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Abstract:

Introduction: Multilevel total en bloc spondylectomy (TES) is required to secure oncologically adequate resection mar-
gins. However, no useful information has been reported for spinal reconstruction after multilevel TES. Therefore, this study
set out to assess the clinical and radiological outcomes of spinal reconstruction after multilevel TES. Methods: Forty-eight
patients treated with multilevel TES at our institute were included in the analysis. Reconstruction was achieved with poste-
rior pedicle screw fixation and an anterior titanium mesh cage filled with iliac autograft in all cases. Spinal shortening was
performed to increase spinal stability from the reconstruction. Instrumentation failure and radiological findings were evalu-
ated with radiography and computerized tomography (CT). Results: After excluding one patient whose general condition
was deteriorating, radiological evaluations of 47 patients were performed over a period of more than a year. The follow-up
time was 17 to 120 months (mean: 70.2 months). Instrumentation failure occurred in one patient (5.9%) after thoracic mul-
tilevel TES, in 4 patients (25.0%) after thoracolumbar multilevel TES, and in 3 patients (42.9%) after lumbar multilevel
TES. No instrumentation failure was observed in cervicothoracic cases. Cage subsidence (>2 mm) occurred in 30 patients
(63.8%). In 22 of them, subsidence appeared on the CT one month after surgery. The risk factors of instrumentation failure
included a multilevel TES below the thoracolumbar level and a long span of vertebral resection. There was no instrumenta-
tion failure in any of the 11 “disc-to-disc cutting” cases. Conclusions: This study identified the risk factors of instrumenta-
tion failure after multilevel TES. There is a high risk of instrumentation failure in cases of long vertebral resection below
the thoracolumbar level. On the other hand, our reconstruction method can be successful for multilevel TES above the tho-
racic level.
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Introduction

Spondylectomy was first described as a treatment method
for spinal tumors by Stener” and Roy-Camille er al.”.
Authors have since reported excellent clinical results from
this operation”. In the 1990s, Tomita (from our institute) de-
veloped and popularized the procedure known as “total en
bloc spondylectomy” (TES), which is designed to achieve
the complete oncological resection of spinal tumors*”. This
procedure has proven to provide excellent local control®”,
and is now widely accepted by spinal and musculoskeletal
tumor surgeons' ™. TES has been used in selected patients

with solitary spinal metastasis, and long-term follow-up has
also been reported””. Given the advances in surgical tech-
niques”, TES indications have been expanded to include pa-
tients with extracompartmental or consecutive multilevel spi-
nal tumor. We have already reported the results of a study in
which 8 of 26 patients did not require blood transfusions af-
ter three-level TES™. TES is no longer regarded as a very
high-risk procedure. On the other hand, there have been re-
ports of instrumentation failure after TES™*”. From a biome-
chanical standpoint, TES causes a complete loss of spinal
stability due to the need to detach soft tissue surrounding
the vertebral body and to resect the vertebral body, includ-
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Figure 1.

a: En bloc corpectomy was performed after pedicle screw fixation. b: Anterior recon-

struction was performed with a titanium mesh cage (MOSS-Miami; DePuy Motech, Warsaw, Indi-

ana) filled with autograft. To increase spinal stability, the posterior instrumentation was adjusted so

as to slightly compress the inserted vertebral cage. c: The connector device was made up of thread-

ed rod (diameter: 3 mm) and was attached bilaterally between the posterior rods and the anterior

mesh cage to serve as artificial pedicles.

ing ligaments, to completely excise the spinal tumor. Spinal
reconstruction after TES is particularly challenging when
multiple spinal levels are resected. However, there is no con-
sensus about the best reconstruction method for multilevel
TES. Spondylectomy can be performed in any area from the
upper thoracic spine to the lumbar spine. However, the re-
sults of spinal reconstruction may differ between the spinal
levels. Therefore, this study set out to assess the clinical and
radiological outcomes of our spinal reconstruction method
after multilevel TES.

Materials and Methods

Forty-eight patients underwent multilevel TES at our in-
stitute between April 2006 and March 2010. Excluding one
patient whose general condition was deteriorating, radiologi-
cal evaluations of 47 patients were performed over a period
of more than one year. In the present study, the indications
for surgery included a primary spinal tumor in 15 patients,
metastasis with neurological deficit in 15 patients, metastasis
with recurrence after surgery and/or radiation therapy in 14
patients, and solitary metastasis without neurological deficit
in 3 patients. There were 20 men and 27 women, with an
average age of 53.3 years (range: 32-80 years). The primary
tumors included the following: giant cell tumor (7 cases),
chordoma (2), plasmacytoma (2), angiosarcoma (1), heman-
giopericytoma (1), leiomyosarcoma (1), and aggressive he-
mangioma (1). The other 32 patients had metastatic tumors,
which included renal cell carcinoma (14 patients), thyroid
cancer (4), lung cancer (4), breast cancer (3), leiomyosar-
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coma (2), colon cancer (1), hepatocellular carcinoma (1),
carcinoma of the maxilla (1), osteosarcoma (1), and un-
known (1) as primary tumors. The resected vertebrae were
cervicothoracic in 7 cases, thoracic in 17, thoracolumbar in
16, and lumbar in 7. One whole vertebra was resected with
part of the adjacent vertebra (vertebral cutting) in 21 cases;
two whole vertebral resections (disc-to-disc cutting) were
performed in 4 cases; two whole vertebrae were resected
with part of the adjacent vertebra in 10 cases; three whole
vertebral resections were performed in 7 cases; and three
whole vertebrae were resected with part of the adjacent ver-
tebra in 5. In all cases, preoperative embolization of the bi-
lateral segmental arteries on three levels was performed in
the 72 hours before the surgery.

Surgical technique (Figure 1)

Total en bloc spondylectomy comprised two steps: en
bloc laminectomy and en bloc corpectomy™. The surgical
approach was based on the degree of tumor involvement and
the affected spinal level. A single posterior approach was
used in 33 patients. In 9 patients whose spinal tumor af-
fected neighboring structures contiguously, an additional an-
terior approach was used to ensure safe surrounding tissue
release from the tumor and to secure the subsequent poste-
rior en bloc resection. A posterior-anterior-posterior ap-
proach was used in five cases, including three that involved
the L4 and LS5, one involving a recurrent tumor at the cervi-
cothoracic level, and one involving a huge paravertebral ex-
tension at the thoracolumbar level. After en bloc laminec-
tomy, two-above and two-below segmental fixation (using a
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total of eight screws) was performed in 43 patients. Three
patients needed nine pedicle screws, as only one pedicle
screw can be inserted into the vertebra next to the cage
level. Three-above and two-below segmental fixation (using
a total of 10 pedicle screws) was performed in one patient
with osteoporosis. Iliac screws were used in 3 patients with
an L5 resection. We did not use hooks or wires. The rods
used in all patients were composed of titanium alloy (diame-
ter: 5.5 mm). After en bloc corpectomy, anterior reconstruc-
tion was performed with a titanium mesh cage (MOSS-
Miami; DePuy Motech, Warsaw, Indiana) filled with auto-
graft in all 47 patients (Figure 1a). End caps were placed on
both ends of the cage in 35 patients, while no end caps
were used in the other 12 patients. To increase spinal stabil-
ity from the reconstruction, the posterior instrumentation
was adjusted to slightly compress the inserted vertebral cage
(Figure 1b). After spinal shortening, a connector device
made of threaded rod (diameter: 3 mm) was attached bilater-
ally between the posterior rods and the anterior mesh cage
to serve as artificial pedicles for patients undergoing at least
two whole vertebral resections (Figure 1c). Finally, at least
two transverse connectors were applied to reinforce torsional
rigidity.

In all cases, a rigid spinal brace was used for a post-
operative period of three months, followed by a soft brace
for another three months.

Evaluation

The cage subsidence (>2 mm), pedicle screw loosening,
and radiolucent lines between the cage and the endplate
were evaluated by radiography and CT with multiplanar re-
constructions (MPRs). Each parameter was evaluated one
month after surgery, and every year thereafter until the last
follow-up point. The length of spinal shortening was also
measured. The incidence of instrumentation failure was
evaluated in relation to age, sex, use of radiation therapy,
spinal level of the tumor, length of vertebral resection, use
of cage end caps, cutting line of resection (vertebral body
versus disc), cage subsidence one month after surgery, and
cage subsidence progression.

Statistical analyses were performed with y* and Mann-
Whitney U tests. A p-value of <0.05 was considered statisti-
cally significant throughout. All the statistical analyses were
performed with SPSS v. 20 (IBM, Chicago, IL).

The study was approved by our institution’s ethics com-
mittee, and informed consent was obtained from all patients.

Results

The patient characteristics are detailed in Table 1. The
median operative time was 588 minutes (391-1618 min),
and the median intraoperative blood loss was 1370 ml (360-
5530 ml). In the final follow-up, 18 patients showed no sign
of the disease, 14 were alive with the disease, and 15 had
died from it. The follow-up period was 17 to 123 months
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(mean 71.3 months). Although 44 patients showed no evi-
dence of local recurrence at the surgical site throughout the
follow-up period, 2 patients developed metastasis on levels
adjacent to the TES site, and one showed recurrence on the
lateral side of the cage.

The mean length of the vertebral resection was 60.3 mm
(median 52 mm, range 26-124 mm). We did not perform
spinal shortening in 2 patients who presented vertebral col-
lapse from pathological vertebral fractures. In these 2 pa-
tients, the posterior wall of the vertebral body had collapsed,
and had therefore already shortened the spinal column.
However, spinal shortening was performed in the other 45
patients. The mean length of spinal shortening was 6.9 mm
(range 2-21 mm), and the mean shortening rate was 10.2%
(range 3.5-29.7%).

There was no instrumentation failure in the seven cases
involving the cervicothoracic spine. However, it was ob-
served in 1 out of 17 (5.9%) thoracic cases, in 4 out of 16
(25.0%) thoracolumbar cases, and in 3 out of 7 (42.9%)
lumbar cases (Table 2). The 11 patients who underwent
disc-to-disc cutting showed stable reconstructions throughout
the follow-up period, with no evidence of instrumentation
failure. On the other hand, 8 of the 36 patients (22.2%) who
had undergone vertebral cutting developed instrumentation
failure. Instrumentation failure occurred within three years
of the surgery in 6 patients, and more than seven years after
the surgery in the other 2 patients. Four patients experienced
rod breakage at the level of the inferior end of the cage.
Among the cases of whole vertebra/e resections with part of
the adjacent vertebra, the remaining vertebral body and end-
plate had collapsed (with consequent backing-out of the
pedicle screws) in 2 patients (cases 40 and 43). The other 6
patients demonstrated nonunion with the appearance of a ra-
diolucent line between the cage and the vertebral body on
the CT (coronal or sagittal MPRs). Rod breakage also oc-
curred at the L5/S1 disc level in 2 patients (cases 45 and
46), who developed iatrogenic spondylolisthesis at the LS5,
despite complete bony fusion between the cage and the L5
vertebral body. Revision surgery after instrumentation failure
was performed in 7 patients. Posterior reinstrumentation
with bone grafting was conducted in two cases, posterior
and anterior reinstrumentation with bone grafting in three
cases, posterior lumbar interbody fusion at the L5/S1 in one
case, and multiple instrumented surgeries in one case. We
carefully observed and deferred revision surgery for one pa-
tient who manifested slight low back pain from iatrogenic
spondylolisthesis at the L5 (case 46).

The risk factors of instrumentation failure after multilevel
TES were the resection level (p=0.004) and the length of the
vertebral resection (p=0.017). On the other hand, preopera-
tive irradiation, vertebral body cutting, cage subsidence, the
progression of cage subsidence, and the use of end caps
were not significant risk factors (Table 3).

Radiolucent lines around the distal pedicle screws were
observed in 3 patients, although the latter presented no clini-
cal symptoms. Cage subsidence (>2 mm) was observed in
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Table 1. Patient Characteristics and Data.

Length of Cage subsidence

No. ;Ei::l];l:l Age S Radiation Resection level Op.t.ime Bleeding resected (mm) End cap Follqw—up Onocological

failure (yr.) therapy (min) (ml) vertebrae  (ype One use period status
(mm)  month  year
1 - 77 F - (C7), T1, (T2) 558 1940 26 0 0 - 55 AWD
2 - 33 F - C7,T1, T2, (T3) 1618 4950 55 0 0 - 95 NED
3 - 55 M - (T1), T2, (T3) 631 750 45 2 2 - 31 DOD
4 - 48 M + (T1), T2, (T3) 765 1590 59 0 0 - 54 NED
5 - 42 M - (C7), T1,T2, T3, 1017 4000 52 8 8 - 97 NED
(T4)
6 - 66 F + T2, T3, T4 627 700 55 2 2 + 32 DOD
7 - 49 M - T2, T3, T4 530 1930 65 2 2 - 72 NED
8 - 49 M - (T3), T4, (TS) 731 1710 38 6 6 - 52 DOD
9 - 50 M - (T3), T4, (T5) 630 2000 30 2 5 + 81 AWD
10 - 50 M - (T4), T5 465 1980 33 0 0 - 70 DOD
11 - 50 M - T4, T5, (T6) 557 2460 52 4 4 - 24 DOD
12 - 62 M + (T4), TS, (T6) 503 730 45 1 1 + 94 AWD
13 + 58 M - (T5), T6 445 1100 37 2 11 - 117 NED
14 - 39 F - (T5), T6, (T7) 625 1100 28 2 2 - 116 AWD
15 - 67 M - T6, T7 397 1660 41 0 0 + 74 AWD
16 - 41 F - TS, T6, T7, (T8) 524 820 63 2 2 - 17 DOD
17 - 58 F - (T6), T7, (T8) 445 1100 34 0 0 + 123 NED
18 - 52 F - (T6), T7, (T8) 505 2875 38 1 3 + 67 DOD
19 - 50 F - T6, T7, T8 565 550 66 6 6 + 83 AWD
20 - 59 F + (T6), T7, T8 432 360 48 2 4 + 84 AWD
21 - 34 F + (T6), T7, T8 685 1400 45 2 3 + 49 DOD
22 - 66 M - (T7), T8, T9 510 1050 66 0 0 + 50 DOD
23 - 71 F - (T8), T9 417 1200 30 0 4 + 75 NED
24 - 80 M + (T8), T9, (T10) 580 1200 48 0 3 + 90 NED
25 - 47 F + T9, T10, T11 566 1340 85 1 1 + 71 DOD
26 - 62 F - T10, T11 424 1070 52 0 0 + 72 AWD
27 - 66 M - (T10), T11 655 1645 40 0 1 + 112 NED
28 + 40 M - (T8), T9, T10, T11, 748 780 111 2 2 + 94 AWD
(T12)
29 - 57 F - (T10), T11, (T12) 391 1450 42 2 2 + 68 DOD
30 - 62 M - (T9), T10, T11, 683 900 124 5 + 42 DOD
T12, (L1)

31 - 62 F + (T11), T12, (L1) 567 650 44 0 0 + 41 AWD
32 - 61 M - (T11), T12, L1 592 650 86 0 3 + 89 NED
33 - 70 F + T12,L1 515 870 57 0 0 + 48 AWD
34 - 32 F - (T12), L1 488 1300 36 0 0 + 91 NED
35 - 58 F - (T12), L1, (L2) 500 650 47 0 3 + 92 AWD
36 + 60 M + T12,L1, (L2) 875 1410 73 0 7 + 70 NED
37 + 46 F - T12,L1, (L2) 655 1600 75 5 10 + 28 NED
38 - 59 F - T12,L1,L2 753 2050 120 2 2 + 84 AWD
39 - 52 M + T12,L1,L2 1185 5530 120 0 0 + 24 DOD
40 + 57 M + (T12),L1,L2 760 2010 105 0 5 + 87 DOD
41 - 50 F - (L1), L2, (L3) 713 680 42 0 0 + 94 DOD
42 - 38 F - (L1), L2, (L3) 596 690 49 2 3 + 60 NED
43 + 63 F + (L2),L3,L4 531 1800 111 2 10 + 95 NED
44 - 52 F + L3,1L4 583 980 74 0 0 + 106 AWD
45 + 37 F - L3, L4, (L5) 660 2540 82 3 3 + 39 NED
46 + 32 F - (L3), L4, (LS) 679 2000 58 2 2 + 79 NED
47 - 36 F - L3,1L4,L5 1516 5510 103 2 2 + 61 NED

NED: no evidence of disease, AWD: alive with disease, DOD: dead of disease
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Table 2. Surgical Level and Number of Resected Vertebrae.

No. of resected vertebrae CT T TL L Total
" 3 10 (1) 5 3(1) 21 (2)
2 0 1 2 1 4
2" 0 4 4(3) 2(2) 10 (5)
3 2 1 3 1 7
3" 2 1 2(1) 0 5(1)
Total 7 17(1) 164) 7) 47 (8)
% of instrumentation failure 0% 5.9% 25.0% 429% 17.0%

": Resection coupled with part of the adjacent vertebra

(): No. of instrumentation failure

CT: cervicothoracic, T: thoracic, TL: thoracolumbar, L: lumbar

Table 3. Risk Factors of Instrumentation Failure.

Parameter p Value
Age 0.308
Sex 0.707
Resection level 0.004*
Length of resected vertebrae 0.017*
Radiation 0.679
Cutting vertebrae 0.170
Cage subsidence (>2mm) 0.123
Progression of cage subsidence 0.101
End cap use 0.659

*Statistically significant

30 patients (63.8%), and was found one month after surgery
in 22 of them. However, in 16 out of the 22 patients, there
was no subsequent progression of the subsidence. Radiolu-
cent lines between the cage and endplate were observed
without any signs of instrumentation failure in 2 patients,
both of whom remained without clinical symptoms for more
than five years after the surgery. In 40 patients, bone fusion
was achieved at the interface of the cage and endplate, with
no radiolucent lines observed on the CT with MPRs taken
more than one year after surgery.

Illustrative cases

Case 40

The patient was a 57-year-old man with a history of renal
cell carcinoma who underwent TES of the inferior half of
the T12 to L2 (Figure 2a and b). Cage subsidence developed
over time, and the pedicle screws at the distal site backed
out 15 months after surgery (Figure 2c¢ and d). Moreover,
tumor recurrence appeared on the lateral side of the cage.
Revision surgery was performed with a posterior and ante-
rior combined approach. Posterior instrumentation with
three-above and three-below pedicle screw fixation was first
performed, and a second-stage excision of the recurrent tu-
mor beside the cage was then accomplished using a retrop-
eritoneal approach. The remaining T12 and T11/12 disc and
cage and L3 and L3/4 disc were totally removed, and subse-

quent anterior reconstruction was performed with a 150
mm-long cage, filled with iliac and fibula bone autografts.
Posterior spinal shortening was performed, and four rods
were used to reinforce the stability of the reconstruction
(Figure 2e and f). As a result, solid bony fusion was ob-
tained, with no signs of tumor recurrence at the surgical site.
The patient was able to walk for more than six years after
the second surgery. However, he died of the disease 87
months after the initial TES surgery.

Case 36

The patient was a 52-year-old man with a history of renal
cell carcinoma. His paralysis arising from a metastatic lesion
at the L1 did not improve with 70 Gy radiation therapy. He
underwent TES of the T12 to the superior 2/3" of the L2
(Figure 3a and b). The remaining L2 eventually collapsed,
with subsequent rod breakage documented at 28 months af-
ter the TES surgery (Figure 3c). Revision was performed us-
ing a combined posterior and anterior approach, and anterior
reconstruction was conducted with iliac bone and rib grafts.
Second-stage posterior instrumentation was performed with
new pedicle screws and rods to replace the old ones. Solid
bony fusion was achieved with no signs of tumor recurrence
(Figure 3d, e and f). The patient was able to walk for more
than 10 years after the TES surgery.

Discussion

The treatment of patients with cancer has significantly
evolved. As a result, patients are now surviving longer, and
more of them are requiring treatment for spinal involvement.
The surgical management of spinal tumors has witnessed
tremendous advances in the past few decades. Indeed, we
have developed our surgical techniques of both en bloc re-
section and instrumentation. Kato reported that most patients
were satisfied and maintained a good ADL performance af-
ter undergoing TES for spinal tumors™*”. Therefore, it is
now important to focus on spinal reconstruction after TES.
The goal of spinal reconstruction after TES is to achieve
bony fusion in patients with a long life expectancy. To
achieve spinal fusion after multilevel TES, a number of ad-
verse conditions have to be considered. These include the
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Figure 2. Case 40: RCC metastasis at T12-L2. a: Preoperative enhanced MRI showing
extracompartmental tumor at L1 level. b: Lateral radiograph immediately after surgery

showing no cage subsidence. c, d: Lateral radiograph (c) and sagittal CT reconstruction (d)

at 15 months after surgery, demonstrating severe cage subsidence and screw back-out. e, f:

Radiograph after revision surgery.

poor blood supply from the surrounding tissues caused by
the wide dissection to remove the tumor vertebra, the need
for a longer cage than a single vertebral resection, and the
difficulty in obtaining robust stabilization. The number of
segments removed influences spinal instability. Matsumoto
identified spinal instrumentation failures in 40% of TES
cases involving single-level resections”, and there have been
some biomechanical reports of spinal reconstruction after
single-level TES®**** However, only one study has evalu-
ated the biomechanical effects of spinal reconstruction after
multilevel TES*. Therefore, the present article reports the
largest case series of clinical outcomes from spinal recon-
struction after multilevel TES performed in a single proce-

36

dure.

This study took particular note of the spinal level. There
was only one instrumentation failure (4.2%) above the T10
(cervicothoracic and thoracic spine), and it happened nearly
10 years after the TES surgery. In other words, despite the
lack of bony fusion between the cage and vertebra, stability
was sustained for a long time with our reconstruction tech-
nique. We consider that an upper spinal level promotes bet-
ter stability than a lower spinal level due to the lower expo-
sure of mechanical stresses. On the other hand, there were
seven cases of instrumentation failure (30.4%) below the
T10 (thoracolumbar and lumbar spine). We consider this to
be related to two disadvantages from the low spinal level,
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Figure 3. Case 36: RCC metastasis at T12-L.2. a, b: Lateral radiograph (a) and sagittal CT
reconstruction (b) immediately after surgery, showing no cage subsidence. c: Lateral radio-

graph at 28 months after surgery, showing rod breakage and collapse of remaining L.2. d, e,

f: Radiograph (d, e) and coronal CT reconstruction (f) after revision surgery, showing suffi-

cient bony fusion.

namely, spinal mobility and a long resection length. After
reconstruction, the mobility of the thoracolumbar and lum-
bar levels contributes to spinal instability. In addition, the
vertebral size gets bigger in the lower spinal levels. The
length of a three-whole vertebral resection was less than 70
mm in the thoracic spine, whereas it was more than 100 mm
in the lumbar spine. It has been recommended to perform an
additional anterior rod instrumentation and/or a longer pos-
terior fixation after multilevel spondylectomy''"**”
series, rod breakage without screw loosening occurred at the
inferior end of the cage in four out of six cases. This result
suggests that rod breakage was caused by instability from
the delayed union between the distal end of the cage and the
vertebral body. Although a longer posterior fixation may
prevent screw loosening, it does not prevent rod breakage.
We are in the process of considering CoCr rods, or addi-

. In our

tional rods (three or four rods) in the posterior instrumenta-
tion to reinforce the initial stabilization after a lower TES.
However, we believe that a reconstruction method involving
no additional anterior fixation should provide adequate
stresses to allow the bone graft within the titanium mesh
cages to undergo remodeling™.

In 2 patients, the remaining vertebral body had collapsed,
with consequent backing-out of the pedicle screws (cases 40
and 43). Cage subsidence is believed to be one of the causes
of instrumentation failure. The findings of this study sug-
gested that cage subsidence is a common phenomenon after
multilevel TES. In this study, it occurred within one month
of the surgery in many cases. If the development of severe
cage subsidence prevents bony fusion, the inherent stability
of the fixed segments is damaged, thereby increasing the
stress load on the rods. Yu reported that multilevel corpec-
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tomy was a unique risk factor of severe cage subsidence™.
Therefore, we carefully evaluated the progression of cage
subsidence as an important outcome of multilevel TES in
the follow-up period. However, cage subsidence was not
found to be a significant risk factor in this study. Most of
the cases in our series showed no cage subsidence progres-
sion, and they eventually achieved bony fusion. We believe
that, despite any observed cage subsidence, the eventual
bony fusion prevented instrumentation failure. There was no
progression of cage subsidence in any of the patients who
underwent disc-to-disc cutting from one month after the
multilevel TES. Although additional partial vertebral resec-
tion is understandably required to secure negative margins
for extracompartmental spinal tumor, disc-to-disc cutting
seems to be the ideal procedure. However, we have to bal-
ance the potential benefits and risks. The use of cage end
caps is one possible way to increase the contact area and
prevent cage subsidence. However, this study showed that 7
of the 8 patients in whom cage end caps were used devel-
oped instrumentation failure. This finding may be associated
with the spinal level of the resection, as end caps were
mostly used at levels below the middle thoracic spine. We
also suggest that the strength of the bony structure may be a
factor, as we observed loss of bony contact when using an
end cap. Further studies are required to evaluate the appro-
priateness of using cage end caps.

One component of our reconstruction method is spinal
shortening. Spinal shortening presents three important ad-
vantages: 1) it reinforces the stability of the anterior and
posterior spinal column; 2) it shortens the course of the
bone remodeling, as compared with that involved in the use
of an expandable cage; and 3) it increases spinal cord blood
flow, which is beneficial to spinal cord function®. The
safety limits and physiological effects of spinal shortening
on the spinal cord have been investigated in dogs™. The re-
sults of that study suggested that spinal shortening within
one-third of the vertebral segment was in the safe range, as
characterized by the absence of deformity of the dural sac
or the spinal cord”. The mean rate of spinal shortening in
our study was 10.2% (maximum 29.7%), which was consid-
ered to be the allowed range. Spinal cord function was re-
covered or preserved in all 47 patients. Although expandable
cages are one of the options for spinal reconstruction, they
are inadequate for spinal shortening. This study demon-
strated that two-above and two-below segmental fixation us-
ing pedicle screws is acceptable after a cervicothoracic or
thoracic multilevel TES. We also analyzed the relationship
between the shortening rate and the degree of cage subsi-
dence. There was no significant correlation between these
factors (Spearman correlation =—0.140, p=0.534). There-
fore, we concluded that spinal shortening did not have a
negative effect on cage subsidence.

Two patients developed rod breakage at the L5/S1 disc
level, from iatrogenic spondylolisthesis at the L5 after com-
plete bony fusion between the cage and the remaining LS5.
Only the caudal half of the L5 was left in both cases. As
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multilevel lumbar TES requires a longer construct for stabil-
ity, L5/S1 interbody fusion may be considered a desirable
component of spinal reconstruction. However, due to poor
blood supply resulting from the wide dissection of surround-
ing tissues, the remaining L5 may not be in sufficiently
good condition for an additional interbody fusion. A previ-
ous report showed high pseudarthrosis rates at the L5/S1
level in cases that required long spinal instrumentation with
fusion to the sacrum®™. As multilevel lumbar TES, including
sacrum instrumentation, makes the planning of spinal recon-
struction more difficult than TES at the other spinal levels,
we have to weigh the improvement of spinal stability with
the invasiveness of the technique. With this in mind, we
have started to use a more robust cage and three or four
rods for multilevel TES below the T10 level.

This study had some limitations. Throughout the follow-
up period, the tumor histologies and adjuvant therapies were
diverse. In addition, we did not consider the osteoporotic
factors. Nonetheless, this report is valuable for its identifica-
tion of the significant risk factors of instrumentation failure
resulting from spinal reconstruction after multilevel TES.

Conclusion

Instrumentation failure occurred in one patient (5.9%) af-
ter thoracic multilevel TES, in 4 patients (25.0%) after tho-
racolumbar multilevel TES, and in 3 patients (42.9%) after
lumbar multilevel TES. This study identified the significant
risk factors of instrumentation failure after multilevel TES.
There was a high risk of instrumentation failure at a lower
spinal level of involvement, particularly below the thora-
columbar level. Moreover, a long vertebral resection length
was another significant risk factor. After multilevel TES,
cage subsidence was a common phenomenon (63.8%), oc-
curring as early as within one month of the surgery in many
cases. However, in most cases, the presence of cage subsi-
dence did not have a negative effect on the spinal stability.
Our spinal reconstruction method using pedicle screw fixa-
tion (two-above and two-below), a titanium mesh cage filled
with autograft, and an artificial pedicle build-up can be a
successful reconstruction technique for cases of multilevel
TES above the T10 level, but may need to be reinforced in
cases of TES below the T10 level.
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