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Abstract 

Objective  The present study is to evaluate the clinical outcomes of the sequential correction of severe and rigid 
kyphoscoliosis.

Methods  Between January 2014 and December 2020, 27 adults with severe and rigid kyphoscoliosis underwent 
sequential correction combined with posterior grade 4 or grade 5 spinal osteotomy. Radiological parameters, includ-
ing the major curve Cobb angle, kyphotic angle, coronal imbalance, and sagittal vertical axis (SVA), were compared. 
Patient self-reported health-related quality of life (HRQOL) scores were used to evaluate clinical outcomes.

Results  The mean major curve Cobb angle improved from 134.30 ± 13.24° to 44.48 ± 9.34° immediately after surgery 
and to 46.11 ± 8.94° at the final follow-up. The mean kyphotic angle improved from 112.15 ± 20.28° to 38.63 ± 15.00° 
immediately after surgery and to 39.85 ± 14.92° at the final follow-up. The mean preoperative major curve Cobb 
angle of grade 5 spinal osteotomy group was higher than that of grade 4 spinal osteotomy group. Coronal imbalance 
and SVA slightly improved. The patient self-reported HRQOL scores improved postoperatively and at the final follow-
up. Activity, appearance and total scores of the SRS-22 of the grade 5 spinal osteotomy group at the final follow-up 
were significantly better than those of the grade 4 spinal osteotomy group.

Conclusions  Sequential correction combined with posterior grade 4 or grade 5 spinal osteotomies is an excellent 
and safe treatment for severe and rigid kyphoscoliosis in adults. Sequential correction combined with posterior grade 
5 spinal osteotomies can be used to correct severe and rigid kyphoscoliosis with higher major curve Cobb angle.
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Introduction
The surgical treatment of severe and rigid kyphoscolio-
sis in adults is challenging, with a high risk of neurologi-
cal complications. A major curve Cobb angle > 90° and 
flexibility < 30% are thought to be the criteria for severe 
and rigid scoliosis [1, 2]. During the surgical correction 
of severe and rigid kyphoscoliosis, three-column spinal 
osteotomies may be necessary, including pedicle subtrac-
tion osteotomy (PSO), transpedicular wedge resection 
osteotomy (TWRO, grade 4 spinal osteotomy), vertebral 
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column resection (VCR, grade 5 spinal osteotomy), and 
multilevel VCR [3–7]. Of the VCRs, circumferential 
approach VCR and posterior approach VCR (PVCR) are 
commonly used techniques for correcting severe and 
rigid spinal deformities [8].

In traditional correction techniques, only two long 
rods are used to correct severe deformities and maintain 
global coronal balance and sagittal alignment. Three-
column spinal osteotomies and correction procedures 
are at high risk for intraoperative neurological compli-
cations [3–8]. We developed a new technical procedure, 
sequential correction, to treat severe and rigid kyphosco-
liosis. Posterior grade 4 or grade 5 spinal osteotomies are 
usually combined with sequential correction to achieve 
better spinal deformity correction. This study aimed to 
evaluate the clinical outcomes of sequential correction of 
severe and rigid kyphoscoliosis in adults.

Methods
Study design
Between January 2014 and December 2020, 27 adults 
with severe and rigid kyphoscoliosis underwent sequen-
tial correction combined with posterior grade 4 or 
grade 5 spinal osteotomy. All surgical procedures were 
performed by the same senior author. According to the 
selected osteotomy type, the patients were divided into 
two groups: grade 4 spinal osteotomy (TWRO) and 

grade 5 spinal osteotomy (PVCR). This study was con-
ducted in accordance with the Declaration of Helsinki 
and with approval from the Ethics Committee of our 
Hospital. Written informed consent was provided by all 
participants.

Inclusion and exclusion criteria
Inclusion criteria were as follows: 1) age at least 18 years; 
2) severe and rigid kyphoscoliosis with a major curve 
Cobb angle  ≥ 90° and flexibility ≤ 30%. Exclusion Criteria 
were as follows: 1) major curve Cobb angle < 90° or flexi-
bility > 30%; 2) accompanying infections, tumors, or other 
lesions; 3) history of spinal surgery.

Surgical technique
The complete surgical procedures were performed under 
continuous neuromonitoring, including motor evoked 
potential and somatosensory evoked potential. The key 
procedures of sequential correction technique were sum-
marized as following (Fig. 1).

Screw placement and facetectomy
Planed implantation of the pedicle screws was performed 
using a freehand technique [9]. Facetectomy was per-
formed to adequately release the rigid segments to be 
fused.

Fig. 1  The key steps of sequential correction to treat severe and rigid kyphoscoliosis in adults. A, Severe and rigid kyphoscoliosis before correction. 
B, Screw placement and facetectomy. C, Grade 4 or grade 5 spinal osteotomy at the apical vertebrae. D, Major curve correction at the apical 
vertebrae. E, Correction maintained with short segmental instrumentation. F, G, Further correction via the rod cantilever technique. H, Integration 
with appropriate application of long rods
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Asymmetrical three‑column osteotomy at the apical 
vertebrae
C-arm fluoroscopy was used to confirm the apical ver-
tebrae of the kyphoscoliosis, which were then exposed 
using costotransversectomy. Asymmetrical three-col-
umn osteotomies were performed at the apical verte-
brae to correct the scoliosis and kyphosis. TWRO or 
PVCR were performed according to the severity of the 
deformity.

Major curve correction at the apical vertebrae
The osteotomy site was closed step-by-step, partially 
correcting the scoliosis and kyphosis. Two short seg-
mental rods were used to maintain spinal stability dur-
ing the closing procedures and prevent intraoperative 
vertebral subluxation.

Correction maintained with short segmental instrumentation
The short segmental rod on the concave side was 
reserved to maintain correction at the apical vertebrae, 
whereas the rod on the convex side was removed.

Further correction via the rod cantilever technique
A long rod was implanted at the convex side from the 
upper instrumented vertebra (UIV) to the lower instru-
mented vertebra (LIV), and the rod cantilever technique 
was used to further correct the scoliosis and kyphosis, 
achieving coronal and sagittal balance [10, 11].

Integration with appropriate application of long rods
The second long rod was implanted at the concave side 
from the UIV to the LIV to correct the remaining coro-
nal and sagittal imbalance. After closing the osteotomy 
sites of the TWRO, the remaining space was filled with 
autogenous cancellous bone. After closing the oste-
otomy sites of the PVCR, a titanium cage containing 
autogenous cancellous bone was applied for vertebral 
column support, if necessary.

Data collection
Radiological measurements were obtained preopera-
tively, postoperatively, and at the final follow-up. Major 
curve Cobb angles and kyphotic angles were measured. 
Coronal imbalance was measured as the horizontal dis-
tance between the C7 plumb line and center sacral ver-
tical line. The sagittal vertical axis (SVA) was measured 
as the horizontal distance from the C7 plumb line to 
the posterior-superior corner of S1.

All patients completed self-reported health-related 
quality of life (HRQOL) assessments preoperatively, 
postoperatively, and at the final follow-up. The Oswestry 

Disability Index (ODI) score and Scoliosis Research 
Society-22 (SRS-22) questionnaire were obtained.

Statistical analysis
SPSS 22.0 (IBM Corp., Armonk, NY, USA) statistical 
analysis software was used to perform the statistical anal-
yses. Variables are presented as mean ± standard devia-
tion. A Kolmogorov–Smirnov test was used to assess the 
normal distribution of the data. Independent-samples t 
test was used to compare intergroup differences of data 
normally distributed. Nonparametric tests, including the 
Mann–Whitney U test and Wilcoxon signed-rank test, 
were used to compare intergroup differences of data not 
normally distributed. A P-value less than 0.05 is consid-
ered as statistically significant.

Results
Demographics
The demographic data of patients who underwent 
sequential correction combined with posterior  grade 4 
or 5 spinal osteotomy are summarized and compared in 
Table 1. The demographic data of two groups were of no 
significant difference.

Radiologic outcomes
The mean major curve Cobb angles were 134.30 ± 13.24° 
preoperatively, 44.48 ± 9.34° immediately after surgery, 
and 46.11 ± 8.94° at the final follow-up. The mean major 
curve Cobb angle correction (rate) was 89.82° (66.88%) 
immediately after surgery, and 88.19° (65.67%) at the final 
follow-up. The mean kyphotic angles were 112.15 ± 20.28° 
preoperatively, 38.63 ± 15.00° immediately after sur-
gery, and 39.85 ± 14.92° at the final follow-up. The mean 
kyphotic angles correction was 73.52° immediately after 
surgery, and 72.30° at the final follow-up. Moreover, the 
radiographic parameters of the patients who underwent 
sequential correction combined with posterior  grade 4 
or 5 spinal osteotomy are summarized and compared in 
Table 2. The mean preoperative major curve Cobb angle 
of grade 5 spinal osteotomy group was higher than that 
of grade 4 spinal osteotomy group. A typical case treated 
by sequential correction combined with posterior grade 
4 spinal osteotomy at the apical vertebrae was listed 
(Fig.  2). A typical case treated by sequential correction 
combined with posterior grade 5 spinal osteotomy at the 
apical vertebrae was listed (Fig. 3).

Clinical outcomes
Variability in the self-reported HRQOL of the patients 
who underwent sequential correction is summa-
rized in Table  3. The mean ODI score improved from 
41.11 ± 11.32 preoperatively to 18.37 ± 7.54 at the final 
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follow-up. The SRS-22 questionnaire scores improved 
significantly at the final follow-up compared to the pre-
operative data. Activity, appearance and total scores of 
the SRS-22 of the grade 5 spinal osteotomy group at the 
final follow-up were significantly better than those of the 
grade 4 spinal osteotomy group.

Complications
The complications of the patients who underwent 
sequential correction are summarized in Table  4. 
The complication rate of the two groups showed no 

significant difference. Two patients who underwent 
sequential correction combined with posterior grade 4 
spinal osteotomy had intro-operative neuromonitoring 
changes. One of them was found with transient neu-
rological complication, and the neurological function 
recovered after a revision surgery. Another patient was 
found with transient intro-operative neuromonitor-
ing change and of no neurological complication. One 
patient who underwent sequential correction combined 
with posterior  grade 5 spinal osteotomy had intro-
operative neuromonitoring change. One patient who 
underwent sequential correction combined with grade 

Table 1  Demographics parameters of patients underwent sequential correction combined with TWRO or PVCR

Characteristic Sequential correction 
(n = 27)

Grade 4 (TWRO) (n = 18) Grade 5 (PVCR) (n = 9) P

Age (yrs) 30.56 ± 11.18 28.89 ± 10.53 33.89 ± 12.34 0.314

Sex (Male: Female) 7:20 4:14 3:6 0.317

BMI (kg/m2) 20.46 ± 3.11 19.85 ± 3.40 21.69 ± 2.07 0.095

Mean follow-up (months) 37.56 ± 13.88 33.89 ± 12.34 35.33 ± 15.43 0.467

Scoliosis classification
  Idiopathic scoliosis 14 10 5 0.059

  Congenital scoliosis 10 6 3

  Neuromuscular scoliosis 3 2 1

Major curve type
  Thoracic 22 16 6 0.083

  Thoracolumbar/lumbar 5 2 3

Major curve flexibility (%) 11.46 ± 5.80 10.17 ± 5.63 14.05 ± 5.52 0.056

Fused levels 13.67 ± 1.24 13.89 ± 1.32 13.22 ± 0.97 0.153

Operation time (min) 507.04 ± 90.69 497.22 ± 94.20 526.67 ± 85.00 0.277

Estimated blood loss (ml) 2722.22 ± 547.96 2738.89 ± 561.66 2688.89 ± 551.01 0.828

Table 2  Radiographic parameters of the patients underwent sequential correction combined with TWRO or PVCR

Preop preoperation; postop, postoperation, CI coronal imbalance, SVA sagittal vertical axis
* P < 0.001 compared with Preop

Sequential 
correction (n = 27)

Grade 4 (TWRO) (n = 18) Grade 5 (PVCR) (n = 9) P

Major curve Cobb angle (°) Preop 134.30 ± 13.24 130.39 ± 11.32 142.11 ± 13.94 0.039
Post-op 44.48 ± 9.34* 43.94 ± 9.83* 45.56 ± 8.75* 0.642

Final follow-up 46.11 ± 8.94* 46.00 ± 9.31* 46.33 ± 8.67* 0.959

Kyphosis angle (°) Preop 112.15 ± 20.28 108.06 ± 17.62 120.33 ± 23.74 0.303

Post-op 38.63 ± 15.00* 34.22 ± 13.23* 47.44 ± 15.09* 0.030
Final follow-up 39.85 ± 14.92* 35.56 ± 13.03* 48.44 ± 15.44* 0.056

CI (mm) Preop 32.74 ± 19.35 33.11 ± 15.19 32.00 ± 26.93 0.571

Post-op 29.48 ± 20.34 32.33 ± 20.91 23.78 ± 18.98 0.236

Final follow-up 31.44 ± 23.32 33.61 ± 16.16 27.11 ± 34.37 0.198

SVA (mm) Preop 35.33 ± 41.30 35.94 ± 31.56 34.11 ± 58.52 0.326

Post-op 24.78 ± 15.25 24.94 ± 14.69 24.44 ± 17.23 0.959

Final follow-up 22.00 ± 17.33 19.28 ± 16.19 27.44 ± 19.21 0.234



Page 5 of 9Hua et al. BMC Musculoskeletal Disorders          (2023) 24:697 	

5 spinal osteotomy was treated via a revision surgery 
for better coronal imbalance correction.

Discussion
Severe and rigid kyphoscoliosis may affect the thoracic 
cage, disturbing skeletal, muscular, and diaphragmatic 
functions, and reducing respiratory system compliance 
[12]. Patients with severe and rigid kyphoscoliosis may 
experience restrictive pulmonary and cardiovascular dis-
eases and malnutrition, leading to physical disability or 
death [12, 13]. Hence, early surgical treatment is recom-
mended to improve pulmonary function and increase life 
expectancy [12, 14].

Surgical correction of severe and rigid kyphoscoliosis is 
challenging and associated with a high risk of neurologi-
cal injury, permanent paralysis, and death [15, 16]. Age, 
etiology, spinal deformity severity, spinal cord functional 
classification, osteotomy site, osteotomy type, shortening 
distance of the osteotomy gap, and correction rate of the 

deformity angles are common risk factors for neurologi-
cal complications [17–19]. Moreover, higher osteotomy 
grades may increase neurological risks [4, 20–22].

Previous studies have used presurgical short-term 
halo-gravity traction and halo-pelvic traction for treat-
ing severe and rigid spinal deformity [12, 23]. Halo-pel-
vic traction may be more applicable for severe and rigid 
spinal deformity [24, 25]. However, the related compli-
cations of halo-gravity traction and halo-pelvic traction, 
including nystagmus, pin loosening, infections, neuro-
logic complications, and osteoporosis, should be noted 
[24, 25]. Anterior release combined with posterior instru-
mentation may be used to correct severe and rigid spinal 
deformity [1, 2, 26–29]. Zhou et al. [2] treated 16 patients 
with severe and rigid idiopathic scoliosis (a mean flex-
ibility of 12.5%) using circumferential approach VCR, the 
average major curve Cobb angle improved from 99.3° to 
32.9° at the immediate postoperative assessment, with 
a correction of 66.4° (67.0%). Kandwal et al. [29] treated 

Fig. 2  A 25-year-old woman with severe and rigid kyphoscoliosis treated by sequential correction combined with posterior grade 4 spinal 
osteotomy at the apical vertebrae. A, B, The coronal major curve angle and the kyphotic angle were 140° and 92° respectively on preoperative 
anteroposterior and lateral radiographs. C, D, Preoperative appearance. E, Grade 4 spinal osteotomy performed at the apical vertebrae (T9), 
and apical vertebrae correction maintained with short segmental instrumentation. F, Sequential correction completed. G, H, The coronal major 
curve angle and the kyphotic angle were 51° and 38° respectively on postoperative anteroposterior and lateral radiographs. I, J, The coronal major 
curve angle and the kyphotic angle were 54° and 40° respectively on postoperative anteroposterior and lateral radiographs at 24-month follow-up. 
K, L, Postoperative appearance
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21 patients with severe and rigid scoliosis (a mean flex-
ibility of 16%) using staged anterior release and posterior 
instrumentation, the average major curve Cobb angle 
was corrected from 116.6° to 26.5°, with a correction of 
90.1° (77.3%). In our opinion, one-stage posterior surgery 
may be helpful to reduce the operation time, hospital stay 
and incidence of perioperative complications.

TWRO or PVCR may be necessary for better correc-
tion of severe and rigid kyphoscoliosis. Surgical cor-
rection using PVCR at the apical vertebrae of spinal 
deformities may be the preferred technique for treat-
ing severe and rigid spinal deformities, and a major 
curve Cobb angle correction rate of 48.1–62.4% can 
be achieved [20, 21, 30–32]. Suk et  al. [21] treated 16 
patients with severe and rigid scoliosis (a mean flex-
ibility of less than 25%) using PVCR, the average major 
curve Cobb angle was corrected from 109.0° to 43.1°, 
with a correction of 65.9° (60.4%). Hamzaoglu et  al. 
[30] treated 102 patients with severe deformity (a mean 

flexibility of less than 25%) using PVCR, the aver-
age major curve Cobb angle was corrected from 102° 
to 38.3°, with a correction of 63.7° (62.4%). Xie et  al. 
[31] reported 14 patients with rigid kyphoscoliosis via 
PVCR, the coronal major curve was corrected from 
116.6° to 44.9°, with a correction of 71.7° (61.5%). Zhang 
et al. [32] treated 12 patients with severe and rigid adult 
idiopathic scoliosis (a mean flexibility of 9.76%) using 
PVCR, and the average major curve corrected from 
108.9° to 56.5°, with a correction of 52.4° (48.1%). The 
case series in the present study achieved a correction of 
89.82° (66.88%), which was better than previous stud-
ies. Moreover, sequential correction combined with 
posterior  grade 4 spinal osteotomy achieved a correc-
tion of 86.45° (66.30%), and sequential correction com-
bined with posterior grade 5 spinal osteotomy achieved 
a correction of 96.55° (67.94%). Therefore, sequential 
correction combined with posterior  grade 4 or 5 spi-
nal osteotomy is suitable for the treatment of extremely 

Fig. 3  A 48-year-old woman with severe and rigid kyphoscoliosis treated by sequential correction combined with posterior grade 5 spinal 
osteotomy at the apical vertebrae. A, B, The coronal major curve angle and the kyphotic angle were 158° and 135° respectively on preoperative 
anteroposterior and lateral radiographs. C, D, Preoperative appearance. E, Grade 5 spinal osteotomy performed at the apical vertebrae (T12), 
apical vertebrae correction maintained with short segmental instrumentation. F, Sequential correction completed. G, H, The coronal major curve 
angle and the kyphotic angle were 45° and 54° respectively on postoperative anteroposterior and lateral radiographs. I, J, The coronal major curve 
angle and the kyphotic angle were 46° and 55° respectively on postoperative anteroposterior and lateral radiographs at 24-month follow-up. K, L, 
Postoperative appearance



Page 7 of 9Hua et al. BMC Musculoskeletal Disorders          (2023) 24:697 	

severe and rigid kyphoscoliosis. Moreover, sequential 
correction combined with posterior grade 5 spinal oste-
otomy is suitable for the treatment of severe and rigid 
kyphoscoliosis with higher major curve Cobb angle.

The major advantage of the sequential correction 
technique is converting the complex deformity cor-
rection into step-by-step procedures, which can be 
performed more safely. During sequential correction, 
posterior grade 4 or grade 5 spinal osteotomies were 
performed at the apical vertebrae to partially correct 
the major curves. The short segmental rod is greatly 
important for preventing the displacement of oste-
otomy sites and maintaining the correction at the api-
cal vertebrae. Then the rod cantilever technique can 
be used to further correct the major curve and achieve 

global alignment with fewer complications. Compared 
to traditional techniques, the sequential correction 
technique can help restore global coronal alignment. 
However, the procedures of the sequential correction 
remain technically demanding and exhausting.

The present study has some limitations. First, there 
was a small sample size and a short follow-up period. 
Second, the present study is a single center case series 
study. Further studies should be conducted to compare 
the clinical outcomes of sequential correction tech-
niques with traditional techniques for treating severe 
and rigid kyphoscoliosis. Moreover, multicenter stud-
ies with longer follow-up period could be conducted to 
evaluate the clinical outcomes of the sequential correc-
tion of severe and rigid kyphoscoliosis.

Table 3  Variance in self-reported health-related quality of life (HRQOL) of the patients underwent sequential correction  combined 
with TWRO or PVCR

Preop preoperation; postop, postoperation, ODI Oswestry Disability Index, SRS-22 Scoliosis Research Society 22-item questionnaire, ODI 0, no pain, 100, worst 
conceivable pain, SRS-22 scale 5, best; 1, worst
* P < 0.001 compared with Preop

Sequential correction 
(n = 27)

Grade 4 (TWRO) 
(n = 18)

Grade 5 (PVCR) (n = 9) P

ODI Preop 41.11 ± 11.32 41.00 ± 10.68 41.33 ± 13.19 1.000

Final follow-up 18.37 ± 7.54* 18.00 ± 6.93* 19.11 ± 9.06* 0.574

SRS-22
  Activity Preop 2.63 ± 0.35 2.64 ± 0.33 2.60 ± 0.40 0.778

Final follow-up 3.90 ± 0.30* 3.82 ± 0.34* 4.04 ± 0.09* 0.041
  Pain Preop 2.67 ± 0.52 2.80 ± 0.56 2.42 ± 0.32 0.091

Final follow-up 4.02 ± 0.34* 3.99 ± 0.32* 4.09 ± 0.40* 1.000

  Appearance Preop 2.25 ± 0.54 2.07 ± 0.48 2.62 ± 0.45 0.078

Final follow-up 3.44 ± 0.45* 3.31 ± 0.44* 3.69 ± 0.35* 0.020
  Mental health Preop 3.21 ± 0.49 3.19 ± 0.56 3.27 ± 0.32 0.394

Final follow-up 3.93 ± 0.30* 3.91 ± 0.32* 3.98 ± 0.29* 0.228

  Satisfaction Preop 2.39 ± 0.66 2.33 ± 0.68 2.50 ± 0.61 0.577

Final follow-up 3.91 ± 0.44* 4.00 ± 0.42* 3.72 ± 0.44* 0.317

  Total Preop 2.64 ± 0.18 2.61 ± 0.21 2.70 ± 0.10 0.260

Final follow-up 3.84 ± 0.15* 3.81 ± 0.16* 3.90 ± 0.12* 0.043

Table 4  Complications of the patients underwent sequential correction combined with TWRO or PVCR

Complications Sequential correction 
(n = 27)

Grade 4 (TWRO)
(n = 18)

Grade 5 (PVCR)
(n = 9)

P

Pleural tear (%) 10 (37.04) 6 (33.33) 4 (44.44) 0.157

Intro-operative neuromonitoring changes (%) 2 (7.41) 2 (11.11) 1 (11.11) 0.317

Transient neurological complications (%) 1 (3.70) 1 (5.56) 0 (0.00) 0.317

Permanent neurological complications (%) 0 (0.00) 0 (0.00) 0 (0.00) 1.000

Deep infection (%) 0 (0.00) 0 (0.00) 0 (0.00) 1.000

Revision surgery (%) 2 (7.41) 1 (5.56) 1 (11.11) 1.000

Sum (%) 15 (51.85) 9 (50.00) 6 (66.67) 0.083
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Conclusion
In the present study, a new technique for the sequential 
correction of severe and rigid kyphoscoliosis was intro-
duced. Sequential correction combined with posterior 
grade 4 or grade 5 spinal osteotomy is an excellent 
and safe treatment for severe and rigid kyphoscoliosis 
in adults. Sequential correction combined with poste-
rior grade 5 spinal osteotomies can be used to correct 
severe and rigid kyphoscoliosis with higher major curve 
Cobb angle. Moreover, patients treated by sequential 
correction combined with posterior grade 5 spinal oste-
otomies were of better postoperative SRS-22 scores, 
especially activity, appearance and the total score.

Abbreviations
SVA	� Sagittal vertical axis
HRQOL	� Health-related quality of life
PSO	� Pedicle subtraction osteotomy
TWRO	� Transpedicular wedge resection osteotomy
VCR	� Vertebral column resection
PVCR	� Posterior approach vertebral column resection
UIV	� Upper instrumented vertebra
LIV	� Lower instrumented vertebra
ODI	� Oswestry Disability Index
SRS-22	� Scoliosis Research Society-22

Acknowledgements
Not applicable.

Authors’ contributions
WH participated in the design of this study, performed the statistical analysis, 
and drafted the manuscript. SL, XF, WK, HY, XW, YZ and YG collected the 
clinical data and follow-up details of this study, and LL and CY participated in 
the study design and helped to revised the manuscript. All authors read and 
approved the final manuscript.

Funding
This work was supported by the National Natural Science Foundation of China 
(Grant no. 81904020 and 81772401), Higher Education Teaching Research 
Project of Hubei Province (No. 2021063), and Science Foundation of Union 
Hospital (2022-F016010032200311006).   

Availability of data and materials
The data sets supporting the conclusion of this article are included in the 
manuscript. Upon request, raw data can be provided by the corresponding 
author.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki 
and received approval from the Ethics Committee of Union Hospital, Tongji 
Medical College, Huazhong University of Science and Technology. Informed 
Consent to participate were obtained from all the patients.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 14 May 2023   Accepted: 19 July 2023

References
	1.	 Shen J, Qiu G, Wang Y, et al. Comparison of 1-stage versus 2-stage ante-

rior and posterior spinal fusion for severe and rigid idiopathic scoliosis–a 
randomized prospective study. Spine (Phila Pa 1976). 2006;31:2525–8.

	2.	 Zhou C, Liu L, Song Y, et al. Anterior and posterior vertebral column resec-
tion for severe and rigid idiopathic scoliosis. Eur Spine J. 2011;20:1728–34.

	3.	 Hua W, Zhang Y, Wu X, et al. Transpedicular wedge resection osteotomy of 
the apical vertebrae for the treatment of severe and rigid thoracic kyphosco-
liosis: A retrospective study of 26 cases. Spine Deform. 2019;7:338–45.

	4.	 Fan H, Li X, Huang Z, et al. Radiologic parameters can affect the 
preoperative decision making of three-column spinal osteotomies in 
the treatment of severe and stiff kyphoscoliosis. Spine (Phila Pa 1976). 
2017;42:E1371-e1379.

	5.	 Suh SW, Modi HN, Yang J, et al. Posterior multilevel vertebral osteotomy 
for correction of severe and rigid neuromuscular scoliosis: a preliminary 
study. Spine (Phila Pa 1976). 2009;34:1315–20.

	6.	 Schwab F, Blondel B, Chay E, et al. The comprehensive anatomical spinal 
osteotomy classification. Neurosurgery. 2014;74:112–20.

	7.	 Bridwell KH. Decision making regarding smith-petersen vs. Pedicle sub-
traction osteotomy vs. Vertebral column resection for spinal deformity. 
Spine (Phila Pa 1976). 2006;31:S171-8.

	8.	 Bekmez S, Ozhan M, Olgun ZD, et al. Pedicle subtraction osteotomy 
versus multiple posterior column osteotomies in severe and rigid neuro-
muscular scoliosis. Spine (Phila Pa 1976). 2018;43:E905-e910.

	9.	 Kim YJ, Lenke LG, Bridwell KH, et al. Free hand pedicle screw placement in 
the thoracic spine: Is it safe? Spine (Phila Pa 1976). 2004;29:333–42.

	10.	 Rajpal S, Resnick DK. Rod cantilever techniques. Neurosurg. 2008;63:157–62.
	11.	 Smith JS, Wang VY, Ames CP. Vertebral column resection for rigid spinal 

deformity. Neurosurg. 2008;63:177–82.
	12.	 Koller H, Zenner J, Gajic V, et al. The impact of halo-gravity traction on 

curve rigidity and pulmonary function in the treatment of severe and 
rigid scoliosis and kyphoscoliosis: a clinical study and narrative review of 
the literature. Eur Spine J. 2012;21:514–29.

	13.	 Chen J, Shao XX, Sui WY, et al. Risk factors for neurological complications 
in severe and rigid spinal deformity correction of 177 cases. BMC Neurol. 
2020;20:433.

	14	 Sucato DJ. Management of severe spinal deformity: Scoliosis and kypho-
sis. Spine (Phila Pa 1976). 2010;35:2186–92.

	15.	 Lenke LG, O’Leary PT, Bridwell KH, et al. Posterior vertebral column 
resection for severe pediatric deformity: Minimum two-year follow-up of 
thirty-five consecutive patients. Spine (Phila Pa 1976). 2009;34:2213–21.

	16.	 Kelly MP, Lenke LG, Shaffrey CI, et al. Evaluation of complications and 
neurological deficits with three-column spine reconstructions for com-
plex spinal deformity: A retrospective scoli-risk-1 study. Neurosurg Focus. 
2014;36:E17.

	17.	 Li XS, Huang ZF, Deng YL, et al. Computed tomography based three-
dimensional measurements of spine shortening distance after posterior 
three-column osteotomies for the treatment of severe and stiff scoliosis. 
Spine (Phila Pa 1976). 2017;42:1050–7.

	18.	 Wang XB, Lenke LG, Thuet E, et al. Deformity angular ratio describes the 
severity of spinal deformity and predicts the risk of neurologic deficit 
in posterior vertebral column resection surgery. Spine (Phila Pa 1976). 
2016;41:1447–55.

	19.	 Shimode M, Kojima T, Sowa K. Spinal wedge osteotomy by a single poste-
rior approach for correction of severe and rigid kyphosis or kyphoscolio-
sis. Spine (Phila Pa 1976). 2002;27:2260–7.

	20	 Suk SI, Kim JH, Kim WJ, et al. Posterior vertebral column resection for 
severe spinal deformities. Spine (Phila Pa 1976). 2002;27:2374–82.

	21	 Suk SI, Chung ER, Kim JH, et al. Posterior vertebral column resection for 
severe rigid scoliosis. Spine (Phila Pa 1976). 2005;30:1682–7.

	22.	 Lenke LG, Sides BA, Koester LA, et al. Vertebral column resection 
for the treatment of severe spinal deformity. Clin Orthop Relat Res. 
2010;468:687–99.

	23	 Wang Y, Li C, Liu L, et al. Presurgical short-term halo-pelvic traction for 
severe rigid scoliosis (cobb angle >120°): A 2-year follow-up review of 62 
patients. Spine (Phila Pa 1976). 2021;46:E95-e104.

	24.	 Wang J, Han B, Hai Y, et al. How helpful is the halo-gravity traction in 
severe spinal deformity patients?: A systematic review and meta-analysis. 
Eur Spine J. 2021;30:3162–71.

	25.	 Sun Y, Zhang Y, Ma H, et al. Halo-pelvic traction in the treatment of severe 
scoliosis: a meta-analysis. Eur Spine J. 2023;32:874–82.



Page 9 of 9Hua et al. BMC Musculoskeletal Disorders          (2023) 24:697 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	26	 Tokunaga M, Minami S, Kitahara H, et al. Vertebral decancellation for 
severe scoliosis. (Phila Pa 1976). 2000;25:469–74.

	27.	 Bullmann V, Halm HF, Schulte T, et al. Combined anterior and posterior 
instrumentation in severe and rigid idiopathic scoliosis. Eur Spine J. 
2006;15:440–8.

	28.	 Zhou C, Liu L, Song Y, et al. Two-stage vertebral column resection for 
severe and rigid scoliosis in patients with low body weight. Spine J. 
2013;13:481–6.

	29.	 Kandwal P, Goswami A, Vijayaraghavan G, et al. Staged anterior release 
and posterior instrumentation in correction of severe rigid scoliosis (cobb 
angle >100 degrees). Spine Deform. 2016;4:296–303.

	30	 Hamzaoglu A, Alanay A, Ozturk C, et al. Posterior vertebral column 
resection in severe spinal deformities: A total of 102 cases. Spine (Phila Pa 
1976). 2011;36:E340-4.

	31.	 Xie J, Wang Y, Zhao Z, et al. Posterior vertebral column resection for 
correction of rigid spinal deformity curves greater than 100 degrees. J 
Neurosurg Spine. 2012;17:540–51.

	32.	 Zhang Y, Tao L, Hai Y, et al. One-stage posterior multiple-level asym-
metrical ponte osteotomies versus single-level posterior vertebral 
column resection for severe and rigid adult idiopathic scoliosis: A 
minimum 2-year follow-up comparative study. Spine (Phila Pa 1976). 
2019;44:E1196-e1205.

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


	Sequential correction of severe and rigid kyphoscoliosis: a new technical note and preliminary results
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design
	Inclusion and exclusion criteria
	Surgical technique
	Screw placement and facetectomy
	Asymmetrical three-column osteotomy at the apical vertebrae
	Major curve correction at the apical vertebrae
	Correction maintained with short segmental instrumentation
	Further correction via the rod cantilever technique
	Integration with appropriate application of long rods

	Data collection
	Statistical analysis

	Results
	Demographics
	Radiologic outcomes
	Clinical outcomes
	Complications

	Discussion
	Conclusion
	Acknowledgements
	References


