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Abstract

Background: Congenital kyphoscoliosis is a disease that often requires surgical treatment. Wedge osteotomies,
such as pedicle subtraction osteotomy, are insufficient to correct this complicated rigid deformity. Vertebral column
resection yields sufficient correction, but it is an exhaustively lengthy operation with a high risk of major
complications. There are few effective and safe techniques for treating rigid congenital kyphoscoliosis. We aimed to
investigate the technique of asymmetrical vertebral column decancellation (AVCD) for the treatment of rigid
congenital kyphoscoliosis and evaluate the clinical and radiographic results of patients treated with the technique.

Methods: Between January 2013 to June 2017, the data of 31 patients with congenital kyphoscoliosis who
underwent single level AVCD were reviewed. Preoperative and postoperative radiographical parameters and the
visual analogue scale, Asia Spinal Injury Association, and Scoliosis Research Society-22 scores were documented. The
patients were followed up for an average period of 29 months.

Results: The average operative time was 273.9 ± 46.1 min. The average volume of blood loss was 782.3 ± 162.6 ml.
The main coronal curve improved from a mean of 81.4° preoperatively to 24.7° at the final follow-up, and the
coronal balance improved from 28.9 to 7.6 mm. The degree of local kyphosis improved from a mean of 86.5° to
29.2°, and the sagittal balance improved from 72.3 to 16.9 mm. All clinical outcomes also improved significantly
from preoperatively to the final follow-up. No permanent postoperative neurologic complications occurred.

Conclusion: The AVCD surgical procedure corrects spinal deformities in both the coronal and sagittal planes by
way of a convex-sided Y shape osteotomy, achieves satisfactory realignment without additional neurological
complications, and can be considered an alternative treatment for rigid congenital kyphoscoliosis.

Keywords: Congenital kyphoscoliosis, Vertebral column decancellation, Asymmetrical vertebral column
decancellation, Vertebral column resection, Pedicle subtraction osteotomy
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Background
Congenital kyphoscoliosis is a special type of deformity
characterized by a coronal imbalance in the spine and sa-
gittal kyphosis [1]. It is usually a three-dimensional de-
formity with rotation of the vertebral body and imbalance
in the trunk. In addition, abnormal development of the
vertebral body and accessory structures often results in
poor flexibility. Severe rigid spinal kyphoscoliosis can
cause functional impairments, painful costopelvic im-
pingement, and neurologic complications [1, 2]. The sur-
gical treatment of this deformity is challenging for spine
surgeons, as it often involves an osteotomy to correct the
malalignment in both the sagittal and coronal planes.
Traditional pedicle subtraction osteotomy (PSO) can yield
approximately 30°–40° of correction in lordosis, which is
insufficient to correct this complicated rigid deformity.
Vertebral column resection (VCR) is considered the

ultimate surgical technique for these complex deform-
ities, and it involves complete resection of one or more
vertebral segments and reconstruction of the anterior
column with metal mesh via the combined anterior and
posterior approach or the posterior-only approach [3–5].
However, the operation is exhaustively lengthy and has a
high risk of major complications and even mortality due
to the use of the anterior approach, leading surgeons to
investigate alternative methods to VCR [4, 6].
Recently, a new osteotomy technique, vertebral col-

umn decancellation (VCD), has been reported to be ef-
fective and safe in the correction of sharp angular spinal
deformities and ankylosing spondylitis kyphosis [7, 8]. It
involves a Y-shaped osteotomy that combines the egg-
shell technique [9], a Smith-Petersen osteotomy (SPO)
[10], a pedicle subtraction osteotomy (PSO) [11] and
VCR (Fig. 1). For severe scoliotic deformities, it is neces-
sary to perform asymmetrical osteotomies to achieve

correction in the coronal plane [12, 13]. Therefore, the
traditional VCD technique was modified to asymmetrical
vertebral column decancellation (AVCD) osteotomy
which was performed by a large ‘Y’ shape resection on
the convex side and a small ‘Y’ shape resection on the
concave side. For rigid spinal deformity, however, VCD
osteotomy was often performed at multilevel to obtain
satisfactory correction. To our knowledge, there was a
lack of studies evaluating the results of single level
AVCD procedure in patients with rigid congenital
kyphoscoliosis.
The purpose of this retrospective cohort study was to

evaluate the safety and effectiveness of single level
AVCD osteotomy in correcting congenital kyphoscolio-
sis to determine whether it should be considered a new
treatment for these severe rigid curves.

Methods
After obtaining approval from the ethics committee of
our hospital, the charts of patients with rigid congenital
kyphoscoliosis treated by AVCD osteotomies at a single
level from January 2013 to June 2017 were retrospect-
ively reviewed. The inclusion criteria included an adult
age (> 18 years), a diagnosis of congenital kyphoscoliosis
with hemivertebra (pure scoliosis cases were excluded),
and a minimum follow-up period of 24 months. The ex-
clusion criteria were as follows: 1) idiopathic scoliosis,
neuromuscular scoliosis and degenerative scoliosis; 2)
abnormal development of the apical vertebrae and
complete absence of one or both pedicles. Patients who
had previously underwent spine or hip surgery were also
excluded. Thirty-one consecutive patients with complete
radiographic and follow-up data were included for evalu-
ation. Written informed consent was obtained from all
patients. The main complaints of the patients were

Fig. 1 Diagram of Vertebral column decancellation (VCD). a Pedicle screws were inserted and ‘Y’ shaped osteotomy was performed. b Correction
was achieved by elongating the anterior column and shortening the posterior column with the residual bone serving as a “bony cage”
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fatigue or low back pain, cosmetic issues, the inability to
stand upright or lie flat, and neurological deficits of the
lower extremities.
Full-length, standing anteroposterior and lateral radio-

graphs were taken preoperatively, postoperatively, and at
the last follow-up for all patients. Radiographic measure-
ments of the coronal and sagittal deformities were per-
formed on the radiographs using the Cobb method. The
correction rates of the Cobb angles in scoliosis and ky-
phosis were calculated to assess the effectiveness of the
operation. In addition, coronal and sagittal balance were
measured using the central sacral vertical line and the sa-
gittal vertical axis, as described by Glassman et al. [14];
and the clinical outcome was assessed with the Scoliosis
Research Society-22 (SRS-22) questionnaire [15], and vis-
ual analogue scale (VAS) score of back pain preoperatively
and at the last follow-up. The improvements of them were
also documented to evaluate the effectiveness.
To assess the safety of the operation, the operating

time, intraoperative blood loss, and complications were
recorded. Neurologic deficits were assessed preopera-
tively, postoperatively, and at the last follow-up by the
Asia Spinal Injury Association (ASIA) grading system
[16]. All of the data were collected by an independent
observer.

Surgical technique
Osteotomy management was performed in the hemiver-
tebra region in all patients. Both somatosensory-evoked

potentials (SEPs) and motor-evoked potentials (MEPs)
were continuously monitored during the operation.
Under general anaesthesia, each patient was positioned

prone on the operating table. A standard posterior mid-
dle incision was made, and the bony structures of the
posterior elements were exposed with a subperiosteal
dissection. Pedicle screws were then placed in the
intended osteotomy site by the freehand technique.
The VCD technique requires that all of the posterior

elements (spinous process and lamina) of the corre-
sponding vertebra that are to be osteotomised are re-
moved. The technique was initiated by probing and
dilating the pedicles of the deformed vertebrae to gain
access to the vertebral body. The pedicle probe and drill
were used to enlarge the pedicle holes. A pituitary ron-
geur or curette was used to remove the cancellous bone
of the posterior half of the osteotomy column through
the pedicle holes. The posterior and lateral cortical bone
sections were adequately removed using a Kerrison ron-
geur, and a drill was used to thin the anterior cortex.
Afterward, the Y shape osteotomy was performed cir-
cumferentially, and an appropriate amount of the anter-
ior half and concave side of the cancellous bone was
reserved, which served as a correction ‘leverage’ or ‘bony
cage’ for the metal mesh in the VCR technique. To per-
form correction in the coronal plane in kyphoscoliosis
patients, a larger Y shape was resected on the convex
side with more decancellation than on the concave side
for the AVCD technique (Fig. 2). Then, the posterior
and convex side of the wedge space of the osteotomy

Fig. 2 Diagram of asymmetrical operative procedures. Posterior view of the spine with congenital kyphoscoliosis. AVCD osteotomy management
was performed in single level of the hemivertebra region. A larger Y shape was resected on the convex side (The box on the right shows the
lateral view of the hemivertebra on the convex side), and a smaller Y shape was resected on the concave side (The box on the left shows the
lateral view of the hemivertebra on the concave side)
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site was closed with manual extension to create an an-
terior opening wedge and achieve osteoclasis of the an-
terior cortex and lateral walls. Temporary correction
rods were used to avoid unintentional osteotomy closure
or significant intraoperative coronal and sagittal
translation.
The AVCD technique resulted in appropriate shorten-

ing of the posterior and convex side of the column and
opening of the anterior column to correct the rigid
kyphoscoliosis deformities. The degree of kyphotic cor-
rection was adjusted by the location of the hinge in the
‘Y’ shape, while the correction of scoliosis was achieved
by reservation of the concave side cortex and resection
of the convex side of the cortex of the deformed verte-
brae. After correction was confirmed via fluoroscopy,
the final internal fixation was completed. A drainage
tube was left below the fascia.
Postoperatively, the drainage tube was kept in place until

the output fell to < 50ml/24 h, usually after 3–5 days. The
patients were required to use a custom plastic thoracolum-
bosacral brace during the first 3months after surgery.
Several measures were taken to reduce bleeding during

the operation as follows: 1) An intravenous infusion of
tranexamic acid was administered for 20 min before the
surgical incision; 2) Intraoperatively, ultrasonic bone cut-
ter was used to reduce bleeding during laminectomy and
vertebral resection; 3) Once the spinal canal was opened,
fluid gelatine was used in perispinal venous plexus to
obtain haemostasis in a timely manner.

Statistical analysis
All statistical analyses were performed with Statistical
Package for Social Sciences software, version 17.0 for
Windows (SPSS Inc., Chicago, IL). The data are pre-
sented as the means and standard deviations. Paired
sample t tests were performed to compare the pre- and
postoperative differences. Wilcoxon tests were per-
formed for nonparametric analysis, and the results are
expressed as the means and ranges. A P value < 0.05 was
considered significant.

Results
There were 15 males and 16 females with a mean age at
the time of operation of 36.8 years (range 25–57 years).
All patients underwent primary surgeries with the fusion
of a mean of 9.1 ± 2.1 levels and a mean follow-up of
29.0 ± 3.5 months. The mean operative time and volume
of intraoperative blood loss were 273.9 ± 46.1 min and
782.3 ± 162.6 ml, respectively. The demographic data for
the patients included in the study are shown in Table 1.
The average degree of scoliosis (main curve) was mea-

sured to be 81.4° preoperatively (range, 53°–110°) and
24.7° (range, 10°–53°) postoperatively, with a correction
rate of 69.7%. The average degree of local kyphosis was

86.5° (range, 68°–107°) preoperatively and 29.2° (range,
12°–48°) postoperatively, with a correction rate of 66.2%.
The mean coronal balance was 28.9 mm (range, 10.2–
54.2 mm) preoperatively and 7.6 mm (range, 2.0–20.6
mm) postoperatively, showing improvement. The sagittal
balance improved from 72.3 mm (range, 33.8–97.2 mm)
before surgery to 16.9 mm (range, 5.6 to 31.1 mm) post-
operatively. All patients exhibited solid fusion at the final
follow-up, according to the radiological evidence, with-
out obvious loss of correction (Table 2) (Fig. 3).
The average preoperative VAS score for back pain was

2.6, and it reduced to 0.8 at the 2-year follow-up. There
were also statistically significant improvements from be-
fore the operation to the final evaluation in the scores for
all domains of the SRS-22 questionnaire (Tables 2 and 3) .
Complications were encountered in 5 patients, includ-

ing 2 cases of wound problems and 3 cases of cerebro-
spinal fluid (CSF) leakage due to dural tears. The cases
of CSF leakage in resolved without additional sequelae
after lumbar puncture and continuous lumbar cisterna
drainage for 8–10 days. One patient, whose preoperative
ASIA scale was grade C, suffered transient paralysis in
the right lower extremity, which resolved within 4 weeks.
No permanent postoperative neurologic complications
occurred. No major acute complications, such as death,
occurred in this patient group. No delayed complica-
tions, such as pseudarthrosis or screw misplacement,
were detected during the follow-up period.

Discussion
Adult congenital kyphoscoliosis is considered a persistent
and perplexing problem because most of the deformities
are rigid by nature [17, 18]. This three-dimensional de-
formity involves both the coronal and sagittal planes. In

Table 1 Demographic and clinical data

Parameters Data

Number of patients 31

Gender (M/F) 15/16

Age (years) 36.8 ± 7.6 (25.0–57.0)

Follow-up (months) 29.0 ± 3.5 (24.0–37.0)

blood loss (ml) 782.3 ± 162.6 (500.0–1100.0)

Operation time (minutes) 273.9 ± 46.1 (200.0–370.0)

Fused segment 9.1 ± 2.1 (7.0–15.0)

Osteotomy site

T10 (n) 2

T11 (n) 3

T12 (n) 4

L1 (n) 12

L2 (n) 8

L3 (n) 2
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contrast to adolescent scoliosis, which is usually asymp-
tomatic, back pain is a common clinical presentation in
adult scoliosis patients [19, 20]. In addition, adult patients
are more likely to experience neurological dysfunction
from canal compromise and coronal or sagittal malalign-
ment. It has been challenging for spine surgeons to treat
adult severe rigid congenital kyphoscoliosis. To obtain a
balanced spine, a major spinal osteotomy needs to be per-
formed for most of these patients [21, 22].
VCR is considered the ultimate surgical technique for

spinal deformity correction and is generally utilized for cases
with severe, rigid spinal scoliosis and kyphosis. This proced-
ure was called a “formidable last resort technique for the
most tenacious spinal deformities” by Suk et al. [23] VCR ini-
tially involved a posterior-only approach. Afterward, simul-
taneous or staged anterior-posterior approaches were
introduced and gradually became the gold standard in the
treatment of rigid deformities of the spine [3, 4, 24]. How-
ever, this powerful method can be technically difficult to per-
form and have a high risk for complications, particularly in
the correction of kyphotic deformities. Regardless of whether
it is performed in an open or endoscopic manner, the anter-
ior approach is associated with increased pulmonary compli-
cations, increased intraoperative bleeding and a prolonged
surgical time. Although VCR has been considered the most
powerful method for the correction of deformities, the disad-
vantages have led surgeons to investigate alternative methods
to VCR. As an alternative to VCR, multilevel VCD for the
treatment of congenital spinal deformity was first reported
by Wang et al. [7] in 2011. However, with the continuous
standardization of the Y-shaped osteotomy, single level VCD
can now achieve comparable correction to VCR. To our
knowledge, the safety and effectiveness of single level AVCD
procedure has not been reported in patients with rigid con-
genital kyphoscoliosis.
In this study, 31 adult patients with severe congenital

kyphoscoliosis underwent AVCD at single level. Significant

corrections in the major Cobb angles were obtained in both
the scoliosis (69.7%) and kyphosis (66.2%) curves, which is
equivalent to the results of VCR that were previously re-
ported. Suk et al. [23] reported that the improvements in
deformity correction were 67% in scoliotic curves and 42%
in kyphotic curves in a series of 38 adult patients treated by
VCR. Riley et al. [25] reported an improvement in the
major Cobb angle, with 53.9% correction for the adult co-
hort treated by PVCR. Therefore, AVCD at single level can
be as effective as traditional VCR surgery. In addition, sig-
nificant improvements in the SRS-22 domain scores were
observed. Our final follow-up data showed an average SRS-
22 score of 4.0, which was similar to that of patients who
underwent simpler spine surgeries. The total SRS-22 score
postoperatively was observed to be 4.27 in a study in ado-
lescent idiopathic scoliosis patients [26]. Overall, 29 of all
the 31 patients (93.5%) were satisfied with their surgical
management and reported that they would choose to re-
peat the procedure if necessary at a minimum follow-up of
2 years.
In terms of surgical safety, the mean volume of intra-

operative blood loss was 782.3 ± 162.6 ml, which was
well below those previously reported for VCR, with an
average blood loss of > 2 L being reported in many series
studies [23, 27, 28]. The mean operative time was
273.9 ± 46.1, which may also increase the safety of the
operation compared with VCR, which was reported to
have an operative time of 420.6 ± 90.7 min in an adult
cohort in a study by Riley et al. [25]. Lenke et al. [29] re-
ported 40% overall and 11.4% neurologic-only complica-
tion rates, and Suk et al. [23] reported a 29%
complication rate for VCR. However, of the 31 patients
in this study, only 5 (16.1%) sustained complications, in-
cluding wound problems and CSF leakage. No perman-
ent postoperative neurologic complications occurred.
Most importantly, no pseudarthroses or neurological
damage were found in any of the 31 patients by the

Table 2 Summary of clinical and radiologic outcomes

n = 31 Preoperative Final follow-up P

Coronal main curve (°) 81.4 ± 14.0 (53.0–110.0) 24.7 ± 8.8 (10.0–53.0) < 0.001

coronal balance (mm) 28.9 ± 11.9 (10.2–54.2) 7.6 ± 4.7 (2.0–20.6) < 0.001

local kyphosis (°) 86.5 ± 9.8 (68.0–107.0) 29.2 ± 7.7 (12.0–48.0) < 0.001

Sagittal balance (mm) 72.3 ± 17.6 (33.8–97.2) 16.9 ± 7.5 (5.6–31.1) < 0.001

VAS score 2.6 ± 2.2 (0.0–6.0) 0.8 ± 1.0 (0.0–3.0) < 0.001

ASIA scale

A(n) 0 0

B(n) 0 0

C(n) 2 0

D(n) 10 4

E(n) 19 27

VAS visual analog scale, SRS-22 Scoliosis Research Society-22 questionnaire, ASIA Asia Spinal Injury Association
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follow-up, which was attributed to the middle column
being retained, a small amount of spine cord shortening
and obviation of mesh reconstruction.
As the Y-shaped osteotomy technique is performed for

rigid sagittal plane deformities, such as ankylosing spon-
dylitis (AS) kyphosis and Pott’s kyphosis, and VCD is
characterized by controlled anterior column opening, pos-
terior column closing and middle column preservation for
the hinge [7, 8, 30]. Compared with the traditional V

Fig. 3 A patient suffering from congenital kyphoscoliosis complained of severe back pain for over 4 years that hardly alleviated with analgesics. a,
b Preoperative radiograph and CT scan reconstruction showed a remarkable kyphosis of 90° and scoliosis of 104° in thoracolumbar spine. c
Asymmetrical vertebral column decancellation (AVCD) was performed at L2. The sagittal and coronal profile was improved to 25° and 35°as
shown in the two-year follow-up images. d The circle in the lower right panel shows the Y-shaped osteotomy. e, f Pre- and Post-operative lateral
view shows that the cosmetic disfigurement was improved obviously

Table 3 SRS-22 outcomes data

SRS-22 Preoperative Final follow-up P

Function 3.3 ± 0.6 (2.9–3.8) 4.4 ± 0.5 (4.0–5.0) < 0.001

Pain 2.6 ± 0.7 (2.0–3.2) 3.6 ± 0.6 (3.2–5.0) < 0.001

Appearance 2.7 ± 0.5 (2.2–3.4) 3.8 ± 0.6 (3.1–5.0) < 0.001

Mental 3.2 ± 0.5 (2.6–3.8) 4.0 ± 0.4 (3.5–5.0) < 0.001

Satisfaction – 4.2 ± 0.6 (3.0–5.0) –

SRS-22 Scoliosis Research Society-22 questionnaire
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shape osteotomy, this Y shape technique removes a rela-
tively smaller amount of the posterior half of the osteot-
omy column and preserves more of the middle column as
the hinge, which serves as a “bony cage” to provide greater
stability instantly and better fusion in the future. Most of
the patients with severe rigid kyphosis, such as Pott’s
deformity and AS kyphosis, have ideal indications for the
Y-shaped VCD osteotomy. The goals of the AVCD tech-
nique are to preserve as much as possible of the bone on
the concave side and middle column, which may take the
place of the metal mesh described in the VCR technique.
The residual bone of the deformed vertebrae serves as
correction “leverage” to facilitate deformity correction.
Opening of the anterior column achieves a rational cor-
rection angle and decreases the need for shortening of the
posterior column, which reduces the risk of neurological
sequelae. In addition, it is not necessary to expose the seg-
mental vessels in most AVCD procedures, which is differ-
ent from VCR and reduces the risk of vascular
complications and intraoperative blood loss.
Compared with previous multilevel VCD, the hemiver-

tebra region was selected for single level AVCD osteot-
omy in this study, which achieved satisfactory correction
in patients with rigid congenital kyphoscoliosis. In
addition, because of fewer osteotomy segments and
more vertebral bone retained by the Y-shaped osteot-
omy, the volume of intraoperative blood loss was signifi-
cantly lower than other previously reported surgical
methods. And no patients suffered neurological compli-
cation by the follow-up in this study, which proves the
safety of the AVCD procedure. These advantages of
AVCD may make it more widely used in the future.
The AVCD osteotomy is suitable for patients with se-

vere rigid congenital deformities that cannot be treated
with less invasive procedures, such as Smith-Peterson or
wedge osteotomy. However, not all complex congenital
kyphoscoliosis deformities can be treated with AVCD. In
our opinion, at least two relative contraindications of
AVCD should be noted: 1) severe rotation of the apical
vertebra, with the concave pedicles rotated towards the
ventral side of the spine, which makes it impossible to
fix the adjacent pedicles and expose the periapical pedi-
cles; and 2) pedicle dysplasia involving multiple seg-
ments of the spine, making screw insertion and spinal
stability preservation impossible. Furthermore, for spe-
cific patients with severe rigid deformities, two-level
AVCD needs to be performed for satisfactory correction.
There are several limitations in this study. One of the

limitations is that it is a single institutional retrospective
study. Limitations are also lied in the relatively small
sample size and short follow-up periods. Future pro-
spective studies (such as RCTs) are needed to fully dem-
onstrate the outcome of AVCD osteotomy in patients
with severe rigid congenital deformities.

Conclusions
AVCD is a safe and reliable procedure that overcomes
the problems associated with treating rigid kyphoscolio-
sis. Single level AVCD yields satisfactory realignment of
deformed spines, successful fusion, an acceptable volume
of intraoperative blood loss, and favourable clinical out-
comes without additional neurological complications.
However, AVCD is a technically demanding procedure
that should be performed by the most experienced spine
surgeons.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12891-020-03558-x.

Additional file 1: Table 1. Demographic data. Table 2. Radiographic
data.

Abbreviations
PSO: Pedicle subtraction osteotomy; VCR: Vertebral column resection;
VCD: Vertebral column decancellation; AVCD: Asymmetrical vertebral column
decancellation; SPO: Smith-Petersen osteotomy; SRS-22: Scoliosis Research
Society-22; VAS: Visual analogue score; ASIA: Asia Spinal Injury Association;
SEPs: Somatosensory-evoked potentials; MEPs: Motor-evoked potentials;
CSF: Cerebrospinal fluid; AS: Ankylosing spondylitis

Acknowledgements
The authors thank the medical team and all the Participants for their support
in this study.

Authors’ contributions
All authors have read and approved the final manuscript. FQH and WHH
were major contributors in designing the study and writing the manuscript.
XSZ was involved in the study design, analysis and interpretation of the data,
drafting and revising of the manuscript. XQY and CGW was involved in the
data collection. KS and GQZ was involved in the analysis and interpretation
of data. All authors read and approved the final manuscript.

Funding
Application of Clinical Features of Capital City of Science and Technology
Commission China BEIJING Special subject (Z181100001718180).

Availability of data and materials
The datasets analyzed during the current study are available from the
corresponding author on reasonable request.

Ethics approval and consent to participate
This study was conducted with approval from the Ethics Committee of
Chinese PLA General Hospital and was performed in accordance with the
Declaration of Helsinki. Written informed consent to participate was obtained
from all participants.

Consent for publication
Written informed consent for publication was obtained from all participants.

Competing interests
The authors declare that they have no competing interests.

Author details
1Medical School of Chinese PLA, Chinese PLA General Hospital, Fuxing Rd.
28, Haidian District, Beijing, China. 2The Department of Orthopedics, the First
Medical Centre, Chinese PLA General Hospital, Fuxing Rd. 28, Haidian District,
Beijing, China. 3Spine Division, Department of Orthopedics, The Fourth
Medical Center, Chinese PLA General Hospital, No.51 Fucheng Road, Beijing,
China.

Hu et al. BMC Musculoskeletal Disorders          (2020) 21:555 Page 7 of 8

https://doi.org/10.1186/s12891-020-03558-x
https://doi.org/10.1186/s12891-020-03558-x


Received: 17 December 2019 Accepted: 3 August 2020

References
1. McMaster MJ, Singh H. Natural history of congenital kyphosis and

kyphoscoliosis. A study of one hundred and twelve patients. J Bone Joint
Surg Am. 1999;81(10):1367–83.

2. McMaster MJ, Ohtsuka K. The natural history of congenital scoliosis. A study
of two hundred and fifty-one patients. J Bone Joint Surg Am. 1982;64(8):
1128–47.

3. Leatherman KD, Dickson RA. Two-stage corrective surgery for congenital
deformities of the spine. J Bone Joint Surg (Br). 1979;61-B(3):324–8.

4. Bradford DS, Tribus CB. Vertebral column resection for the treatment of rigid
coronal decompensation. Spine. 1997;22(14):1590–9.

5. Hu WH, Wang Y. Osteotomy techniques for spinal deformity. Chin Med J.
2016;129(21):2639–41.

6. Viviani GR, Raducan V, Bednar DA, Grandwilewski W. Anterior and posterior
spinal fusion: comparison of one-stage and two-stage procedures. Can J
Surg. 1993;36(5):468–73.

7. Wang Y, Lenke LG. Vertebral column decancellation for the management of
sharp angular spinal deformity. Eur Spine J. 2011;20(10):1703–10.

8. Zhang X, Zhang Z, Wang J, Lu M, Hu W, Wang Y, Wang Y. Vertebral column
decancellation: a new spinal osteotomy technique for correcting rigid
thoracolumbar kyphosis in patients with ankylosing spondylitis. Bone Joint
J. 2016;98-B(5):672–8.

9. Boachie-Adjei O. Role and technique of eggshell osteotomies and vertebral
column resections in the treatment of fixed sagittal imbalance. Instr Course
Lect. 2006;55:583–9.

10. La Marca F, Brumblay H. Smith-Petersen osteotomy in thoracolumbar
deformity surgery. Neurosurgery. 2008;63(3 Suppl):163–70.

11. Bridwell KH, Lewis SJ, Edwards C, Lenke LG, Iffrig TM, Berra A, Baldus C,
Blanke K. Complications and outcomes of pedicle subtraction osteotomies
for fixed sagittal imbalance. Spine. 2003;28(18):2093–101.

12. Bridwell KH. Decision making regarding Smith-Petersen vs. pedicle
subtraction osteotomy vs. vertebral column resection for spinal deformity.
Spine. 2006;31(19 Suppl):S171–8.

13. Bakaloudis G, Lolli F, Di Silvestre M, Greggi T, Astolfi S, Martikos K, Vommaro
F, Barbanti-Brodano G, Cioni A, Giacomini S. Thoracic pedicle subtraction
osteotomy in the treatment of severe pediatric deformities. Eur Spine J.
2011;20(Suppl 1):S95–104.

14. Glassman SD, Berven S, Bridwell K, Horton W, Dimar JR. Correlation of
radiographic parameters and clinical symptoms in adult scoliosis. Spine.
2005;30(6):682–8.

15. Crawford CH 3rd, Glassman SD, Bridwell KH, Berven SH, Carreon LY. The
minimum clinically important difference in SRS-22R total score, appearance,
activity and pain domains after surgical treatment of adult spinal deformity.
Spine. 2015;40(6):377–81.

16. Zhang X, Wang Y, Wu B, Hu W, Zhang Z, Wang Y. Treatment of Andersson
lesion-complicating ankylosing spondylitis via transpedicular subtraction
and disc resection osteotomy, a retrospective study. Eur Spine J. 2016;25(8):
2587–95.

17. Kwon BK, Elgafy H, Keynan O, Fisher CG, Boyd MC, Paquette SJ, Dvorak MF.
Progressive junctional kyphosis at the caudal end of lumbar instrumented
fusion: etiology, predictors, and treatment. Spine. 2006;31(17):1943–51.

18. Qi X, Matsumoto M, Ishii K, Nakamura M, Chiba K, Toyama Y. Posterior
osteotomy and instrumentation for thoracolumbar kyphosis in patients with
achondroplasia. Spine. 2006;31(17):E606–10.

19. Van Royen BJ, Kastelijns RC, Noske DP, Oner FC, Smit TH. Transpedicular
wedge resection osteotomy for the treatment of a kyphotic Andersson
lesion-complicating ankylosing spondylitis. Eur Spine J. 2006;15(2):246–52.

20. Yang BP, Ondra SL. A method for calculating the exact angle required
during pedicle subtraction osteotomy for fixed sagittal deformity:
comparison with the trigonometric method. Neurosurgery. 2006;59(4 Suppl
2):ONS458–63 discussion ONS463.

21. Gill JB, Levin A, Burd T, Longley M. Corrective osteotomies in spine surgery.
J Bone Joint Surg Am. 2008;90(11):2509–20.

22. McMaster MJ, Singh H. The surgical management of congenital kyphosis
and kyphoscoliosis. Spine. 2001;26(19):2146–54 discussion 2155.

23. Suk SI, Kim JH, Kim WJ, Lee SM, Chung ER, Nah KH. Posterior vertebral
column resection for severe spinal deformities. Spine. 2002;27(21):2374–82.

24. Boachie-Adjei O, Bradford DS. Vertebral column resection and arthrodesis
for complex spinal deformities. J Spinal Disord. 1991;4(2):193–202.

25. Riley MS, Lenke LG, Chapman TM Jr, Sides BA, Blanke KM, Kelly MP. Clinical
and radiographic outcomes after posterior vertebral column resection for
severe spinal deformity with five-year follow-up. J Bone Joint Surg Am.
2018;100(5):396–405.

26. Carreon LY, Sanders JO, Diab M, Sturm PF, Sucato DJ. Spinal Deformity
Study G. patient satisfaction after surgical correction of adolescent
idiopathic scoliosis. Spine. 2011;36(12):965–8.

27. Suk SI, Chung ER, Lee SM, Lee JH, Kim SS, Kim JH. Posterior vertebral column
resection in fixed lumbosacral deformity. Spine. 2005;30(23):E703–10.

28. Suk SI, Chung ER, Kim JH, Kim SS, Lee JS, Choi WK. Posterior vertebral
column resection for severe rigid scoliosis. Spine. 2005;30(14):1682–7.

29. Lenke LG, O'Leary PT, Bridwell KH, Sides BA, Koester LA, Blanke KM. Posterior
vertebral column resection for severe pediatric deformity: minimum two-year
follow-up of thirty-five consecutive patients. Spine. 2009;34(20):2213–21.

30. Hu W, Yu J, Liu H, Zhang X, Wang Y. Y shape osteotomy in Ankylosing
spondylitis, a prospective case series with minimum 2 year follow-up. PLoS
One. 2016;11(12):e0167792.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Hu et al. BMC Musculoskeletal Disorders          (2020) 21:555 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Surgical technique
	Statistical analysis

	Results
	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

