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Abstract
Background: Short-term studies have demonstrated good surgical outcomes after pedicle subtraction osteotomy
(PSO) in ankylosing spondylitis (AS) patients, but there is a paucity of literature focused on middle-term results,
especially regarding patterns of loss of correction. The objective of this study is to assess the durability of surgical
outcomes and the patterns of loss of correction in thoracolumbar kyphosis secondary to AS following lumbar PSO
with over 5-year follow-up.
Methods: We performed a retrospective review of 155 consecutive AS patients undergoing lumbar PSO from
January 2001 to December 2011. Twenty-four patients were included with an average follow-up of 6.9 years (range,
5–15 years). Radiographical evaluations included global kyphosis (GK), lumbar lordosis (LL), sagittal vertical axis,
spinal-sacral angle, kyphosis of proximal non-fused segments (KPNS), angle of fused segments (AFS), osteotomized
vertebra angle (OVA), distal intervertebral disc wedging (DIDW) and proximal junctional angle. Meanwhile, clinical
outcomes were assessed by the Oswestry disability index (ODI) and Numerical rating scale (NRS).
Results: The average correction per PSO segment was 34.9°. Significant improvement in sagittal parameters were
found postoperatively, and no obvious deterioration was noticed during the follow-up. Mild loss of correction in GK
(2.82°) and LL (3.77°) were observed at the final follow-up (P < 0.05). The KPNS and DIDW increased from 26° and
−5.0° postoperatively to 30° and −2.2° at the final follow-up (P < 0.05), respectively. In contrast, no significant
diminishment was identified in OVA and AFS (P > 0.05). The ODI and NRS improved significantly from 20.6 and 6.6
preoperatively to 5.9 and 2.3 at the final follow-up (P < 0.05).
Conclusions: PSO is an effective procedure for treating AS-related thoracolumbar kyphosis and can maintain
sustained surgical outcomes during the middle-term follow-up. The loss of correction was mainly attributable to
non-instrumented segments without fully ossified bridging syndesmophyte in the thoracolumbar region instead of
instrumented levels.
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Background
Ankylosing spondylitis (AS) is a chronic rheumatic disease characterized by axial skeleton and peripheral joints
inflammation [1]. The bony ankyloses of the entire spine
eventually produced a fixed thoracolumbar kyphosis
leading to sagittal imbalance and restricted psychosocial
activities [2]. Thus, surgical intervention is usually
indicated to restore sagittal alignment and to reduce
functional impairments.
Dramatic improvements from pedicle subtraction
osteotomy (PSO) in sagittal alignment for thoracolumbar
kyphosis has been well documented with short-term
follow-up [2–6]. However, loss of correction could not
be ignored in the follow-up period. In a recent study,
Qian et al. [3] demonstrated loss of correction of 3.6°
and 2.5° in global kyphosis (GK) and LL after posterior
wedge osteotomy with a mean follow-up of 3 years. Besides, Kim et al. [7] reported loss of 4.8° in GK correction
for AS-related kyphosis over 2 years postoperatively. In
the presence of existing thoracic kyphosis, the loss of
correction may place the fusion zone under tension due to
the long lever arm, thereby resulting in the implant failure
and progressive loss of correction [8–11].
Considering the above-mentioned potential risks
caused by loss of correction, an enhanced understanding
of surgical outcomes in PSO-treated AS patients with
longer follow-up is needed. Furthermore, as the pattern
related to loss of correction after lumbar PSO surgery
remains unclear, we sought to evaluate the surgical outcomes in a medium to long-term follow-up period, with
particular attention to the magnitude and location of
loss of correction.
Methods
Population

This study was approved by the Medical Ethics Committee of Medical School of Nanjing University (the ethics
approval number provided by the board was 2,011,052).
Written informed consent was obtained from all patients
prior to testing. The medical records of 155 consecutive
AS patients who had undergone lumbar PSO for fixed
sagittal imbalance between January 2001 and December
2011 were reviewed. The inclusion criteria listed as
follows: (1) underwent single-level PSO; (2) with a minimum of five-year follow-up. The exclusion criteria were:
(1) spinal fracture; (2) pseudoarthrosis; (3) previous
spinal surgery; and (4) combined anterior-posterior
procedure. Based on the above-mentioned inclusion and
exclusion criteria, 9 patients were excluded due to
undergoing double-level-PSO while 12 patients who
developed pseudarthrosis preoperatively were also removed. 79 patients were excluded due to lack of over 2year follow-up data. Moreover, 31 patients with more
than 2-year follow-up but without over 5-year follow-up
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data were excluded as well (Fig. 1). Finally, a total of
twenty-four AS patients consisting of 20 males and 4
females with a mean age of 38 years (range, 23–56 years)
were included in this study eventually. On average, the
follow-up period was 6.9 years (range, 5–15 years).
Totally, PSO was performed at L1 in 7 cases, at L2 in 14
cases and at L3 in 3 cases. Among the 24 patients, three
types of rods were used: (1) 6.35 mm stainless rod in 7
patients; (2) 5.5 mm titanium rod in 9 patients and (3)
6.35 mm titanium rod in 8 patients. The details regarding the use of bone grafts were described as abovementioned. Neither iliac bone nor artificial bone was
used for fusion. Regarding postoperative external
fixation, all patients were allowed to mobilize with a
thoracolumbosacral orthosis for 3 months.
Radiographic evaluation and clinical assessment

Radiological assessment was performed preoperatively,
postoperatively, and at the final follow-up. The sagittal
parameters included: (1) global kyphosis (GK) [3]: the
angle between the superior endplate of the maximally
tilted upper end vertebra and the inferior endplate of the
maximally tilted lower end vertebra on the full-length
lateral radiographs (Fig. 2a); (2) lumbar lordosis (LL)
[11]: the angle between the superior L1 endplate and the
S1 endplate; The angle is positive if the curve is lordotic
and negative if the curve is kyphotic (Fig. 2a); (3) sagittal
vertical axis (SVA) [12]: the distance between the C7
plumb line and the posterior-superior corner of S1; (4)
spinal-sacral angle (SSA) [13]: the angle between the line
connecting the centroid of C7 vertebral body and the
midpoint of the sacral endplate; (5) kyphotic angle of
proximal non-fused segment involved in the GK (KPNS):
the angle between the superior endplate of the preoperative maximally tilted upper end vertebra and the superior endplate of upper end vertebra (Fig. 2d); (6) angle of
fused segments (AFS); (7) proximal junctional angle
(PJA) [14]: determined by the angle between the caudal
endplate of the upper instrumented vertebra and the
cranial end plate of two vertebrae above. Proximal junctional kyphosis (PJK) is defined as a kyphosis exceeding
10° and an increase of the PJA of at least 10° compared
to the preoperative value; [6] (8) osteotomized vertebra
angle (OVA): the angle between superior and inferior
endplate of osteotomized vertebra (Fig. 2d); and (9) the
sum of distal non-fused intervertebral disc wedging
(DIDW) (Fig. 2d). The angle is positive if the curve is
lordotic and negative if the curve is kyphotic in LL.
Meanwhile, the PJA, KPNS and DIDW were only obtained from postoperative and follow-up radiographs
(Fig. 2d and e). Each parameter was measured by an
orthopedic resident for 3 times using surgimap software
(Nemaris, New York, NY) and the average values were
calculated [15].
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Fig. 1 The flow diagram shows a clear process of the selection of patients

The radiographic changes of bilateral hips were evaluated with the BASRI-hip scoring system preoperatively
and at the final follow-up. The system was categorized
into five severity grades based on the discriminating features (0 = no disease, 1 = suspicious disease, 2 = minimal
disease, 3 = moderate disease, and 4 = severe disease) [16].
All patients were functionally examined with the
Oswestry Disability Index (ODI) scores and Numerical
rating scale (NRS) preoperatively and at the last followup. The ODI scores consisted of ten items: pain, lifting,
ability to care for oneself, ability to walk, ability to sit,
sexual function, ability to stand, social life, sleep quality,
and ability to travel. Each item is followed by six

statements describing different potential scenarios in the
patient’s life. Meanwhile, each question is scored on a
scale of 0–5 (0 = the least amount of disability, 5 = most
severe disability) [17].

Statistical analysis

Statistical analysis was done using SPSS software
(version 12.0; 2003; SPSS, Inc. Chicago, IL, USA). Analysis of variance was used to compare the preoperative,
postoperative and the final follow-up radiological and
clinical data with paired t-test. A p-value less than 0.05
was considered as statistically significant.

Fig. 2 Forty seven-year-old male (a) with fully ossified anterior longitudinal ligament (b)(c) underwent L2 PSO (d). No loss of correction in GK and
LL was identified at the follow-up of 72 months (e). (OVA: osteotomized vertebra angle; KPNS: kyphotic angle of proximal non-fused segments;
DIDW: distal intervertebral disc wedging; GK: global kyphosis; LL: lumbar lordosis)
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Table 1 Radiographic and clinical assessment of preoperative, postoperative and the final follow-up data (n = 24)
Parameters

Pre-op

Post-op

P

Follow-up

P

Loss of correction

GK (°)

69.71 ± 16.61

26.62 ± 12.27a

<0.001

29.43 ± 11.81b

<0.05

2.82 ± 2.42

LL (°)

8.95 ± 12.55

47.64 ± 10.01a

<0.001

43.86 ± 9.37b

<0.05

3.77 ± 2.94

a

SVA (mm)

154.51 ± 52.94

34.95 ± 45.42

<0.001

51.85 ± 44.03

0.175

–

SSA (°)

79.11 ± 11.53

108.68 ± 7.73a

<0.001

107.79 ± 10.35

0.581

–

OVA (°)

–

−29.17 ± 7.71

–

−28.04 ± 7.90

0.057

–

KPNS (°)

–

25.95 ± 12.35

–

29.76 ± 13.55b

<0.05

–

DIDW (°)

–

−5.0 ± 8.60

–

−2.23 ± 7.46

<0.05

–

AFS (°)

–

22.76 ± 7.58

–

22.94 ± 7.74

0.083

–

PJA (°)

–

9.70 ± 5.25

–

12.30 ± 5.11b

<0.05

–

ODI

20.57 ± 13.63

–

–

6.63 ± 6.44a

<0.05

NRS

5.94 ± 3.28

–

–

2.31 ± 2.24a

<0.05

b

GK global kyphosis, LL lumbar lordosis, SSA spinal-sacral angle, SVA sagittal vertical axis, OVA osteotomized vertebra angle, KPNS kyphosis of non-fused segment,
DIDW distal intervertebral disc wedging, AFS angle of fused segments, PJA proximal junctional angle, ODI Oswestry Disability Index, NRS: Numerical Rating Scale;
“a”: statistically significant in comparison with the preoperative result; “b”: statistically significant when compared to the postoperative result

Results

Clinical outcomes

Radiological outcomes

Complete clinical data was available in fifteen patients
(62.5%). The ODI and NRS improved significantly from
20.57 and 6.63 preoperatively to 5.94 and 2.31 at the final
follow-up (P < 0.05). Most of patients showed functional
improvement and pain relief at the final follow-up. Notably, five patients demonstrated deterioration in social life
and travel item at the last follow-up. Meanwhile, the diminishment in the ability of sitting and lifting was identified in five and four patients when compared to the
preoperative results, respectively. Sleeping disorder was
noticed in two patients and the disability to care for themselves was observed in five patients (Fig. 3) [15].

GK, LL, SVA and SSA were significantly improved from
baseline to the final follow-up. GK and LL changed to
29.43 ± 11.81° and 43.86 ± 9.37° with a mean correction
loss of 2.82° and 3.77° at the latest follow-up, respectively
(P < 0.05). With respect to SVA and SSA, no significant
deterioration was found from five-year postoperative
radiographic data (P > 0.05) (Table 1). KPNS and DIDW
increased from 26° and −5.0° postoperatively to 30° and
−2.2° at the last follow-up (P < 0.05). Conversely, no
significant difference was noticed in OVA and AFS
(P > 0.05). At the final follow-up, eleven AS patients
noted deteriorated results in the items of ODI such
as sitting, social life and travel. Among these patients,
the increased BASRI-hips scores was identified in
nine (Table 2) [15].

Comorbidities

Chin-on chest deformity was observed in one case at the
follow-up of 72 months. Subsequently, PSO at C7

Table 2 The BASRI-hips of patients with deteriorated items in ODI (n = 11)
Patient

BASRI-hips

Oswestry disability index

Left side

Right side

Pre-op

Fw

Pre-op

Pre-op

1

0

1

0

1

2

4

4

2

4

3

1

1

1

1

4

1

3

2

3

5

1

2

1

2

6

0

0

2

1

7

1

1

2

2

8

1

2

2

2

9

1

1

1

1

10

1

1

2

11

1

2

1

Pain

Self-care

+

+

Lifting

Sitting

+

+

+

+

Sleeping

Social life

Travel

+

+
+

+

+

+

+

+

+

+

+

+

+

+

+

3

+

+

2

+

+

+

Fw the final follow-up; “+”: deteriorated at the final follow-up in comparision with preoperative data
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Fig. 3 The diagram unfolds a clear comparison between preoperative and the final follow up results of all the items in ODI as a whole in three
aspects: improved, unchanged and deteriorated (n = 15). ODI indicates oswestry disability index

segment was performed to restore the horizontal gaze.
Cervical fracture after minor trauma occurred in one
patient at the time of fifteen years postoperatively and
underwent the anterior cervical discectomy and fusion.
Complications

Late deep infection was observed in only one case at the
final follow-up of 84 months. Wound was regularly
cleaned and healed uneventfully. No patients developed
with pseudarthrosis at the site of the osteotomy. The
measures taken to prevent pseudarthrosis consisted
of: (1) the decancellation bone from the osteotomized
vertebral body and the cortical bone chips from
spinous process were placed tightly on the surfaces of
laminae posteriorly and posterolaterally; (2) the
decancellation of bone was uniform throughout the
vertebral body to produce a symmetric closure and to
achieve complete bone apposition centrally and laterally at the osteotomy site; and (3) after ensuring
that there is no compression of dural sac and nerve
root, the width of osteotomized gap of the posterior
elements should be as narrow as possible to avoid a wide
defect between two adjacent laminae. Also, no PJK and instrumentation failures was detected at the follow-up.

Discussion
A fixed and rigid thoracolumbar kyphosis caused by AS
often leads to sagittal imbalance, a downward tilt of head
and muscle fatigue [18, 19]. Improvement from lumbar
PSO in spinopelvic alignment has been well documented
[18–20]. The results of our study were in line with the
findings of previous studies [3, 18, 21], revealing that
satisfactory surgical correction could be achieved in AS
patients following one-level PSO. The mean correction

per PSO level was 34.9° and was comparable to published literature (34.5°) [20]. And all radiographic
parameters improved significantly after surgery without
obvious deterioration at the final follow-up. No significant difference was noted in terms of OVA (1.13°),
which indicated the rapid consolidation at the osteotomy
site [22, 23]. Meanwhile, instrumentation-related complications at the final visit was not identified, such as PJK,
hardware failure and pseudoarthrosis. The lower rate of
long-term complication may also be attributed to the substantial osseous union at the osteotomy site and stable
biomechanically environment after correction surgery.
However, loss of correction has also been reported by
several authors in the follow-up period. Qian et al. [12]
assessed short-term radiological outcomes in thirty-six
PSO-treated AS patients and found a worsening of GK
(3.1°) combined with decreased LL (2.6°) two years after
surgery. In a study of 51 patients, Chang et al. [24] evaluated radiographic changes and identified similar increases in thoracic kyphosis and deteriorated LL
following posterior wedge osteotomy at the last visit of
3.6 years postoperatively [18]. Though widely reported
in the short-term studies, the magnitude and location of
loss of correction remains unknown over five years postoperatively. Accordingly, a better understanding of longterm surgical outcomes after PSO is necessarily warranted, particularly with regard to the pattern of loss of
correction.
Mild loss of correction in GK (2.82°) and LL (3.77°)
were identified from the final follow-up radiographs
when compared with postoperative data in our study.
With regard to AFS, no statistically significant difference
was noted between immediate postoperative and the last
follow-up. The results of our study revealed that solid
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fusion was achieved and loss of correction would be less
likely to occur in the operated segments, which was in
line with a previous study by Chen et al. [25]. In contrast
to AFS, there were significant changes in KPNS and
DIDW during follow-up period. Therefore, the loss of
correction was mainly ascribed to non-fused segments.
In this series, two mechanisms leading to loss of correction were identified. Initially, the increased KPNS and
DIDW were mostly associated with the deformation of
proximal and distal structure, respectively. Theoretically,
the disc status would not be easily altered when solid anterior column was provided by fully ossified bridging
syndesmophytes. While for AS patients without fully ossified anterior longitudinal ligament, proximal and distal
discs is prone to developing collapse under the active inflammation. In the present study, deterioration more
than 2° in KPNS and DIDW was found in fourteen patients without fully ossified structure, which supported
the above-mentioned hypothesis (Fig. 4). Secondly, the
mobility of non-fused segments adjacent to the operated
levels may lead to the change of proximal or distal noninstrumented segments, resulting in the loss of correction. Thus, it should be emphasized that examination of
ESR and CRP level and application of anti-inflammation
medication should be regularly performed for AS patients without fully ossified bridging syndesmophytes
during the follow-up period to prevent the loss of correction [23, 24]. Nevertheless, the above-mentioned results were not completely in accordance with the
conclusions reported by several previous studies in adult
spinal deformity (ASD) [9–11]. In a study of 183 ASD
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patients reported by Theologis et al. [11], the instrumented lumbar levels were assumed to be the primary
cause for loss of lumbar sagittal correction in long adult
deformity constructs.
It has been well accepted that spinal alignment was
related to quality of life [26, 27]. In agreement with
previous literatures, [18–20, 24–28] early pain relief, improved cosmesis and function from a rigid fixation and
sustained spinal realignment resulted in the better ODI
and NRS scores in our series. However, deterioration
was noted in certain items of ODI at the final follow-up
regardless of the maintenance of radiological parameters,
such as pain, self-care ability, social life, sleep quality,
ability to travel and ability to sit. In terms of the domain
of pain and sitting, an awareness of the potential factors
contributing to the diminishment was the hip involvement by persistent inflammation. In the current study,
the increased BASRI-hips scores at the final follow-up
was identified in all the five patients with deteriorated
results in the item of sitting. In addition, four patients
with worse BASRI-hips scores were found to have deteriorated outcome in the item of social life and travel.
One possible explanation is that persistent pain and disability of sitting resulting from the hips may lead to the
incapacity of driving or riding. Overall, it is worth noting
that underlying inflammation involving the hips thereby
leads to the decreased function at the long-term followup. Furthermore, in terms of postoperative lifestyle
guidance, generally, heavy lifting (over 10 kg) should be
avoided within 9 months after surgery. Meanwhile, farm
work or heavy labor need to be determined on an

Fig. 4 29-year-old male (a) without fully ossified thoracolumbar structure (b)(c) underwent L2 PSO (d). Moderate loss of correction in GK and
lumbar lordosis LL at the follow-up of 84 months were identified (e). The loss of correction mainly resulted from the increased KPNS and DIDW.
(OVA: osteotomized vertebra angle; KPNS: kyphotic angle of proximal non-fused segments; DIDW: distal intervertebral disc wedging; GK: global
kyphosis; LL: lumbar lordosis)
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individualized basis. Additionally, patients should be encouraged to abstain from alcohol and cigarette to prevent non-union, implant failure and to improve the
clinical outcomes.
Although the durable surgical outcomes following
lumbar PSO in AS-related kyphosis patients with long
follow-up period are revealed in this study, we noticed
that one limitation of the present study was retrospective in design and the sample size is relatively small. Another limitation is the lack of pelvic parameters to assess
whether the spinopelvic harmony is maintained. Future
study examining the long-term radiological and clinical
outcomes with more parameters is certainly warranted.

Conclusion
Durable and sustained surgical outcomes in this series
showed that lumbar PSO is an effective and safe
treatment for thoracolumbar kyphosis secondary to AS
in the middle-term follow-up. The detected loss of
correction was mainly in virtue of non-instrumented
levels without fully ossification in the thoracolumbar
region instead of instrumented segments as reported in
most of degenerative spinal deformity.
Deterioration in certain domains of ODI may be ascribed to the hip involvement with persistent inflammation. For postoperative care, regular evaluation of
underlying inflammation is beneficial for the maintenance of kyphosis correction and avoidance of hip joint
dysfunction.
Abbreviations
AFS: angle of fused segments; AS: Ankylosing spondylitis; DIDW: the sum of
distal non-fused intervertebral disc wedging; GK: global kyphosis;
KPNS: kyphotic angle of proximal non-fused segment involved in the global
kyphosis; LL: lumbar lordosis; NRS: Numerical rating scale; ODI: Oswestry
Disability Index; OVA: osteotomized vertebra angle; PJA: proximal junctional
angle; PJK: proximal junctional kyphosis; PSO: Pedicle subtraction osteotomy;
SSA: spinal-sacral angle; SVA: sagittal vertical axis
Acknowledgements
The authors would like to thank the National Natural Science Foundation of
China (81372009) and the Key Project supported by Medical Science and
technology development Foundation, Nanjing Department of Health
(YKK16119) for their financial supports.
Funding
Funding for this project was provided by the National Natural Science
Foundation of China (81372009) and the Key Project supported by Medical
Science and technology development Foundation, Nanjing Department of
Health (YKK16119).
Availability of data and materials
All data generated or analyzed during this study are included in this article.
We confirm that the Availability of data and materials refers to the raw data
generated and used for this study. Meanwhile, the datasets used and/or
analyzed during the current study are available from the corresponding
author on reasonable request.
Authors’ contributions
MQ and BQ suggested the idea and were major contributors in writing the
manuscript. SM participated in the design of the study, recruited patients
and revised the manuscript critically for important intellectual content. YQ,

Page 7 of 8

BQ and BW performed the surgery. All authors read and approved the final
manuscript.
Ethics approval and consent to participate
This study was approved by the Medical Ethics Committee of Medical School
of Nanjing University (the ethics approval number provided by the board
was 2,011,052). Written informed consent was obtained from all patients
prior to testing.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Received: 26 April 2017 Accepted: 10 November 2017

References
1. Pan T, Qian BP, Qiu Y. Comparison of sagittal spinopelvic alignment in
patients with ankylosing spondylitis and thoracolumbar fracture. Medicine
(Baltimore). 2016;95:1–6.
2. O’neill KR, Lenke LG, Bridwell KH, Hyun SJ, Neuman B, Dorward I, Koester L.
Clinical and radiographic outcomes after 3-column osteotomies with 5-year
follow-up. Spine (Phila Pa 1976). 2014;39:424–32.
3. Qian BP, Wang XH, Qiu Y, Wang B, Zhu ZZ, Jiang J, Sun X. The influence of
closing-opening wedge osteotomy on sagittal balance in thoracolumbar
kyphosis secondary to ankylosing spondylitis: a comparison with closing
wedge osteotomy. Spine (Phila Pa 1976). 2012;37:1415–23.
4. Lazennec JY, Saillant G, Saidi K, Arafati N, Barabas D, Benazet JP, Laville C,
Roy-Camille R, Ramare S. Surgery of the deformities in ankylosing
spondylitis: our experience of lumbar osteotomies in 31 patients. Eur.
Spine J. 1997;6:222–32.
5. Debarge R, Demey G, Roussouly P. Sagittal balance analysis after pedicle
subtraction osteotomy in ankylosing spondylitis. Eur. Spine J. 2010;20:S619–25.
6. Willems KF, Slot GH, Anderson PG, Pavlov PW, de Kleuver M. Spinal
osteotomy in patients with ankylosing spondylitis: complications during first
postoperative year. Spine. 2005;30:101–7.
7. Kim KT, Park DH, Lee SH, Lee JH. Results of corrective osteotomy and
treatment strategy for ankylosing spondylitis with kyphotic deformity.
Clin Orthop Surg. 2015;7:330–6.
8. Van R, Kleuver M, Slot GH. Polysegmental lumbar posterior wedge
osteotomies for correction of kyphosis in ankylosing spondylitis. Eur.
Spine J. 1998;7:104–10.
9. Matsumura A, Namikawa T, Kato M, Ozaki T, Hori Y, Hidaka N, Nakamura H.
Posterior corrective surgery with a multilevel transforaminal lumbar
interbody fusion and a rod rotation maneuver for patients with
degenerative lumbar kyphoscoliosis. J Neurosurg Spine. 2017;26:150–7.
10. Wang G, Cui X, Jiang Z, Li T, Liu X, Sun J. Evaluation and surgical
management of adult degenerative scoliosis associated with lumbar
stenosis. Medicine (Baltimore). 2016;95:e3394.
11. Liu H, Yang CS, Zheng ZM, Ding W, Wang J, Wang H, Li S. Comparison of
smith-petersen osteotomy and pedicle subtraction osteotomy for the
correction of thoracolumbar kyphotic deformity in ankylosing spondylitis.
Spine. 2015;40:570–9.
12. Qian BP, Jiang J, Qiu Y, Wang B, Yu Y, Zhu ZZ. Radiographical predictors for
postoperative sagittal imbalance in patients with thoracolumbar kyphosis
secondary to ankylosing spondylitis after lumbar pedicle subtraction
osteotomy. Spine (Phila Pa 1976). 2013;38:E1669–75.
13. Cogniet A, Aunoble S, Rigal J, Demezon H, Sadikki R, Le Huec JC. Clinical
and radiological outcomes of lumbar posterior subtraction osteotomies are
correlated to pelvic incidence and FBI index. Eur. Spine J. 2016;25:2657–67.
14. Glattes RC, Bridwell KH, Lenke LG, Kim YJ, Rinella A, Edwards C 2nd.
Proximal junctional kyphosis in adult spinal deformity following long
instrumented posterior spinal fusion: incidence, outcomes, and risk factor
analysis. Spine (Phila Pa 1976). 2005;30:1643–9.

Qiao et al. BMC Musculoskeletal Disorders (2017) 18:465

Page 8 of 8

15. Qian BP, Qiao M, Qiu Y, Wang B. The pattern of loss of correction in
ankylosing spondylitis-related thoracolumbar kyphosis after posterior wedge
osteotomy: a long-term follow-up investigation. Eur Spine J.
2017;26(Suppl 2):S377.
16. MacKay K, Brophy S, Mack C, Doran M, Calin A. The development and
validation of a radiographic grading system for the hip in ankylosing
spondylitis: the bath ankylosing spondylitis radiology hip index.
J Rheumatol. 2000;27:2866–72.
17. Yao M, Wang Q, Li Z, Yang L, Huang PX, Sun YL, Wang J, Wang YJ, Cui XJA.
Systematic review of cross-cultural adaptation of the oswestry disability
index. Spine (Phila Pa 1976). 2016;41:E1470–8.
18. Kim KT, Suk KS, Cho YJ, Hong GP, Park BJ. Clinical outcome results of
pedicle subtraction osteotomy in ankylosing spondylitis with kyphotic
deformity. Spine. 2002;27:612–8.
19. Arun R, Dabke HV, Mehdian H. Comparison of three types of lumbar
osteotomy for ankylosing spondylitis: a case series and evolution of a safe
technique for instrumented reduction. Eur. Spine J. 2011;20:2252–60.
20. Min K, Hahn F, Leonardi M. Lumbar spinal osteotomy for kyphosis in
ankylosing spondylitis: the significance of the whole body kyphosis angle.
J Spinal Disord Tech. 2007;20:149–53.
21. Van R, De GA. Lumbar osteotomy for correction of thoracolumbar kyphotic
deformity in ankylosing spondylitis. A structured review of three methods of
treatment. Ann Rheum Dis. 1999;58:399–406.
22. Cho KJ, Bridwell KH, Lenke LG, Berra A, Baldus C. Comparison of smithPetersen versus pedicle subtraction osteotomy for the correction of fixed
sagittal imbalance. Spine (Phila Pa 1976). 2005;30:2030–7.
23. Lee JS, Goh TS, Park SH, Lee HS, Suh KT. Radiographic measurement
reliability of lumbar lordosis in ankylosing spondylitis. Eur. Spine J.
2013;22:813–8.
24. Chang KW, Chen YY, Lin CC, Hsu HL, Pai KC. Closing wedge osteotomy
versus opening wedge osteotomy in ankylosing spondylitis with
thoracolumbar kyphotic deformity. Spine (Phila Pa 1976). 2005;30:1584–93.
25. Chen IH, Chien JT, Transpedicular YTC. Wedge osteotomy for correction of
thoracolumbar kyphosis in ankylosing spondylitis. Spine. 2001;16:354–60.
26. Shin JK, Lee JS, Goh TS, Son SM. Correlation between clinical outcome and
spinopelvic parameters in ankylosing spondylitis. Eur. Spine J. 2014;23:242–7.
27. Barrey C, Jund J, Noseda O, Roussouly P. Sagittal balance of the pelvis-spine
complex and lumbar degenerative diseases. A comparative study about
85 cases. Eur. Spine J. 2007;16(9):1459–67.
28. Kiaer T, Gehrchen M. Transpedicular closed wedge osteotomy in ankylosing
spondylitis: results of surgical treatment and prospective outcome analysis.
Eur Spine J. 2010;19:57–64.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

