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Abstract We report a multilevel modified vertebral col-

umn resection (MVCR) through a single posterior approach

and clinical outcomes for treatment of severe congenital

rigid kyphoscoliosis in adults. Transpedicular eggshell

osteotomies and vertebral column resection are two tech-

niques for the surgical treatment of rigid severe spine

deformities. The authors developed a new technique

combining the two surgical methods as a MVCR, through a

single posterior approach, for surgical treatment of severe

congenital rigid kyphoscoliosis in adults. Thirteen adult

patients with severe rigid congenital kyphoscoliosis

deformity were treated by a single posterior approach using

a MVCR technique. The surgery processes included a one-

stage posterior transpedicular eggshell technique first, and

then expanded the eggshell technique to adjacent inter-

vertebra space through abrasive reduction of the vertebral

cortices from inside out. All posterior vertebral elements

were removed including the cortical vertebral bone around

the neural canal. Range of resection of the vertebral col-

umn at the apex of the deformity included apical vertebra

and both cephalic and/or caudal adjacent wedged verte-

brae. Totally, 32 vertebrae had been removed in 13

patients, with 2.42 vertebrae being removed on average in

each case. The average fusion extent was 7.69 vertebrae.

Mean operation time was 266 min with average blood loss

of 2,411.54 ml during operation. Patients were followed up

for an average duration of 2.54 years. Deformity correction

was 59% in the coronal plane (from 79.7� to 32.4�) post-

operatively and 33.7� (57% correction) at 2 years follow-

up. In the sagittal plane, correction was from preoperative

85.9� to 27.5� immediately after operation, and 32.0� at

2 years follow-up. Postoperative pain was reduced from

preoperative 1.77 to 0.54 at 2 years follow-up in visual

analog scale. SRS-24 scale was from 38.2 preoperatively to

76.9 at 2 years follow-up postoperative. Complications

were encountered in four patients (30.7%) with transient

neurology that spontaneously improved without further

treatment within 3 months. MVCR technique through a

single posterior approach is an effective procedure for the

surgical treatment of severe congenital rigid kyphoscoliosis

in adults.
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Introduction

Severe congenital rigid congenital kyphoscoliosis in adults

remains a big challenge for spine surgeons. Kyphoscoliosis

is a deformity with fixed spinal vertebrae that does not

allow traction, suspension, or side bending of the spine.

The lack of a mobile spine frequently results in early

truncal decompensation and a large compensatory curve,

which may progress with time [36]. Rigid congenital

kyphoscoliosis in adults usually occur with functional

impairment and neurologic complications, and pain is a

common symptom [9, 21, 22, 26].

The physiologic and mechanical issues inherent in the

kyphoscoliosis are still challenging. Surgery is the common

treatment at present. However, the surgical techniques for

correcting the deformity are difficult and controversial.

Usually, vertebral column resection (VCR) is a technique
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designed for rigid severe kyphoscoliosis deformities. VCR

enables translation of spinal column and offers the

advantage of a controlled manipulation of both the anterior

and posterior column with active reconstruction [10, 24].

Combined anterior and posterior VCR requires a lengthy

operation and has the possibility to harm the anterior vas-

cular and visceral structures [18, 32, 35]. For severe rigid

adult congenital spinal kyphoscoliosis, it is a common

practice that more than one VCR has to be done to provide

enough correction with substantial risks.

Transpedicular eggshell osteotomy is an alternative

method to treat kyphoscoliosis [9, 15, 23, 25]. But for

severe rigid adult spinal kyphoscoliosis, eggshell technique

alone cannot provide adequate correction. To minimize the

technical difficulties during the operation process and

assure the best surgical effects, the authors developed a

new method, combining transpedicular eggshell osteo-

tomies and VCR in one procedure, and this new method is

termed as ‘‘modified VCR (MVCR).’’ The authors here

reported the clinical outcomes of 13 adult patients with

severe rigid spinal congenital kyphoscoliosis, who have

been treated by multilevel MVCR technique.

Material and methods

From 2003 to 2005, 13 cases of severe rigid adult con-

genital kyphoscoliosis (Cobb [75� in sagittal plane) were

treated with multilevel MVCR technique. The clinical

records were reviewed for demographic data, etiology

of the lesion, operating time, average operative and

postoperative blood loss, functional improvement, and

complications. Clinical outcome was measured with the

SRS-24, and the pain at the lumbosacral region was

evaluated using a visual analog scale (VAS) preoperatively

and at 2 years postoperation.

There were six males and seven females; average age at

surgery was 31.03 years (range 20.5–43.2 years). Etiolo-

gies of these 13 deformities were congenital kyphoscoliosis

with posterolateral hemivertebra (fully segmented hemi-

vertebrae were found in five cases, and wedge vertebrae

were in eight cases). The average inequality of leg length

was less than 1 cm before surgery. All patients had truncal

imbalance before surgery in coronal or sagittal plane.

Before surgery, three patients (23%) presented with neu-

rologic compromise. Among them, one patient presented

with neurogenic claudication and two patients had radicu-

lar pain. In our patient group, there were six patients (46%)

with intractable back pain.

Standard radiographic measurements were made from

standing postero-anterior and lateral radiographs taken

before surgery, 2 weeks after surgery, 2 years follow-up,

and at most recent follow-up to assess deformity

correction, spinal balance, complications related to the

instrumentations, and any evidence of pseudarthrosis.

There were three cases with hemivertebra at L2; seven

cases of thoracolumbar curves, with hemivertebra at T12 or

L1; three cases with hemivertebra at T11. Coronal and

sagittal balance preoperatively and at postoperative stages

were measured as described by Glassman et al. [13], that is,

coronal balance was measured as the distance between the

C7 plumb line and the center sacral line. Sagittal balance

was measured as the distance between C7 plumb line and

the posterior superior corner of S1. The trunk imbalance

was 28.7 mm in the coronal plane and 41.7 mm in the

sagittal plane. The curve was measured by the Cobb

method in the coronal plane. Kyphosis was measured by

Cobb method between the two most tilted vertebrae in the

sagittal plane. The coronal and sagittal curves averaged

79.7� (range 70.4�–110.8�) and 85.9� (range 78.2�–105.1�),

respectively (evaluated with Cobb method). On the left and

right lateral spine-bending films, spontaneous deformity

corrections of both primary and secondary curves were

17.73 ± 2.48%.

All patients went preoperative and 2 years follow-up

VAS and SRS-24 scale test to analyze the function con-

dition. They were also evaluated with preoperative full-

length spinal cord MRI for neurological abnormalities. One

case had cryptorachischisis, another one had low set of

spinal cord or cauda eguina, but these two cases were

without neurological symptoms. Computerized tomogra-

phy with 3-D reconstruction imaging was routinely carried

out preoperatively in all the patients for determining the

range of kyphoscoliosis and the position of apical vertebra.

There were ten cases that had 3-D reconstruction imaging

examination at 2 years follow-up. In addition, we routinely

obtained pulmonary function testing (PFT) for all patients

before surgery and postoperatively.

Surgical techniques

All surgeries were performed by the first author under

motor-evoked potential monitoring. No preoperative

embolization of the affected vertebra was performed.

Maquet operation table was used. Patients were positioned

such that biplanar imaging could be performed during

operation. With the patients placed in prone position, the

incision could be a straight posterior midline or curve

incision depending on the type and size of the deformity.

With the spine exposed, pedicle screws were first

inserted according to the preoperative plan (Fig. 1a). With

intraoperative radiograph controls, two or three pairs of

pedicle screws were inserted into the vertebrae, which were

cephalic or caudal accordingly with free-handed fashion

(Fig. 1a). A stabilizing rod was preset on the concaved
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side. The dissection was then carried out according to the

characteristics of apical vertebra and adjacent wedged

vertebrae according to the preoperative 3-D CT recon-

struction images. For the dissecting segments, a probe was

used to determine the entry point and depth (Fig. 1b). After

enlarging the entry with a curette, a 5-mm burr was used to

perform regular ‘‘eggshell’’ technique with icy water flush,

and during this process the inner wall of the pedicle was

kept as intact as possible (Fig. 1c). The entry was further

enlarged both cephalically and caudally to penetrate the

corresponding walls, and small amount of bony wall was

kept to protect the nerve roots from upper and lower seg-

ments (Fig. 1d). When the end-plates of the upper and

lower intervertebral space were exposed, a Kerrison ron-

geur or burr was used to abrade the anterior and lateral

walls of the vertebral body, which was then collapsed

under pressure laterally to expose the posterior walls fur-

ther (Fig. 1e). Then a similar vertebral body resection was

advanced to cross the midline in an abrasive way with the

burr. The upper and lower end-plates of the resected ver-

tebra as well as intervertebral discs were removed with a

curette (Fig. 1f). The same MVCR process was carried out

for other wedged vertebra on the same side. Once the

concaved side was completed, the rod was then pre-set on

the convex side. MVCR was completed in the convex side

in the same fashion. During the surgery, absorbable hemo-

static gauze and gelatin sponge were packed at the wound

sites for stopping bleeding.

Following vertebral removal, spinous process, vertebral

lamina, facet joints, and the transverse process of those

resected vertebrae were all carefully removed. Posterior

structures, as described earlier, of adjacent vertebra were

also partially removed. Kerrison rongeur or curette was

used to abrade the inner and posterior walls of vertebral

canal. Nucleus pulposus punch may be used to remove the

spongy bone of posterior wall when necessary. In this way,

MVCR was accomplished with one similar transpedicular

expanded eggshell technique. Conjunction between the rod

Fig. 1 Diagram illustration of the MVCR procedure. a Pedicle

screws were inserted into the vertebrae; a stabilizing rod was preset

on the concaved side. b A probe was used to determine the entry point

and depth in the dissecting segment. c After enlarging the entry with a

curette, a 5-mm burr was used to perform regular ‘‘eggshell’’

technique, and during this process, the inner wall of the pedicle was

kept as intact as possible. d The entry was further enlarged both

cephalically and caudally to penetrate the corresponding walls, and

small amount of bony wall was kept to protect the nerve roots. e
When the end-plates of the upper and lower intervertebral space were

exposed, a Kerrison rongeur or burr was used to abrade the anterior

and lateral walls of the vertebral body, which was then collapsed

under pressure laterally to expose the posterior walls further. f Then a

similar vertebral body resection was advanced to cross the midline in

an abrasive way with the burr. Adjacent upper and lower end-plates as

well as intervertebral discs were removed with a curette
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and screw was then inserted as we placed the rods on both

convex and concaved sides with the interconnecting link-

age bar enclosing the space left by MVCR. The spine was

then shortened, while segmental compression was

achieved. After internal fixation, autograft of bone chips

was implanted into the residual intervertebral spaces. In

some cases, when the multilevel posterior structures were

removed, the posterior gap was not able to close just by

compression with the rods; we then harvested iliac bone

sticks and implanted them into the posterior space and/or

placed them over the transverse processes. Closed suction

drains were inserted at the resection sites, and the surgical

wound was closed layer-by-layer.

Three methods were used to save or replace the blood

supply: (1) Cell saver was used to save blood during

operation, and usually 800–1,400 ml of blood could be

saved and refused back to the patient; (2) At the same time,

blood from the blood bank had also been given to the

patient when necessary; (3) The first 6 hours blood drain

was collected by using a postoperation cell saver (Stryker,

USA) and given back to the patient (the average volume of

the blood saved was about 350–700 ml).

Postoperation care

The patients were allowed to sit up in bed 24 h after the

surgery. Postoperative loss through the drains was mea-

sured and recorded everyday (see Table 1). Usually, the

drain was removed when the blood loss through drain was

less than 50 ml per 24 h. Patients were allowed out of bed

with a custom-made plastic thoracolumbosacral orthosis

(TLSO) at the second postoperative week. The TLSO for

those two-segment resection patients was kept for

3 months, and for those three-segment MVCR patients, the

TLSO was kept for 6 months.

Results

Totally, 32 vertebrae had been removed in 13 patients, with

2.42 vertebrae being removed on average in each case

(range 2–3 vertebrae). Intraoperative measurements of

spine-column-shortening were 34 mm (range 28–48 mm).

Average fusion extend was 7.69 vertebrae (range 7–12

vertebrae). Mean operating time was 266 min (range

208*350 min), with average blood loss of 2,411.54 ml

(range 1,800–3,200 ml) during operation, and the postop-

erative blood loss through drain was 815.38 ml in average

(Table 1). The drain was kept for 5.7 days (4–8 days).

Every patient in the study finished at least 2 years of

follow-up and an average of 2.54 years (range 2–3.2 years)

with radiological and physical evaluations to assess spinal

balance and decompensation. Deformity correction was

59% in the coronal plane postoperatively (from 79.7� to

32.4�) and 33.7� (57% correction) at 2 years follow-up. In

the sagittal plane, deformity correction was from preoper-

ative average 85.9� to 27.5� immediately after operation,

and 32.0� at 2 years follow-up. Bony fusion could be seen

in all of their radiographs 2 years after surgery (Fig. 2).

Postoperative coronal and sagittal balances were improved

to 12.1 and 20.7 mm, showing an improvement of 16.6 and

21 mm, respectively. At 2 years follow-up, all patients had

satisfied spinal balance; postoperative coronal and sagittal

balances were 17.4 and 28.06 mm (Table 2). Average

preoperative VAS was 1.77 and reduced to 0.54 at 2 years

follow-up in VAS. The improvement of patients VAS was

significant. SRS-24 scale was from preoperative 38.2 to

76.9 at 2 years following up postoperative. Pain, general

self-image, function from back condition, and level of

activity all demonstrated statistically significant improve-

ment as compared with preoperative status (P \ 0.05)

(Table 3).

Complications were encountered in four patients

(30.7%), including two with transient neurology compli-

cations, one with wound problem, and one with pleural

membrane rapture. One patient was detected of transient

neurologic deficit, immediately after surgery (ASIA grade

is D); the symptoms were alleviated 1–2 weeks after

operation without any intervention (ASIA grade is E).

Two-year follow-up showed that his VAS was 0 and his

movement was normal. Another patient (case no. 7, Fig. 3)

was 30 years old when operated. During the MVCR pro-

cess (rod rotation process to the maximal extent), a change

had been found in evoked potentials monitoring meeting

warning criteria, and then we closed the wound immedi-

ately and stopped the operation. He was found to have

incomplete paraplegia postoperatively (ASIA grade is C).

Methylprednisolone was administered for 24 h continu-

ously. At 29 h postoperation, the patient recovered to

normal sensory and muscle strength of grade IV. He

Fig. 2 A 43-year-old woman who presented with hemivertebra

kyphoscoliosis deformity with dysplasia of several vertebrae adjacent

to the apical vertebra. a–c Preoperative outlook. d, e Radiographic

evaluation found that the apical hemivertebra of kyphoscoliosis was

L1; the curve in coronal and sagittal plane was 75.4� and 84.1�,

respectively. f–i Computerized tomography and 3-D reconstruction

images revealed that the apical vertebra and its adjacent vertebrae of

T12 and L2 had severe wedged deformity on anterior, posterior, and

lateral views having a local kyphosis deformity of 95.2�, which was

far more severe than X-ray measurement. j–m MVCR surgical

procedure was carried out to resect the vertebrae of T12, L1, and L2,

with posterior pedicle screw fixation, vertebrae compression, and

fusion with bone chip autograft. n, o The deformity was corrected to

36.3� and 12.2� in the coronal and sagittal plane, respectively, as

shown in the corresponding radiographs. p, q 6-month follow-up. r, s
2-year follow-up X-ray measurement: her deformity was 36.4� and

25.6� in the coronal and sagittal plane, respectively, and fusion can be

found both in X-ray and 3-D reconstruction images. t 3-D

reconstruction images. u–y 2-year follow-up outlook image

b

Eur Spine J (2008) 17:361–372 365

123



recovered completely at 6 weeks postoperation (ASIA

grade is E).

There was one case of wound problem: 0.5 9 0.7 cm2

skin damage was caused by electrotome at the edge of

wound incision. Fat liquefaction was found postopera-

tively. We kept changing dressing everyday and finally,

wound healed about 20 days later. For the case of pleural

membrane rupture, the complication was caused during

operation when we tried to expose the rid head widely

from concave side. We closed the rupture area by suturing

the pleural membrane carefully, and air-proof test in water

was used to make sure the closing had very good effect. It

has been proved by postoperative X-ray that there was a

little ‘‘air’’ in the thoracic cavity, and the air disappeared 1

week later when we checked the thoracic cavity by X-ray

again.

Discussion

Adult severe rigid congenital kyphoscoliosis has been a

persistent and perplexing problem [19, 20, 27, 37]. The

operative or nonoperative treatments often fail, resulting in

a three-dimensional deformity at coronal, sagittal, and

frontal planes [2, 16, 29, 30]. In contrast to the adolescent

scoliosis, which is usually asymptomatic, the adult scolio-

sis patients usually present with back pain [34, 38]. In

addition, adult patients are more likely to experience

symptoms of spinal stenosis and radiculopathy from

osteoarthritis and rotatory subluxation, which may lead to

nerve root impingement and stretching. Decreased vital

capacity and other parameters of pulmonary function may

occur in patients with severe thoracic curves, especially in

the presence of thoracic lordosis, which effectively

decreases the anterior/posterior chest diameter. Finally, the

psychological impact of chronic pain and deformity must

be considered. In a world where appearance and health

become increasingly important for social acceptance and

Table 1 Patients condition

Patients Operation condition

Case Gender Age at

operation

(years + months)

Hemi

site

Follow-up MVCR Blood

loss

operation

(ml)

Estimated

blood (%)

Blood

loss

postop

(ml)

Estimated

blood

(%)

Operation

time

(min)

Fused

segment

1 F 27 + 5 T11 2 years 11 months 2.5 2,500 57 750 17 310 7

2 F 20 + 6 L1 2 years 7 months 3 3,000 79 1,910 51 310 7

3 F 43 + 2 L1 2 years 8 months 3 3,200 79 860 21 210 7

4 F 28 + 1 T11/12 3 years 2 months 2 2,100 57 780 21 245 7

5 M 40 + 7 T12 2 years 2 months 2 1,800 31 665 11 250 8

6 M 21 + 11 T11 3 years 3 months 3 3,000 54 585 10 245 8

7 M 30 + 6 T11 2 years 4 months 3 2,700 54 490 9 350 12

8 F 22 + 10 L2 2 years 1 month 2.5 2,800 70 590 15 260 8

9 F 41 + 5 L1 2 years 2.5 1,950 47 770 18 245 8

10 M 36 + 10 L2 2 years 5 months 2 2,600 44 830 14 220 7

11 F 29 + 2 L2 2 years 3 months 2.5 1,800 44 950 23 305 7

12 M 38 + 7 L1 2 years 9 months 2 1,900 40 990 18 208 7

13 M 22 + 6 T12 2 years 4 months 2 2,000 37 430 8 300 7

Average 31 + 0 2.54 years 2.46 2,411.54 54 815.38 18 266 7.69

Table 2 Coronal and sagittal balance

Case Coronal balance Sagittal balance

Preop

(mm)

Postop

(mm)

2 years

postop

(mm)

Preop

(mm)

Postop

(mm)

2 years

postop

(mm)

1 25.1 20.3 28.6 40.7 20.7 27.5

2 34.4 10.7 15.5 43.5 22.4 30.7

3 53.5 18.6 26.4 51.3 24.7 24.5

4 10.7 2.8 6.5 37.6 18.4 18.7

5 24.8 14.2 14.2 30.5 21.7 22.4

6 13.4 7.5 15.2 36.7 15.4 27.8

7 28.8 11.6 20.6 35.2 17.6 19.4

8 42.3 19.8 27.8 48.7 26.4 35.9

9 36.9 25.4 27.6 42.5 19.8 20.3

10 17.9 3.2 4.4 40.7 25.6 35.1

11 37.2 8.2 10.2 50.5 17.8 34.1

12 21.2 4.5 18.8 39.7 23.9 39.7

13 26.6 10.6 10.3 45.4 15.6 28.7

Average 28.67 12.10 17.39 41.76 20.76 28.06
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well-being, the inability to function at the level of one’s

peers due to pain or deformity can create a huge psycho-

logical burden. As the recognition, evaluation, and

treatment of spinal deformity continues to progress, there

are many emerging new methods for the treatment of

kyphoscoliosis, including common VCR, SPO (Smith-

Petersen osteotomy), PSO (pedicle subtraction osteotomy),

PVCR, and eggshell methods [5, 8, 28, 33]. In general, for

minor degree of imbalance and curve less than 70� and 50�
in coronal and sagittal planes, posterior soft tissue release

with compression on the convex side should be sufficient to

produce moderate correction and balance [11]. For rigid

kyphoscoliosis ([75� in sagittal plane), VCR (including

PVCR) and eggshell methods are the most popular tech-

niques at present.

Vertebrectomy was first illustrated in 1922 by Mac-

Lennan, who demonstrated an apical resection from a

posterior-only approach with postoperative casting for the

treatment of severe scoliosis [29]. However, most of the

patients had complications of nerve injuries and infection,

which showed poor results. Several authors have subse-

quently reported their experiences with vertebrectomy,

mostly for congenital scoliosis. In 1987, Bradford pre-

sented a modification of vertebrectomy, in which the

apical vertebra was subperiosteally dissected and a ron-

geur was used to remove the vertebral body from

posterior longitudinal ligament. Posterior fixation with

instrumentation at first or second stage was completed to

correct the spine deformity with resection of posterior

elements. In another report, Bradford et al. [4] investi-

gated 24 patients with rigid coronal decompensation who

underwent anterior–posterior VCR, spinal shortening, and

posterior instrumentation. Coronal and sagittal decom-

pensations were corrected to 82 and 87%, respectively.

Preoperative scoliosis averaging 103� was corrected to

49� with an improvement of 52%. In 2002, Suk et al.

reported the procedure of PVCR, which combined the

technique of spine tumor resection [31]. The posterior

elements were resected to remove the rib head articula-

tion. Anterior vertebral body was subperiosteally exposed,

dissected, and compressed for shortening correction by

instrumentation. In their series, mean operation time was

4 h 31 min with average blood loss of 2,333 ml. The

deformity correction was 61.9% in the coronal plane and

45.2% in the sagittal plane. Complications were encoun-

tered in 24 patients (out of 143 cases): two complete cord

injuries in severe adult scoliosis and thoracic kyphosis

patient who had significant preoperative cord compro-

mise, six hematomas, four root injuries (all incomplete),

five fixation failures, two infections, and five hemopneu-

mothoraxes [31]. Since then, the PVCR method became

more popular and widely accepted for correction of ky-

phosis deformity of spine.

However, for severe rigid kyphoscoliosis in adults (Cobb

[75� in sagittal plane), single-level PVCR often could not

fulfill the task of satisfactory deformity correction. But

multilevel PVCR was extensive and aggressive with longer

operating time, greater amount of blood loss, and with

higher risks of complications [4, 5]. In the 1970s, Heinig

developed the ‘‘eggshell’’ procedure, a technique to allow

anterior decompression and posterior fusion through a

posterior transpedicular approach [12]. The ‘‘eggshell’’

procedure is a salvage technique reserved for complex

reconstructive problems in the treatment of acute trauma,

deformity, tumor, or infection. The goal of the Heinig’s

procedure [15] was to achieve similar deformity correction,

neural decompression, and stabilization with fewer com-

plications. The eggshell technique encompasses procedures

ranging from simple transpedicular decompression and

posterior fusion to more complex procedures, including

transpedicular vertebrectomy and strut-grafting or pedicle

subtraction (closing wedge) osteotomy with posterolateral

fusion [1, 6, 7]. The key point of operation includes

beginning with smaller curettes and gradual decancellation

through the pedicle. Progressively larger curettes were then

used, with care to preserve the medial pedicle wall and

posterior wall of the vertebral body. The transverse process

could be removed and exposed to the lateral pedicle wall.

Curettage is carried out across the midline and cephalad

through the adjacent disc space. After completing decan-

cellation, the medial pedicle wall is removed followed by

the posterior wall using down-going bone tamps. Several

authors have reported high success rates with the eggshell

procedure for the treatment of spine deformity and trauma

[1, 3, 12, 14, 17, 25].

The eggshell technique is not always adequate for satis-

factory deformity correction, and the degree of deformity

correction was less than that of PVCR method. To obtain

better correction results, the first author combined PVCR

Fig. 3 a–f A 30-year-old man who presented with hemivertebra

(T11) kyphoscoliosis deformity with dysplasia of several vertebrae

adjacent to the apical vertebra. g–j His preoperative coronal and

sagittal deformities were 110.8� and 79.3�, respectively. k–p Com-

puterized tomography and 3-D reconstruction images revealed that

the apical vertebra and its adjacent vertebrae of T10 and T12 had

severe wedged deformity on anterior, posterior, and lateral views. q–y
He was treated with three-level MVCR to resect the vertebrae of T10,

T11, and T12, with posterior pedicle screw fixation, vertebrae

compression, and fusion with bone chip autograft, and 12 segments

were fused. z–a1 Right after operation, his deformity correction in

coronal and sagittal plane was 34.2� and 35.5�, respectively. b2–d2
The patient outlook image 2 weeks after operation; he needed other

people’s help to stand up because of his recent recovery from

temporary paraplegina postoperatively. e2–h2 The patient outlook

image 2 years after operation. i2–l2 Two-year follow-up X-ray

measurement: his deformity was 33.1� and 39.3� in the coronal and

sagittal plane, respectively, and fusion can be found both in X-ray and

3-D reconstruction images

c
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and eggshell techniques together, and designed a modified

technique for multilevel VCR (MVCR) for the treatment of

severe rigid adult spinal kyphoscoliosis deformity. The

surgical process combined one-stage posterior transpedic-

ular eggshell technique with VCR procedure. The key steps

of MVCR technique are illustrated in Fig. 1 and are sum-

marized as follows. (1) At the start, the posterior structure

such as spinous processes and lamina were left intact to

minimize the blood loss. (2) Once the transpedicular pro-

cess was completed, a 5-mm burr was used to decancellate

through the pedicle. In our experience, the use of burr

could control bleeding effectively and was proved to be

safer than curettes. (3) When performing ‘‘eggshell’’

technique, the inner wall of the pedicle should be kept

intact to protect the nerve roots from upper and lower

segments. (4) Once entering into the vertebra, leave a thin

wall of cortical bone at the anterior, lateral, and posterior

parts of the vertebra. This was different from PVCR

technique, in which the anterior and lateral walls were

removed, only leaving the soft tissue anterior to the ver-

tebral body intact. The entry was further enlarged both

cephalically and caudally to penetrate the end-plates of the

vertebra to expose the upper and lower intervertebral

spaces. (5) Adjacent upper and lower end-plates as well as

intervertebral discs should then be removed with a curette.

(6) It should be noted that removal of posterior structures

should begin with lateral elements, and posterior structures

such as spinous processes and lamina should all be

removed.

In our experience, MVCR technique can remove single

vertebra as well as multiple adjacent vertebrae. The use of

burr allows easy manipulation and reduces the risk of

neurological damage. Since removal of the posterior

structures (the inner and posterior walls of vertebral canal)

was the final step of this procedure, it reduces blood loss. In

our study, the mean operating time was 266 min (range

208–350 min), with average blood loss of 2,411.54 ml

(range 1,800–3,200 ml), which was much less than VCR in

time and blood loss. Using the MVCR technique, we have

successfully corrected the deformities in 13 cases of severe

rigid adult spinal congenital kyphoscoliosis. Among the 13

cases, only two cases had temporary nerve injuries and

eventually recovered completely in a short duration. Our

MVCR technique also exhibits superiority in managing the

cases of previous fixation failure for severe rigid adult

spinal kyphoscoliosis.

Several authors reported that after VCR and spine

shortening, the spine should be fused anteriorly with tita-

nium meshwork implant and bone chips autografts to

maintain long-term fusion [27, 37]. We grafted autologous

Fig. 3 continued
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bone chips into latero-anterior intervertebral spaces and

iliac bone sticks into posterior interspaces, which led to

satisfactory fusion and long-term stability as demonstrated

by the follow-up, and no pseudarthroses and neurological

damage were found in any of the 13 patients. We believe

that during removal of the inner and posterior walls of the

vertebral canal, it is very difficult to control hemorrhage

from epidural venous plexus with either the bipolar elec-

trocoagulation or absorbable hemostatic gauze. The key

point to avoid excessive bleeding is to abrade the vertebral

bony structures with burr before removal of the inner and

posterior walls of vertebral canal, which minimizes the

interference to epidural venous plexus and operating time.

In conclusion, the reported MVCR technique employing

the combined PVCR and eggshell techniques is an alter-

native to the conventional anterior–posterior VCR or PVCR

methods. MVCR can provide larger extent deformity cor-

rection than eggshell, and this procedure can effectively

correct combined deformities involving coronal and sagittal

planes of the spine. Other advantages include the high

fusion rates, acceptable operation time and bleeding, and

low risk of surgery-associated complications. However,

MVCR is a technically demanding and exhausting proce-

dure with some potential risks of complications.
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