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Short-segment Pedicle Instrumentation of
Thoracolumbar Burst-compression
Fractures; Short Term Follow-up Results

Objective : The current literature implies that the use of short-segment pedicle screw fixation for spinal
fractures is dangerous and inappropriate because of its high failure rate, but favorable results have been
reported. The purpose of this study is to report the short term results of thoracolumbar burst and
compression fractures treated with short-segment pedicle instrumentation.

Methods : A retrospective review of all surgically managed thoracolumbar fractures during six years were
performed. The 19 surgically managed patients were instrumented by the short-segment technique. Patients'
charts, operation notes, preoperative and postoperative radiographs (sagittal index, sagittal plane kyphosis,
anterior body compression, vertebral kyphosis, regional kyphosis), computed tomography scans, neurological
findings (Frankel functional classification), and follow-up records up to 12-month follow-up were reviewed .
Results : No patients showed an increase in neurological deficit. A statistically significant difference existed
between the patients preoperative, postoperative and follow-up sagittal index, sagittal plane kyphosis,
anterior body compression, vertebral kyphosis and regional kyphosis. One screw pullout resulted in kyphotic
angulation, one screw was misplaced and one patient suffered angulation of the proximal segment on
follow-up, but these findings were not related to the radiographic findings. Significant bending of screws or
hardware breakage were not encountered.

Conclusion : Although long term follow-up evaluation needs to verified, the short term follow-up results
suggest a favorable outcome for short-segment instrumentation. When applied to patients with isolated
spinal fractures who were cooperative with 3-4 months of spinal bracing, short-segment pedicle screw
fixation using the posterior approach seems to provide satisfactory result.
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INTRODUCTION

Development of transpedicular screw fixation techniques and instrumentation systems
has brought short-segment instrumentation (fixation of one normal vertebra above and
below an injured segment) into general clinical practice™. After King® initially reported
vertebral body screw fixation through the transfacet approach to the lumbar spine in 1944,
Boucher® introduced the way to pierce screws into the vertebral body through the pedicle
in 1958. Since pedicle screw fixation became widespread, as described by Roy-Camille®
and others in 1963, pedicle screws have been used widely in diseases of the lumbar spine'®.

The optimal management of thoracolumbar fractures continues to be a matter of
controversy”**"¥”). The transpedicular short-segment construct represents an attempt to
restore the anterior column without the need for anterior strut grafting or plate fixation,
avoiding extensive arthrodesis of the motion segments. The use of pedicle screws, which
can minimize the range of spinal segments to reduce damage to soft tissues and increase
the rate of synostosis better than fixation using hooks and wires, expands the excellent
functionalities of pedicle screws reported by studies®®. To date, various unfavorable results
have been reported with this method"'*'. Those who suggest temporizing treatments
insisted that they could achieve satisfactory results only by treatments using postures and

8111620 However, others who suggest surgical treatment, patients

long-term relaxations
could expect to become mobile early, perform rehabilitative remedies, overcome anatomic
fractures, restore swayback and improve, in most cases, nervous functions by using
decompression and fixation"”. After temporizing treatments, there were many reports on

degrading nervous functions, worsening spinal stenosis, increasing pressure on the vertebral
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body, increasing kyphosis and causing radiculopathy, and
pain'®*”. This study evaluates and analyses the radiological
outcome from short segment pedicle screw fixation in 19
patients with thoracolumbar spine fractures.

MATERIALS AND METHODS

Case materials

A retrospective review was performed in all surgically
managed thoracolumbar fractures on various clinical
parameters such as age, sex distribution, and cause and
levels of injury. Consecutive thoracolumbar fractures from
February 2000 to December 2006 were included. The
short-segment transpedicular fixation was performed in
19 patients by three surgeons. Charts, operative notes,
preoperative and postoperative radiographs, CT scans,
MRI and follow-up records up to 12-month period were
reviewed. Fractures were classified according to Denis'”
(three-column classification). Neurological status was
assessed using the Frankel/ASIA scale for spinal cord
injury. Vertebral body injury was assessed by Load-sharing
classification®.

Simple radiologic parameters were made for casier
measurement and minimized interobserver bias. Sagittal
index is the ratio of the anterior and posterior heights of
the injured vertebral body on lateral view®”. Sagittal plane
kyphosis was measured between the inferior end plate of
the injured segment and the superior end plate of the
upper vertebral body®®. Anterior body compression was
measured preoperatively, postoperatively and at follow-up
according to Mumford’s anterior body compression®*?.
Vertebral kyphosis was measured from the fractured
vertebral body’s superior end plate to its inferior end
plate”. Regional kyphosis was measured from the inferior
end plate of the intact vertebra above the fracture to the
superior end plate of the intact vertebra below the fracture™.
Follow-up assessment was done by radiographs. Simple
X-ray was performed to check the fractures. Computed
tomography and MRI were done for every patient to
ensure accurate diagnosis of damage to the vertebra. Patients
complaints of pain were assessed using the pain scale of

Denis'?. Postoperative work status was also measured'”.

Case selection

Indications for surgical instrumentation in this series
included the presence of any one or more of the followings;
neurological involvement caused by the fracture, kyphosis
of more than 20 degrees, loss of more than 50% of the
vertebral body’s height, compromised spinal canals, or any
other instability based on the criteria of unstable thoraco-

lumbar fractures by McAfee et al.*¥. In highly comminuted
fractures and severely midline retropulsed fragments (canal
compromise ratio>0.7) with anticipated load sharing,
operations were performed by ventral approach. Also,
multiple fractures and severe pedicle fracture were excluded
from this study.

Surgical method

Under general anesthesia on prone position, the skin of
the midline was incised to expose the fractured part. From
1-2 vertebral bodies above the fractured site to one vertebral
body below it, screw fixation and posterior-lateral synostosis
were performed through bone fragments with autologous
bone graft or allograft.

The length of screw fixation was from 2 to 4 segments and
were fixed on the vertical segment including the fractured
part. When the vertebral body and the pedicle were severely
damaged and insertion of screws was difficult, screws were
not inserted. When it was considered difficult to achieve
stability with fixation of only the vertical segment because
of a damaged posterior column in more than two segments,
fixation was extended to four segments. If the bone fragment
remained in the spinal canal, decompression followed by

Fig. 1. A 62-year-old male with an L2 burst fracture. A : Preoperative
lateral thoracolumbar spinal image. B : preoperative lumbar spine com-
puted tomography axial image showing apposition of bony fragments into
the spinal canal with laminar impingement. C : preoperative lumbar spine
computed tomography sagittal image showing encroachment of spinal
canal by bony segment. D : bone fragment was removed and posterior
fixation was performed during surgery; postoperative lateral thoracolumbar
spinal image showing restoration of the thoracolumbar alignment.
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Fig. 2. T12/L1 fracture and dislocation in a 72-year-old man as a result of
a traffic accident. Patient was paraplegic. A : preoperative lateral thorac-
olumbar spinal image. B : preoperative lumbar spine computed tomo-
graphy axial image. C : preoperative lumbar spine computed tomography
sagittal image. D : postoperative lateral thoracolumbar spinal image
shows short-segment reconstruction and healing in normal alignment.

postetior pedicle fixation was done. After surgery, the patients
started using wheelchairs and walking according to their
clinical status and degree of fracture and transposition. In
addition, they also used an orthosis for approximately six
months.

Table 1. Distribution of patients classified by Denis et al.’'s Work scale®

Analysis

The degrees of correction of vertebral transformation
were compared and analyzed by sagittal index, sagittal
plane kyphosis, anterior body compression, vertebral kyphosis
and regional kyphosis preoperatively, postoperatively and
12 months after surgery by periodic simple radiography.
Repeated ANOVA (Analysis of Variance) method was
used by SPSS 13.0.

RESULTS

Short-segment transpedicular fixation was performed
on 19 patients including 13 males and 6 females. Patients
were monitored until 12-month follow-up evaluation.
Mean age was 46 (range : 17-75). Males had 14 fractures
and the most common site was L2 (Fig. 1). Females had
seven fractures and the most common site was L1. Four
fractures and dislocations were noted only in males (Fig. 2).
According to the classification of nervous function by
Frankel et al."”, the patients were included as one A, one
B, two Cs, four Ds and 11 Es. Load-sharing classification
revealed that four was the most common value observed.
Bone graft was performed in an autograft to allograft ratio
of 6:13.

Patients were classified by Denis et al’s Work scale'”.
The patients were predominantly categorized in grade 1
(Table 1). Patients were also classified by Denis’ et al’s
pain scale. There were no grades 4 or 5 (Table 2).

One screw pullout resulted in kyphotic angulation. Two
other complications were encountered; one screw was
misplaced, and one patient suffered angulation of the
proximal segment on follow-up. One patient complained
of moderate pain and other was disabled by the initial

Grade Criteria Patients
1 Return to previous employment(heavy labor) or physically demanding activities 10 ( 52.6%)
2 Able to return fo previous employment(sedentary) or retum to heavy labor with lifting restrictions 4( 20.5%)
3 Unable to return to previous employment but working full time at a new job 2(10.5%)
4 Unable to return to full time work 1( 5.3%)
5 No work, completely disabled 2(10.5%)
Total 19 (100.0%)

Table 2. Distribution of patients classified by Denis et al.’s Pain scale®

Grade Criteria Patients
1 No pain 11 ( 57.9%)
2 Occasional, minimal pain : no need for medication 7( 36.8%)
3 Moderate pain, occasional medication, no interruption of work or activities of daily livings 1( 5.3%)
4 Moderate to severe pain, occasional absences from work, significant in activities of daily livings 0( 0.0%)
5 Constant severe pain, chronic medication 0( 0.0%)
Total 19 (100.0%)
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Table 3. Thoracolumbar fractures : Means and standard deviations of sagittal index, sagittal plane kyphosis, anterior body compression, vertebral

kyphosis and regional kyphosis until the 12™ post-operative month

At 6—month At 12—month

Pre—operation Post—operation P value
follow—up follow—up

Sagittal index 0.57£0.14 0.81+0.08 0.71x0.14 0.75%£0.15 0.01

Sagittal plane kyphosis 17.53£6.83 10.48+4.02 12.06£5.25 11.68£5.24 0.04

Anterior body compression 0.40%0.21 0.23£0.17 0.27£0.11 0.22£0.32 0.03

Vertebral kyphosis 12.63£4.76 8.951£4.94 8.3514.02 8.78%3.62 0.04

Regional kyphosis 11.62+4.02 4271213 7.18%3.12 7.11£7.04 0.03

i DISCUSSION

E ~* Sagittol index The purposes of treating vertebral fractures are to achieve
" "+ Sagitial plane early neurological restoration, overcome damaged spinal
1 kyphosis segments anatomically and accomplish firm and stable
0 e o fixation for early rehabilitation””. Pedicle screw fixation of
8 Vertebral kyphosis spinal fractures is performed as a basic treatment for
6 thoracic and lumbar vertebral fractures and posterior-
4 - Regonaliypnoss lateral synostosis in many hospitals">'"'"**". Sasso et al.*¥
2 did clinical comparisons and analyses among Harrington
0 .O<f<é\z%\>§—\); rods, hooks, Luque rods, sublaminar wires and pedicle
QQ@‘ Q@O‘\ o o screws with 70 patients and found that pedicle screw fixation
& qoc}’o 0&\\5\ & was a posterior fixation which could be applied to shorter
¢« oS segments than could other posterior fixation tools. Therefore,

Fig. 3. The radiologic changes are shown until the 12-months follow-up.
All parameters are statistically significant.

spinal cord injury, but these findings were not related to
the radiographic findings. Significant bending of screws or
hardware breakage were not encountered. Initial progressive
osseous collapse was noted in a paraplegic patient, but without
increasing pain.

Sagittal index, sagittal plane kyphosis, anterior body
compression, vertebral kyphosis and regional kyphosis
were investigated by serial follow-up for 12 months.
During this period, preoperative sagittal index increased
after surgery, then decreased at the six-month follow-up
and again increased at the 12-month follow-up. Each
group’s sagittal index was statistically significant (p-value=
0.01). Preoperative sagittal plane kyphosis decreased after
operation, then increased at six months and decreased at
12 months. Each group’s value was statistically significant
(p-value=0.04). Preoperative anterior body compression
decreased after surgery, then increased at six months and
decreased at 12 months (p=0.03). Preoperative vertebral
kyphosis decreased after surgery, decreased more at the
six-month follow-up, then increased at 12 months. This result
was also statistically significant (p=0.04). Preoperative
regional kyphosis decreased after surgery, then increased
at six months and decreased a litdle at 12 months with a
statistical significance (p=0.03)(Table 3, Fig. 3).

pedicle screw fixation is a good posterior fixation method
suitable for this purpose™?*.

The main advantages of the dorsal approach in short-
segment fixation are that it preserves the motion segment,
and is simple and familiar to spine surgeons but a recognized
disadvantage is the difficulty in restoring the anterior column.
Failure to restore the anterior column support can lead to
secondary kyphosis, instability, pain and late onset neurologic
deficit, depending primarily on residual load transfer capacity
of the fractured vertebral body***”.

Some reports have indicated that sagittal plane kyphosis
was incurable using pedicle screw fixation in thoracic and
lumbar fractures due to bone breakdown by the follow-up
examination at 12 months™. However, this study demonstrated
a satisfactory results with no patient worsened neurologically
after pedicle screw fixation.

Pedicle screws can be used both in the lumbar and thoracic
vertebrae and are useful in severe fractures such as fracture-
dislocation. Documented reports indicated the infection

%9 after posterior fixation and

rate as approximately 6%
synostosis, however, no infection was seen in this study.
Humford et al.'” reported that temporizing methods
showed good results for patients with thoracic and lumbar
segmented fractures without nerve damage. However, Denis
et al."” found that patients with thoracic and lumbar
segmented fractures without nerve damage could better

return to their daily livings when they underwent surgical
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treatment, and that 17% of patients under temporizing
treatment exhibited abnormal findings and needed preventive
fixation and synostosis more than temporizing treatments.
Major advantages of surgical internal fixation over temporary
treatments that use postures and depend on relaxation are
to make patients mobile, preventing nerve damage by
overcoming the damaged spine and doing internal fixation
early”®¥; to protect damaged structures from external
forces while increasing the possibility of restoration of
neurological disorders and to replace the damaged structures
functions with appropriate internal fixation tools”. Frankel
et al."” reported that treatments using postures would be
enough and that it would be possible to make patients
mobile after restoring their stability by long-term relaxation.
Jacobs et al.?" performed comparative studies between
surgical methods and temporizing methods, and found
that surgical methods were better than temporizing ones
at overcoming fractures, restoring nervous functions, moving
patients and decreasing complications.

Burst fractures typically involve violation of the inferior
and/or superior endplates, and therefore the deformity may
progress by gradual settling of the discs into the fractured
endplates and vertebral body. Farcy et al."® proposed that
if the sagittal index exceeds 15 degrees, the biomechanical
environment favors the progression of kyphosis™.

There was one case of loss of kyphotic correction in an
elderly osteoporotic patient. Therefore, in osteoporotic
patients, certain principles should be considered, such as
multiple segment fixations, accepting lesser degrees of
deformity correction, and avoiding the instrumentation
length within the kyphotic segment'***.

Individual patient characteristic may affect the occurrence
of adjacent segment degeneration®. In particular, age at
surgery was a potential risk factor for the radiologic
degeneration of adjacent, especially older than 60 years of
age. Age was likely related to the decreased ability of the
aged spine to accommodate the biomechanical alterations
imposed by a fusion®”. Aota et al.” observed that the
incidence of adjacent segment degeneration was much
higher in patients older than 55 years of age®.

CONCLUSION

This study showed meaningful radiological corrections
in 19 surgically treated cases. Patients showed satisfactory
synostosis and successful healing in virtual anatomic
alignment without any complications. Bug, this study is
limited by its short follow-up period and small study
population. Patients’ clinical outcomes seem to be com-
parable to any other fixation methods. When applied to

cooperative patients willing to tolerate postoperative bracing,
with assiduous assessment of the fracture’s nature and
using a method to evaluate the vertebral body’s injury,
short-segment pedicular instrumentation is considered a
safe and effective technique.
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COMMENTARY

There are some controversies regarding the treatment of
thoracolumbar bursting fracture; surgical treatment vs
conservative treatment, anterior surgical approach vs postetior
surgical approach and long-segment fixation vs short-
segment fixation. The authors described the efficacy of
short-segment posterior instrumentation of thoracolumbar
burst-compression fractures. Although the patient population
was small with short-term follow-up periods, the authors
concluded that short-segment pedicle screw fixation using
the posterior approach seemed to provide satisfactory result
when applied to patients with isolated spinal fractures who
were cooperative with 3-4 months of spinal bracing. I
absolutely agreed with the author's opinion.

Previously my colleagues and I reported the long-term
follow-up results of short-segment posterior screw fixation
for thoracolumbar burst fractures. Among 48 patients with
short-segment fixation in our study, there were only 5 cases
of screw loosening. Two cases of screw loosening were related
with predisposing osteoporosis, and the other 2 patients were
related with poor compliance of spinal bracing. I thought
that, with proper patient selection, adequate intraoperative
reduction with screw fixation involving the injured vertebra,
and strict postoperative spinal bracing, the short-segment
fixation is an efficient and safe method in the treatment of
thoracolumbar burst fracture.

I hope that the authors could report the long-term follow-
up study with large patient population.

Joo-Kyung Sung, M.D., Ph.D.
Department of Neurosurgery
Kyungpook National University Hospital
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