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TECHNICAL NOTE SPINE SURGERY AND RELATED RESEARCH

Posterior Column Reconstruction of the Lumbar Spine Using
En Bloc Resected Vertebral Arch in Spinal Tumor and
Deformity Surgeries

Satoshi Kato, Noriaki Yokogawa, Takaki Shimizu, Motoya Kobayashi, Yohei Yamada, Satoshi Nagatani and Satoru Demura

Department of Orthopaedic Surgery, Graduate School of Medical Science, Kanazawa University, Kanazawa, Japan

Abstract:
Introduction: In high-grade spinal osteotomy involving large anterior column resection, restoration of the structural in-

tegrity of the posterior column at the osteotomy site can reduce postoperative instrumentation failure (IF). This study aimed

to describe our technique of posterior strut bone grafting using an en bloc resected vertebral arch, which is useful for poste-

rior column reconstruction after high-grade osteotomies during surgeries for spinal tumor and deformity in the lower lumbar

spine.

Technical Note: Using a posterior approach, en bloc resection of the targeted vertebral arch was performed in accordance

with the surgical technique for total en bloc spondylectomy (TES). The posterior elements in the upper and lower adjacent

vertebrae were separated by a significant space after vertebral body resection followed by cage insertion in TES or anterior

column osteotomy followed by correction in deformity surgery. To create a new posterior column, the en bloc resected ver-

tebral arch was placed at 90° rotation to bridge the upper and lower vertebral arches. Using this technique, an abundant

amount of bone chips made from the resected vertebral elements were placed over the en bloc resected posterior arch as an

additional bone graft. The technique was used in three patients who underwent TES for spinal tumors and in one patient

who underwent grade 4 osteotomy for adult spinal deformity in the lower lumbar spine. One year after surgery, computed

tomography showed that the structural integrity of bony fusion was successfully achieved between the en bloc resected arch

and the posterior elements of the adjacent vertebrae in all patients and showed no postoperative IFs.

Conclusions: This bone graft technique created new continuity of the posterior column after high-grade osteotomies in

the lower lumbar spine. Bone fusion was achieved in the posterior elements to prevent IF after surgery.
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Introduction

Total en bloc spondylectomy (TES) was developed for the

complete oncological resection of spinal tumors1,2). It pro-

vides excellent local control of the affected spine3,4). Owing

to extended patient survival following TES4,5), spinal recon-

struction after TES is crucial for prolonged function and

quality of life4,6). From a biomechanical point of view, TES

presents a challenge for spinal reconstruction because the

operation involves complete resection of the affected verte-

bra(e) and the surrounding musculoligamentous supportive

tissues. There is a high incidence of instrumentation failure

(IF) after TES (20%-40%)7-11), especially in the lumbar

spine11).

For patients with severe back pain, disability, and a lower

quality of life associated with adult spinal deformity

(ASD)12,13), it has been shown that surgery can improve

symptoms than conservative treatment12-14). Therefore, there

has been an increasing number of adults undergoing sur-

gery15). For patients with severe ASD, high-grade spinal os-

teotomy involving anterior column resection is often em-

ployed to effectively improve spinal alignment, especially in

the sagittal plane14). Spinal reconstruction after high-grade

osteotomy for ASD is challenging. IF-related nonunion or
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Figure　1.　Operative schema of a pediculotomy using a T-saw.

A C-curved malleable T-saw guide is introduced from the spinal canal to the intervertebral foramen in a cephalocaudal direction 

(left). The pedicles are cut using a reciprocating motion of the T-saw through pulleys (right).

delayed union at the osteotomy site is of great concern, par-

ticularly in three-column osteotomies of the lumbar

spine16,17).

In these surgeries, restoration of the structural integrity of

the posterior column at the osteotomy site can reduce post-

operative IF. This study aims to describe our technique of

posterior strut bone grafting using an en bloc resected verte-

bral arch, which is useful for posterior column reconstruc-

tion after TES for spinal tumor and high-grade osteotomy

for ASD in the lower lumbar spine.

Technical Note

Description of the surgical technique

1．En bloc resection of the posterior arch

With the patient in prone position, a posterior midline ap-

proach was used to expose the posterior elements of the tar-

geted and adjacent vertebrae. To expose the superior articu-

lar processes of the targeted vertebra, the spinous and infe-

rior articular processes of the adjacent upper vertebra were

osteotomized and removed by dissecting the attached soft

tissues. To pass through a threadwire saw (T-saw)1,2,18), a C-

curved malleable T-saw guide was introduced from the spi-

nal canal to the intervertebral foramen in a cephalocaudal

direction (Fig. 1). After passing through the T-saw, it was

clamped to T-saw holders at either end. The T-saw was

placed beneath the superior articular and transverse proc-

esses using a specially designed T-saw manipulator while

tension was maintained. During this procedure, a T-saw was

wrapped around the pedicle and the pedicles were cut using

the reciprocating motion of the T-saw through the pulleys

(Fig. 1); this allowed the entire posterior elements of the

spine, namely, the posterior arch, spinous process, superior

and inferior articular processes, transverse process, and pedi-

cle, to be removed in one piece.

2．Posterior bone grafting using the en bloc resected the
posterior arch

After vertebral body resection followed by cage insertion

in TES or anterior column osteotomy followed by correction

in ASD surgery via a posterior approach, spinal reconstruc-

tion was performed using pedicle screws and rods. In this

situation, the posterior elements in the upper and lower adja-

cent vertebrae had a significant space separating them. To

create a new posterior column, the en bloc resected vertebral

arch was placed at a 90° rotation to bridge the upper and

lower vertebral arches (Fig. 2). Decortication was performed

on the ventral side of the graft and the dorsal side of the re-

cipient site. Thereafter, a large amount of chip bone made

from the resected vertebral elements was placed over the en

bloc resected arch as an additional bone graft (Fig. 2). In

spine tumor surgery, when the vertebral arch had tumor in-

volvement, the en bloc resected arch was frozen with liquid

nitrogen (−196°C) for 20 min to kill tumor cells before us-

age in bone grafting19,20). Previous basic and clinical studies

reported that the use of frozen autograft treated with liquid

nitrogen was safe with no recurrent tumor that occurred

within the graft even in the treatment for high-grade sarco-

mas19,21,22).
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Figure　2.　Operative schema of posterior column reconstruction using an en bloc resected posterior arch.

An en bloc resected vertebral arch is placed in a 90° rotation to bridge the upper and lower arches (left). Large volume of chip 

bones can be placed over the en bloc resected arch as additional bone grafts (right).

Table　1.　Patient Characteristics.

Patient 

no./sex/age

 (year) 

Diagnosis

Surgery

(types of three-column 

osteotomy) 

Perioperative 

complication

Postoperative 

period 

(month) 

Bony fusion in the 

posterior spinal 

elements of the 

osteotomy level

IF

1/F/40 Giant cell tumor at L5 TES of L5 Temporary muscle 

weakness of the LEs

45 Achieved None

2/F/50 Giant cell tumor at L5 TES of L5 Temporary muscle 

weakness of the LEs

30 Achieved None

3/M/34 Solitary spinal 

metastasis at L4

TES of L4 Temporary muscle 

weakness of the LEs

26 Achieved None

4/M/58 Adult spinal deformity 

associated with AS

Grade 4 osteotomy of L3 

(PSO including a disc) 

Temporary muscle 

weakness of the LEs

20 Achieved None

M, male; F, female; AS, ankylosing spondylitis; TES, total en bloc spondylectomy; PSO, pedicle subtraction osteotomy; LE, lower extremity; IF, instru-

mentation failure

Clinical and radiological outcomes

Table 1 summarizes the clinical information of the four

patients who were treated using this technique. Three pa-

tients underwent TES for spinal tumors in the lower lumbar

spine (Fig. 3) and one patient underwent grade 4 osteot-

omy23) for thoracolumbar kyphosis associated with ankylos-

ing spondylitis. Computed tomography (CT) scans 1 year

postoperatively showed that the structural integrity of bony

fusion had been successfully achieved between the en bloc

resected vertebral arch and the posterior elements of the ad-

jacent vertebrae in all patients. All four patients had tempo-

rary mild muscle weakness in the lower extremities associ-

ated with massive dissection of the lumbar nerve roots and

psoas muscles. However, all the patients fully recovered in

the early postoperative period and did not experience any

other postoperative complications, including IF or tumor re-

currence.

Case presentation

The patient was a 40-year-old woman with an Enneking

stage III giant cell tumor at the L5 level (number 1 in Table

1). A pathological fracture of the vertebral body with expan-

sion of the tumor outside the vertebral body was observed

(Fig. 3A, 3B). She underwent TES via a combined pos-

teroanterior approach. After en bloc resection of the poste-
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Figure 3. A representative case with a giant cell tumor at L5 undergoing total en bloc spondylectomy.

A) Preoperative sagittal T1-weighted MRI showing the tumor in the L5 vertebral body. B) Preoperative axial T1-weighted MRI show-

ing that the tumor was partially expanded outside L5 vertebral body (Enneking stage III). C) Intraoperative photography showing that 

the 90° rotated posterior arch was secured between the spinous processes of L4 and the sacrum (the cranial side is on the right). D) 

Postoperative radiograph (frontal view) showing spinal reconstruction after TES. E) Postoperative radiograph (lateral view). F) Sagit-

tal image of CT scan 1 year after surgery showing the structural integrity by a bony fusion of the grafted bone and adjacent laminae.

rior element of L5 and wide dissection of the tumor-affected

vertebral body from the dura mater and nerve roots via a

posterior approach, the en bloc resected arch of L5 was

grafted in a 90° rotation to bridge the laminae of L4 and the

sacrum. The 90° rotated arch was secured between the

spinous processes of the L4 and sacrum (Fig. 3C). Using the

anterior approach, the tumor-affected vertebral body was re-

moved en bloc and an expandable cage was inserted and se-

cured between the adjacent vertebral bodies (Fig. 3D, 3E).

More than 3 years after surgery, she remained tumor-free

and worked as a housewife without difficulty. Postoperative

CT scans showed that the reconstructed spine was well-

maintained with fusion of the grafted bone and adjacent

laminae (Fig. 3F).

Discussion

In TES or high-grade osteotomy of the lower lumbar

spine, the vertebral arches in the upper and lower adjacent

vertebrae are usually separated by a significant space; this

makes it challenging to perform posterior column recon-

struction using bone chips, which are commonly used as

bone graft materials. When bone fusion in the anterior col-

umn fails, a revision surgery is often required due to IF.

Mechanical stability and bony fusion at the osteotomy

level using instrumentation or bone grafting techniques are

topics of interest in TES24) and ASD surgery25-28). Additional

bone grafting in the anterior column24) or a rigid construct

using posterior multiple rods or bridging-rod technique25-27)

can increase the bone fusion rate in the anterior column and

prevent IF. In surgeries using grade 3 osteotomy with partial

wedge resection of the posterior vertebral body23) and kypho-

sis correction, a new facet joint is sometimes created by re-

ducing the inferior facet of the proximal level to the supe-

rior facet of the distal level, maintaining the integrity of the

posterior column28). However, it is impossible to maintain the

continuity of the posterior column in high-grade osteotomy

surgeries23) using grade 4 osteotomy with pedicle, partial

body, and disc resection or grade 5 osteotomy with complete

vertebral and disc resection, including TES for spinal tu-

mors. In this situation, en bloc resection of the posterior

arch can be used as a strut bone graft to create new continu-

ity of the posterior column with the adjacent laminae and

spinous processes. The concave parts between the superior

and inferior articular processes fit the spinous processes of

the adjacent levels sufficiently well to avoid movement with
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stabilization using spinal instrumentation (Fig. 2, 3C). Spi-

nal shortening in TES or kyphosis correction in ASD sur-

gery decreases the gap between the posterior arches of the

upper and lower adjacent vertebrae. In this case, the width

of the en bloc resected arch was sufficient for bridging the

gap. Using this technique, a significant amount of chip bone

is placed over the en bloc resected arch as an additional

bone graft to promote bony fusion in the posterior column

(Fig. 2). Structural integrity of bony fusion was successfully

achieved between the en bloc resected arch and the laminae

of the adjacent vertebrae in all our patients using the tech-

nique, and there was no IF in the postoperative period.

However, the surgical technique has some limitations. In

surgeries using grade 6 osteotomy with multiple vertebral

resection23), this technique cannot be applied due to the

wider gap between the vertebral arches in the upper and

lower adjacent vertebrae. In the thoracic and upper lumbar

spines, the morphology of the posterior arch is not suitable

for this technique because the concave parts between the su-

perior and inferior articular processes are not developed.

This technique is not recommended at the spinal cord level

because displacement of the large strut bone can cause se-

vere spinal cord compression. In TES for spinal tumors, the

en bloc resected arch should be treated with liquid nitrogen

to kill the tumor cells when the tumor involves the vertebral

arch. Using this technique, the treatment can interfere with

bone fusion in the posterior column. Previous studies re-

ported that bone union of the bone treated with liquid nitro-

gen, although delayed, was achieved under sufficient stabil-

ity with instrumentation29,30). Despite these limitations, the

technique is feasible for most surgeons and is effective in

preventing IF during these surgeries.
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