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SUMMARY

The middle section of the vertebral spine is composed of three-dimensional trabecular networks of 
rods and plates. This trabecular structure ensures 90% of the compressive strength, particularly in the 
lumbar vertebrae. Moreover, bone marrow inside the trabecular network increases the compressive 
strength and energy absorption. Anterior components of the vertebral column (cylindrical vertebral 
bodies and discs) resist compressive forces, while posterior ligamentous elements resist tensile forces. 
Anterior and posterior elements also enable resistance to diagonal and rotational forces and bending 
moment.
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ÖZET

Vertebral omurganın orta bölümü çubuk ve plakaların oluşan üç boyutlu trabeküler ağından oluşur. 
Bu trabeküler yapı özellikle bel omurları içinde basınç dayanımının %90’ı sağlar. Ayrıca, trabeküler ağ 
içindeki kemik iliği basınç dayanımı ve enerji emilimini artırır. Belkemiğinin anterior bileşenleri (silindirik 
vertebral gövde ve disk) sıkıştırıcı kuvvetlere karşı direnç sağlarken, posterior ligamantöz elemanlar 
gerilme kuvvetlerine karşı direnç sağlar. Anterior ve posterior elemanlar diyagonal ve rotasyonel 
kuvvetlere ve eğilme momentinede direnç sağlar.

Anahtar Kelimeler: Torakolomber bölge kırıkları, kemikleşme, omurga

Kanıt Düzeyi: Derleme, Düzey V

COMPREHENSIVE MANAGEMENT OF TRAUMATIC 
THORACOLUMBAR VERTEBRAL FRACTURE

TRAVMATİK TORAKOLOMBER OMURGA KIRIĞININ 
KAPSAMLI YÖNETİMİ
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INTRODUCTION:
The middle section of the vertebral spine is composed 
of three-dimensional trabecular networks of rods and 
plates32. Thoracolumbar ossification starts at the lower 
thoracic area and spreads to the proximal and distal 
areas. The thoracolumbar vertebrae develop to adult 
levels of biomechanics and fracture risk between 8 and 
10 years of age. At the age of 15, the vertebrae gain adult 
morphological characteristics18,28.

Thoracolumbar fractures are seen more frequently 
in males between 20 and 40 years of age compared to 
females12,21,31. In the USA, approximately 16,000 patients 
per year suffer from spinal column injuries14. In a multi-
center study conducted by the Scoliosis Research Society, 
it was reported that 52% of thoracolumbar fractures were 
between T11–L1, 32% between L2–5, and 16% between 
T1–10. In a study on 1,446 thoracolumbar fractures, 
Magerl and Engelhardt showed that 28% of the fractures 
were seen at L1, 17% were at T12, and 14% were at L2 31.

Only 1–10% of all vertebral traumas are seenin children15. 
Considering that at least 50% of mild and moderate 
traumas are not referred to hospital, and the proportion 
of vertebral traumas detected after autopsy is 12%, the 
actual incidence of vertebral trauma in children is likely 
to be higher. Vertebral injuries are mostly observed in 
children younger than 5 years of age and older than 10 
years of age.

Spinal cord injury with no radiological findings 
represents 5–70% of all vertebral injuries. Two thirds 
of cases are seen in children eight years old or younger. 
Patient examination shows instability in the vertebral 
column, epidural hematoma, cord rupture, necrosis, 
atrophy, edema, infarction, and contusion, with 20% of 
these symptoms being treatable50. Late development of 
the lesions following trauma and progression are signs of 
poor prognosis.

Studies have reported that the most frequent reason for 
thoracolumbar fractures is traffic accidents (50%). Other 
reasons include falling from a height (21%), injuries by 
sharp objects or gunshots (11%), sports-related injuries 
(10%) and other reasons (8%) 38,43.

EXAMINATION FINDINGS:
On examination of vertebral traumas, ecchymosis, 
skin abrasion, open wounds, swelling, hematoma, 
displacement of the vertebral line, and gaps between 

the spine disc protrusions should be inspected. Most 
patients with vertebral injuries are often polytraumatic, 
therefore vertebral injuries may be overlooked at the 
initial examination13. Anderson et al. reported that 23% 
of thoracolumbar fractures were diagnosed after patients 
left the emergency clinic5. Dai et al. also reported that 
in 19% of polytraumatic patients, the diagnosis of 
thoracolumbar fractures was delayed10. Thoracolumbar 
fractures are often overlooked due to a requirement for 
other examinations before thoracolumbar radiography 
in emergency patients34. More recently, with the routine 
use of computed tomography (CT) for polytraumatic 
patients, the delayed diagnosis of vertebral fractures is 
very rare19,40.

Figure-1. The preoperative sagittal index at the L1 
vertebral segment was 25°.

Neurological examination of the patient should be 
performed and recorded carefully otherwise changes 
in the neurological condition may not be appreciated, 
resulting in inaccurate treatment. The American Spinal 
Cord Injury Association registry form is widely used for 
neurological evaluation13.
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RADIOLOGICAL EVALUATION:
The sagittal index is significant for the evaluation of 
kyphotic deformity seen in vertebral fractures. This is 
calculated on lateral X-rays. The sagittal index angle is 
obtained by subtracting the normal kyphosis angle from 
the measured kyphotic angle (sagittal index = kyphotic 
angle − normal physiological angle). It is important to 
know the normal physiological angles to measure the 
sagittal index. These angles are 5° between T1–11 in the 
dorsal region; 0° at T12 and L1, and 10° between L2–5 
in the lumbar region. A sagittal index up to 15–20° is 
considered normal (Figure-1).

In spine trauma patients, radiological evaluation is 
performed using standard anteroposterior (AP) and 
lateral radiographs obtained from both sides. In AP 
X-rays, loss of lateral vertebral body height, changes 
in the vertical and horizontal interpeduncular fossa, 
asymmetry in the posterior structures, luxation in the 
costotransverse joints, perpendicular or oblique fractures 
in the dorsal structures, and irregularity between the 
spinous protrusions should be evaluated, and in lateral 
X-rays the sagittal image, degree of compression of the 
vertebral body, deformation of the posterior line of the 
vertebral body, dislocation of the dorsoapical fragments, 
and the height of the intervertebral gap should be 
evaluated8.

The sensitivity and specificity of CT is higher than 
radiography, therefore CT or multi-slice CT should be 
preferred after the general condition of the patient has 
been stabilized48. Myelography on its own, or with CT, 
may identify the compression forces in the channel.

MRI is important in the evaluation of soft tissues35. If 
there is no neural deficit, MRI is not essential in the acute 
phase, but, in the presence of a neural deficit, MRI may 
be used to visualize a cord lesion or epidural hematoma 
and compression due to the disc or fracture fragments. 
In T2-weighted MRI, increased signal in the spine 
indicates edema, while decreased signal is indicative of a 
hematoma (Figure-2).

CLASSIFICATION:
In vertebral injuries, different classifications have 
been defined according to the fracture morphology 
and stability, using the Holdsworth classification, 
Ferguson-Allen classification, Denis classification, and 
AO classification. The Denis classification and AO 

classification, defined by Magerl, are the most commonly 
used classifications today12,17,30.

Figure-2. Acute T12–L1 and chronic L2 osteoporotic 
vertebral compression fractures are shown in the same 
MRI. In acute fractures, there is typically abnormal 
contrast enhancement seen on T1-weighted scans 
with fat saturation.

In the Denis classification, each vertebra is examined 
as a three-column model. The anterior column is 
comprised of 2/3 of the anterior vertebral corpus, 2/3 
of the intervertebral disc, and the anterior longitudinal 
ligament. The middle column is comprised of 1/3 of 
the posterior vertebral corpus, 1/3 of the posterior 
intervertebral disc, and the posterior longitudinal 
ligament. The posterior column is comprised of the 
arcus vertebral region from the pedicles and the posterior 
ligamentous complex (ligamentum flavum, interspinous 
and supraspinous ligaments). In the classification, the 
middle column is accepted as the central structure and 
classification is made according to the middle column12.

The AO classification was described by Magerl based on 
two-column theory, and further defined by Holdsworth, 
Kelly and Whitesides17,47. According to this theory, 
the anterior column consists of the vertebral corpus 
and intervertebral disc, and the posterior column is 
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composed of the pedicles, laminae, facet joints, and 
posterior ligamentous complex. The anterior column 
carries weight and the posterior column bears tension. 
In a study by Leibl et al, the AO classification was found 
to be superior to the Denis classification for the choice 
of treatment27.

TREATMENT:
Stabilization of the fractured spine is crucial for 
treatment3. In the literature, these types of fractures 
have been treated with different procedures, such as 
conservative treatment and early surgical treatment. 
Factors affecting the treatment results are the fracture 
type, fracture location, and the presence of neurological 
loss. The severity of thoracolumbar injuries is scored by 
the TLISS scale, which was described by Vaccaro et al.

The questions that need to be answered before starting 
the treatment of thoracolumbar vertebral fractures are:

1.  Is there a neurological defect?
2.  Is the neurological defect progressive?
3.  Is there spinal instability due to the fracture?
4.  Is there damage at the posterior ligaments?
5.  Is there disc damage?

Conservative treatment:
Fast radiological image loss has been detected in a 
conservative group in the first year, so there is therefore 
a risk of mechanical instability within the first twelve 
months. This should be considered during the follow-
up of cases. Nonetheless, orthopedists have suggested 
conservative treatment for thoracolumbar burst 
fractures33,46.

According to Krompinger, a lack of neurological deficit, 
a channel intrusion less than 50%, and a kyphotic angle 
smaller than 30° are necessary for conservative treatment25. 
According to Reid, patients with a kyphotic angle smaller 
than 25°, without any pathological condition preventing 
replacement device use, and patients who could adapt 
to the conservative treatment protocol, qualified for 
conservative treatment39. However, for Denis and Alici, 
all burst fractures are unstable, and therefore they should 
all be treated surgically4,11.

There are complications with conservative treatment, 
such as neurological loss, progressive channel intrusion, 
progressive body collapse, and progressive kyphotic 
changes.

Surgical Treatment:
There are some advantages of surgical treatment, 
including early mobilization, anatomical reduction of 
the fracture, maintenance of spinal alignment, and quick 
recovery of neurological functions2,4,11,22.

With surgical treatment, the aim is to ensure the 
decompression of the spine and cord, the restoration 
of the physiological and topological interaction of the 
spinal channel, mono/oligo-segmental correction/
reconstruction of the anterior and posterior vertebral 
columns, the management of immediate and 
postoperative long-term stability of the corrected areas 
without disturbing neighboring undamaged segments, 
and the achievement of durable, reliable and fast bone 
fusion7.

Common Surgical Procedures:
1.  Anterior decompression + anterior fusion (costa/

fibular allograft)
2. Anterior decompression + anterior fusion 

(autograft/allograft) + anterior instrumentation 
(+/− vertebral spacer/cage)

3. Anterior decompression and anterior fusion 
(autograft/allograft) + anterior instrumentation (+/− 
vertebral spacer/cage) + posterior instrumentation 
+ posterior fusion (autograft/allograft) in the same 
session

4. Two-stage anterior-posterior approach
5. Anterior decompression + posterior decompression 

+ anterior instrumentation + anterior fusion
6. Dorso-ventro-dorsal approach (posterior 

decompression + temporal posterior stabilization 
+ anterior decompression + anterior fusion (costa/
fibular allograft) + posterior fusion (autograft/
allograft) + posterior instrumentation

7. Posterior egg-shell method
8. Posterior closing wedge osteotomy7.

There are studies suggesting the anterior approach 
is the best method and that successful results may be 
obtained by using anterior instrumentation alone23,24. 
With an anterior approach, it is easier to access 
the anterior and middle column and the structural 
anterior supports, compared to the posterolateral or 
transforaminal approaches, which enables the deformity 
to be appropriately corrected and fused1,9,24. The most 
significant advantage of anterior instrumentation is the 
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inclusion of less mobile segments in the fusion area, 
therefore avoiding iatrogenic damage to the adjacent 
vertebrae6.

Posterior instrumentation after an anterior procedure 
is a common method for protecting the grafts placed 
from the anterior aspect and the vertebral instability36,41. 
Complications of anterior surgery may be related to 
the surgical procedure, decompression of the neural 
structures, and stabilization of the spine23,26,29.

Pneumothorax or hemopneumothorax may occur. 
Insufficient repair of the diaphragm might result in 
postoperative respiratory problems with hernia and 
atelectasis. Urethral injury, thoracic lymph channel injury, 
and spleen rupture may be seen. During dissection of the 
lumbar vertebra, the spacing and tension of the psoas 
muscle may result in compression of the lumbar plexus 

and neuropraxia.

The main advantages of a posterior closing wedge 
osteotomy are that a posterior approach is single stage, 
has a short operation time without the need for an 
anterior surgical approach, less intraoperative blood 
loss, decreased postoperative morbidity, good recovery 
in the sagittal axis, solid spinal stabilization and fusion 
with the use of a transpedicular spinal system, sufficient 
bone graft for fusion, and the lack of anterior column 
insufficiency7.

The disadvantages of a closing wedge osteotomy 
include indirect neural decompression, damage of 
healthy posterior elements, difficulty in supporting the 
anterior column, the necessity of long-term posterior 
instrumentation, and the possible need for an additional 
anterior procedure (Figure-3)7.

Figure-3. Multiple thoracolumbar vertebral fractures after a fall from a great height treated with anterior L1 and 
L3 lumbar corpectomy and fusion with thoracic and lumbar posterior instrumentation.
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The placement of an anterior interbody graft support 
increases the fusion rate with load sharing and helps the 
restoration of lordosis. An interbody graft could be placed 
by a conventional anterior, a posterior transforaminal, or 
a posterior lumbar interbody fusion approach37. One of 
the new methods, XLIF (Extreme Lateral Interbody 
Fusion), has begun to be used for this purpose36.

Channel decompression is not required for fractures in 
children with no neural deficit. Short-term resting and 
early mobilization in a cast is performed. In cases with a 
neural deficit, compression on the spinal channel should 
be removed by an anterior or posterolateral approach, 
stability should be ensured by posterior instrumentation, 
and fusion should be performed.

There is no major difference in the treatment procedure 

during pregnancy. Pregnant women show good prognosis 
after certain diagnosis and appropriate treatment16.

In recent years, alternative treatment methods such as 
vertebroplasty (VP) and kyphoplasty (KP) have been 
developed for the treatment of collapse fractures49. VP 
and KP were developed as alternative procedures to 
stabilization surgery that enable anatomo-functional 
restoration of vertebrae with less damage, and are 
preferred for quick recovery of the symptoms and to 
enable patients to return to their social life in a short 
time (Figure-4)42,44,45.

The general health condition and age of the patient, the 
trauma type, the time between trauma and surgery, and 
the experience of the surgeon, all significantly affect the 
success rate of treatment20,39.

Figure-4. Sagittal T2-weighted MRI of lumbar vertebrae showing acute L1–5 and chronic T12 osteoporotic 
vertebral compression fractures. Vertebroplasty for acute fractures with prophylactic vertebroplasty at the L2, L3, 
and L4 levels, and kyphoplasty for the chronic compression fracture at the T12 level were carried out.
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