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Early results of thoraco lumbar burst fracture
treatment using selective corpectomy and rectangular
cage reconstruction

Bowei Liang, Guofeng Huang, Luobing Ding, Liangqi Kang, Mo Sha, Zhenqi Ding

ABSTRACT

Background: Subsidence and late fusion are commonly observed in anterior subtotal corpectomy and reconstruction for treating
thoracolumbar burst fractures. The subsidence rate of this surgical method was reported from 19.6% to 75% in the literatures, which
would cause treatment failure. Thus, an improvement of anterior surgery technique should be studied to reduce these complications.
Materials and Methods: 130 patients of thoracolumbar burst fractures treated by minimal corpectomy, decompression and U cage,
between January 2009 and December 2010 were included in this study. The hospital Ethical Committee approved the protocols.
The American Spinal Injury Association (ASIA) scale, visual analog scales, and Oswestry Disability Index (ODI) scores were used
for clinical evaluation. The local kyphosis angle, vertebral height (one level above the fractured vertebral to one level below), canal
stenosis, and fusion status were used to assess radiological outcome. All complications and demographic data such as number
of male/female patients, average age, mode of trauma, burst level involved, mean surgery time and blood lost were reported.
Results: 120 patients were followed up for 24 months. Most patients had improvement of at least 1 ASIA grade, and all experienced
pain reduction. The mean ODI score steadily decreased after the surgery (P < 0.01). Approximately, 83.3% of patients achieved
solid fusion at 3 months and reached 98.3% at 6 months. The kyphosis angle and radiographic height were corrected significantly
after the surgery and with a nonsignificant loss of correction at 24 months (P > 0.05). The average canal stenosis index was
increased from 39% to 99% after surgery. No cage subsidence or implant failure was observed.

Conclusions: The clinical outcomes described here suggest that the selective corpectomy and rectangular cage reconstruction
can effectively promote solid fusion and eliminate complications related to subsidence or implant failure.
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INTRODUCTION

pinal burst fractures commonly occur in the
thoracolumbar region in young patients. Complete
decompression and reconstruction of the anterior
and middle portions of the spine column are facilitated
via anterior surgery, which is important for neurological
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recovery and reestablishing immediate and permanent
spine stability. After subtotal corpectomy, spinal canal could
be thoroughly decompressed, and static or expandable
cage was then applied for restoration of vertebral height
and correction of angular deformity.

As anterior surgery became popular, complications
were also observed during followups. High rate of
cage subsidence was one of the major concerns of this
technique, which was reported from 19.6% to 75% in
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treating thoracolumbar and lumbar pathology, with average
usbsidence of 4-10 mm.® It would lead to postoperative
pain,® loss of angular deformity correction’” which caused
treatment failure. One of the reasons was higher contact
pressure between cage and endplate.® As healed vertebral
body was helpful in sharing load,’ fast healing of burst
vertebral body may reduce subsidence rate. However,
early stage fusion of burst level was challenging. Although
the anterior fusion rate reached about 80-90% at final
followup, late healing of burst vertebral body still exist.!®
This may be due to the destruction of a large portion of
vertebral body structure and blood supply during subtotal
corpectomy. In the current study, we try to minimize the
corpectomy extent and evaluated if a selective corpectomy
could improve early fusion rate while avoiding cage
subsidence. A biomechanical stable gate-like rectangular
cage!! [Independent R and D, Figure 1] was applied for
reconstruction after selective corpectomy. The safety of the
device has been evaluated and approved by China Food
and Drug Administration, and its biomechanical stability
also has been proved previously.!! The ability of spinal canal
decompression and angular deformity correction was also
discussed in this study.

MATERIALS AND METHODS

130 patients of thoracolumbar burst fractures treated by
minimal corpectomy, decompression and U cage between
January 2009 and December 2010 were included in
this study. The hospital Ethical Committee approved the
protocols, and all patients read and signed the consent
form. The Thoracolumbar Injury Classification and
Severity (TLICS) system!? was applied at admission to
identify eligible patients. Plain radiographs, computed
tomography (CT) scans, and magnetic resonance
images (MRIs) were done in all cases. The American Spinal
Injury Association (ASIA) impairment scale was used to
classify neurological status. Inclusion criteria included:
(1) One level burst fracture in lumbar region, (2) TLICS

Figure 1: Photograph showing different sizes of U-cage for
reconstructing fractured vertebral bodies along with instrumentation

severity score >5 points and without disruption of the
posterior ligament complex (PLC), and (3) neurological
deficit due to compression from the anterior direction.
Exclusion criteria included: (1) Age >60 years, (2) spine
deformity or previous fracture or spine surgery, (3)
multilevel fracture, (4) compression fracture with intact
neurological function, (5) TLICS score <5 points or those
patients with disrupted PLC, (6) diseases that contraindicate
anterior surgery.

Character of the U-cage

The U-cage is a rectangular standalone device made of
titanium alloy (Ti6Al4V). Like cylinder cage, it is a hollow
device in which cancellous bone could be implanted into.
The dorsal wall prevents the bone implants dropping
into spinal canal, which facilitates the nonstructural bone
grafting around the cage. The whole thickness of the cage
is 0.6 cm, which had relatively small bulk compared with
cylinder cage [Figure 1]. Thus, more vertebral body could
be preserved during decompression. Two screws fix into
the adjacent endplates which reduce the risk of migration.
To adapt to the variability of vertebral body, cages with
different heights and widths are designed. Because it is a
nonexpendable device, the proper size should be chosen
before insertion. Otherwise, the device may destroy the
adjacent endplates and increases the risk of subsidence if
it is too large, or lead to loss of kyphosis correction during
the surgery if it is too small.

Operative procedure

All patients were placed right-side down to avoid
retracting the liver and injuring the inferior vena cava.
A retroperitoneal approach was used. The affected vertebra
and two neighboring vertebrae were carefully exposed,
and the segmental vessels of these three vertebrae were
subsequently ligated. The intervertebral disk and cartilage
above and below the injury level were removed while
preserving the bony endplate. A slot on the posterior third
of the vertebral body was made with an osteotome and
hammer to decompress the spinal canal and create a space
to place the U-cage, which eliminated the need to perform
corpectomy [Figure 2]. A special distractor was used for
reduction, and a gauge for measuring the length between
the cephalad and caudal endplates was used to choose an
appropriately sized U-cage. Cancellous bone harvested
from the fractured vertebral body or resected ribs was
packed inside the device. After confirming appropriate cage
placement, two 3.5 mm cortical screws were fixed into the
endplates to prevent further displacement and subsidence
of the cage. Cancellous bone also filled into the space of
the two intervertebral spaces and in front of the U-cage.
Allogeneic cancellous bone was also applied if there was
not enough bone for implantation. The low-profile anterior
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Figure 2: Schematic diagram showing the surgical techniques of
decompression and reconstruction using the U-cage. The posterior
part of the fractured vertebral body was resected for decompression
and U-cage insertion (a - shadows). Most of the anterior and middle
vertebral column was preserved (b - arrow)

D-Rod system (Independent R and D, manufactured by
Double Engine Medical Material Ltd., Xiamen, Fujian,
PR. China)!® was then applied for further stabilization.
Intraoperative radiographs were obtained to ensure the
satisfactory position of the entire implant. Finally, a drain
was placed, and the muscle, fascia, and skin were closed
in standard fashion.

Patients completed a questionnaire on demographics,
pain, function, use of analgesics, and employment status.
The duration of operation, intraoperative blood loss, and
intra- and postoperative complications were recorded in
the patient’s chart. A visual analog scale (VAS, 0-100) that
evaluated pain was administered pre- and postoperatively
and at the final followup. The Oswestry Disability
Index (ODI) was used to evaluate disability level 6, 12, and
24 months after surgery. The ASIA scale was reevaluated
postoperatively and at the final followup.

Radiological evaluation

Radiological evaluations including local kyphosis
angle (LKA) and the height of vertebral body (one level
above the fractured vertebrae to one level below) were
measured before and after the surgery, and loss of correction
was calculated at the final followup. The vertebral height
was measured to evaluate cage subsidence. X-rays were
taken at 3, 6, and 24 months, and fusion grade of burst
vertebral body was assessed by the method of Bridwell
et al.,'* which had four grades of fusion: Grade I was
fused with remodeling and trabeculae; Grade Il was not
fully remodeling but had no lucencies; Grade Il had clear
lucencies in the fused vertebral body, whereas Grade IV
was not fused and had implant bone resorption and
collapse. CT scans were performed to further define
fusion effectiveness. Any potential complications related to
U-cage and D-Rod system placement were also evaluated.
Spinal cord decompression was assessed by calculating the

anteroposterior canal stenosis index (CSI) according to
the method described by Shi et al.,’> and neural structure
recovery was assessed by signal changes on MRI scans.
All radiological evaluations were conducted by a trained
orthopedics resident.

Statistical analysis

Differences were assessed for VAS and ODI scores, as
well as vertebral height and LKA correction. Repeated
measurement analysis was applied if the data did not
satisfy the sphericity hypothesis, and Bonferroni corrections
were used to compare data collected at different time
points. Statistical significance was set at P < 0.05. SPSS
version 16.0 (SPSS, Inc., Chicago, IL, USA) software was
used for statistical analysis.

REesuLTs

Finally, a total of 120 patients met the inclusion criteria and
were followed for 24 months. Seven patients were lost to
followup. One patient moved to other province and had
difficulty to get back for examination. One patient had heart
attack and refused to continue followup at 10 months after
surgery. One patient with L2 burst fracture fell from a high
place and caused another T12 burst fracture at 12 months
followup. He was excluded from the research as multiple
level fracture. There were 66 males and 54 females. The
average age was 37.8 = 10.8 years old. The mean surgery
time was 122.8 + 12.6 min, and mean blood loss was
734.5 = 100.2 ml.

Clinical evaluation

The mean preoperative, postoperative, and 24-month
followup VAS values (mean * standard deviation) were
78.7+9.9,56.5 + 11.7,and 9.4 + 8.9, respectively, which
showed a continuing decline (P < 0.01). The mean ODI
score was 42.9 + 18.9 when assessed 6 months after surgery.
It steadily decreased to 30.6 = 21.3 and 23.2 = 16.7 at
12 and 24 months after surgery, respectively (P < 0.01).
At the time of admission, 27 patients had complete
paraplegia (ASIA A), and the remaining 93 patients had
incomplete neurological deficits (ASIA B: 23 patients,
ASIA C: 39 patients, and ASIA D: 31 patients). At the end of
followup, only ten patients with ASIA A still showed complete
paraplegia. Other patients gained at least 1 level of ASIA
grade improvement. About 41.7% of patients (50/120) were
neurologically intact 2 years after surgery [Table 1].

Radiological evaluation

The mean LKA was 19.2 + 13.4° preoperatively and
corrected to 2.2 = 11.4° postoperatively, with a mean
correction of 17° (P < 0.01). It was 2.5 = 11.8° at
final followup, which corresponded to a 0.3° loss of
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correction (P > 0.05). The average height from one
level above the fractured vertebrae and below was
85.1 + 8.4 mm, 100.2 = 8.4 mm, and 99.8 + 8.2 mm
for preoperative, postoperative, and final followup
measurements, respectively. The average height loss
was 0.4 = 0.5 mm. Height was significantly recovered
immediately after surgery (P < 0.01) and slightly reduced
at the followup (P > 0.05)

About 83.3% (100/120) patients had achieved
Grade I and II fusion at the 3-month followup, which
increased to 98.3% (with 110 achieving Grade I fusion)
at the 6-month followup. At the end of the followup,
119 patients had Grade I fusion, and the other one patient
achieved Grade I fusion. No Grade Il or IV fusion was
observed during the followup period [Table 2]. CT scan
also demonstrated the consistency of bone density and the
continuity of the bone trabeculae in and around the cage
at the implant-endplate surface and the fractured vertebral
body. Canal stenosis was successfully alleviated. The average
CSl increased from 39% to 99% after surgery. MRI showed
no signs of spinal cord edema or hematoma [Figure 3].

Complications

Device-related complications were not observed at the end
of the followup period. One patient developed a superficial
postoperative wound infection and was treated by drainage
and antibiotics. Another patient developed deep venous
thrombosis and received thrombolytic therapy to release the
pain in her left leg. No obvious subsidence or displacement
of the cage was observed.

DiscussioN

The current study demonstrated satisfactory results of
selective corpectomy when treating lumbar burst fractures.
Compared to the subtotal corpectomy, the decompression

Table 1: The American Spinal Injury Association grade
Preoperative = Number of case Final followup
A B C D E

A 27 10 12 3 2 -
B 23 - - 10 13

C 39 - - - 31 8
D 31 - - - - 31
E 0 - - - - -
Total 120 10 12 13 46 39

Table 2: The fusion grade evaluated by X-ray in 3, 6,
and 12 months

Followup/fusion grade | I

IV Fusion rate (I + 11) (%)

effectiveness was same while the fusion effectiveness
improved. Subsidence rate also decreased with early
stage fusion. The LKA was significantly corrected from
19.2 + 13.4° preoperatively to 2.2 =+ 11.4° postoperatively,
with average of 17° correction, which was similar to
previous reports (average correction angle ranged from
5.4°t0 20.7°) 21617 Although the basic procedure of selective
corpectomy was similar as previous subtotal corpectomy,
the section of vertebral body in selective corpectomy was
smaller. Only one-third part of posterior vertebral body was
destroyed during the anterior decompression procedure,
which may lead to different treatment effect of anterior
surgery.

The previous study has proved the biomechanical stability
of the U-cage.!! After the U-cage reconstruction, the burst
vertebral body was found to be equivalent to intact bone
in all directions except for left rotation. All 6 specimens
could withstand the 200 cyclic tests in all directions, and no
subsidence or loosening of the device was detected. Average
peak load for the instrumented specimens was 4137.5 N.

In the current study, burst level fusion reached 83.3% at
3 months after surgery and 98.3% at 6 months, which is
suggestive of early and excellent fusion. According to the
previous anterior surgery study, 318 the average fusion time
was about 4.5 months. However, they have not clearly
mentioned the exact fusion rate during their followup
period which made it hard to compare with our results. We
believe that the selective corpectomy was an advantage to
burst level fusion. First, it provided a better biomechanical
stability for bone fusion than subtotal corpectomy. Burst
level stability is one of the predominant influences for
effective fusion.® Apart from stable fixation, the corpectomy
extent also influences its biomechanical stability. In the
study of Schmoelz et al.,?° partial corpectomy achieved
better biomechanical stability compared to the complete
corpectomy, which could explain current results. As more
vertebral body was reserved, a more stable environment
for bone fusion was achieved in the selective corpectomy,
which may lead to the better fusion effect. Second, the
selective corpectomy provided more bone structure and
blood supply for fusion. Those saved burst vertebral body
could act as an autograft with endogenous blood supply,
which promotes a better and faster vertebral body healing.
In the meantime, as bone defect became smaller with
selective corpectomy, less healing time was needed, which
has been proved by the previous research.?!

The gate-like rectangular cage used in the selective
corpectomy is also beneficial to fusion. Previous studies
have shown the average subsidence was 4-10 mm,*®
whereas in our study, the subsidence was <1 mm.
Compared to the round titanium cage, it allowed not only

3 months 63 37 20 O 83.3
6 months 110 8 2 O 98.3
12 months 119 1 0 O 100
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Figure 3: X-ray of dorsolumbar spine anteroposterior (a) and lateral (b) views showing an L1 burst fracture and kyphosis (c) Axial CT scan showing
retropulsed fragment of L1 burst fracture (d) T2W mid sagittal MRI of dorsolumbar spine showing L1 burst fracture and spinal canal compression
(e and f) X-ray anteroposterior and lateral views showing cage and implant in situ (g) Axial CT scan showing decompression and implant in situ
(h) T1W mid sagittal MRI showing decompression (i) Reconstructed CT image at burst level showing adjacent vertebral bodies, cage and implant

bone implant inside the cage but also in front of the cage.
In the current study, the amount of bone implantation in the
burst vertebral body and adjacent disc spaces was larger.
This was considered to be safe as the gate-like design could
help avoid grafted bone dropping into spinal canal. Solid
fusion was supposed to occur both inside and outside the
rectangular cage, which would provide better fusion effect
observed in the selective corpectomy.

Early fusion has been proved to reduce cage subsidence in
selective corpectomy in the current study. A previous study
has confirmed that successful bony fusion could achieve
near physiologic stress distribution pattern in the lumbar
interbody fusion,® and we hypothesize that bony fusion also
affects the load transfer between cage and endplate. The
fused vertebral body may become dominant in sharing axial
loads again at an early stage and reducing the cage-endplate
contact stress, which leads to the lower subsidence rate in
the current study. The cage design may be another reason
to explain lower subsidence rate.?? Recently, rectangular
footplate designed cage has been observed to have more
subsidence resistance,?*%* and biomechanical studies have
confirmed that peripheral part of endplate could afford

more load compression than central ?#? Similar to these
researches, the rectangular cage applied in the study also
rested more on the stronger peripheral area, which could
be another reason for a less subsidence rate.

Besides better fusion effect and less subsidence rate,
selective corpectomy, and rectangular cage reconstruction
can achieve satisfactory decompression and kyphosis
correction. By conducting selective corpectomy, the
operation time was saved, and neurological recovery was
similar as traditional subtotal corpectomy. This indicates
that the extent of corpectomy has no relationship with
decompression effect. By resecting posterior one-third part
of the vertebral body, the surgeons could gain enough space
for removing the compressed bone fragments and in the
meantime, minimizing the trauma during operation. The
kyphosis was corrected and maintained in the last followup,
which has further verified the effectiveness of rectangular
cage reconstruction. As subsidence rate decreased, it could
better maintain the deformity correction.

Although the selective corpectomy may have some
advantage than subtotal corpectomy, we noticed that it
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could only be used in treating burst fractures. Diseases
such as spinal tumors or tuberculosis were not suitable for
selective corpectomy, as preservation of the vertebral body
may facilitate disease recurrence. Thus, compared to the
subtotal corpectomy, its applicability is less.

CONCLUSIONS

Selective corpectomy and rectangular cage reconstruction
may be a good option for treating lumbar burst fracture
as it could improve effective fusion and decrease cage
subsidence rate.
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