) showed both severe body
compression and focal kyphosis, and one patient showed both
canal compromise and body compression (Table 4). Eighteen
patients (85.7%) had unstable burst fracture in thoracolumbar
(T10-L2) level while three patients (14.3%) had unstable burst
fracture in lumbar (L3-5) level. L1 vertebra (38.1%) was the
most commonly involved level in this group of patients. Four-
teen patients (66.7%) were treated with surgery while seven

patients (33.3%) had conservative treatment.

Table 2. Demographics and characteristics of patients

Value

Total patients 233(100.0)
Age (years) 51.9416.3
Sex

Male 131 (56.2)

Female 102 (45.8)
Location

Thoracic 939

Thoracolumbar 171 (73.4)

Lumbar 53(22.7)

Values are presented as mean+standard deviation or number (%)

Table 3. Comparison of patients types of burst fracture and TLICS score

TLICS
Total
1-3 4 >5
Stable burst Fx. 51(21.9) 0(0.0) 0(0.0) 51(21.9)
Unstable burst Fx. 21 (9.0) 38(16.3)  123(52.8) 182 (78.1)
Total 72 (30.9) 38(16.3)  123(52.8) 233 (100.0)

Values are presented as number (%). TLICS : thoracolumbar injury
classification system, Fx.: fracture

Table 4. Result of 21 patients who diagnosed as unstable thoracolumbar
burst fracture, and scored 2 in TLICS

Value
Body compression >40% 17 (80.9)
Canal compromise >50% 2(9.5)
Kyphosis >30° & body compression >40% 1(4.8)
Canal compromise >50% & body compression >40% 1(4.8)
Total 21 (100.0)

Values are presented as number (%). TLICS : thoracolumbar injury
classification system
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DISCUSSION

Although many classifications for thoracic and lumbar spi-
nal fractures have been developed, treatment of these fracture
remain still controversial. No single method could describe
the severity of injury while accounting all neurological, clini-
cal, and radiological characteristics enough to make decision.
Numerous studies in the literature have dealt with the stability
of the burst fracture. However, the concept of stability, which
is the most important factor for the treatment decision-mak-
ing, is still debated. The concept of burst fracture was first de-
fined by Holdsworth” in 1970. Holdsworth thought the burst
fractures to be stable injuries because the anterior and middle
columns may be broken down, whereas the posterior usually
remains mechanically intact. According to Kelly and White-
sides”, however, complete disruption of the posterior complex
can cause the severe vertebral body breakage — the “unstable”
burst fracture. Denis” considered that all thoracolumbar burst
fractures would be unstable, insisting that the involvement of
the middle column was a sufficient factor for instability with-
out any relation to type or direction of forces acting on the
spinal column. Many radiologic parameters such as local ky-
photic angle, anterior vertebral height, posterior vertebral
height and canal compromise were mentioned to describe the
stability”*"*"". Especially, McAfee et al."”” and McCormack et
al."” emphasized these radiologic morphologies and spinal de-
formities. However, it is difficult to define the critical values of
theses parameters that may be essential for determination of
the stability of the thoracolumbar burst fracture. In this con-
cept, we define unstable thoracolumbar burst fracture in case
of injury of all three columns, severe canal compromise more
than 50% in axial CT scan of injured level, vertebral height
loss more than 40%, kyphosis more than 30° in plain X-ray
and neurologic deficit. Fifty-one patients (21.9%) who didn’t
satisfy any of those criteria were diagnosed as stable burst
fracture.

TLICS is the first classification system to encounter a neu-
rologic status of the patients. Also, it is easy to utilize. It is
based on three major categories : injury morphology, posterior
ligamentous complex integrity, and the neurological status.
The injury severity score is calculated by summation of each
score. A score of <3 points suggests nonsurgical treatment, a
score of =5 suggests surgical treatment, and a score of 4 points

suggests either surgical or conservative treatment. Burst frac-
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ture scored 2 in morphology, and 51 patients diagnosed as sta-
ble burst fracture showed neither posterior ligamentous com-
plex injury nor neurologic deficit. The TLICS scores of these
patients were all 2 which suggest conservative treatment. Al-
though the treatment of thoracolumbar burst fractures re-
mains controversial, many authors believed that conservative
treatment for burst fractures without neurological deficit ap-
pears to yield acceptable results”. The TLICS score was 2 and
the treatment algorithm was perfectly matched in patients
with stable thoracolumbar burst fracture. There are also sev-
eral studies that surgical methods provide immediate spinal
stability and more reliably restore the sagittal alignment, as
well as vertebral and canal dimensions. In our study, 22 pa-
tients (43.1%) underwent fusion operation in spite of TLICS 2
with stable burst fracture. Twenty-nine (56.9%) underwent
conservative treatment. Seven patients (13.8%) took percuta-
neous vertebroplasty or kyphoplasty and 22 patients (43.1%)
took medication, bed-rest and bracing.

Patients who satisfied mentioned criteria were diagnosed as
unstable thoracolumbar burst fracture and 182 patients (78.1%)
were included. Twenty-one patients (9.0%) who diagnosed as
unstable burst fracture scored 2 in TLICS. According to the
guideline of Korean Health Insurance Review & Assessment
Service Center, these patients satisfied the unstable thoraco-
lumbar burst fracture and could be an indication of operation.
However, in TLICS system, their TLICS score was 2 which sug-
gested conservative treatment. Consequentially, 14 patients
(66.7%) underwent operative treatment with anterior or poste-
rior fusion, four patients (19%) had conservative treatment with
bracing and pain control medication, and three patients (14.3%)
underwent percutaneous vertebroplasty or kyphoplasty.

The TLICS system is thought to be well matched in case of
conservative decision-making as all stable thoracolumbar
burst fracture patients presented TLICS score 2. However, the
controversy of using TLICS to guide surgical treatment has
been existed previously. In the study of Joaquim et al.”, the
TLICS system matched surgical treatment in only 46.6% of
patients while 100% matched in conservative decision-mak-
ing. And all the mismatched patients had a TLICS score of 2
but performed operation. In our study, mismatched patients
were found who had TLICS score of 2 but showed unstable
thoracolumbar bursting fracture.

There is a disagreement in the international spine surgery

community about guidelines for surgical intervention pro-
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posed by TLICS, rendering evaluation of the reliability of
treatment decisions less clinically relevant'”. According to the
TLICS classification, cases which have comminuted burst
fracture with intact posterior ligamentous complex and no
neurological involvement could score 2. In such cases, the
classification algorithm clearly recommended conservative
treatment. However, the patients with TLICS score 2 could re-
sulted in further collapse of the vertebral body with marked
focal kyphosis, progressive loss of the vertebral body height
and deterioration in the pain status. In our study, 21 patients
scored 2 in TLICS system, but 14 patients (66.7%) of them un-
derwent operation. Severe compression of vertebral body
height was the most common reason for determining as un-
stable thoracolumbar burst fracture which leads to operation.
The patients satisfied the criteria of unstable burst fracture
and underwent operative treatment to prevent progressive
vertebral body compression and focal kyphosis. The Korean
Health Insurance Review &Assessment Service Center ap-
proved an operation with pedicle screw in those cases. Mattei

etal”

emphasized that patients with comminuted burst frac-
tures deserved special attention, even though initially classi-
fied as non-operative according to the TLICS algorithm. He
also recommended a close follow-up due to the high likeli-
hood of long-term kyphotic deformity.

Our study is limited by its retrospective nature and involve-
ment of a single center. Although demonstrated reliability,
retrospective application of the TLICS cannot decisively prove
a safety and efficacy. The decisions for these patients were not
based on a TLICS so that we cannot identify how use of the
TLICS impacts patients care. Treatment decisions require
complete evaluation of the neurological status, however, we
only reviewed the medical records of the patients. Thorough
evaluation of patients’ neurological status was not sufficient.
The loss of follow-up among some patients could be a bias in
our study, especially patients with conservative treatment
group. The progress of kyphosis, signs of late instability could

be a complication of conservative treatment.

CONCLUSION

The TLICS is relatively easy to understand and guide treat-
ment recommendations. It emphasizes very important points

of injury (morphology, PLC status, neurology) and could be a



great help to decide whether to operate or not. But in cases of
unstable burst fracture patients, the algorithm of TLICS is in-
sufficient to cover the clinical experiences. Physicians should
pay attention in determining treatment plain of thoracolum-
bar unstable burst fracture patients not to overestimate the
TLICS but to be careful for look out other guidelines.
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