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Abstract
Objective To evaluate the safety and efficacy of one-level vertebral column decancellation (VCD) for the
correction of thoracolumbar kyphosis in ankylosing spondylitis (AS) will beneficial for clarify the
application of this procedure.
Methods With a minimum 2-year follow-up, 39 AS patients with kyphotic deformity who underwent onelevel VCD were retrospectively reviewed. The operation time, blood loss, and perioperative complications
were investigated to evaluate the technical safety. Pre- and postoperative radiographic and clinical
parameters were compared to evaluate the technical efficacy.
Results All of the osteotomy sites were located between T12 and L3. With an average operation time of
257.8±49.9 minutes, the average blood loss was 596.1±218 ml. 4 patients (10.3%) experienced
complications during the follow-up period, while no deaths or complete paralysis were occurred. With an
average correction of 45.07±11.27° have obtained for one-level VCD, the radiographic parameters
improved significantly from preoperative to postoperative, including global kyphosis (from 42.05±13.82°
to 1.51±12.08°), local kyphosis (from 20.54±15.43° to -24.54±12.83°), lumbar lordosis (from -8.01±16.34°
to -42.81±13.98°), and SVA (from 17.47±6.77 cm to 7.45±5.37). At final follow-up, the clinical results were
significantly improved compared with the preoperative results, including VAS for back pain (from
6.82±0.91 to 0.15±0.37), CBVA (from 30.44±10.81° to 10.10±3.92°) and all items of SRS-22
questionnaire.
Conclusion With an acceptable complication rate, one-level VCD is an effective technique which can
provide an average correction of 45° for correcting kyphotic deformity caused by AS, and can achieve
good results even for severe AS kyphosis with a necessary correction angular up to 60°.

Introduction
Ankylosing spondylitis (AS), as a chronic inflammatory disease that primarily involves the spine and
sacroiliac joints,[1, 2] usually causes spinal kyphotic deformity at later stages and ultimately leads to a
decreased quality of life.[3–5] Due to the special pathological features of this disease, including rigidity
and ossification of the whole spinal column, the surgical correction of kyphosis may be an appropriate
option for the treatment of patients with AS-related symptomatic kyphotic deformity.[5, 6] However, due to
the limitations of previous osteotomy techniques, the most effective and safe surgical procedure for
treating AS-related spinal deformity remains controversial.[7]
Vertebral column decancellation (VCD), as a relatively new osteotomy technique, was first used by Wang
in 2011 as an effective and relatively safe treatment option for patients with sharp angular deformity in
Pott’s disease.[8] Until now, this technique has also been tried and applied for treating kyphotic deformity
in patients with AS.[9–11] To the best of our knowledge, the previous studies have reported on a limited
number of cases, and none of them have reported the clinical efficacy or technical safety of one-level
VCD osteotomy for the correction of thoracolumbar kyphotic deformity in AS. The goal of this study was
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to evaluate the safety and efficacy of one-level VCD osteotomy for treating thoracolumbar kyphosis
resulting from AS with a focus on the complications, radiographic and clinical results, and technical
aspects, which will provide a reference for indications selection and appropriately implementation of the
technique.

Materials And Methods
Patient selection
After approval from the ethical committee of our hospital, patients with AS who underwent VCD for spinal
kyphosis in our institution between January 2015 and December 2016 were retrospectively studied. The
inclusion criteria were as follows: (1) patients between 18 and 60 years of age who were diagnosed with
AS according to the modified New York criteria;[12] (2) with kyphosis in the lumbar, thoracolumbar or
thoracic spine who were unable to lie down flat on a bed due to kyphotic deformity; (3) treated with onelevel VCD at a lumbar or lower thoracic segment (T12-L3); and (4) with a minimum of 2 years of followup. The exclusion criteria were as follows: (1) who had previously undergone spinal surgery; (2) with
some concomitant diseases, such as spinal tumour, discitis, pseudarthrosis, or infection; and (3) patients
with severe neurological symptoms, coronal deformity or hip flexion deformity found preoperatively. As a
result, a total of 39 patients (35 males and 4 females) with an average age of 38 years (range, 25-60
years) and a mean duration of AS of 13.5 years (range, 3-26 years) met the aforementioned eligibility
criteria and were included in this study. Table 1 summarizes the clinical characteristics and radiographic
findings of the study participants.

Surgical strategies
The osteotomy site and degree of correction were determined before the operation. All of the osteotomy
sites in our patients were located at the lower thoracic or lumbar vertebrae according to the kyphotic
apex. Usually, for patients with thoracic kyphosis (TK), we prefer T12 or L1 as the osteotomy site, while
for patients with thoracolumbar or lumbar kyphosis, we prefer L2 or L3 as the osteotomy site. After the
osteotomy site was determined, the correction angle at the osteotomy site was calculated, mainly
depending on the center of gravity (CG) theory[13], and the chin-brow vertical angle (CBVA) also be
considered, especially for those patients with cervical fixed flexion deformity.[14]

Surgical technique
All of the patients were under general endotracheal anaesthesia and placed in a prone position on a
folding operating table with the thorax and pelvis supported by three or four pillows. A midline skin
incision was made and subperiosteal dissection was performed to expose the posterior elements as far
laterally as the transverse tips and as long as the planned instrumented levels. Pedicle screws were
inserted into 3 or 4 adjacent segments above and below the osteotomy site. Then, osteotomy was begun
with the probing and dilation of both side pedicles of the osteotomised vertebrae using a pedicle probe or
drill. Through the bilateral pedicle holes, the cancellous bone of the middle column of the osteotomised
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vertebrae was compressed into a V-shaped osteotomy gap using a cone spacer. The cancellous bone of
the anterior column was removed with a small curette. The cortex of the anterior and lateral walls was
thinned and fractured linearly with a curette, ultrasonic osteotome or high-speed drill via both pedicle
holes. Then, a transverse base linear fracture and laminectomy was performed at the osteotomy site (Fig.
1 A). During the laminectomy procedure, the dura was meticulously separated, and extended central
dome decompression was performed. Two prebent spinal rods were separately locked into the superior
and inferior pedicle screws. The pedicles and cortical bone of the osteotomised vertebrae posterior walls
were removed using angular forceps and a Kerrison rongeur. By now, a Y-shaped osteotomy gap had
been made (Fig. 1 B). Subsequently, the V-shaped osteotomy gap in the middle and posterior column was
closed by the gradual extension of the operating table. The anterior column served as the hinge in the
beginning, and then the middle column was preserved as the hinge, and the anterior column was opened
by continuously compressing the spinal rods above and below the osteotomy site (Fig. 1C and 1D). After
reduction, the accurate correction was confirmed by fluoroscopy. Subsequently, the resected bone was
masticated and used as a graft for fusion. An indwelling catheter was implanted, and the wound was
closed in layers. During the surgical procedure, spinal cord function was monitored by somatosensoryevoked potentials (SEPs) and motor-evoked potentials (MEPs).

Parameters measurement and extraction
Radiographic assessment for sagittal balance was performed preoperatively and at 2 weeks
postoperatively and the final follow-up by measuring the following parameters: global kyphosis (GK, T5S1), [15] thoracic kyphosis (TK, T5-T12),[16] lumbar lordosis (LL, L1-S1),[3, 15] sagittal vertical axis (SVA),
[15] and local kyphosis (LK):[17] the cobb angle between the superior endplate of the vertebra one above
the osteotomy site and the inferior endplate of the vertebra one below the osteotomy site. Data from the
preoperative and 2-year postoperative clinical records were extracted, including the Visual Analog Scale
(VAS)[18] for back pain, the chin-brow vertical angle (CBVA) for horizon,[14] and the Scoliosis Research
Society-22 (SRS-22) for quality of life.[19] Other data were also reviewed, including operation time, blood
loss, and complications.

Statistical analysis
Statistical analyses were performed using SPSS statistical software (version 19.0, Chicago, IL, USA).
Comparisons of the pre- and postoperative radiographic parameters and clinical outcomes were
performed by one-way ANOVA，followed by LSD multiple comparisons test. Continuous variables are
expressed as the mean ± standard deviation (SD), and values of P less than 0.05 were considered
statistically significant.

Results
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All of the patients could stand freely, walk with horizontal vision and lie in a supine position after the
operation (Fig. 2). With an average follow-up period of 31.8 months (range, 24-48 months), no
pseudarthrosis or implant failures were found in any of the patients, and bone fusion at the osteotomy
site was observed in each patient at the latest follow-up.

Operative data
All of the osteotomies were performed at sites ranging from T12 to L3, with 3 at T12, 9 at L1, 19 at L2,
and 8 at L3 (Table 2). The mean operation time was 257.8±49.90 minutes (range, 170-374 minutes), and
the average blood loss was 596.1±218 ml (range, 400-1170 ml). A mean of 7.6 vertebrae were fused
(range, 6-9). No major acute complications, such as death, serious vascular injury or complete paralysis,
occurred during the follow-up. However, 4 of the 39 (10.3%) patients encountered complications, which
are presented in Table 2, including cerebrospinal fluid (CSF) leak (n=2), postoperative low back pain
(n=1), and transient neurological deficit (n=1).

Radiographic parameters
Pre- and postoperative radiographic parameters were measured on full-length lateral radiographs (Fig. 3)
and are shown in Table 3. The following radiographic parameters were significantly improved
postoperatively in all patients: GK corrected from 42.05±13.82° preoperatively to 1.51±12.08°
immediately after the operation and 4.16±12.6° at the 2-year follow-up (P<0.05), LK corrected from
20.54±15.43° preoperatively to -24.54±12.83° immediately after the operation and -20.97±13.42° at the 2year follow-up (P<0.05) with a mean correction of 45.07±11.27° (range, 23°–71°) for one-lever VCD
osteotomy, LL corrected from -8.01±16.34° preoperatively to -42.81±13.98° immediately after the
operation and -40.15±13.22° at the 2-year follow-up (P<0.05), and SVA corrected from 17.47±6.77 cm
preoperatively to 7.45±5.37 cm immediately after the operation and 4.74±4.55 cm at the 2-year follow-up
(P<0.05). While, there were significant differences among preoperative, postoperative, and last follow-up
thoracic kyphosis.

Clinical outcomes
The preoperative and final follow-up clinical characteristics of the patients are shown in Table 4. All
patients showed a significant improvement in back pain after the surgery, and the VAS scores improved
significantly from 6.82±0.91 preoperatively to 0.15±0.37 at final follow-up (P<0.001). The mean CBVA
was 30.44±10.81° before the surgery, which improved to 10.10±3.92° at final follow-up (P<0.001). The
scores for all of the different elements of the SRS-22 improved significantly at the final follow-up (Table
4).

Discussion
To restore sagittal balance and improve the biomechanical function of the spine in patients with AS
kyphosis, surgical intervention, such as spinal osteotomy, is usually required.[5, 20] Several spinal
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osteotomy techniques, such as the Smith-Petersen osteotomy (SPO),[21] pedicle subtraction osteotomy
(PSO),[22] and vertebral column resection (VCR),[23] have been applied for the correction of spinal
kyphosis caused by AS.[5] However, there are some shortcomings related to these current osteotomy
techniques, and the optimal surgical procedure for treating AS-related kyphotic deformity remains a
matter of debate.[4, 5, 24]
The VCD technique, which was first described in 2011 by Wang et al. as an operative technique for the
treatment of patients with sharp angular spinal deformity, is a combination of several osteotomy
techniques, including SPO, PSO, VCR, and the eggshell technique.[8, 20] For VCD procedures, the middle
column of the osteotomised vertebrae is preserved as much as possible and serves as a hinge to restrict
the opening of the anterior column and the closing of the posterior column during reduction, to improve
the safety. And because of the number of technical advantages of VCD as a corrective technique have
been confirmed, the procedure has been increasingly performed as an effective treatment option for
kyphotic deformity in patients with AS.[9–11, 20]
While, as reported by the previoud studies, the average correction angle achieved by one-level SPO has
been reported to range from 5° to 10°,[24] and the average correction angle achieved by one-level PSO
ranges from 30° to 40°.[4] However, there have been no reports concerning the efficacy of one-level VCD
osteotomy for the correction of thoracolumbar kyphosis caused by AS and the surgical indications of this
procedure are still undistinguished. The results of this study demonstrate that the one-level VCD
procedure can provide an average correction of 45°, and the maximal correction could be as much as 70°,
which means this procedure with greater efficiency and suitable for patients with severe AS kyphosis who
require a higher correction angle.
There are two principles which may explain why VCD osteotomy can provide greater correction: (1) for the
same degree of correction, opening the anterior column of the osteotomised vertebrae will decrease the
need for shortening the posterior column and lead to a reduced risk of buckling of the dura and spinal
cord, which may decrease the risk of neurological deficits; (2) the residual bone of the middle column of
the osteotomised vertebrae, which service as a lever apex during the reduction, could provide a larger
correction angle and avoid excessive stretching of the anterior column or shortening the posterior
column.
Whereas, spinal osteotomy is a technically difficult procedure, and it can therefore be extremely difficult to
avoid the occurrence of complications. Many studies have reported that complications can accompany
with any of the spinal osteotomy techniques.[5, 24] Ikenaga et al. reported the occurrence of 48 surgeryrelated complications in 27 of 67 (40%) patients treated with a PSO for the correction of thoracolumbar
kyphosis.[25] Zhu et al. reported that 5 of 19 patients (26.3%) who were treated with an SPO for the
correction of AS-related thoracolumbar kyphosis experienced complications.[2] In the current study,
although no serious complications, such as death, aortic rupture or permanent neurological damage,
occurred, 4 of the 39 patients (10.3%) still experienced complications. CSF leak (the most common
complication reported in the literature) accounted for approximately 50% of the complications in our
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study, which is difficult to avoid when the dura is extremely thin due to the chronic inflammation in the
surrounding areas, especially the ossified ligamentum flavum.[2, 4, 9] Therefore, if a dural tear occurs
intraoperatively, the leak should be promptly managed by repairing the dura with muscle or myofascia,
and a drainage tube should be left in place until the wound heals; the duration of drainage and bedrest
should be prolonged if needed. To avoid other complications, such as transient neurological deficiency,
and postoperative low back pain, a detailed preoperative surgical plan, gentle operation and close
coordination are necessary. Furthermore, the indications for VCD should be carefully assessed, and the
procedure should be performed by experienced spine surgeons.
In addition, based on the series of 39 AS patients treated by the one-level VCD osteotomy in this study, we
recommend the consideration of many key points to ensure the success of this technique: (1) Dome
decompression should be performed adjacent to the lamina above and below the osteotomy level to
avoid impingement of the dural sac and nerve roots, and allow the direct visualization of neurological
elements during the correction; (2) Gentle and continuous compression forces should be applied
simultaneously to the spinal rods placed proximally and distally to the osteotomy site during reduction
and should be supplemented by the gradual extension of the folding operating table to achieve optimal
reduction; (3) Preserving the middle column of the osteotomised vertebrae as much as possible may
provide leverage and allow it to act as a bony cage, which may result in greater stability and better fusion;
(4) A linear (torus-type) fracture in the anterior cortex and lateral walls of the osteotomised vertebrae
should be created with a high-speed drill, ultrasonic osteotome or curette. In VCD, the osteotomy gap
being Y-shaped rather than V-shaped helps to facilitate the opening of the anterior column, decrease the
need for shortening the posterior column, decrease the risk of neurological impairments, and restore a
relatively safe and effective sagittal spinal alignment; (5) Removal of the residual posterior wall of the
osteotomised vertebral body should be performed before reduction because it can provide temporary
stability at the osteotomy site and shorten the duration of massive epidural venous plexus bleeding after
resection of the posterior wall of the vertebral body.

Conclusion
According to the results of a 39 case series in this current study, one-level VCD served as a reliable
technique for achieving good results, including restoring the sagittal balance, improving the visual field,
and achieving satisfactory clinical results, even for patients with a need correct sagittal kyphosis up to
60°. However, with an average correction of 45° could provide, one-level VCD is a technically demanding
procedure that should be performed by experienced spine surgeons. At the same time, a detailed
preoperative surgical strategy and a careful and gentle operation are also necessary for the success of
this surgery. Of course, the roles of technical aspects and non-operative assistants are also important.
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Tables
Table 1. Characteristics in 39 patients ()
Variable

Value *

Sex
male

35

female

4

Age (yrs)
mean

38±8.79

range

25-60

Duration of symptoms (yrs)
mean

13.51±6.48

range

3-26

Follow-up (months)
mean

31.8±7.88

range

24-48

Note: *Values represent the number of patients, unless otherwise indicated.
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Table 2. Operative data of all 39 patients ()
Variable

Value *

Osteotomy site
T12

3

L1

9

L2

19

L3

8

Operation time (min)
mean

257.8±49.90

range

170-374

Blood loss (ml)
mean

596.1±218

range

400-1170

Fixed segment (number)
mean

7.6

range

6-9

Complication
CSF leaks

2

Low back pain

1

Neurologic deficit
Complication rate (%)

1
10.3

Note: *Values represent the number of patients, unless otherwise indicated.

Tables 3. Radiological measurements ()
Value*

P-value#

42.05±13.82
1.51±12.08

<0.0001

Final follow-up

4.16±12.6

<0.0001

Preoperative
Postoperative

48.21±17.28
45.23±16.94

0.733

Final follow-up

46.44±16.08

0.782

Preoperative
Postoperative

20.54±15.43
-24.54±12.83

<0.0001

Final follow-up

-20.97±13.42#

<0.0001

Postoperative
Final follow-up

45.07±11.27
41.51±10.58

-

Preoperative
Postoperative

-8.01±16.34
-42.81±13.98

<0.0001

-40.15±13.22#

<0.0001

17.47±6.77
7.45±5.37

<0.0001

Parameters
GK (°)
Preoperative
Postoperative
TK (°)

LK (°)

AC (°)

LL (°)

Final follow-up
SVA (cm)
Preoperative
Postoperative

Final follow-up
4.74±4.55
<0.0001
Note. Values are mean ± SD unless otherwise noted.
* Kyphosis recorded as a positive value and lordosis recorded as a negative value
# Comparing to preoperative value.
GK, global kyphosis; TK, thoracic kyphosis; LK, local kyphosis; AC, average correction of local kyphosis; LL, lumbar lordosis; SVA, sagittal
vertical axis.
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Table 4. Clinical assessment at preoperatively and final follow-up ()
Preoperative
6.82±0.91
30.44±10.81

Final follow-up
0.15±0.37
10.10±3.92

P
<0.0001
<0.0001

Function
Pain

2.26±0.29
2.29±0.55

4.20±0.26
4.29±0.32

<0.0001
<0.0001

Appearance
Mental health

1.84±0.51
2.08±0.48

4.20±0.24
4.27±0.23

<0.0001
<0.0001

Parameters
VAS
CBVA
SRS-22

Satisfaction
4.41±0.25
Note. Values are mean ± SD unless otherwise noted.
VAS, visual analog scale; CBVA, chin-brow vertical angle; SRS, Scoliosis Research Society.

Figures

Figure 1
Schematic illustration of the VCD osteotomy. a A transverse base linear fracture and laminectomy was
performed at the osteotomy site. b `Y' type osteotomy was achieved by complete resection of the
posterior column and V-type compressed decancellation of the middle column and linear fracture of the
anterior column. c the V-shaped osteotomy gap of the middle and posterior column was closed by the
gradual extension of the operating table accompanied with continuously compressing the spinal rods
above and below the osteotomy site. d the posterior wedge space was closed with anterior column served
as the hinge at beginning and then the hinge moved to the middle column at last.
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Figure 2
Clinical photographs of a 27-year-old male patient with thoracolumbar kyphosis secondary to AS. a
Lateral preoperative view of the patient before corrective procedure showing a CBVA of 44°. b
Postoperative standing lateral view showing correction of the kyphotic deformity and significative
improvement of the CBVA which form preoperative 44 ° to postoperative 27°. c Preoperative supine
position demonstrating that the patient could not lie straight on the bed owing to the kyphotic deformity.
d Postoperative supine position photograph demonstrates that the patient could lie straight on the bed
after the spinal osteotomy.
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Figure 3
Radiographs of a 27-year-old male patient with AS-related thoracolumbar kyphosis undergoing one-level
VCD osteotomy at L2*. a Preoperative standing lateral radiograph showed spinal kyphotic deformity with
global kyphosis (GK, T5-S1) of 56°, thoracic kyphosis (TK, T5-T12) of 43°, lumbar lordosis (LL, L1-L5) of
13° and local kyphosis (LK, L1-L3) of 36°. b Standing lateral radiograph at 2 weeks postoperatively
demonstrating improvement of the sagittal balance parameters include GK of 1°, TK of 42°, LL of -47°
and LK of -26°. c Radiograph at 3 months postoperatively demonstrating the sagittal balance parameters
include GK of -2°, TK of 38°, LL of -40° and LK of -21°. d The 2-year follow-up radiograph of the patient
revealed a proper sagittal balance of the spine was maintainable with the healed osteotomy site (arrows)
and internal fixation system. Note:* Kyphosis recorded as a positive value and lordosis recorded as a
negative value.

Supplementary Files
This is a list of supplementary files associated with this preprint. Click to download.
Highlights.docx
Page 15/15

