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Radiological and Clinical Results of Laminectomy and
Posterior Stabilization for Severe Thoracolumbar Burst
Fracture : Surgical Technique for One-Stage Operation

Myeong-Soo Kim, M.D., Jong-Pil Eun, M.D., Ph.D., Jeong-Soo Park, M.D.

Department of Neurosurgery, Research Institute of Clinical Medicine, Institute for Medical Science, Chonbuk National University Medical School/
Hospital, Jeonju, Korea

Objective : This study aimed to show the possibility of neural canal enlargement and restoration of bony fragments through laminectomy and mini-
mal facetectomy without pediculectomy or an anterior approach, and also to prove the adequacy of posterior stabilization of vertebral deformities af-
ter thoracolumbar bursting fracture.

Methods : From January 2003 to June 2009, we experienced 45 patients with thoracolumbar burst fractures. All patients enrolled were presented
with either a neural canal compromise of more than 40% with a Benzel-Larson Grade of VI, or more than 30% compromise with less than a Benzel-
Larson Grade of V. Most important characteristic of our surgical procedure was repositioning retropulsed bone fragments using custom-designed in-
struments via laminectomy and minimal facetectomy without removing the fractured bone fragments. Beneath the dural sac, these custom-designed
instruments could push the retropulsed bone fragments within the neural canal after the decompression and bone fragment repositioning.

Results : The mean kyphotic deformities measured preoperatively and at follow-up within 12 months were 17.7 degrees (+6.4 degrees) and 9.6
degrees (5.2 degrees), respectively. The mean midsagittal diameter improved from 8.8 mm (2.8 mm) before surgery to 14.2 mm (1.6 mm) at
follow-up. The mean traumatic vertebral body height before surgery was 41.3% (+12.6%). At follow-up assessment within 12 months, this score
showed a statistically significant increase to 68.3% (+12.8%). Neurological improvement occurred in all patients.

Conclusion : Though controversy exists in the treatment of severe thoracolumbar burst fracture, we achieved effective radiological and clinical re-
sults in the cases of burst fractures causing severe canal compromise and spinal deformity by using this novel custom-designed instruments, via

posterior approach alone.

Key Words : Spinal fracture - Thoracolumbar spine - Surgical fixation devices - Spinal fusion - Surgical instrument.

INTRODUCTION

Half of all spinal fractures and a respectable percentage of
acute spinal cord injuries usually results from trauma®. Con-
sidering this incidence and the significant impacts of this kind
of injury, surgical managements of thoracolumbar trauma has
advanced significantly. In spite of continued evolution of spinal
instrumentations and surgical techniques, surgical decision-
making in spine injuries remains controversial*’. Management
of fracture can vary widely, from bracing to invasive 360° fu-
sion, based on geographical, institutional, or individual prefer-
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ences with little scientific basis*. Most thoracolumbar burst frac-
tures are stable injuries that can be treated nonsurgically***.
Regardless of neurologic deficits, unstable burst fracture that have
retropulsed bone fragments compromising the canal requires
surgical interventions such as decompression of neural struc-
tures, correction of spinal deformities and stabilization"*>"1°.
Usual surgical procedures may include very invasive procedures
such as lateral extracavitary approaches, laminectomy, pediculec-
tomy; and anterior vertebrectomy or corpectomy”!*3253%),
However, conventional operation for unstable thoracolumbar
fracture have been associated with major complication rates as
high as 28-86%"). Minimally-invasive surgical approaches pro-
vide the possibility to reduce some of the complications associat-
ed with conventional invasive surgeries such as lateral extracavi-
tary approaches and anterior vertebrectomy or corpectomy®!52>40,
The burst vertebrae will heal and begin to bear axial loads, after
undergoing stabilization and loading protection for a certain peri-
od. On the other hand, retropulsed bone fragments should be re-

224



Radiological and Clinical Results of Laminectomy and Posterior Stabilization | MS Kim, et al.

moved from the canal space, because the recovery of normal canal
dimensions is possibly associated with improvements in neuro-
logical function for patients with partial deficits>*”!1114232%32)
From this perspective, removing only the retropulsed bone
fragments from the spinal canal and then protecting the injured
level against load-bearing conditions for a time via a construct
seems an effective, alternative surgical method for treatment of
patients with burst fractures.

We tried to demonstrate the possibilities of neural canal en-
largement and restoration of vertebral height through laminec-
tomy and minimal facetectomy, repositioning retropulsed bone
fragments with custom-designed instruments without pedicu-
lectomy or an anterior approach.

MATERIALS AND METHODS

Inclusion criteria and clinical and radiological studies

From January 2003 to June 2009, we enrolled 45 patients with
thoracolumbar burst fractures in this study retrospectively. We
also used our surgical procedure on those patients with a Ben-
zel-Larson Grade of VI and neural canal encroachment greater
than 40% on axial computed tomography (CT). In addition, we
included patients with a Benzel-Larson Grade less than V and
more than 30% neural canal encroachment in this study.

The percentage of the canal compromise was determined using
the formula a=(1-x/y)x100, where a is the percentage of canal
compromise, x is the narrowest mid-sagittal diameter of the spi-
nal canal at the level of injury, and y is the average mid-sagittal di-
ameter of the spinal canal at one level above and below the in-
jured segment'$??. The fractured vertebral body angle of kyphotic
deformity was measured as the angle between the upper margin
of the vertebral body and the lower margin of the vertebral body
(Fig. 1A)'>'9. The vertebral body height was determined using
the formula=2F/(A+B)x100, where F is the height of the frac-
tured vertebral body, A is the height of the upper vertebral body,
and B is the height of the lower vertebral body (Fig. 1B)'%.

To evaluate the patients’ myelopathic dysfunction, we em-
ployed the Benzel-Larson Grading system (Table 1)*. We ana-
lyzed each patient’s operation records,
progression notes, reports of preopera-

patients’ CT scans just after their operations to check reposition-
ing of the retropulsed bone fragments, kyphotic deformities, and
to measure the vertebral body heights. Acute spinal cord injury
(SCI) patients underwent high-dose intravenous steroid therapy.
Methylprednisolone (MP) should be given as a bolus dose of 30
mg/kg over 15 minutes, and followed by a continuous infusion
of 5.4 mg/kg/hour. If treatment is initiated within 3 hours after
sustaining SCI, the infusion would be for 23 hours (total treat-
ment time of 24 hours). However, if treatment is initiated with-
in 3-8 hours then the infusion should be continued for 47 hours
(total treatment time of 48 hours). No MP should be given if the
patient arrives 8 hours or more after SCI*”. All surgical proce-
dures were performed on an emergency basis.

Operation technique

According to the Denis three-column theory, the undamaged
part of a spinal structure in burst fracture is the posterior col-
umn®. Our surgical procedure was attempted to reach the ret-
ropulsed bone fragments through performing both laminecto-
my and minimal facetectomy. In prone position, we made a
midline skin incision to expose the laminae 1 or 2 levels above

(A (B)

Fig. 1. A : The fractured vertebral body angle of kyphotic deformity is
measured as the angle between the upper margin of the vertebral body
and the lower margin of the vertebral body. B : The vertebral body height
was determined using the formula=2F/(A+B)x100, where F is the
height of the fractured vertebral body, A is the height of the upper verte-
bral body, and B is the height of the lower vertebral body.

Table 1. Benzel-Larson neurological grading system of thoracic and lumbar spine injuries with re-
gard to myelopathic function

tive and postoperative radiological stud-

Description

Grade
ies, and follow-up evaluation notes from I
outpatients clinic. Analysis included the I
following factors : kyphosis angle and I
correction, the mean midsagittal diame- function
ter, the vertebral body height. We evalu- v
ated neurologic outcome according to
the Benzel-Larson Grading system. Sim- v
ple plain films, CT, and magnetic reso-
nance imaging were used to determine VI
the level of injury and to estimate the ex-
tent of neural compression and the spi- VII

nal deformity. We routinely undertook

Complete functional neural transection : no motor or sensory function
Motor complete : no voluntary motor function w/preservation of some sensation

Motor incomplete-nonfunctional : minimal nonfunctional voluntary motor

Motor incomplete—functional (nonambulatory) : some functional motor control
that is useful but not sufficient for independent walking

Motor incomplete-functional (limited ambulation) : walking w/assistance or
unassisted but w/significant difficulty that limits patient mobility

Motor incomplete-functional (unlimited ambulation) : difficulty w/micturition :
significant motor radiculopathy; discoordinated gait

Normal : neurologically intact or minimal deficits that cause no functional

difficulties
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and below the injured levels. We performed blunt dissection
until the facet joints on both sides were seen. After routine lam-
inectomy, we removed facet joints minimally to expose nerve
root of both sides.

Once posterior decompression was completed, surgical chan-
nel for custom-designed instruments was made from lateral
side of dura to reach the retropulsed bone fragments, employ-
ing surgical microscopic guidance (Fig. 2). Then, beneath the
dural sac, we could push the retropulsed bone fragments down
into the fractures vertebral body by using these custom-de-

Fig. 2. After laminectomy and minimal facetectomy, the retropulsed
bone fragments within the neural canal can be pushed by custom and
company designed instruments under the dural sac. The surgeon push-
es the bone fragments anteriorly into the bursted vertebral body (upper :
posterior view, lower : lateral view).

Fig. 3. Photographs of the instruments (A and B : custom-designed). The
instrument is made of one piece of stainless steel, and is 20 cm long
with double foot plates, blunt blades and angled from the shaft. The
shaft has a flat portion at its center for the surgeon’s finger. Two instru-
ments are available for use, with a 5 mm or a 3 mm wide foot plate (A :
Angled 90° and 140° from the shaft, 5 mm and 15 mm long foot plates.
B : Angled 140° from the shaft, 20 mm and 6 mm long foot plates). The
foot plate of the instrument is gently located into the spinal canal and,
taking a firm grip on the instrument with both hands, the surgeon push-
es the retropulsed fragments anteriorly into the vertebral body.

signed instruments (Fig. 3A, B) to their rightful position in the
bursted vertebral body. The manipulation was ought to be per-
formed with great care to avoid damage to the neural struc-
tures. This was a crucial procedure to decompress the neural
canal without the removal of the retropulsed bone fragments.
After the posterior decompression and bone fragment reposi-
tioning, the transverse processes, laminae of above and below
level, and other posterior bony surfaces were decorticated by
means of a high-speed drill for posterolateral fusion. Then, we
carried out the classical pedicle screw instrumentation (trans-
pedicular screw and rod instruments). Finally, we embedded
sufficient amount of harvested bone fragments and artificial
bone chips (Bonegros®, carbon-apatite) in the posterolateral
sides of the column (Fig. 4).

Follow-up evaluation

Most patients underwent rehabilitation. The ones with good
motor function became mobile as soon as possible after their
surgery. Long-term follow-up evaluations ranging from 12 to

Fig. 4. Patient 11 (upper left). Preoperative simple film of a 26-year-old fe-
male patient who sustained L1 burst fracture (upper right). Preoperative
CT scan image demonstrating a significant spinal canal encroachment
by retropulsion of the fragments of the fracture vertebra (preoperative
evaluation : KA=15°, Height=31%, MSD=10.1 mm, SCC=47%, B-L
grade=IV) (lower left, right). Postoperative simple film and CT scan im-
age (postoperative evaluation : KA=3°, Height=68%, MSD=16.5 mm,
SCC=14%, B-L grade=VI). *KA : kyphotic angle, height : vertebral body
height, MSD : mid-sagittal diameter, SCC : spinal canal compromise, B-L :
Benzel-Larson.
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Table 2. Clinical characteristics and demographics for 45 patients

KA (degree) Ht (%) NG MSD (mm)

No. Age(yr) Sex Vector Level CcCC(%) ——
Pre Post Pre Post Pre Post Pre Post
1 35 F FD T12 9 6 43 78 \' VII 38 8.2 12.1
2 44 F FD T12 11 5 52 75 v VI 43 7.3 12.1
3 54 F MVA L1 5 30 70 v VI 55 7.0 14.6
4 40 M MVA L3 5 45 73 VI VII 50 9.0 12.9
5 51 M FD T11 11 5 55 81 I I 45 6.8 12.9
6 43 M MVA T12 6 4 62 78 v VII 35 7.3 14.1
7 24 M MVA L1 16 10 40 75 VI VII 50 7.9 13.7
8 31 M Sliding L1 20 10 34 69 \% VII 58 7.3 12.5
9 58 M Sliding L1 12 7 30 77 VI VII 56 12.1 14.1
10 49 F Others L2 29 20 28 79 1T VI 73 7.0 12.9
11 26 F FD L1 15 3 31 68 v VI 47 10.1 16.5
12 42 F MVA T12 24 14 42 68 v VI 55 7.5 13.1
13 28 F FD L1 17 10 49 81 v VII 47 10.0 15.3
14 35 M FD L1 19 10 34 63 III \' 60 7.3 15.9
15 37 F Sliding L2 20 8 54 75 VI VII 38 13.0 16.7
16 71 F FD L1 17 14 40 71 v VI 58 8.2 16.9
17 37 M FD T12 8 5 60 72 A% VII 30 8.5 14.6
18 43 M MVA L2 28 22 53 73 VI VII 40 15.8 17.1
19 75 M Others 14 30 20 64 79 VI VII 36 16.2 18.0
20 23 F MVA L2 21 10 50 71 v VI 50 11.3 16.0
21 51 F FD L1 18 5 55 90 \% VI 38 10.8 16.8
22 52 M MVA L4 15 9 60 75 \ VII 35 13.1 14.8
23 54 M MVA L1 17 7 53 71 \' VI 51 9.1 14.9
24 37 M FD T12 10 5 47 68 v VII 38 8.5 13.8
25 62 M FD L1 24 19 30 68 III \ 78 2.8 12.9
26 62 F FD T12 14 6 55 80 v VI 46 6.8 12.9
27 19 M FD L2 28 20 40 73 v VII 37 14.0 14.5
28 24 F MVA T11 15 5 52 81 v VII 40 7.8 13.2
29 43 F FD L1 28 19 37 70 A% VII 56 7.1 13.1
30 43 M FD L1 22 13 42 89 III VI 74 35 13.2
31 22 F FD T12 13 4 50 87 \% VII 43 6.5 12.9
32 30 M MVA L1 13 8.7 46 50 VI VII 37 12.5 14.1
33 40 M FD L2 22 12 45 60 VI VII 40 9.0 16.9
34 34 M MVA L1 15 8 30 54 I \% 50 8.0 12.7
35 49 M MVA L3 18 10 40 62 VI VII 52 124 15.6
36 50 M MVA L1 21 11 45 63 \' VII 45 10.3 14.8
37 34 M FD L3 22 12 45 70 VI VII 60 8.5 12.6
38 25 M Sliding L2 24 3 5 37 VI VII 60 6.7 154
39 18 M MVA L3 14 4 24 55 v VI 71 5.1 13.7
40 48 F FD L2 19 13 18 41 VI VII 76 39 12.8
41 17 F MVA L2 14 10 26 35 VI VII 55 8.1 14.4
42 16 F Sliding L2 19 15 34 55 VI VII 44 8.6 11.2
43 53 M FD L1 11 5 31 44 A% VI 49 9.3 124
44 28 F FD T12 31 6 25 59 VI VII 40 9.9 15.8
45 23 F MVA L2 22 9 29 63 VI VII 43 9.0 14.0

KA : kyphotic angle, Ht : vertebral body height, NG : Benzel-Larson neurological grade, CC : canal compromise, MSD : mid-sagittal diameter, FD : fall down, MVA : motor
vehicle accidents

227



J Korean Neurosurg Soc 50 | September 2011

72 months after the operation were consisted of re-grading the
patients’ neurological statuses according to the Benzel-Larson
Grading system and radiographic analyses. Radiological follow-
ups were completed for all patients. We evaluated patients’ ra-
diographs pre- and post-operatively as well as in the long-term
follow-ups. We also employed plain and dynamic radiographic
studies, including flexion-extension and oblique views and CT
scans to assess fusion status.

Statistical analysis

The data were analyzed by the paired samples t-test from the
SPSS software package, version 13.0 (SPSS Inc., Chicago, IL,
USA). A p value less than 0.01 was considered significant.

RESULTS

This study included 25 male and 20 female patients whose
mean age at the time of injury was 39.5+14.4 (SD) years (range;
16-75 years). Major cause of these fractures was a fall (21 pa-
tients, 47%). Other causes were motor vehicle accidents (17 pa-
tients, 38%) and direct blunt traumas such as sliding and vio-
lence (7 patients, 15%). Most frequently fractured levels were
L1 (17 patients, 38%) and L2 (11 patients, 24%). Fractures of
T11 and T12 was 24%.

Table 2 lists the demographic data and individual preopera-
tive characteristics of 45 patients, summarizing the preoperative
and postoperative neurologic statuses. No severe complications
that needed revision were observed at each patient’s last follow-
up. In this study, we achieved posterolateral intersegmental fu-
sion between each T11, T12, L1, and L2 levels, without inter-
body fusion. Stabilization and bony fusion were completed in
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Fig. 5. Classification of the neurological conditions of patients according
to Benzel-Larson grading system (n=45).

Table 3. Correlations between the preoperative and postoperative Benzel-Larson grades (p<0.01)

all patients and ascertained by long-term radiological studies
and clinical follow-up within 12 months.

Most of patients experienced loss of more than 40% of the ver-
tebra body’s height and compromise of more than 40% in canal.
Its overall mean values was 41.3% (+12.6%) and 49.4% (+11.7%),
respectively. No statistically significant correlation appeared be-
tween the canal compromise and loss of vertebral body height
(p>0.05). However, the mean kyphotic deformities, measured
preoperatively and at within 12 months follow-up, were 17.7 de-
grees (+6.4 degrees) and 9.6 degrees (+5.2 degrees). The mean
mid-sagittal diameter improved from 8.8 mm (+2.8 mm) before
surgery to 14.2 mm (+1.6 mm) at within 12 months follow-up,
with a significant difference between preoperative and postoper-
ative values (p<0.01). The mean vertebral body height before sur-
gery was 41.3% (£12.6%). At follow-up assessment, this score
showed a statistically significant increase, to 68.3% (12.8%;
p<0.01). All patients experienced neurological improvement (Fig.
5). There was also a statistically significant improvement between
the preoperative and postoperative Benzel-Larson Grades
(p<0.01). Patients with Benzel-Larson Grades VI and VII com-
prising 35.6% of total enrolled patients preoperatively, had in-
creased to 91.1% postoperatively (Table 3).

DISCUSSION

The goals of surgery in thoracolumbar burst fractures include
decompression of the neural elements to expedite neurological
recovery, correction of spinal deformity, fusion with rigid stabi-
lization to prevent delayed neural injuries and maintenance of
anatomic alignment®!®1117202129 However, the specific ap-
proaches to be used in surgical management of such fractures
are controversial #>71719),

In this study, we demonstrated to some extent the feasibility
and relative safety of this technique for directly reducing the
retropulsed bone fragments after posterior, indirect reduction
and stabilization. In the modified transpedicular approach by
Kaya and Aydin®”, they described drilling a hole in the pedicles
in a burst fracture and removing the retropulsed bone frag-
ments that was inserted for minimal structure damage. They
concluded the modified transpedicular approach, drilling a
hole in the pedicles, might reduce the loss of posterior column
continuity and increase structural stability. Numerous papers
have been described the results of a variety of treatment op-
tions, but no previous study has been considered the posterior
approach alone, with a procedure to push the retropulsed bone
fragments into the burst vertebral body
for canal enlargement and restoration

Postoperative Benzel-Larson grade

of vertebral height. However, other pos-

IL, 111 1A% VI, VII Total terior surgical techniques, such as the
Preoperative 1L, 1T 1(2%) 4(9%) 1(2%) 6 (13%) classical transpedicular approach and
Benzel-Larson mv - - 22 (49%) 22 (49%) similar approaches, involves removing
grade VI, VII - - 17 (38%) 17 (38%) part of the laminae and facet joints,
Total 1(2%) 4 (9%) 38 (89%) 45 (100%) which, according to the three-column
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theory, diminishes biomechanical stability®.

In the literature, the popular idea for the management of burst
fractures causing severe neural canal compromise (more than
20%) and severe vertebral deformity (loss of vertebral height
more than 50%) is an anterior approach combined with poste-
rior ﬁ.xationl 1,17,19,20,23,25,’
or approach is important because of its ease of neural canal en-
largement and potential for restoring the spine’s anterior col-
umn. However, the anterior approach is associated with in-
creased approach-related complications compared with the
posterior approach such as painful intercostal neuralgia, ab-
dominal wall outpouching, pneumothorax”*. In addition, re-
cent studies showed uncertain advantages when comparing the
anterior and posterior surgical procedures!>!719232526303538) " Ac-
tually, anterior fusion will ultimately occur spontaneously after
a posterior fusion and stabilization, because the pedicle screw
fixation causes disc space immobility'®. Some prior research
works showed that the anterior surgical procdure was considered
to be more comfortable for patients than the posterior ones. Our
surgical procedure of repositioning fractured bony fragments
needs laminectomy and minimal facetectomy which is needed in
the surgery for the central lumbar disc herniation*!”2%%, We
believe that our surgical procedure is safe and easy to decompress
the neural canal and restore the vertebral height.

Transpedicular screw and rod instruments provide rigid seg-
mental fixation along all three columns of the spine and allow
physicians to selectively apply a combination of forces (distrac-
tion, compression, or rotation) to spinal segments!!6272831:33),
Thus, transpedicular screw fixation improves the physician’s
ability to correct a spinal deformity. However, surgeons control
only two columns (anterior and middle) during the anterior ap-
proach, which compromises their correction ability, especially
in rotational deformities. Nevertheless, long-segment transpe-
dicular screw fixation causes immobilization of a greater num-
ber of mobile segments than the anterior approaches do, which
can cause mechanical back pain in the long term'*
the present study’s results, we conclude that our surgical meth-
od - the posterior approach alone, laminectomy with minimal
facetectomy, repositioning of bone fragments, and, finally, pedi-
cle screw fixation - could provide reliable neurologic improve-
ments in patients with incomplete neurologic deficits"!#253133),
Our surgical procedure does not require removal of the bone
fragments, thereby preserving thoracolumbar spine elements.
Therefore, our procedure’s advantages include the reduction of
unnecessary extra work in enlarging the neural canal, as opposed
to, for instance, the anterior approach with surgical removal of
part of the vertebral body. Repositioning the bone fragments
seems to provide a more compact vertebral body, making screw
insertions in the vertebral body and bone fusion easier. In addi-
tion, this technique should make it easier for surgeons to reduce
deformities of the spine. Just by laminectomy and minimal facet
removal, we were able to approach to the bone fragments and
this is the same method with operation of lumbar disc hernia-

2639 The combined anterior and posteri-

. Based on

tion. The narrowed spinal canal was widened by only putting
the bone fragments back into the original place and neurologic
deficit of the patients progressed favorably as well. In the range
of our experience, this procedure was enough to obtain satisfied
results. Moreover, our operation procedure enabled less tissue
damage and saving operation time was possible by not remov-
ing bone fragments*.

Though our one stage operation is suitable for thoracolumbar
burst fracture, it is a procedure with its own limitation, as our
procedure is not applicatable to upper or mid-thoracic burst
fractures because of upper and mid thoracic spine have narrow
interpedicular space. Besides, it would be premature for us to
advocate for this procedure based on the small number of pa-
tients in this study. An additional study, with a larger group of
patients and a comparison group treated with a different tech-
nique, should be performed.

CONCLUSION

Even though controversy exists regarding specific surgical
treatments for severe thoracolumbar burst fractures, we were able
to obtain good radiological and clinical results in severe thora-
columar burst fractures through posterior approach alone, lami-
nectomy and minimal facetectomy, repositioning the retropulsed
bone fragments without pediculectomy or anterior approach.
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