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Abstract:
Introduction: Long-term spinal stability after total en bloc spondylectomy (TES) is challenging. The aim of this study

was to examine whether the new method could reduce the incidence of instrumentation failure (IF).

Methods: We retrospectively compared 116 patients with spinal tumors who underwent TES between 2010 and 2019 and

were followed up for >1 year. IF, cage subsidence, and complications were evaluated. Propensity score matching between

conventional and new method groups was performed for age, sex, body mass index, preoperative radiotherapy, number of

resected vertebrae, number of instrumented vertebrae, tumor level, and follow-up period. There were 25 cases each in the

conventional and new method groups. The conventional method used a titanium mesh cage for anterior reconstruction and

5.5-mm-diameter titanium alloy rods for posterior fixation. The new method used a more robust cage for anterior recon-

struction, bone grafting was performed around the cage, and 6.0-mm-diameter cobalt chromium rods were used for posterior

fixation. We compared the incidence of IF and cage subsidence after TES between the conventional and new method

groups.

Results: While 5 out of 25 patients (20.0%) in the conventional method group experienced IF, none from the new

method group experienced IF. Three-year implant survival rates were 87.3% in the conventional and 100% in the new

method groups. The new method group had a significantly higher implant survival rate (p<0.01). Cage subsidence was ob-

served in 11 of 25 (44/0%) patients in the conventional method and 1 of 25 (4.0%; significantly lower, p<0.05) in the new

method group.

Conclusions: The new reconstruction method significantly reduced IF incidence in patients with TES.
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Introduction

Total en bloc spondylectomy (TES) is designed to achieve

complete oncological resection of spinal tumors1,2). Several

studies have reported better local control and prognosis with

this technique compared with piecemeal resection of spinal

tumors3-8). Furthermore, with continuing advances in cancer

treatment, even patients with malignant spinal tumors can

now expect long-term survival9,10). It is therefore important to

maintain their long-term spinal stability after TES. However,

the spinal column is completely discontinuous due to resec-

tion of the vertebral body and posterior spinal element, in-

cluding ligaments. Therefore, spinal reconstruction in this

surgery is a challenge. After resection of the affected verte-

brae, robust instrumentation and bone grafting are necessary,

along with anterior column support, to restore spinal stabil-

ity.

Since 2010, instead of harvesting autografts from the il-

ium or fibula, we have mainly used liquid nitrogen-treated

bone from the resected, tumor-affected vertebra as grafted

bone, while parts without tumor contamination, such as par-

tially resected adjacent vertebra, have been used as fresh

autografts, without liquid nitrogen treatment, at our institu-

tion. This technique has the following benefits: no pain at
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Table　1.　Differences between the Conventional Method and the New Method.

Conventional method New method

Rod φ 5.5 mm, titanium alloy φ 6.0 mm, cobalt chromium

Cage Titanium mesh cage with a thickness of 1.0 mm More robust cage (with a thickness of 1.5 mm) with end caps

Bone grafting Inside the cage Inside and around the cage

φ, diameter

the bone harvest site, shortened operating time, decreased

blood loss, and additional antitumor immune response11).

Liquid nitrogen-treated bone has been reported to delay

bone healing compared with fresh autograft12); further, the

rate of instrumentation failure (IF; 42.6%) is high in TES

using liquid nitrogen-treated bone13).

Since 2015, a modified reconstruction method has been

developed and performed to improve initial fixation and pro-

mote bone healing to prevent IF, even when using liquid

nitrogen-treated bone. The purpose of this study was to in-

vestigate whether the new reconstruction method could re-

duce the rate of IF.

Materials and Methods

Study population

This retrospective study was approved by our institutional

review board, and all participants provided written informed

consent. Between 2010 and 2019, 158 patients with primary

or metastatic spinal tumors underwent TES at our institute.

Of these, 14 patients died, and 28 patients were lost to

follow-up within 1 year. Finally, 116 patients (73.4%) who

were followed up for >1 year after TES were included in

this study. There were 60 men and 56 women, with an aver-

age age of 52.1 years (range: 14-75 years). Of the 116 pa-

tients, 78 underwent TES using the conventional method

and 38 underwent TES using the new method. Propensity

score matching was implemented between the conventional

and new methods for age, sex, body mass index (BMI), pre-

operative radiotherapy, number of resected vertebrae, tumor

level, number of rods, number of instrumented vertebrae,

and follow-up period; this technique allows researchers to

minimize potential confounding factors or selection bias

arising from imbalances in baseline characteristics across

groups. After matching, there were 25 patients in the pro-

pensity score matched (PSM) conventional group and 25 pa-

tients in the PSM new method group. Comparisons were

made between these two groups.

Surgical procedures

TES consisted of en bloc laminectomy after transpedicu-

lar osteotomy, subsequent en bloc corpectomy, and spinal

reconstruction1,2,14). Both the conventional and new methods

used the same technique for resection of the tumor-affected

vertebra, with the only difference being in the reconstruction

method. In both methods, after en bloc laminectomy, two-

above and two-below segmental fixations were performed.

In principle, two rods were used. In some cases, such as

those involving the lower lumbar spine, four rods were used

as needed. Titanium (Ti) alloy rods of 5.5-mm diameter

were used in the conventional method, while in the new

method, cobalt chromium (CoCr) rods of 6.0-mm diameter

were used. After posterior instrumentation using the conven-

tional method, anterior reconstruction was performed using a

Ti mesh cage with a thickness of 1.0 mm (MOSS-Miami;

DePuy Motech, Warsaw, IN, USA) filled mainly with frozen

autografts treated with liquid nitrogen. In the new method, a

more robust cage (with a thickness of 1.5 mm) with end

caps (VBOSS cage; Stryker, Allendale, NJ, USA or PYRA-

MESH; Medtronic Sofamor Danek, Memphis, TN, USA)

was used for anterior reconstruction. It was mainly filled

with frozen autografts treated with liquid nitrogen. Bones

that were not affected by the tumor, such as ribs and verte-

bral arches adjacent to the tumor vertebra, were not treated

with liquid nitrogen but were mixed with liquid nitrogen-

treated bone and used as bone grafts. Additional bone graft-

ing using frozen autografts treated with liquid nitrogen was

performed around the cage to bridge the upper and lower

vertebrae in the new method group only.

To increase spinal stability, the posterior instrumentation

was adjusted to slightly compress the inserted vertebral cage

in both methods. Finally, at least two transverse connectors

were used. Patients were required to wear a rigid spinal

brace for 3 months postoperatively, followed by a soft brace

for another 3 months.

The differences between the conventional method and the

new method are presented in Table 1.

Evaluation

The occurrence of IF was determined using plain radio-

graphs at 1, 3, and 6 months postoperatively, and then ap-

proximately every 6 months thereafter. Computed tomogra-

phy (CT) was performed to determine the details of the IF,

which was defined as rod fracture, screw breakage, cage

breakage, and screw back-out. We compared the incidence

of IF between the conventional and new method groups us-

ing Kaplan-Meier survivorship analysis with the log-rank

test. The incidence of cage subsidence (�3 mm), surgical

time, intraoperative blood loss, and postoperative complica-

tions that required reoperation were also compared between

the two groups using the student’s t-test or a chi-squared

test. Cage subsidence was determined according to the find-

ings of the CT scan 1 month after surgery. We also evalu-
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Figure　1.　Kaplan-Meier survivorship curve showing IF-free survival probability for 

patients in the new method (a) and conventional method (b) groups. The three-year im-

plant survival rate was 87.3% in the conventional method group and 100% in the new 

method group. The log-rank test showed that patients with the new method had a lower 

incidence of IF than those with the old method (log-rank test: p<0.01).

Table　2.　Demographic Data.

Conventional method group New method group p*

Sex (M:F) 11:14 13:12 0.571

Age  57.5±11.6 54.2±8.6 0.250

BMI 21.9±2.8 23.1±4.7 0.283

Preoperative radiotherapy 9 (36.0%) 6 (36.0%) 0.355

Tumor histology (primary) 5 (20.0%) 6 (24.0%) 0.733

Numbers of resected vertebrae  1.34±0.59    1.2±0.577 0.401

Tumor level (lumbar) 4 (16.0%) 6 (24.0%) 0.480

No. of rods (>2) 0 (0%) 1 (4.0%) 0.500

Numbers of instrumented vertebrae (>2) 0 (0%) 0 (0%) 1

Follow-up period (months)  39.2±26.4  38.7±16.7 0.929

BMI, body mass index

*Student’s t-test or Chi-squared test

ated whether the grafted bone around the anterior cage had

formed bridging bone in patients who underwent CT scans

>1 year after surgery. Bridging bone evaluation was con-

ducted by modification of Lechner et al.’s grading15). All data

were analyzed with SPSS 23.0 (SPSS Inc, Chicago, IL,

USA). All p-values of <0.05 were considered significant.

Results

Demographic data

No statistically significant differences were found in sex,

age, BMI, preoperative radiotherapy, tumor histology, num-

ber of resected vertebrae, tumor level, number of rods, num-

ber of instrumented vertebrae, or follow-up period between

the two cohorts after PSM. In the new method groups, there

was one patient with lower lumbar spine involvement who

underwent TES with more than two rods (4 rods) (Table 2).

Instrumentation failure

In the conventional method group, 5 of 25 patients

(20.0%) experienced IF at a median of 34.0 months (range,

12-50 months) after TES. There were 4 patients with rod

fracture and one patient with screw back-out. In the new

method group, none of the 25 patients (0%) experienced IF.

According to the Kaplan-Meier survivorship analysis, 3-year

implant survival rates were 87.3% in the conventional

method group and 100% in the new method group. The log-

rank test showed that patients in the new method group had

a lower incidence of IF (log-rank test, p<0.01) (Fig. 1).
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Table　3.　Operation and Complications.

Conventional method group New method group p*

Operative time  477.9±161.7 min  475.0±164.2 min 0.479

Intraoperative blood loss 684.8±666.3 ml 390.4±290.2 ml <0.05

Cage subsidence (≥3 mm) 11 cases (44.0%) 1 cases (4.0%) <0.01

Complications 4 cases (16.0%) 4 cases (16.0%) 0.649

SSI 1 cases (4.0%) 2 cases (8.0%) 0.5

Wound dehiscence 0 cases (0%) 0 cases (0%) 1

Local recurrence 4 cases (16.0%) 2 cases (4.0%) 0.334

SSI, surgical site infection

*Chi-squared test

Table　4.　Computed Tomography Evalu-

ation of Bridging Bone Formation around 

the Cage.

Bridging bone grade
n (%)

Grade Criteria

3 BB ≥50% 12 (34.3%)

2 BB <50% 11 (31.4%)

1 Indeterminate BB  9 (25.7%)

0 No BB 3 (8.6%)

BB, bridging bone

Cage subsidence

At the 1-month follow-up, cage subsidence of �3 mm was

observed in 11 of 25 patients (44.0%) in the conventional

method group and 1 of 25 (4.0%) in the new method group

(Table 3). The incidence of cage subsidence was signifi-

cantly higher in the conventional method group (p<0.05).

Operation and complications

No statistically significant differences were found in the

operation time between the two groups. The mean blood

loss was 684.8±666.3 mL in the conventional method group

and 390.4±290.2 mL in the new method group. Intraopera-

tive blood loss was significantly lower in the new method

group (p<0.01).

Four patients (16.0%) in the conventional method group

and four patients (16.0%) in the new method group required

reoperation due to complications other than IF. In the con-

ventional method group, there was one case of surgical site

infection (SSI) with wound dehiscence, one case of SSI, and

four cases of local recurrence; while in the new method

group, there were two cases of SSI and two cases of local

recurrence. There were no significant differences in the

complication rate between the two groups (Table 3).

Bridging bone formation around the cage

Among patients who underwent TES with the new recon-

struction method, 35 of 38 (92.1%) underwent CT scans >1

year after TES: the grade of bridging bone was 3 in 12 pa-

tients (34.4%), 2 in 11 patients (31.4%), 1 in 9 patients

(25.7%), and 0 in 3 patients (8.6%) (Table 4). CT images

from a patient with grade 3 bridging bone formation are

shown in Fig. 2.

Discussion

The new reconstruction method was designed to prevent

IF by increasing the fixation force and rate of bone fusion

in the anterior reconstructed column. The new method is

based on three key factors: changing the rod to CoCr of 6.0-

mm diameter, changing the cage to a more robust cage with

end caps, and bone grafting around the cage. In this com-

parative study, the incidence of IF and cage subsidence was

significantly lower after TES using the new reconstruction

method compared with the conventional method. In addition,

most cases that underwent TES using the new reconstruction

method showed bridging bone formation at the grafted bone

area around the cage.

IF is not a rare complication in TES, even when the fresh

autogenous bone is used. There are several reports of IF af-

ter TES using the fresh autogenous bone. Yoshioka et al.

evaluated 32 patients who underwent TES and survived for

>1 year; IF was observed in eight patients (17.0%)16). Park et

al. evaluated 32 patients who underwent TES and survived

for >2 years; IF was observed in 12 patients (37.5%)17). In

TES, the affected vertebral body and its surrounding sup-

porting tissues, such as muscles and ligaments, are com-

pletely removed, making it prone to instability and creating

challenging conditions for bone fusion. In addition, the fre-

quency of IF is reported to be higher in TES using liquid

nitrogen-treated bone than that using fresh autogenous bone.

Shinmura et al. reported that IF occurred in 26 of 61 pa-

tients (42.6%) after TES using liquid nitrogen-treated bone;

the reason for this is that frozen autogenous bone tends to

delay bone formation compared with fresh autogenous

bone13). In this study, the incidence of IF in the new method

group was 0% despite the use of liquid nitrogen-treated

bone, while it was 20.0% in the conventional method group.

Thus, the new reconstruction method is useful in preventing

IF.

Matsumoto et al. reported that cage subsidence leads to

the failure of load sharing in the anterior column, resulting

in an increased load imposed on the posterior instrumenta-
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Figure　2.　A 48-year-old man who underwent TES for metastasis of renal cell carcinoma at L2. Coronal (a), 

sagittal (b), and (c) computed tomography images 36 months after TES, showing good bridging bone forma-

tion.

tion, and cage subsidence is a risk factor for IF18). Cage sub-

sidence is not a rare complication after TES; it has a re-

ported incidence of 40%-64%16,18). Thus, reducing cage sub-

sidence is one of the most important aspects of IF preven-

tion.

In recent years, IF has also become a problem in correc-

tive fixation for adult spinal deformity, and many studies

have shown that IF is reduced by changing the rods from Ti

to CoCr19,20). CoCr has a higher Young’s modulus, bending

stiffness, and fatigue life in the dynamic test than Ti21,22), and

it reinforces the solidity of the construct in spinal fusion

surgery19). Furthermore, the new reconstruction method used

a thicker rod with a diameter of 6.0 mm. We believe that

changing the rods to CoCr of 6.0-mm diameter prevented

both fatigue failure of the rods and cage subsidence by in-

creasing the rigidity of the spinal structure after TES.

Biomechanically, cage subsidence stems from a mismatch

between the intrinsic bone strength and the strain applied to

the vertebral endplate by the interbody device23).

One effective means of preventing subsidence is to maxi-

mize the end cap size of the implanted interbody24), which

decreases the focal stress on the bony endplates. This may

help to keep the pressure applied by the end cap below the

Young’s modulus of the apposed endplates, preventing end-

plate failure and implant subsidence25). The VBOSS and

PYRAMESH cages have specialized end caps, and the use

of these cages was believed to be effective in preventing

cage subsidence. Moreover, we believe that the strength of

these cages also contributed to the prevention of cage break-

age.

Even if cage subsidence can be prevented, if the anterior

reconstructed column does not fuse, the rod and cage will

continue to be loaded and fatigue breakage of the instru-

mentation will occur. Bone fusion is essential in patients

who are expected to have long-term survival after TES.

In the new method, bone grafting was performed around

the cage to increase the contact area between the grafted

bone and the endplate with the aim of fusing the anterior re-

construction column, even when using liquid nitrogen-

treated bone. As a result, bridging bone formation around

the cage was observed in >65% of cases. We believe that

bone grafting around the cage has the advantage of increas-

ing the rate of bone fusion and preventing IF. The increase

in fixation force due to the change in rod and cage may also

have contributed to bone healing.

The fact that there was no significant difference in opera-

tive time and complications between the two groups in this

study indicates that the new surgical method is not techni-

cally demanding. The lower blood loss with the new tech-

nique was thought to be due to the surgeon’s improved per-

formance of the TES technique over time, rather than the

contribution of the new technique.

The limitations of this study were that it was a retrospec-

tive study and the follow-up period was relatively short. In

previous reports, IF occurred at an average of 28-32 months

(range, 6-93 months) after TES13,17,18). Since the mean follow-

up periods in the conventional and new method groups were

39.2±26.4 and 38.7±16.7 months (range, 12-69 months), re-

spectively, IF could still occur in the future. Despite these

limitations, this study with a relatively large number of pa-

tients showed that the new method significantly reduces the

incidence of IF in the short term. The results of this study

will contribute to future reconstruction strategies for TES.

Conflicts of Interest: The authors declare that there are

no relevant conflicts of interest.

Sources of Funding: None.

Author Contributions: Research conception and design:



dx.doi.org/10.22603/ssrr.2022-0111 Spine Surg Relat Res 2023; 7(1): 60-65

65

Shinmura K, Kato S, Demura S.

Data collection: Shinmura K, Yokogawa N, Handa M, An-

nen R, Kobayashi M, Yamada Y, Nagatani S.

Interpretation of data: Shinmura K, Kato S, Demura S,

Yokogawa N.

Statistical analysis: Yamada Y.

Drafting of manuscript: Shinmura K.

Manuscript review: Kato S, Demura S, Murakami H,

Tsuchiya H.

Study supervision: Murakami H, Tsuchiya H.

Approval of the final manuscript: all the above listed

authors.

Ethical Approval: All procedures performed in studies

involving human participants were in accordance with the

ethical standards of the institutional and/or national research

committee and with the 1964 Helsinki Declaration and its

later amendments or comparable ethical standards. The

study was approved by the Ethics Committee of the Gradu-

ate School of Medical Sciences, Kanazawa University.

Informed Consent: All participants provided written in-

formed consent.

References
1. Tomita K, Kawahara N, Baba H, et al. Total en bloc spondylec-

tomy for solitary spinal metastases. Int Orthop. 1994;18(5):291-8.

2. Tomita K, Kawahara N, Baba H, et al. Total en bloc spondylec-

tomy. A new surgical technique for primary malignant vertebral

tumors. Spine. 1997;22(3):324-33.

3. Murakami H, Kawahara N, Demura S, et al. Total en bloc spon-

dylectomy for lung cancer metastasis to the spine. J Neurosurg

Spine. 2010;13(4):414-7.

4. Boriani S, De Iure F, Bandiera S, et al. Chondrosarcoma of the

mobile spine: report on 22 cases. Spine. 2000;25(7):804-12.

5. Demura S, Kawahara N, Murakami H, et al. Total en bloc spon-

dylectomy for spinal metastases in thyroid carcinoma. J Neurosurg

Spine. 2011;14(2):172-6.

6. Kato S, Murakami H, Demura S, et al. More than 10-year follow-

up after total en bloc spondylectomy for spinal tumors. Ann Surg

Oncol. 2014;21(4):1330-6.

7. Shimizu T, Murakami H, Demura S, et al. Total en bloc spon-

dylectomy for primary tumors of the lumbar spine. Medicine.

2018;97(37):e12366.

8. Yokogawa N, Murakami H, Demura S, et al. Total spondylectomy

for Enneking stage III giant cell tumor of the mobile spine. Eur

Spine J. 2018;27(12):3084-91.

9. Elder BD, Sankey EW, Goodwin CR, et al. Surgical outcomes in

patients with high spinal instability neoplasm score secondary to

spinal giant cell tumors. Global Spine J. 2016;6(1):21-8.

10. Joaquim AF, Powers A, Laufer I, et al. An update in the manage-

ment of spinal metastases. Arq Neuropsiquiatr. 2015;73(9):795-

802.

11. Murakami H, Kato S, Demura S, et al. Novel reconstruction tech-

nique using a frozen tumor-bearing vertebra from a total en bloc

sponydylectomy for spinal tumors. Orthopedics. 2013;36(8):605-7.

12. Shinmura K, Murakami H, Demura S, et al. A histological exami-

nation of spinal reconstruction using a frozen bone autograft.

PLoS One. 2018;13(1):e0191679.

13. Shinmura K, Kato S, Demura S, et al. Revision surgery for instru-

mentation failure after total en bloc spondylectomy: a retrospective

case series. BMC Musculoskelet Disord. 2020;21(1):591.

14. Kawahara N, Tomita K, Murakami H, et al. Total en bloc spon-

dylectomy for spinal tumors: surgical techniques and related basic

background. Orthop Clin North Am. 2009;40(1):47-63, vi.

15. Lechner R, Putzer D, Liebensteiner M, et al. Fusion rate and clini-

cal outcome in anterior lumbar interbody fusion with beta-

tricalcium phosphate and bone marrow aspirate as a bone graft

substitute. A prospective clinical study in fifty patients. Int Orthop.

2017;41(2):333-9.

16. Yoshioka K, Murakami H, Demura S, et al. Risk factors of instru-

mentation failure after multilevel total en bloc spondylectomy.

Spine Surg Relat Res. 2017;1(1):31-9.

17. Park SJ, Lee CS, Chang BS, et al. Rod fracture and related factors

after total en bloc spondylectomy. Spine J. 2019;19(10):1613-9.

18. Matsumoto M, Watanabe K, Tsuji T, et al. Late instrumentation

failure after total en bloc spondylectomy. J Neurosurg Spine.

2011;15(3):320-7.

19. Han S, Hyun SJ, Kim KJ, et al. Rod stiffness as a risk factor of

proximal junctional kyphosis after adult spinal deformity surgery:

comparative study between cobalt chrome multiple-rod constructs

and titanium alloy two-rod constructs. Spine J. 2017;17(7):962-8.

20. Smith JS, Shaffrey CI, Ames CP, et al. Assessment of sympto-

matic rod fracture after posterior instrumented fusion for adult spi-

nal deformity. Neurosurgery. 2012;71(4):862-7.

21. Staiger MP, Pietak AM, Huadmai J, et al. Magnesium and its al-

loys as orthopedic biomaterials: a review. Biomaterials. 2006;27

(9):1728-34.

22. Nguyen TQ, Buckley JM, Ames C, et al. The fatigue life of con-

toured cobalt chrome posterior spinal fusion rods. Proc Inst Mech

Eng H. 2011;225(2):194-8.

23. Stinchfield T, Vadapalli S, Pennington Z, et al. Improvement in

vertebral endplate engagement following anterior column recon-

struction using a novel expandable cage with self-adjusting, multi-

axial end cap. J Clin Neurosci. 2019;67:249-54.

24. Mobbs RJ, Loganathan A, Yeung V, et al. Indications for anterior

lumbar interbody fusion. Orthop Surg. 2013;5(3):153-63.

25. Lang G, Navarro-Ramirez R, Gandevia L, et al. Elimination of

subsidence with 26-mm-wide cages in extreme lateral interbody

fusion. World Neurosurg. 2017;104:644-52.

Spine Surgery and Related Research is an Open Access journal distributed under

the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-

tional License. To view the details of this license, please visit (https://creativeco

mmons.org/licenses/by-nc-nd/4.0/).


