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Abstract The traditional surgical treatment of severe

spinal deformities, both in adult and pediatric patients,

consisted of a 360� approach. Posterior-based spinal oste-

otomy has recently been reported as a useful and safe

technique in maximizing kyphosis and/or kyphoscoliosis

correction. It obviates the deleterious effects of an anterior

approach and can increase the magnitude of correction both

in the coronal and sagittal plane. There are few reports in

the literature focusing on the surgical treatment of severe

spinal deformities in large pediatric-only series (age

\16 years old) by means of a posterior-based spinal

osteotomy, with no consistent results on the use of a single

posterior-based thoracic pedicle subtraction osteotomy in

the treatment of such challenging group of patients. The

purpose of the present study was to review our operative

experience with pediatric patients undergoing a single level

PSO for the correction of thoracic kyphosis/kyphoscoliosis

in the region of the spinal cord (T12 and cephalad), and

determine the safety and efficacy of posterior thoracic

pedicle subtraction osteotomy (PSO) in the treatment of

severe pediatric deformities. A retrospective review was

performed on 12 consecutive pediatric patients (6 F, 6 M)

treated by means of a posterior thoracic PSO between 2002

and 2006 in a single Institution. Average age at surgery was

12.6 years (range, 9–16), whereas the deformity was due to

a severe juvenile idiopathic scoliosis in seven cases

(average preoperative main thoracic 113�; 90–135); an

infantile idiopathic scoliosis in two cases (preoperative

main thoracic of 95� and 105�, respectively); a post-lami-

nectomy kypho-scoliosis of 95� (for a intra-medullar

ependimoma); an angular kypho-scoliosis due to a spond-

ylo-epiphisary dysplasia (already operated on four times);

and a sharp congenital kypho-scoliosis (already operated

on by means of a anterior–posterior in situ fusion). In all

patients a pedicle screws instrumentation was used, under

continuous intra-operative neuromonitoring (SSEP,

NMEP, EMG). At an average follow-up of 2.4 years

(range, 2–6) the main thoracic curve showed a mean cor-

rection of 61�, or a 62.3% (range, 55–70%), with an

average thoracic kyphosis of 38.5� (range, 30�–45�), for an

overall correction of 65% (range, 60–72%). Mean esti-

mated intra-operative blood loss accounted 19.3 cc/kg

(range, 7.7–27.27). In a single case (a post-laminectomy

kypho-scoliosis) a complete loss of NMEP occurred,

promptly assessed by loosening of the initial correction,

with a final negative wake-up test. No permanent

neurologic damage, or instrumentation related complica-

tions, were observed. According to our experience, pos-

terior-based thoracic pedicle subtraction osteotomies

represent a valuable tool in the surgical treatment of severe

pediatric spinal deformities, even in revision cases. A

dramatic correction of both the coronal and sagittal pro-

file may be achieved. Mandatory the use of a pedicle

screws-only instrumentation and a continuous intra-opera-

tive neuromonitoring to obviate catastrophic neurologic

complications.
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Introduction

The traditional surgical treatment of severe spinal defor-

mities, both in adult and pediatric patients, consisted of a

360� approach. A first stage of anterior release by means of

multilevel discectomies and/or corpectomies through an

open thoracotomy–thoracophrenolaparotomy was com-

pleted by a posterior instrumented fusion [1–5]. A consis-

tent period of pre-operative Halo-traction in single-staged

operations, or a long period of Halo-traction between

anterior release and posterior instrumentation in two-staged

procedures was often guaranteed so as to obtain a certain

flexibility of the deformity itself and promote a better

respiratory rehabilitation [6–8]. Sometimes, in highly rigid

deformities, this combined program was preceded by an

additional posterior release [1].

Vertebrectomy was first described in 1922 by MacLennan

[9] who described an apical resection from a posterior-only

approach with postoperative casting for the treatment of

severe scoliosis. Several authors have subsequently reported

their experiences with vertebrectomy mostly for congenital

scoliosis [9–16], but also used to address oncologic diseases

[17]. In late 1980s, a circumferential vertebral column

resection (VCR) approach for severe, rigid spinal deformity

was first described by Bradford [18]. He was the first to

describe the use of a circumferential VCR coupled with

concave rib osteotomies, convex thoracoplasty, and seg-

mental spinal instrumentation with fusion in 13 patients with

severe, structural deformities. Later on, in 1997, he and

Boachie-Adjei [19] further expanded on Bradford’s original

case series reporting on 16 patients undergoing the same

procedure. Excellent deformity correction and rebalancing

of the trunk was reported with few serious complications.

The procedure was more extensive than the original verte-

brectomy procedure for congenital hemivertebra.

Posterior-based spinal osteotomy has recently been

reported as a useful and safe technique in maximizing ky-

phosis and/or kyphoscoliosis correction [20]. It obviates the

deleterious effects of an anterior approach and can increase

the magnitude of correction both in the coronal and sagittal

plane [21, 22]. The advent of modern segmental spinal

instrumentation, in particular pedicle screws fixation, intro-

duced more stable constructs available for the treatment of

these challenging, multiplanar, rigid deformities of the spine.

Several authors [23–28] reported on their experience with a

posterior-only approach, either with concomitant extensive

posterior releases, including ligaments and facet joints at

multiple levels (Ponte or Smith-Petersen type osteotomies),

a posterior-based vertebral decancellation (pedicle subtrac-

tion osteotomy or eggshell procedure), or complete corpec-

tomy (posterior hemivertebra excision and circumferential

posterior-only VCR approach), as reported by Suk et al. [29]

in early 1998.

Lumbar pedicle subtraction osteotomy (PSO) was first

described by Thomasen [30] in 1985 for the management

of fixed sagittal plane deformities in ankylosing spondylitis

and became an increasingly popular method for correcting

spinal kyphosis from a number of other etiologies [16, 24].

The technique involves a transpedicular vertebral wedge

resection from a dorsal approach and is particularly useful

for treating patients who have had a previous anterior

fusion of the spine. Nevertheless, it can be used in a wide

variety of other settings that result in flatback or kyphotic

decompensation syndromes, including congenital anoma-

lies, post-traumatic deformities, metabolic bone disorders,

mycotic degeneration, and neoplastic disease [31, 32]. For

correction of kypho-scoliotic deformities, an asymmetrical

osteotomy can also be performed. By resecting a larger

wedge on the convex rather than on the concave side of the

vertebral body, coronal plane correction can be achieved

during wedge closure. The technique may also be used

above the level of the conus, including the cervical and

thoracic spine, but more care is required above the cauda

equine [33].

To our knowledge, there are few reports in the literature

focusing on the surgical treatment of severe spinal defor-

mities in large pediatric-only series (age\16 years old) by

means of a posterior-based spinal osteotomy [20, 26], with

no consistent results on the use of a single posterior-based

thoracic pedicle subtraction osteotomy in the treatment of

such challenging group of patients. The purpose of the

present study was to review our operative experience with

pediatric patients undergoing a single level PSO for the

correction of thoracic kyphosis/kyphoscoliosis in the

region of the spinal cord (T12 and cephalad), and deter-

mine the safety and efficacy of posterior thoracic pedicle

subtraction osteotomy (PSO) in the treatment of severe

pediatric deformities.

Materials and methods

A retrospective review was performed on 12 consecutive

pediatric patients (6 F, 6 M) treated by means of a posterior

thoracic PSO (t-PSO) between 2002 and 2006 in a single

Institution. An independent spine surgeon reviewed all the

medical records and X-rays of the patients considered.

Inpatient and outpatient charts were used for collecting

demographic data, previous surgical treatment, peri-opera-

tive treatment, and annotation of any medical and surgical-

related complications [34, 35], including revision surgeries.

Radiographic evaluation included standing postero-anterior

and lateral films on long-cassettes (90 9 30 cm), before and

after surgery and at the latest follow-up. Cobb measurements

[36] of the major thoracic curve (MT) were obtained, and the

lateral films were evaluated for thoracic kyphosis (T5-T12).
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Supine preoperative bending films were used to determine

flexibility. Supine preoperative radiographs were also per-

formed in a corrective Risser plaster, held for a few hours, to

assess the correction rate in the plaster cast. Offset in the

coronal plane was determined by measuring (in cm) the

distance between the C7 plumb line and the perpendicular

line drawn through the center of the S1 vertebral body [center

sacral vertical line (CSVL)] (global coronal balance) [37].

MRI of the spine, including cervical, thoracic, and lumbar

segments, was performed preoperatively to exclude con-

genital intra-medullar anomalies, whereas in revision

patients, a preoperative 3D CT scan was also included to

understand vertebral column anatomo-pathology prior to

surgery.

Indication for a t-PSO included a severe, relatively rigid

spinal deformity both in the coronal (major scoliosis[90�)

and in the sagittal plane (major kyphosis or apical kyphosis

[80�). A moderate flexibility (20–40%) on the corrective

Risser plaster was considered sufficient so as to avoid an

anterior release.

Average age at t-PSO surgery was 12.6 years (range,

9–16), with all patients having a Risser’s sign inferior of 2.

A pre-operative conservative treatment by means of a

TLSO for an average 4.5 years (range, 2–9) could not

prevent a rapid progression of their deformity. The defor-

mity was due to a severe juvenile idiopathic scoliosis in

seven cases (average preoperative main thoracic 113�;

90–135); an infantile idiopathic scoliosis in two cases

(preoperative main thoracic of 95� and 105�, respectively);

a post-laminectomy kypho-scoliosis of 95� (for an intra-

medullar ependimoma); an angular kypho-scoliosis of 105�
due to a spondylo-epiphisary dysplasia (already operated

on four times); and a sharp congenital kypho-scoliosis of

85� (already operated on by means of a anterior–posterior

in situ fusion 4 years before).

A preoperative Halo-gravity traction was performed in

nine cases (all idiopathic ones) for an average of 3.5 weeks

(range, 2–4), following the well-known protocols already

described in literature [7, 8]. Traction was maintained

generally until a 35–40% of body weight was obtained and

a satisfying correction was shown on radiographic

evaluation.

Patients underwent a one-level t-PSO at the apex of their

main deformity, always performed at T11 or cephalad

region of the spinal cord (Table 1). In nine cases, the t-PSO

was the first procedure, whereas in three patients the

osteotomy represented a revision surgery. The osteotomy

was followed by a posterior-based segmental arthrodesis

using an all-pedicle screws instrumentation, including

poliaxial and/or reduction screws, under continuous intra-

operative neuromonitoring (SSEP, NMEP, EMG). In ky-

photic deformities, the fusion area included at least three

levels above and below the osteotomy, whereas when a

kypho-scoliosis had to be addressed the already reported

criteria were followed [38].

Statistical analysis included the t-test (paired and

unpaired), the Wilcoxon test for non-parametric paired

analysis, and the Mann–Whitney test for non-parametric

unpaired analysis, with results expressed as mean (range,

min–max).

Results

At an average follow-up of 2.4 years (range, 2–6) we found

a mean hospitalization after the t-PSO surgical procedure

of 10.4 days (range, 8–13), with all patients encouraged to

maintain sitting position as soon as pain permit it. Intensive

care unit stay was 1.5 days (range, 1–2) mainly to better

address early post-operative pain. A prolonged mechanical

ventilation, re-intubation, or thoracic drain insertion was

not encountered in any case of the present series. An

aggressive post-operative pulmonary rehabilitation pro-

gram was always initiated as soon as patients returned to

ordinary ward, being prescribed for at least 2 months. All

patients were discharged with a TLSO for a mean of

3.5 months (range, 2–4) to be worn only day-time.

Mean estimated blood loss during the present series was

found up to 19.3 cc/kg (range, 7.7–27.27), whereas in a

single case (a post-laminectomy kypho-scoliosis) a com-

plete loss of NMEP occurred, promptly assessed by loos-

ening of the initial correction, with a final negative wake-up

test. A total five medical complications [35] (moderate

pleural effusion in 3, pneumonia secondary to moderate

atelectasis in 1, superior mesenteric artery syndrome in 1)

did not necessitate any invasive procedure and healed

uneventfully with no adverse effects on final results. Screw

misplacement at thoracic level was suspected on postoper-

ative X-rays in three cases (three screws), all considered

within a ‘‘definite safe zone’’ at the post-operative Tc

control [38]. Screw misplacement did not present evidence

of risks and did not cause any symptoms, thus it was

decided to leave the misplaced screws in place. At a mean

follow-up of 2.4 years (range, 2–6), there were no changes

in the X-ray control and no symptoms. No permanent

neurologic damage, early superficial to late deep infection,

Table 1 Osteotomy level and

number of patients
Osteotomy

level

Number of

patients

T7 2

T8 3

T9 2

T10 3

T11 2
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instrumentation-related complications or pseudoarthrosis

were observed at latest follow-up.

For what concerned the radiographic evaluation, the

preoperative main thoracic curve averaged 103� (range,

85–135), at supine side bending showed a flexibility of

only 20% (range, 10–35), which increased up to 32%

(range, 20–40) on the corrective Risser plaster. At latest

follow-up, we observed a mean correction of 61� (range,

45–75), or a 62.3% (range, 55–70%), with an average

thoracic kyphosis of 38.5� (range, 30–45�), for an overall

correction of 65% (range, 60–72%) (Table 2). All patients

were found to be well compensated for what concerned

both overall sagittal contour and global coronal alignment,

with no signs of crankshaft phenomenon or progression of

a secondary curve not included in the instrumented

arthrodesis.

Discussion

Spinal deformity is a three-dimensional pathology.

Decompensation both in the coronal and the sagittal plane

leads to specific clinical complaints, pain, neurology, pro-

gression of deformity, deranged trunk balance, cardiopul-

monary compromise, or interference with activities of daily

living [18, 19, 39, 40]. A combined anterior release and

fusion followed by a posterior spinal fusion and instrumen-

tation was often performed for both large (more than 90�–

95�) and stiff (more than 70�–80� at side bending) curves,

those with a significant lordotic or hyperkyphotic sagittal

thoracic alignment, and in skeletally immature patients to

prevent the crankshaft phenomenon [41]. The anterior

release and fusion is performed through either an endoscopic

or open approach, with similar results reported for each

approach [42–45]. Both open anterior and endoscopic

approaches have negatively impacted pulmonary function

when compared to a posterior-only approach [22, 46].

The correction rate of severe vertebral column deformity

with a combined anterior–posterior treatment was 45–47%,

using Harrington instrumentation [2] or the multiple hook

construct [5], 52% using Zielke instrumentation with

Harrington rod [3], and up to 67%, using anterior instru-

mentation and posterior hybrid construct [1]. The com-

bined anterior and posterior procedure was performed in

1-stage or 2-stage surgery according to different authors

with different outcomes: Shuffleburger et al. [5] found

decreased hospital stay and operating time, fewer compli-

cations, and better correction in the continuous group

compared to the staged group; more recently, Shen et al.

[47] concluded that there was no significant difference in

safety or efficacy between the 1-stage or 2-stage groups.

On the other hand, the role of an all posterior approach

using pedicle screws-only instrumentations has been

widely reported in the treatment of severe, rigid kypho-

scoliosis [38, 48]. Furthermore, two recent studies [1, 21]

compared combined treatment (anterior and posterior

fusion) versus posterior fusion only in severe AIS: Luh-

mann and Lenke [21] concluded that patients treated with

pedicle screw-only instrumentation presented similar

results to patients with combined treatment (60.7 vs.

58.5%), without the negative effects on pulmonary func-

tion from anterior release. In highly rigid severe spinal

deformities (more than 100�), conventional correction

methods, such as posterior only or anterior release and

posterior instrumentation, are usually unsatisfactory;

therefore, a more aggressive approach is necessary [29].

Table 2 Demographic data and

radiologic evaluation

n.s. not significant

Mean Range Significance

Age (years) 12.6 9–16 –

Risser 0.4 0–2 –

Follow-up (years) 2.4 2–6 –

Preoperative main thoracic curve 103� 85–135 –

Preoperative main thoracic curve bending 85� 75–120 –

Flexibility of main thoracic curve 20.2% 10–35 n.s

Flexibility of main thoracic curve-risser 32.3% 20–40 n.s

Follow-up main thoracic curve 45� 38–65 –

Final main thoracic curve correction (Pre-op)-(follow-up) 61� 45–75 0.0001

Final percent correction main thoracic curve 62.3% 55–70 0.0000

Post-resection main thoracic curve loss (follow-up-postop) 2.27� 0–5 n.s

Preoperative kyphosis (T5-T12) 62� 65–105 –

Follow-up kyphosis (T5-T12) 38.5� 30–45 –

Overall kyphosis correction (Pre-op)-(follow-up) 65% 60–72 0.0001

Preoperative global coronal balance (C7-S1) (cm) 2.17 0.2–4 .

Follow-up global coronal balance (C7-S1) (cm) 0.76 0–2.1 0.002
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Recently, Suk et al. reported on a posterior-only

approach with a VCR for fixed lumbar spinal deformities

[29], as well as for severe, rigid scoliosis [49, 50]. They

reported excellent surgical correction with minimal long-

term complications for thoracic and lumbar deformities

resected around the cauda equina region, with similar

results for the thoracic scoliosis patients except for one

permanent postoperative paraplegia.

The present series results on twelve consecutive pedi-

atric patients affected by a severe, rigid deformity

(Table 2) can be well allocated in the latter type of

deformities and surgical treatment reserved for. The

accurate pre-operative assessment that routinely includes a

corrective Risser plaster was found to be of paramount

importance in determining the intermediate flexibility

(between 20–40%) shown in the present series. Such

Fig. 1 An infantile idiopathic scoliosis of 95�. 11 ? 8 years; Female. a Satisfying correction on the Risser cast, b Radiographic and clinical

result after a t-PSO at T10
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flexibility, in particular on the sagittal plane, permitted a less

aggressive surgical treatment with respect to vertebral column

resection as described by Suk et al. [49, 50], by performing an

apical t-PSO [16, 24, 33, 38]. Combined with the wide pos-

terior release performed for the accurate thoracic pedicle

screw placement according to the ‘‘mini-laminectomy’’

technique [38], a dramatic correction of both the coronal

(62.3%) and sagittal (65%) profile may be achieved even in

severe, rigid kypho-scoliosis (average preoperative main

thoracic curve of 103�) (Fig. 1).

Our results combined with those of the recent literature

[16, 21, 26, 38, 48–50] permit to create a treatment based

‘‘algorithm’’ for choosing the best type of posterior oste-

otomy to be performed, taking into account the flexibility

of the curve to be addressed:

– flexibility [ 40%: wide posterior release – Ponte/

Smith-Petersen Osteotomies,

– flexibility between 20–40%: PSO (eventually asymmetric),

– flexibility \ 20%: posterior-only VCR.

Fig. 2 A post-laminectomy kypho-scoliosis of 95� (intra-medullar

ependimoma). 11 ? 8 years; Female. a Signs of spinal cord cavita-

tion on MRI; Incomplete paraplegia at presentation. Satisfying

correction on the Risser cast, b A complete loss of NMEP occurred

during t-PSO at T8 closure, promptly assessed by loosening of the

initial correction, with a final negative wake-up test. Complete

resolution of pre-operative incomplete paraplegia by post-operative

3rd month
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Fig. 3 A sharp congenital kypho-scoliosis of 85�. 9 ? 6 years; Male. a Patient already operated on by means of a anterior–posterior in situ fusion

four years before. Satisfying correction on the Risser cast, mainly on the sagittal profile, b Radiographic and clinical result after a t-PSO at T11
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It should be noted that only an all-pedicle screw instru-

mentation can provide a rigid and stable construct that permit

such destabilising procedures to be performed [49]. The

advent of ultimate generation pedicle screws, including

poliaxial/reduction screws placed in strategic positions

(apical concave vertebra; proximal and/or distal regions of

severe kyphosis or kyphoscoliosis; instrumentation upper

and lower limit vertebra) make easier and safer performing

substantial multiplanar corrective maneuvers. These

corrective maneuvers include a contemporary distraction-

traslation, counter clock-wise derotation on convexity-

compression, direct vertebral rotation, or ‘‘in situ’’ bending.

Even if technically demanding and potentially prone to

catastrophic neurologic complications, performing a t-PSO

has been demonstrated to be safe according to the present

series results. In a single case (a post-laminectomy kypho-

scoliosis), a complete loss of NMEP occurred promptly

assessed by loosening of the initial correction, with a final

negative wake-up test (Fig. 2). It is in such particular cases

that the present authors concur with the strict recommenda-

tion made by Cheh and Lenke [20] so as to perform as safely

as possible such demanding procedures. It should be antici-

pated that during the corrective maneuvers, in particular

during the osteotomy closure, the mielo-radicular tissues

sustain a significant mechanical strain. That is particularly

true when an angular kyphosis is addressed, being the latter

the only reported to be associated with significant, permanent

neurologic injuries [20, 49]. The use of temporary correction

rods to be progressively changed may result particularly

useful, preventing unintentional osteotomy closures, or

dramatic anterior subluxations [16, 20, 50].

Another crucial point is the continuous, meticulous

inspection of neural elements during such corrective

maneuvers. A wide laminectomy, usually one level above

and one level below the osteotomy, should always be

performed with sufficient exposition of the neuroforamen

bilaterally.

Once definitive rods have been positioned and locked

both spinal cord and corresponding roots should be care-

fully inspected to assess any osteo-ligamentous impinge-

ment or retained bony/disc material during the corrective

procedure. In this perspective, it is absolutely imperative to

have a continuous intra-operative neuromonitoring (in

particular NMEP) to promptly identify and subsequently

obviate catastrophic neurological complications. A com-

plete loss of NMEP data, with absolutely normal SSEP

registration, has been reported [20] to occur with an inci-

dence up to 21.4% (9 cases in a total of 42 vertebral

resection surgeries) some time during the surgical proce-

dure, most commonly during the actual spinal shortening

and correction. In their series, Cheh and Lenke [20] have

advocated a three step-wise ‘‘prompt surgical intervention’’

once a neurologic incident occurs:

1. Maintain normo-tensive anesthesia during correction

and closure of osteotomy, with mean arterial pressure

(MAP) at least 75–80 mm Hg during this time;

2. Release the correction obtained by loosening the set

plugs;

3. Thereby, lessen the correction and removing the rods if

needed.

In all cases, SSEPs were unchanged and NMEPs

returned varying from 8 to 20 min after loss, with all

patients having a normal wake-up test intra-operatively and

a normal neurologic examination after surgery [20].

Finally, as evidenced by prior reports [16, 33], the ver-

satility and safety of single level PSO seems guaranteed. This

posterior-only approach, according to the present series,

appears a safe but challenging technique to treat severe pri-

mary or revision (Fig. 3) pediatric spinal deformity. By

resecting a larger wedge on the convex rather than on the

concave side of the vertebral body, coronal plane correction

can be achieved during wedge closure. It allows for dramatic

radiographic and clinical correction of these severely

deformed patients both in coronal and the sagittal profile. At

a mean follow-up of 2.4 years (range, 2–6), there were no

changes in the X-ray control and no symptoms. No perma-

nent neurologic damage, early superficial to late deep

infection, instrumentation-related complications or pseudo-

arthrosis were observed. All patients were found to be well

compensated for what concerned both overall sagittal con-

tour and global coronal alignment, with no signs of crank-

shaft phenomenon or progression of a secondary curve not

included in the instrumented arthrodesis.

Conclusions

According to our experience, posterior-based thoracic

pedicle subtraction osteotomies represent a valuable tool in

the surgical treatment of severe pediatric spinal deformi-

ties, even in revision cases. A dramatic correction of both

the coronal and sagittal profile may be achieved. Manda-

tory the use of a pedicle screws-only instrumentation and a

continuous intra-operative neuromonitoring to obviate

catastrophic neurologic complications.
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