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Abstract

Method Pedicle subtraction osteotomy is one of the well

established and popular techniques for kyphosis correction.

52 patients with dorsolumbar kyphosis followed up for a

minimum period of 2 years after pedicle subtraction osteot-

omy were assessed prospectively for clinico-radiological

and functional outcomes. Unacceptable cosmesis and

severe back pain were the chief complaints preoperatively.

Results The average kyphosis at last follow-up was 8.4°

compared to preoperative kyphosis of 58°. Union at the oste-

otomy site was achieved in all patients, and there were no

major neurological complications. All patients showed a sig-

niWcant improvement in all subsets of Scoliosis Research

Society (SRS-30) outcome measures following the surgery.

Conclusion A greater degree of kyphosis correction

(>40°) can be obtained with a single pedicle subtraction

osteotomy at the dorsolumbar level with minimal neurolog-

ical complications.

Keywords Spinal osteotomy · Kyphosis · Spinal 

deformity · Pedicle subtraction

Introduction

An abnormal kyphotic spine can result in a positive sagittal

imbalance that may have deleterious eVects on the overall

biomechanics of the spinal column. Loss of sagittal balance

can cause intractable back pain due to abnormal posture

and can cause lower limb muscle fatigue and inability to

maintain a horizontal gaze. Kyphosis correction in the spine

is a massive undertaking and requires careful preoperative

clinical, radiological evaluation and immense technical

expertise on the part of the surgeon.

Various surgical techniques are described in literature

for kyphosis correction. Pedicle subtraction osteotomy

(PSO) is a posterior closing wedge osteotomy Wrst

described by Thomasen [1] in 1985 for the management of

Wxed sagittal plane deformities in ankylosing spondylitis.

Since then its indications have grown, and techniques have

been modiWed to treat kyphotic deformities of the dorso-

lumbar and lumbar spine due to tuberculosis, trauma,

degenerative and postsurgical conditions [2, 3]. PSO can be

used at the dorsal level but at the expense of increased neu-

rological complications. PSO is most useful for deformities

with an apex in the lumbar spine [4].

We present our experience with the PSO for surgical

correction of dorsolumbar kyphosis. Our aim was to correct

the deformity and relieve back pain by restoring the normal

spinal curvatures and achieving a solid fusion.

Patients and methods

The study cohort included 56 patients who underwent PSO

for dorsolumbar kyphosis at our institution from January

2006 to December 2007. Prior informed consent and

approval from the institutional ethical committee was

A. S. Gavaskar (&)
Parvathy Ortho Hospital, Door No. 63A/44, 
Gandhi Road, Gill Nagar, Choolaimedu, 
Chennai 600094, Tamil Nadu, India
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obtained. Four patients were lost during follow-up, one

patient had died due to reasons unknown, and three patients

could not be traced. 52 patients were included for Wnal anal-

ysis.

There were 31 males and 21 females. The average age

was 25 years (range 18–33 years). The etiology of the

deformity varied, 22 patients had healed tuberculosis of the

dorsolumbar or lumbar spine, 15 patients had an unaccept-

able kyphotic deformity following Schuermann’s disease of

the dorsolumbar spine, 7 patients had a posttraumatic sharp

kyphosis, and 8 patients presented with congenital kypho-

sis. All patients presented with a cosmetically unacceptable

deformity and intractable back pain not responding to regu-

lar use of analgesics and bracing as their chief complaints.

Eight patients complained of lower limb fatigue, but there

were no neurological deWcits on preoperative clinical eval-

uation.

All patients with healed tuberculosis had undergone a

complete course of antituberculous chemotherapy for a

minimum period of 12 months and were considered cured

for a minimum period of 2 years after the completion of

drug therapy. These patients on admission were assessed

for disease activity. Clinical, serological (erythrocyte sedi-

mentation ratio and C-reactive protein values) and radio-

logical evaluations proved negative for active disease.

Preoperative pain and disability assessment was done

using the SRS-30 outcome questionnaire. Preoperative

standing AP and lateral X-rays were taken as part of the ini-

tial evaluation to assess the global and regional alignments

of the spine. The preoperative lateral image was used to

template the wedge resection at the planned osteotomy

level. Flexion–extension radiographs were taken to assess

the mobility of the spine above and below the osteotomy.

The kyphotic deformity was measured on the lateral X-ray

using the Konstam angle. Magnetic resonance imaging was

done in all patients before contemplating surgery to evalu-

ate the cord status, canal dimensions and nerve root com-

pression. We also looked speciWcally for residual abscesses

and reconstitution of end plates in patients with posttuber-

cular kyphosis.

Wedge measurement and prediction of correction

All osteotomies were planned at the level of lumbar spine

or at the dorsolumbar junction. The osteotomy in cases of

posttubercular kyphosis was done at the level of the internal

gibbus. The lumbar spine normally has 30° more lordosis

than thoracic kyphosis. These considerations were kept in

mind in planning the deformity correction. A tracing of the

deformity was done on the lateral X-ray including three

segments above and below the osteotomy. The transpedicu-

lar wedge resection will leave the height of the anterior col-

umn intact, but the posterior column will be compressed as

a wedge, the height of which equals the height of the

planned resection. Approximation of the tracing after

wedge resection gives the amount of sagittal plane correc-

tion that will be achieved after the osteotomy. An addi-

tional osteotomy may be planned if more sagittal plane

correction is needed.

Surgical technique

All patients were operated prone under general anesthesia

with the operating table Xexed to accommodate the defor-

mity. All patients were catheterized before surgery to

decrease intra-abdominal pressure. A hemostatic cocktail

(around 250–300 mm) containing a combination of normal

saline, sodium bicarbonate, lignocaine, hyalase and adrena-

line was injected extensively at the surgical Weld to mini-

mize surgical bleeding during exposure.

Exposure and instrumentation

A standard posterior midline incision was used. Instrumen-

tation spanning a minimum of two levels above and below

the osteotomy site was planned preoperatively, but the

number of levels to be instrumented and the number of

osteotomies were left to the discretion of the operating sur-

geon. After exposing the intended levels of instrumentation

bilaterally, pedicle screws were inserted on both sides (uni-

axial, stainless steel screws, Jayon Surgicals, India). After

insertion of all screws, the position of screws was checked

under image intensiWer, and necessary modiWcations if any

required were carried out. An appropriately contoured

Moss-miami rod was applied on one side under slight dis-

traction to prevent the spine from becoming unstable.

Pedicle subtraction

Complete laminectomy and facetectomy is done at the level

of the osteotomy, and decompression is extended laterally

to get access to the lateral walls of the vertebral body. After

removal of the posterior elements, the remaining pedicle

and nerve roots above and below are visible. Nerve roots

should be carefully protected during the osteotomy. Decan-

cellation is done through the pedicle on both sides with

hand-held curettes. The lateral walls on both sides are

osteotomized with the apex just posterior to the anterior

cortex. Bleeding from the bone is controlled with the use of

bone wax. The posterior wall under the thecal sac is

removed with a Kerrison rongeur.

Wedge closure

Wedge closure is done by creating a green stick fracture

through the anterior cortex. This is facilitated by reversal of
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Xexion in the operating table and applying compression

posteriorly using the rod–screw construct. After closure of

the osteotomy, the thecal sac is reassessed for compression,

and the foraminal patency is checked. Local bone obtained

during the process of decompression is used to augment

fusion. The surgical wound is packed using gel foam and

closed using a suction drain.

Postoperative management

Patients were mobilized early by second postoperative day

after drain removal. Walking was allowed after the acute

phase using a dorsolumbosacral orthosis for a period of 12–

14 weeks. Follow-ups were made at 6 weeks, 12 weeks,

6 months and 1 year and 2 years before the Wnal follow-up.

At follow-up visits, X-rays (standing AP and dynamic)

were taken to assess fusion, degree of deformity correction

and loss of correction over time. Postoperatively patients

completed self administered SRS-30 questionnaire at

6 months, 1 year and 2 years to assess the functional

improvement. Clinico-radiological and functional evalua-

tion done at 6 months, 1 year and 2 years were used to sta-

tistically assess and interpret the outcome trends following

surgery. All data were collected and analyzed in a prospec-

tive manner. The mean follow-up was 31 months (range

24–48 months).

Statistical analysis

The SRS-30 subset scores for pain, function, self image

and mental health obtained preoperatively, 6 months,

1 year and 2 years were analyzed using the stata (stata-11)

statistics package. Paired T test was used to Wnd out the

level of statistical signiWcance (p value < 0.05 was taken

as signiWcant) between the values in contiguous time

frames.

Results

Perioperative data

The mean surgical time was 160 min (140–205 min). Only

a single PSO was performed in all patients. The level of the

osteotomy in our study ranged from D12 vertebra to the L3

vertebra. A minimum of four levels and a maximum of six

levels were instrumented during the process of deformity

correction. A total of 449 pedicle screws were inserted. The

average blood loss was 1,100 ml (900–1,700 ml). All

patients required at least a single unit of whole blood trans-

fusion intraoperatively and another unit transfused after

surgery. There were no major neurological complications.

Three patients had a small dural tear which was not

repaired. Transient weakness and sensory disturbance in the

distribution of L2 and L3 roots were seen in six patients but

recovered completely. No systemic complications were

seen in the immediate postoperative period. SuperWcial

wound infection was seen in two patients (Figs. 1, 2, 3).

Radiographic evaluation

Radiological evidence of fusion was seen in all patients

(Figs. 1, 2, 3). Evidence of bridging trabeculae, absence of

motion on dynamic radiographs was taken as conclusive

evidence of fusion. There were no incidences of major

hardware failure at last follow-up. Pedicle screw pull out

(>5 mm) was seen in 27 of the 449 screws. 11 pedicle

screws in ten patients were found broken between 6 months

and 1 year following surgery, but the overall stability of the

construct was maintained. Successful fusion took place

uneventfully in these patients, and the loss of correction at

Wnal follow-up was not signiWcant. The average preoperative

Konstam angle was 58° (40°–90°). The mean Konstam angle

immediately after surgery was 5° (0°–12°). The average

Fig. 1 Lumbar kyphotic defor-
mity in a 24-year-old male 
patient due to tuberculous 
destruction of the L3 vertebra. 
Postoperative radiographs show-
ing a solid fusion at the osteot-
omy site and good correction of 
the deformity
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K angle at ultimate follow-up (minimum 2 years) was 8.4°

(0°–18°). The average Wnal correction was 49.5° with a

mean correction loss of 3.4° (0°–8°) (Fig. 4).

SRS-30 scores analysis

There was a signiWcant improvement in all SRS subsets at

6 months compared to baseline values obtained before sur-

gery (Fig. 4). Patients continued to show signiWcant

improvement in pain at 1 and 2 years compared to the values

at 6 months and 1 year. A similar trend was seen in func-

tional assessment and self image subset at 1 year compared

to 6 months but plateaued thereafter. The mental health sub-

set failed to show any further signiWcant improvement after

6 months.

Discussion

A kyphotic spine results in an abnormal load transmission

across the spinal column resulting in abnormal posture and

back pain. Kyphosis correction in these patients can be

achieved in a single sitting using posterior osteotomies.

Smith–Peterson osteotomy, Pedicle subtraction osteotomy

and the opening–closing osteotomy have been described

and used successfully for kyphosis correction.

The Smith–Peterson [5] osteotomy originally described

for ankylosing spondylitis involves multiple level posterior

osteotomies since the correction achieved at a single seg-

ment is around 10°–15° [6]. This results in acute opening

and lengthening of the shortened anterior column in long

standing kyphosis. Acute lengthening of the anterior col-

umn can stretch the major vessels and the viscera anteri-

orly, and fatal complications have been reported [7, 8].

Opening of the anterior column and persistent distraction

anteriorly can also make arthrodesis less reliable and may

increase the incidence of pseudoarthrosis [9].

The PSO is a posterior closing wedge osteotomy with

three column opposition. It can achieve a larger degree of

correction at a single level, and the rates of pseudoarthrosis

are minimal. Osteotomy through the bleeding cancellous

bone surfaces and closure of the osteotomy using strong

posterior transpedicular instrumentation produces close

three column opposition of bone surfaces resulting in high

rates of solid fusion. We achieved fusion at the osteotomy

site in all patients. Similar results on high fusion rate have

been reported by many authors after PSO [10, 11].

Blood loss during the procedure has been expressed as a

cause of concern with average losses amounting as high as

2 l in some series [4, 6]. The average blood loss in our

patients was much lesser probably because of the hemo-

static mixture we had used. The blood loss as a result of

surgical exposure was very minimal, and majority of the

bleeding was from the raw bony surfaces. Epidural bleed-

ing was controlled by bipolar cautery. It is vital to maintain

adequate blood supply to spinal cord, and a competent

anesthetic team to handle complications is necessary.

Increased blood loss increases rate of complications and the

transfusion rate.

Fig. 2 Schuerman’s kyphosis 
of the dorsolumbar spine in a 
24-year-old male patient. 
Postoperative X-rays showing a 
satisfactory correction

Fig. 3 Box plot depicting the amount of preoperative kyphosis and
the subsequent kyphotic angles immediately after surgery and at Wnal
follow-up
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The PSO has been reported to achieve an average correc-

tion of 40° at a single segment [12, 13]. We achieved as

much as 80° correction with a single osteotomy in a patient

with tuberculosis. The degree of correction depends on the

width of the base of the osteotomy and the distance of

the apex from the base. More anterior the apex and more

the width of the base allow more time for the cord to kink

and thereby achieve a greater degree of correction without

compromising the integrity of the spinal cord.

Incidence of neurological deWcits has been reported to be

high after PSO [14–16]. Neurologic deWcits after PSO are

due to spinal subluxation, dural kink and central canal com-

promise. Wake up test described by Stagnara and intraoper-

ative neurological monitoring has been used in various

studies to predict and prevent iatrogenic deWcits. In a long-

term study by Buchowski et al. [17], they found that neuro-

logic monitoring did not predict any of the neurological

deWcits in their series. We did not use any type of intraoper-

ative monitoring, but we stopped closing the osteotomy

once the dura started to buckle. Forceful closure of the pos-

terior osteotomy after pedicle subtraction increases the pro-

pensity for neurological deWcits.

Nerve root deWcits following PSO have been reported

although PSO provides a larger neural foramen after

removal of the pedicles. It has been shown that the isolated

root deWcits are due to compression in the central canal and

the lateral recess rather than in the neural foramen. We had

isolated transient root deWcits in six patients (11.5%) which

recovered completely. Buchowski [17] reported transient

nerve root deWcits in 11.1% and permanent deWcits in 2.8%

of his patients. Similar results were reported by Bridwell

et al. [18] and Kim et al. [19], in 15.2 and 11.1%, respec-

tively, of their patients who had temporary nerve root deW-

cits. Our study shows a similar trend without the use of any

sort of neurologic monitoring, but the volume of patients is

small to draw any deWnitive conclusions.

The study has its own limitations; the etiologies were

diVerent, and the overall sagittal and coronal balances were

not measured. The merits of the study are that all data

were collected prospectively, and all surgeries were per-

formed by surgeons with considerable experience in spinal

deformity surgery. The outcome at the minimum 2-year fol-

low-up suggests that the patients have signiWcantly beneWt-

ted from the procedure.

ConXict of interest None.
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