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Objective: Total en bloc spondylectomy (TES) is a curative surgical method for spinal tu-
mors. After resecting the 3 spinal columns, reconstruction is of paramount importance. 
We present cases of mechanical failure and suggest strategies for salvage surgery.
Methods: The medical records of 19 patients who underwent TES (9 for primary tumors 
and 10 for metastatic tumors) were retrospectively reviewed. Previously reported surgical 
techniques were used, and the surgical extent was 1 level in 16 patients and 2 levels in 3 pa-
tients. A titanium-based mesh-type interbody spacer filled with autologous and cadaveric 
bone was used for anterior support, and a pedicle screw/rod system was used for posterior 
support. Radiotherapy was performed in 11 patients (pre-TES, 5; post-TES, 6). They were 
followed up for 59 ± 38 months (range, 11–133 months).
Results: During follow-up, 8 of 9 primary tumor patients (89%) and 5 of 10 metastatic tumor 
patients (50%) survived (mean survival time, 124 ± 8 months vs. 51 ± 13 months; p = 0.11). 
Mechanical failure occurred in 3 patients (33%) with primary tumors and 2 patients (20%) 
with metastatic tumors (p = 0.63). The mechanical failure-free time was 94.4 ± 14 months 
(primary tumors, 95 ± 18 months; metastatic tumors, 68 ± 16 months; p = 0.90). Revision 
surgery was performed in 4 of 5 patients, and bilateral broken rods were replaced with dual 
cobalt-chromium alloy rods. Repeated rod fractures occurred in 1 of 4 patients 2 years lat-
er, and the third operation (with multiple cobalt-chromium alloy rods) was successful for 
over 6 years.
Conclusion: Considering the difficulty of reoperation and patients’ suffering, preemptive 
use of a multiple-rod system may be advisable.
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INTRODUCTION

Total en bloc spondylectomy (TES) is a curative surgical meth-
od for both primary and solitary metastatic tumors.1-3 The con-
cept of en bloc resection of spinal tumors is similar to that of mar-
ginal or wide resection for musculoskeletal tumors.1-3 Weinstein, 

Boriani, and Biagini (the WBB system) and Tomita et al. sug-
gested staging systems for the proper application of TES, which 
is a rewarding but challenging surgical technique with a local 
tumor control rate of more than 80%–90% for both primary 
and metastatic tumors.3-8 When it is indicated, the 3 spinal col-
umns are totally resected, and reconstruction of the vertebra 
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and the durability of constructs are of paramount importance.1-3

Initially, mechanical failure was reported in approximately 
5% of patients after TES, but it rarely occurred after the intro-
duction of titanium-based mesh-type vertebral spacers.1,3,9,10 

However, mechanical failure is a concerning issue for long-term 
survivors, especially for patients who have undergone radio-
therapy and/or chemotherapy.3,11,12 For long-term survivors, 
mechanical failure was reported in 27%–43% of patients.8,11,13

Mechanical failure was not an uncommon complication, but 
it was not sufficiently addressed. The objective of this study was 
to present the incidence and case of mechanical failure and to 
suggest strategies for salvage surgery. Although the present study 
was based on experiences at a single institution, we intended to 
highlight the issue and share the experience of mechanical fail-
ure after TES.

MATERIALS AND METHODS

Nineteen consecutive patients (9 with primary tumors, 10 
with metastatic tumors) who underwent TES for primary or 
metastatic tumors from July 2011 to April 2018 were retrospec-
tively reviewed. TES was indicated for intracompartmental pri-
mary tumors or solitary intracompartmental metastatic tumors. 
Two patients underwent TES for a recurrent primary tumor, 
and the other patients underwent TES for their first surgical 
procedure. Two patients with recurrent tumors underwent in-
tralesional resection and radiotherapy 1 year and 6 months be-
fore, respectively, and they were referred for recurrent primary 
tumors (giant cell tumor [GCT] and chondroblastoma). The 
primary tumors were 6 GCTs, 2 chondroblastomas, and 1 os-
teosarcoma. Among the patients with metastatic tumors, the 
primary organs were the kidney in 3 patients, the cervix in 2, 
the liver in 2, the lung in 2, and the thyroid in 1 (Table 1). This 
study was approved by the Institutional Review Board of Seoul 
National University College of Medicine/Seoul National Uni-
versity Hospital (2110-117-1263). The requirement for informed 
consent was waived because the data were deidentified and all 
methods were carried out in accordance with relevant guide-
lines and regulations.

1. Surgery and Perioperative Care
The surgical principles and techniques of TES were the same 

as those reported.1,2,4,6 A posterior approach was used for 15 tho-
racic tumors, and a combined anterior and posterior approach 
was used for lumbar tumors. The surgical extent was 1 level in 
16 patients and 2 levels in 3 patients. A titanium-based mesh-

type interbody spacer (SynMesh system, Depuy Synthes, MA, 
USA) filled with autologous and cadaveric bone was used for 
anterior support, and a pedicle screw/rod system (Expedium, 
Depuy Synthes, Raynham, MA, USA; Legacy, Medtronics, Mem-
phis, TN, USA) was used for posterior support. For 1-level TES, 
the fixation points were 2 levels above and below, and for 2-lev-
el TES, they were 3 levels above and below. In the first surgical 
procedure, a single titanium-based 5.5-mm diameter rod was 
used on each side. After fixation with cage and rod/screws, the 
posterior structure was reconstructed to reduce compression by 
soft tissue and formation of compressive scar tissue on the spi-
nal cord. The cadaveric femur head was tailored to make rect-
angular bony plates approximately 7 mm thick, and those were 
connected with metal plates and screws to make a long single 
rectangular plate. It was attached to the intact cranial and cau-
dal laminae with metal plates and screws for posterior bony fu-

Table 1. Characteristics of patients

Characteristic Primary 
(n = 9)

Metastasis 
(n = 10)

Total 
(n = 19)

Age (yr) 29 ± 10 58 ± 6 44 ± 17

Female sex 5 3

Pathology

   Giant cell tumor 6 -

   Chondroblastoma 2 -

   Osteosarcoma 1 -

   Kidney* - 3

   Cervix* - 2

   Liver* - 2

   Lung* - 2

   Thyroid* - 1

Surgical level

   Thoracic spine 5 10 15

   Lumbar spine 4 - 4

Surgical extent

   1 Level 7 9 16

   2 Levels 2 1 3

Revision number

   0 6 9 15

   1 2 1 3

   2 1 0 1

Overall radiotherapy 3 8 11

   Preoperative radiotherapy 2 3 5

   Postoperative radiotherapy 1 5 6

*Primary site of metastatic tumor.
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sion (Fig. 1A, B). The trajectory of the previous biopsy was re-
sected from the entry at the skin, and a resection-free margin 
was pathologically confirmed. Patients were encouraged to am-
bulate from the day of surgery with a rigid orthosis and were 
discharged 6–7 days after surgery. Patients were instructed to 
wear the orthosis for 3 months. Patients were followed-up for 
59± 38 months (range, 11–133 months).

2. Analysis of Clinical and Radiological Outcomes
Patients were scheduled to visit the clinic at postoperative 

months 1, 3, 6, and 12 and yearly thereafter. At each visit, pa-
tients were asked to undergo a plain x-ray to check for mechan-
ical failure, and a computed tomography (CT) scan was per-
formed at 6 months to confirm bony fusion. If solid bony fu-
sion was not visible, the CT scan was planned to be repeated 6 
months later and yearly thereafter. For patients with metastatic 
tumors, the abovementioned schedule was not followed when 
the chest or abdominal CT scans taken by medical/radiation 
oncologists were available, and reconstructed coronal or sagittal 
scans were referenced to evaluate bony fusion. Bony bridging 
across the spondylectomy site was considered fusion. Asymp-
tomatic mechanical failure was closely observed every 3 months 
with x-rays, while cases of symptomatic failure underwent re-

operation.
Continuous variables are presented as the mean ± standard 

deviation, and noncontinuous values are presented as numbers 
and proportions. Categorical data were compared using the chi-
square test, and quantitative data were compared using the Mann-
Whitney U-test. The survival time, mechanical failure-free time, 
and time to bony fusion were compared between primary and 
metastatic tumors using Kaplan-Meier survival analysis and the 
log-rank test. All statistical analyses were performed using IBM 
SPSS Statistics ver. 23.0 (IBM Co., Armonk, NY, USA), and a p-
value less than 0.05 was considered to indicate statistical signifi-
cance.

RESULTS

All surgeries were finished without neurological complica-
tions. Two patients developed chylothorax, which was controlled 
with a chest tube and lipid-free diet for 1 week. Any other com-
plications, such as surgical site infection, hematoma collection, 
or deep vein thrombosis, did not occur. The preoperative treat-
ment was radiotherapy in 5 patients (2 with primary tumors 
and 3 with metastatic tumors) and conventional chemotherapy 
in 2 patients with metastatic tumors. Postoperative radiothera-
py was performed for 6 patients (1 with a primary tumor and 5 
with metastatic tumors) 3 weeks after TES because the tumor 
involved the bilateral pedicles (n= 1) or there was a concern re-
garding microscopic tumor contamination despite the use of a 
thread saw to cut the lamina and pedicle (n= 5). Two patients 
with metastatic cancer showed tumor recurrence at postopera-
tive 6 months. One patient with a GCT experienced a malig-
nant transformation of the GCT at postoperative months 69. 
During the follow-up period, 8 of 9 patients (88.9%) with pri-
mary tumors and 5 of 10 patients (50%) with metastatic tumors 
survived, with mean survival times of 124±8 months and 51±13 
months, respectively (p= 0.11). Solid bony fusion was achieved 
in 56% (5 of 9) of primary tumors at a mean of 43± 9 months 
and 6 of 10 (60%) of metastatic tumors at a mean of 20±5 months. 
Time to fusion was not different between primary and meta-
static tumors (p= 0.19). A mechanical failure occurred in 3 pa-
tients (33%) with primary spinal tumors and 2 patients (20%) 
with metastatic spinal tumors (p= 0.63) during the follow-up 
period. Fracture of the rod occurred in 3 patients with primary 
tumors and 1 patient with metastatic tumors. Subsidence of 
MESH cage occurred in 1 patient with metastatic tumor. A me-
chanical failure occurred in 27% (3 of 11) of patients with the 
bony union and 25% (2 of 8) of patients without bony union 

Fig. 1. Reconstruction of 3 columns after total en bloc spon-
dylectomy (TES). (A) After TES at T12, the anterior vertebral 
column is supported by a titanium-based mesh-type inter-
body cage, and the posterior column is supported by pedicle 
screws and a 5.5-mm rod on each side. (B) Cadaveric bone 
was tailored and fixed with a plate and screw system for bone 
fusion between intact laminas (arrow).
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(p= 0.91) (Table 2). The mean mechanical failure-free time was 
95 ± 18 months for primary tumors and 68 ± 16 months for 
metastatic tumors (p= 0.90), and the overall mechanical failure-
free time was 94.4± 14 months (Fig. 2). The survival time and 
mechanical failure-free time were not significantly different 
from each other in either the primary tumor group or the met-
astatic tumor group (p= 0.20 and p= 0.35, respectively). Revi-
sion surgery was performed in 4 of 5 patients with fractured 
rods, and the bilateral rods were replaced with new dual cobalt-
chromium alloy rods. One patient with subsidence of the cage 
did not undergo revision surgery due to poor general condition 
and systematic progression of cancer. Repeated rod fractures 
occurred in 1 of 4 patients 2 years after reoperation, and the 
third operation (with multiple cobalt-chromium alloy rods) 
was successful for more than 6 years.

The risk factors for mechanical failure were analyzed. A me-
chanical failure occurred more frequently in patients who re-
ceived radiotherapy (4 of 11, 36%) than in patients who did not 
receive radiotherapy (1 of 7, 13%), but the difference was not 
statistically significant (p = 0.24). Other factors, including fu-
sion status and sex, did not show statistical significance.

1. Case
A 23-year-old man presented with back pain and was diag-

nosed with GCT at T6 and T7 (Fig. 3A, B). Based on the opera-
tion records, the tumor was totally removed based on a gross 
assessment, but the procedure was intralesional resection, and 
radiotherapy (6,000 cGy) was administered. A postoperative x-
ray showed fixation from T4–8 without total vertebrectomy 
(Fig. 3C). Several lung masses were detected 9 months after the 
first surgical procedure; these masses were resected and patho-
logically confirmed as metastatic GCTs. Adjuvant therapy was 
not performed. Three additional small lung masses were de-
tected 7 months later (16 months postoperatively). Eventually, 
the patient was referred to our institution. Positron emission 
tomography showed high uptake at the index surgery site (Fig. 
3D) and a concordant tumor at T6. GCT was confirmed by 

needle biopsy at the thoracic spine. Considering the patient’s 
age and oncological outcomes, it was decided to perform revi-
sion TES and metastasectomy, followed by chemotherapy with 
denosumab in a multidisciplinary spinal oncology board meet-
ing. To achieve a tumor-free margin, TES including the residual 
rib, the vertebral body of T6 and T7, pedicle, and transverse 
processes was planned (Fig. 3E). The operation took 10 hours, 
and 2-level TES with a tumor-free margin was performed after 
resection of the unilateral lamina and pedicle from the right 
side, where the tumor had not invaded (Fig. 3F). The vertebral 
column was reconstructed using a mesh-type titanium cage 
filled with autologous and cadaveric bone, pedicle screws, a rod 
system from T3 to T10, and a rectangular tailored cadaveric 
femoral head between laminae (Fig. 3G, H). Lung masses were 
resected 2 months later, and denosumab was used for 3 months. 
Although the tumor did not recur, unilateral rod fracture oc-
curred 1.5 years after TES (Fig. 3I), and CT scan showed no 
solid bony union between the cage and T8 (Fig. 3J). Because 
patients did not complain of pain, the fracture was closely ob-
served, but bilateral rod breakage occurred 6 months later (2 
years after TES) (Fig. 3K). Because the ventral approach and 
additional anterior support seemed to be risky, the fractured 
rods were replaced with cobalt-chromium-based rods, and ad-
ditional rods were applied (Fig. 3L). Images taken 1 year later 
(37 months after TES) showed no further rod breakage or cage 

Table 2. Treatment outcome

Primary 
(n = 9)

Metastasis 
(n = 10)

Bony union 
(n = 11)

Nonunion 
(n = 8)

Bony union 5 (56) 4 (40) - -

Mechanical failure 3 (33) 2 (20) 3 (27) 2 (25)

Perioperative RT - - 8 (73) 3 (38)

Values are presented as number (%).
RT, radiation therapy.

Fig. 2. Event-free time for survival and mechanical failure. 
The survival curves represent the survival time and mechani-
cal failure-free time for both primary and metastatic tumors. 
Although statistical significance was not reached, the survival 
time (124 ± 8 months) was longer than the mechanical failure-
free time (95 ± 18 months) in primary tumors.
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subsidence at either the anterior or posterior spinal columns. 
The patient had no further mechanical problems until back 
pain reappeared at 69 months after TES, and radiation-induced 
osteosarcoma was diagnosed. Because the mass was extensive 
and not operable, chemotherapy was performed. Finally, the 
patient died 13 months later (72 months after TES).

DISCUSSION

1. TES and Mechanical Failure
Because of the proximity of the spinal cord, wide or marginal 

resection of spinal tumors is a challenging surgical option. Due 
to this issue, Weinstein, Boriani, and Biagini (the WBB system) 
and Tomita et al. suggested staging systems for the proper ap-
plication of TES.4,6 The overall local control rate was reported 

Fig. 3. Total en bloc spondylectomy for recurrent giant cell tumor. T2-weighted magnetic resonance 
images show a mass across T6/7 in axial (A, arrow) and coronal (B) views. The tumor extended to 
the vertebral body, epidural space transverse process, and ribs. A postoperative x-ray shows instru-
mentation from T4 to T9, but the vertebral bodies are not resected (C). Positron emission tomogra-
phy shows high uptake (D, arrow) in the left T6 vertebral body. Presurgical planning is marked on a 
3-dimensional posterior (E) image with bold lines. (F) An intraoperative specimen shows a resected 
vertebra. The tumor was in the left vertebral body, pedicle, and transverse process, and those struc-
tures were removed in an en bloc fashion after resecting posterior spinal elements, as marked with a 
bold line (E). (G) An intraoperative photo shows posterior reconstruction with a pedicle/screw sys-
tem and cadaveric bone bloc and chips. (H) A postoperative x-ray shows anterior column support 
with a mesh-type interbody space. (I) X-ray shows a unilateral rod fracture (arrow). (J) Sagittal com-
puted tomography shows nonunion between the cage and T8 (arrow). (K) X-ray taken 6 months lat-
er showed a bilateral rod fracture (arrow). (L) The broken screws were replaced with cobalt-chromi-
um alloy rods, and additional rods were applied.
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to be approximately 95%, and the 5-year survival rate was 67% 
for primary malignant spinal tumors and 100% for primary ag-
gressive benign tumors.3-9 Although TES was mostly applied for 
the initial surgery, TES may also be performed for recurrent 
primary spinal tumors, as the present study showed.14

One of the major issues after TES is the reconstruction of the 
spinal column. Solid bony fusion has been established as the 
most important factor to prevent mechanical failure when the 3 
spinal columns are destabilized.15-17 Even in the first report of 
TES by Dr. Tomita et al.,1 a case of mechanical failure and a dis-
placed pedicle screw were reported. Bony union of the construct 
can be a concern in long-term survivors, especially for patients 
requiring adjuvant radiation and/or chemotherapy.3,10 Several 
options are available for interbody constructs, such as allografts, 
titanium-mesh cylindrical cages, polyetheretherketone cages, 
expandable cages, and autologous free vascularized grafts.3 Bon-
gers et al.18 showed that an autologous free vascularized fibular 
graft was an applicable option for reconstruction after TES, and 
the complete union rate was 76%. However, revision surgery 
was necessary for 26% of patients due to mechanical failures, 
such as fracture of graft and implant failure. The strength of the 
vascularized fibular graft was sufficient for the cervicothoracic 
spine, but it was not strong enough to support the lumbar spine.18 
Of those options, titanium-based interbody cages filled with 
auto or allo-bone materials, and pedicle screw/rod systems have 
been commonly used for reconstruction.1,3,9,19-21 Mechanical 
failure occurred in 7% of patients after multilevel TESs and re-
construction with cages filled with iliac crest and rib autografts 
and pedicle screw/rod systems.7 Autografts are the graft materi-
al of choice, but allograft or synthetic graft materials are gener-
ally the most feasible options considering the morbidity of har-
vesting a large amount of autograft.3

Nonetheless, several recent reports have presented results on 
mechanical failure after TES, such as screw loosening, screw 
back-out, cage breakage, screw fracture, and rod fracture; these 
studies identified rod fracture as the most common type of fail-
ure, and it often led to reoperation.8,11,12,22,23 Shinmura et al.8 showed 
that instrumentation failure occurred in 43% of patients at a 
mean interval of 32 months (range, 11–92 months). Li et al.11 
also showed that mechanical failure occurred in 27% (9 of 30) 
of patients at a mean interval of 32 months (range, 13–64 months). 
In accordance with their findings, this study also showed that 
mechanical failure occurred in 26% of patients at approximately 
3 years. In the present study, all patients uniformly underwent 
TES with a titanium-based interbody spacer, a titanium-based 
pedicle screw, and a 5.5-mm rod system. As described above, 

the challenging case of 2-level TES after previous intralesional 
resection and radiotherapy eventually ended up needing addi-
tional surgery due to mechanical failure, not due to tumor re-
currence. Although the high occurrence of mechanical failure 
may have been caused by an inappropriate selection of inter-
body grafts and posterior rod systems, the issue of mechanical 
failure is noteworthy.

The causes of rod fracture varied, and radiotherapy and sur-
gery at the lumbar spine were common causes.8,11-13,18,22,23 Alth-
ough wide resection is the goal of TES, preoperative or postop-
erative radiotherapy and/or chemotherapy may be necessary 
for better oncologic outcomes. In such cases, preemptive mea-
sures may not be overtreatment considering the suffering of 
patients, the morbidity of revision surgery, and the overall cost 
of multiple operations.14,15 As the present case showed, mechan-
ical failure occurred after reoperation with a single rod on each 
side, and it was salvaged with a multiple-rod system. To prevent 
mechanical failure, solid bony union was important, but it was 
not very successful after TES and radiotherapy.8,11-13,19,20 In addi-
tion, mechanical failure could occur despite solid bony fusion.21 
In this study, mechanical failure occurred in 27% of patients 
with bony fusion. The discrepancy between solid bony fusion 
and mechanical failure may imply the pitfalls of the current 
definition of bony fusion or insufficient strength of fused bone 
grafts to prevent mechanical failure from occurring.18 These is-
sues need to be verified in further studies.

When mechanical failure occurs, the surgical strategy may 
vary. Although adding strong anterior support with an anterior 
approach could be a solution, it has a high risk of approach-re-
lated complications. Instead, previous studies have suggested 
posterior revision surgery using multiple rods and an addition-
al bone graft as an option.8,24-27 A multiple-rod system has been 
suggested to be useful in deformity surgery, especially when 3 
columns were resected to correct the deformity.15-17,28-32 This 
suggestion is also applicable after TES.21-24 Wei et al.12 preemp-
tively used multiple rods after TES and showed no implant-re-
lated complications during a mean follow-up of 31 months. Al-
though cost was a concern, they addressed this issue by using 
multiple rods cut from a long rod, and it did not increase costs 
to the expected extent.12 Preemptively using a multiple-rod sys-
tem for patients expecting a long survival period may be a re-
warding surgical strategy. Another unaddressed issue was the 
management of cases with unilateral rod fracture, as shown in 
the illustrated case. As the case showed, a tolerable time with a 
unilateral rod would be less than 6 months, and revision with a 
multiple-rod system is recommended in an urgent manner when 
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a unilateral rod fracture occurs. However, this suggestion was 
based on anecdotal experience and could not be generalized. 
Further study is warranted to suggest a robust idea to address 
unilateral rod fracture. In our institution, we reconstructed the 
posterior spinal element after surgery for spinal pathology, in-
cluding tumors. The purpose of reconstruction was to protect 
the spinal cord from compression by muscle or scar tissue. In 
addition, it facilitated revision surgery when the tumor recurred. 
In TES, the autologous lamina was resected together with the 
tumor, and allobone was used for reconstruction. Because we 
could not obtain a commercialized long rectangular allobone, 
we used a head of femur and carpentered it to make rectangu-
lar plates. Although bone fusion seemed to occur, the strength 
of the reconstructed posterior bone plate was not enough to 
support the spinal column, as shown in the illustrated case.21 
However, I should note that posterior reconstruction procedure 
was not an essential one for TES.

2. Limitations
Although this study underscored the possibility of mechani-

cal complications after challenging TES, it has several limita-
tions. First, this study included only a small number of patients 
treated in a single institution and may have been affected by se-
lection bias, type I error, and type II error. Most importantly, 
the number of patients in this study was too small to draw any 
strong suggestions. Although the surgical procedures were in 
accordance with previous studies, the large difference in the 
rate of mechanical failure among several papers merits further 
attention. Second, although we recommended using a multiple-
rod system for patients expecting a long survival period, espe-
cially in revision surgery, this suggestion is not based on strong 
evidence.12 Chemotherapy, radiosurgery, and proton-beam ther-
apy have recently been suggested as primary or adjuvant treat-
ment, but discussing those issues was beyond the scope of this 
paper.16,33,34 A systematic analysis would provide a better idea of 
how to use limited medical resources efficiently. Finally, although 
we suggested using a multiple-rod system as a preemptive mea-
sure after TES, this study did not investigate how to schedule 
other factors related to mechanical failure, such as radiotherapy, 
chemotherapy, ambulation time, and return to work. Despite 
these limitations, this study made a meaningful contribution by 
sharing the experience of mechanical failure and proposing the 
use of preemptive measures and the use of a dual or multiple-
rod system, especially for patients expecting a long survival du-
ration.

CONCLUSION

The occurrence of mechanical failure after TES was a major 
cause of revision surgery. It could occur even after following a 
standard surgical technique: the use of anterior support and a 
pedicle screw/rod system. Considering the difficulty of reoper-
ation and patients’ suffering, the preemptive use of a multiple-
rod system may be advisable, especially for patients expecting a 
long survival duration. Further studies are required for the effi-
cient use of limited resources.

NOTES

Conflict of Interest: The authors have nothing to disclose.
Funding/Support: This work was supported by the New Fac-

ulty Startup Fund from Seoul National University. This study 
was supported by grant from Seoul National University Hospi-
tal research fund (grant No. no. 04-2021-0540).

Author Contribution: Conceptualization: CKC, SBP, SHY, 
CHL, JR, KK, CHK; Data curation: SWK, YI, WTY, CHK; For-
mal analysis: CHK; Funding acquisition: CHK; Methodology: 
CHK; Project administration: CHK; Visualization: CHK; Writ-
ing - original draft: SWK, CHK; Writing - review & editing: 
CKC, YI Won, WTY, SBP, SHY, CHL, JR, KK, CHK.

ORCID
Shin Won Kwon: https://orcid.org/0000-0001-6679-3400
Chun Kee Chung: https://orcid.org/0000-0003-3485-2327
Young Il Won: https://orcid.org/0000-0002-9639-0693
Woon Tak Yuh: https://orcid.org/0000-0002-4833-5534
Sung Bae Park: https://orcid.org/0000-0002-4652-3056
Seung Heon Yang: https://orcid.org/0000-0001-9447-5223
Chang Hyun Lee: https://orcid.org/0000-0003-0134-2101
Kyoung-Tae Kim: https://orcid.org/0000-0003-4867-6854
Chi Heon Kim: https://orcid.org/0000-0003-0497-1130
 

REFERENCES

1. Tomita K, Kawahara N, Baba H, et al. Total en bloc spondy-
lectomy for solitary spinal metastases. Int Orthop 1994;18: 
291-8.

2. Tomita K, Kawahara N, Baba H, et al. Total en bloc spondy-
lectomy. A new surgical technique for primary malignant 
vertebral tumors. Spine (Phila Pa 1976) 1997;22:324-33.

3. Hsieh PC, Li KW, Sciubba DM, et al. Posterior-only approach 
for total en bloc spondylectomy for malignant primary spi-



Mechanical Failure After Total En Bloc SpondylectomyKwon SW, et al.

https://doi.org/10.14245/ns.2244092.046  www.e-neurospine.org  153

nal neoplasms: anatomic considerations and operative nu-
ances. Neurosurgery 2009;65:173-81; discussion 181.

4. Tomita K, Kawahara N, Kobayashi T, et al. Surgical strategy 
for spinal metastases. Spine (Phila Pa 1976) 2001;26:298-306.

5. Yao KC, Boriani S, Gokaslan ZL, et al. En bloc spondylecto-
my for spinal metastases: a review of techniques. Neurosurg 
Focus 2003;15:E6.

6. Boriani S, Weinstein JN, Biagini R. Primary bone tumors of 
the spine. Terminology and surgical staging. Spine (Phila Pa 
1976) 1997;22:1036-44.

7. Luzzati AD, Shah S, Gagliano F, et al. Multilevel en bloc spon-
dylectomy for tumors of the thoracic and lumbar spine is 
challenging but rewarding. Clin Orthop Relat Res 2015;473: 
858-67.

8. Shinmura K, Kato S, Demura S, et al. Revision surgery for 
instrumentation failure after total en bloc spondylectomy: a 
retrospective case series. BMC Musculoskelet Disord 2020; 
21:591.

9. Tomita K, Kawahara N, Murakami H, et al. Total en bloc 
spondylectomy for spinal tumors: improvement of the tech-
nique and its associated basic background. J Orthop Sci 2006; 
11:3-12.

10. Kato S, Murakami H, Demura S, et al. More than 10-year 
follow-up after total en bloc spondylectomy for spinal tu-
mors. Ann Surg Oncol 2014;21:1330-6.

11. Li Z, Wei F, Liu Z, et al. Risk factors for instrumentation fail-
ure after total en bloc spondylectomy of thoracic and lum-
bar spine tumors using titanium mesh cage for anterior re-
construction. World Neurosurg 2020;135:e106-15.

12. Wei H, Dong C, Wu J, et al. Total en bloc spondylectomy 
combined with the satellite rod technique for spinal tumors. 
J Orthop Surg Res 2020;15:536.

13. Park SJ, Lee CS, Chang BS, et al. Rod fracture and related 
factors after total en bloc spondylectomy. Spine J 2019;19: 
1613-9.

14. Matsumoto M, Ishii K, Takaishi H, et al. Extensive total spon-
dylectomy for recurrent giant cell tumor in the thoracic spine. 
Case report. J Neurosurg Spine 2007;6:600-5.

15. Hyun SJ, Lenke LG, Kim YC, et al. Comparison of standard 
2-rod constructs to multiple-rod constructs for fixation across 
3-column spinal osteotomies. Spine (Phila Pa 1976) 2014;39: 
1899-904.

16. Noh SH, Kim KH, Park JY, et al. Characteristics and risk fac-
tors of rod fracture following adult spinal deformity surgery: 
a systematic review and meta-analysis. Neurospine 2021;18: 
447-54.

17. Patel AV, White CA, Schwartz JT, et al. Emerging technolo-
gies in the treatment of adult spinal deformity. Neurospine 
2021;18:417-27.

18. Bongers MER, Ogink PT, Chu KF, et al. The use of autolo-
gous free vascularized fibula grafts in reconstruction of the 
mobile spine following tumor resection: surgical technique 
and outcomes. J Neurosurg Spine 2020 Nov 6:1-10. https://
doi.org/10.3171/2020.6.SPINE20521. [Epub].

19. Abe E, Sato K, Tazawa H, et al. Total spondylectomy for pri-
mary tumor of the thoracolumbar spine. Spinal Cord 2000; 
38:146-52.

20. Park JH, Lee DG, Hwang J, et al. The impact of surgical treat-
ment on survival in patients with cervical spine metastases. 
Neurospine 2018;15:144-53.

21. Fiani B, Newhouse A, Cathel A, et al. Implications of 3-di-
mensional printed spinal implants on the outcomes in spine 
surgery. J Korean Neurosurg Soc 2021;64:495-504.

22. Matsumoto M, Watanabe K, Tsuji T, et al. Late instrumenta-
tion failure after total en bloc spondylectomy. J Neurosurg 
Spine 2011;15:320-7.

23. Yoshioka K, Murakami H, Demura S, et al. Risk factors of 
instrumentation failure after multilevel total en bloc spon-
dylectomy. Spine Surg Relat Res 2017;1:31-9.

24. Hardes J, Gosheger G, Halm H, et al. Three-level en bloc spon-
dylectomy for desmoplastic fibroma of the thoracic spine: a 
case report. Spine (Phila Pa 1976) 2003;28:E169-72.

25. Clarke MJ, Hsu W, Suk I, et al. Three-level en bloc spondy-
lectomy for chordoma. Neurosurgery 2011;68:325-33; dis-
cussion 333.

26. Sciubba DM, Gokaslan ZL, Black JH 3rd, et al. 5-Level spon-
dylectomy for en bloc resection of thoracic chordoma: case 
report. Neurosurgery 2011;69:onsE248-255; discussion 
onsE255-246.

27. Yoshioka K, Murakami H, Demura S, et al. Clinical outcome 
of spinal reconstruction after total en bloc spondylectomy at 
3 or more levels. Spine (Phila Pa 1976) 2013;38:E1511-6.

28. Boddapati V, Lombardi JM, Lenke LG. Management of pseud-
arthrosis with implant failure at a multilevel vertebral col-
umn resection site: a case report. Neurospine 2020;17:941-6.

29. Hartmann S, Thome C, Abramovic A, et al. The effect of 
rod pattern, outrigger, and multiple screw-rod constructs 
for surgical stabilization of the 3-column destabilized cervi-
cal spine - a biomechanical analysis and introduction of a 
novel technique. Neurospine 2020;17:610-29.

30. Bourghli A, Boissiere L, Kieser D, et al. Multiple-rod con-
structs do not reduce pseudarthrosis and rod fracture after 



Mechanical Failure After Total En Bloc SpondylectomyKwon SW, et al.

https://doi.org/10.14245/ns.2244092.046154 www.e-neurospine.org

pedicle subtraction osteotomy for adult spinal deformity cor-
rection but improve quality of life. Neurospine 2021;18:816-
23.

31. de Andrada Pereira B, Sawa AGU, Godzik J, et al. Influence 
of lumbar lordosis on posterior rod strain in long-segment 
construct during biomechanical loading: a cadaveric study. 
Neurospine 2021;18:635-43.

32. Mumtaz M, Mendoza J, Vosoughi AS, et al. A comparative 
biomechanical analysis of various rod configurations follow-

ing anterior column realignment and pedicle subtraction 
osteotomy. Neurospine 2021;18:587-96.

33. Lee S, Cho DC, Rhim SC, et al. Intraoperative monitoring 
for cauda equina tumors: surgical outcomes and neurophys-
iological data accrued over 10 years. Neurospine 2021;18: 
281-9.

34. Massaad E, Fatima N, Hadzipasic M, et al. Predictive analyt-
ics in spine oncology research: first steps, limitations, and 
future directions. Neurospine 2019;16:669-77.


