
Results of closing wedge osteotomy in the treatment 
of sagittal imbalance due to ankylosing spondylitis

Correspondence: Turgut Akgül, MD. İstanbul Üniversitesi İstanbul Tıp Fakültesi,
Ortopedi ve Travmatoloji Anabilim Dalı, 34093 Fatih, Çapa, İstanbul, Turkey.

Tel: +90 212 – 414 20 00 / 31511  e-mail: doktorturgut@yahoo.com

Submitted: February 14, 2014  Accepted: July 20, 2015 
©2016 Turkish Association of Orthopaedics and Traumatology

Available online at
www.aott.org.tr

doi: 10.3944/AOTT.2016.14.0059
QR (Quick Response) Code

Acta Orthop Traumatol Turc 2016;50(1):63–68
doi: 10.3944/AOTT.2016.14.0059

Fatih YILDIZ1, Turgut AKGÜL2, Mehmet EKİNCİ2, Fatih DİKİCİ2, Cüneyt ŞAR2, Ünsal DOMANİÇ2

1Bezmialem Vakıf University Faculty of Medicine, Department of Orthopaedics and Traumatology, İstanbul, Turkey
2İstanbul University İstanbul Faculty of Medicine, Department of Orthopaedics and Traumatology, İstanbul, Turkey

Ankylosing spondylitis (AS) is a seronegative chronic 
inflammatory disease which usually affects the axial 
skeleton. Its incidence is 0.5–14 per 100 000 people and 
prevalence is between 1% to 1.4%.[1] The disease is seen 
more commonly in males than females and usually ap-
pears in the third decade of life.[2,3] At the advanced stag-

es of the disease, calcification of the ligaments results in 
rigid sagittal plane deformities of the spine.[3,4] The ma-
jor complaints of patients are restrictions on movements 
of the body, deformities, pain, and abnormal position of 
the head due to sagittal imbalance, which leads to vision 
problems.[4,5]

Objective: Ankylosing spondylitis is a systemic disease which affects the axial skeleton and may cause 
rigid spinal deformities in advanced cases. Clinical and radiological results of patients with ankylosing 
spondylitis who underwent pedicle subtraction osteotomy (PSO) were evaluated.
Methods: Twelve (3 female, 9 male) patients who were treated for rigid spinal deformities due to an-
kylosing spondylitis were evaluated. All patients were treated with the same surgical technique, which 
included PSO and pedicle screw-rod combination. For radiological results, thoracic kyphosis, lumbar 
lordosis, pelvic parameters (pelvic incidence, sacral inclination, pelvic tilt), and the distance between 
the central sagittal line (CSVL) and the sacrum were measured from pre- and postoperative radio-
grams. For functional results, SF-36 and Oswestry Disability Index (ODI) were used.
Results: Mean age of the patients was 39.8±8.4 years, and mean follow-up was 85.6±39.1 months. 
Mean angle of lordosis was improved from 6.6°±13.7° preoperatively to 43.8°±8.4° postoperatively 
(p<0.0001). Mean CSVL was improved from 19.7±9.7 cm preoperatively to 7.45±3.8 cm postopera-
tively (p=0.0005). Mean local angular change around the osteotomy site was 30.2°±6.2°. The pelvic 
parameters were not significantly changed after the surgeries. Mean ODI, SF-36 mental, and SF-36 
physical scores were 30.16±9.7, 41.2±9.9 and 35.3±7.1, respectively.
Conclusion: In patients with rigid sagittal spinal deformities due to ankylosing spondylitis, lumbar 
lordosis and sagittal balance can be obtained using PSO.
Keywords: Ankylosing spondylitis; closing wedge osteotomy; lumbar osteotomy; pedicle subtraction 
osteotomy.
Level of Evidence: Level IV, Case series.
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Sagittal plane deformities in patients usually occur 
in the thoracolumbar region as kyphosis; approximately 
30% of patients present with this complaint.[4] Anterior 
colon lengthening or posterior colon shortening are rec-
ommended to correct rigid sagittal plane deformities of 
patients with AS, and osteotomies are described for this 
reason.[4,6–10] Because anterior colon lengthening of the 
spine creates high risk for the neurovascular structures, 
posterior colon shortening osteotomies are recommend-
ed.[11–13] Smith Peterson osteotomy and pedicle subtrac-
tion osteotomy (PSO) are two of the posterior colon 
shortening osteotomies. PSO is shown to be more effec-
tive than Smith Peterson osteotomy in the correction of 
sagittal plane deformities of patients with AS.[14,15]

The aim of this retrospective study was to present ra-
diological and functional results of PSO in patients with 
severe sagittal spinal deformities due to AS. 

Patients and methods
Twelve patients diagnosed with AS were operated be-
tween 1998 and 2011 using PSO for the correction of 
sagittal plane deformities of the vertebral colon and were 
evaluated retrospectively. In order to determine the latest 
clinical and radiological findings, all patients were called 
and invited to the hospital within the 6 months prior to 
performing this study. 

All patients were operated using the posterior ap-
proach (Figure 1). After paraspinal muscles were el-
evated subperiosteally and retracted, pedicle screws were 
inserted under fluoroscopy control to at least 2 vertebrae 
above and below the osteotomy level using transpedicu-
lar technique. At the planned osteotomy level, after pos-
terior structures of the vertebral colon were removed 
using a rounger and wide laminectomy was performed 
via high-speed burr and Kerrison rounger, the neighbor-
ing nerve roots were retracted and preserved. Following 
temporary rod fixation, anterior colon osteotomy stage 
of the surgery was started (Figure 2). A wedge-shaped 

osteotomy was performed through the pedicles and 
body of the vertebrae, with careful retraction of the 
nerve roots. Two 6.5-mm titanium rods were placed to 
the screws, and the osteotomy site was closed by com-
pression of the screw-rod constructs.

Antibiotic prophylaxis (cefazolin sodium 70 mg/
kg/day) was applied to all patients for the first 48 hours 
postsurgery. Only mechanical prophylaxis for deep ve-
nous thrombosis was performed using anti-embolism 
stocks and early controlled ambulation.

Radiographic evaluations were made on the antero-
posterior and lateral scanograms. Thoracic, lumbar, 
and sagittal parameters were measured using the Cobb 
method. Angle of kyphosis was measured between the 
upper end plate of the T4 vertebrae and lower end plate 
of the T12 vertebrae; angle of lumbar lordosis was mea-
sured between the upper end plates of the L1 and S1 
vertebrae. Pelvic parameters were evaluated using mea-
surements of pelvic incidence, pelvic tilt, sacral slope, 
central sacral line (CSVL), and angle of T1 spinopelvic 
inclination on the preoperative, early postoperative, and 
control radiographs.[16] All radiographic measurements 
were made by the same spine surgeon using Surgimap 
software (DePuy Synthes, New York, NY, USA).

Acta Orthop Traumatol Turc64

Fig. 1. Preparation of the patient in the prone position for the oste-
otomy. [Color figure can be viewed in the online issue, which 
is available at www.aott.org.tr]

Fig. 2. (a) Anterior corpus osteotomy after insertion of the pedicle 
screws and transient rod fixation. (b) The figure shows ap-
pearance of the medulla spinalis and the posterior structures 
of the spine. [Color figure can be viewed in the online issue, 
which is available at www.aott.org.tr]

(a)

(b)
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For the evaluation of patient satisfaction, patients 
completed the SF-36 short form health survey and Os-
westry Disability Index (ODI).

Statistical investigations were performed using SPSS 
software (version 20.0, SPSS Inc., Chicago, IL, USA). 
Paired t-test and analysis of variance were used for para-
metric data, and Fisher’s exact test was used for nonpara-
metric data. A p value <0.05 was accepted as statistically 
significant.

Results
Mean age of the patients (3 women, 9 men) was 39.8±8.4 
years. Mean follow-up was 85.6±39.1 months (Table 1). 
PSO levels were L1 in 3 patients, L2 in 3 patients, L3 in 
4 patients, and L4 in 3 patients; 1 patient underwent 2 
levels of osteotomy (Figure 3). 

In radiographic evaluations of pelvic parameters, 
changes in values of mean preoperative and postopera-
tive sacral slope (-1.4±18.6 vs 0.3±24.5), pelvic inci-
dence (48.6±10.9 vs 50.3±14.2), pelvic tilt (50±19.4 vs 
49.6±0.3), and T1 spinopelvic inclination (6.3±12.7 vs 

-1.2±5.4) were not statistically significant (Table 2).
Mean angle of lumbar lordosis improved from 

6.6°±13.7° preoperatively to 43.8°±8.4° postoperatively 
(p<0.0001). Mean amount of CSVL decreased from 
19.7±9.7 cm preoperatively to 7.45±3.8 cm postop-
eratively (p=0.0005). Mean angular correction of the 
osteotomy site was 30.2°±6.2°, while correction of the 
lumbar lordosis was 36.6°±10.6° (Table 2). Although 
the difference between the 2 values was not statistical-
ly significant (p=0.08), the correlation was significant 
(p=0.045).

In clinical evaluations, preoperative mean ODI, SF-
36 mental health component, and SF-36 physical com-
ponent scores were 79±4.1, 29.3±3.9, and 23.4±2.3, 
respectively. At final follow-up, mean ODI, SF-36 men-
tal health component, and SF-36 physical component 
scores increased to 30.16±9.7, 41.2±9.9, and 35.3±7.1, 
respectively. The difference between preoperative and 
postoperative ODI (p=0.001), SF-36 mental health 
component (p=0.013), and SF-36 physical component 
(p=0.001) scores were statistically significant.

Table 1. Demographics of patients’ preoperative and postoperative functional results.

Parameters Mean±SD Range

Age (years) 39.8±8.4 25–52

Gender 3 female, 9 male

Follow-up (month) 85.6±39.1 16–146

Short form 36 physical functioning preop 23.4±2.3 20–26

Short form 36 mental preoperative 29.3±3.9 23–34

Oswestry Disability Index preoperative 79±4.1 68–84

Short form 36 physical functioning postoperative 35.3±7.1 33–60

Short form 36 mental postoperative 41.2±9.9 26–44

Oswestry Disability Index postoperative 30.16±9.7 8–48

SD: Standard deviation.

Table 2. The parameters measured on the preoperative and postoperative standard radiographs. 

Parameters Preoperative Postoperative p

  Mean±SD Mean±SD 

Sacral slope (°) -1.4±18.6 0.3±24.5 0.84

Pelvic incidence (°) 48.6±10.9 50.3±14.2 0.75

Pelvic tilt (°) 50±19.4 49.6±30.3 0.96

Lordosis (L5–S1) (°) 6.6±13.7 43.8±8.4 <0.0001

Angular change in lordosis (°) – 36.6±10.6 0.08*

Angle of osteotomy (°) – 30.2±6.2 0.045**

Kyphosis (T4–T12) 53.7±23.8 54.3±8.4 0.94

Central sacral line (cm) 19.7±12.7 -1.2±5.4 0.11

T1 spinopelvic inclination (°) 6.3±12.7 -1.2±5.4 0.11

SD: Standard deviation. Results of the *statistical analysis and **correlation tests between the angles of change in lordosis and the 

osteotomy.



Acta Orthop Traumatol Turc66

There was only 1 complication of junctional kyphosis 
at the distal level, which occurred in a patient due to insuf-
ficient distal instrumentation level; this was treated surgi-
cally by lengthening the instrumentation level distally.

Discussion
Corrective osteotomies of the spinal deformities due to 
ankylosing spondylitis are usually required in order to 
improve vision, decrease pain, and correct imbalanced 
posture.[14,17–19] Correction of rigid sagittal plane defor-

mities can be achieved by osteotomies. In the literature, 
in addition to open or closed wedge osteotomies of 
the spine, multiple lumbar wedge osteotomies are de-
scribed.[4,6–10]

Successful radiological results were reported in the 
literature comparing open and closed wedge osteoto-
mies.[14,20] As a complication of open wedge osteoto-
mies, injuries of the anterior vascular structures due to 
lengthening of the anterior colon have been reported.
[21] In the literature, mortality of closed wedge osteoto-

Fig. 3. A 52-year-old male patient with the diagnosis of ankylosing spondylitis was treated with 
L1 PSO and instrumentation between the levels of T11 and L5. Preoperative anteropos-
terior (a) and lateral (b) orthoroentgenograms and posture of the patient (c). Antero-
posterior (d) and lateral (e) orthoroentgenograms and posture of the patient remained 
corrected at final follow-up (f). [Color figure can be viewed in the online issue, which is 
available at www.aott.org.tr]

(a)

(d) (e) (f)

(b) (c)
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mies was reported as 1.3%, while it was 5.8% for open 
wedge osteotomies.[10] Because the rate of complications 
in closed wedge osteotomies is lower and radiological 
results are the same as open wedge osteotomies, it is the 
more-preferred technique in AS.[14,15,22] However, in a 
review comparing open and closed wedge osteotomies 
by Ravinsky et al., they concluded that radiological 
results and rate of complications of both methods are 
similar.[23]

Several studies reveal that approximately 30°–40° lo-
cal angular correction can be obtained by PSO; however 
double osteotomy is recommended if >40° correction 
is required.[15,24,25] In the current study, lumbar sagittal 
plane change was found to be 36.6°±10.6° by means of 
PSO. Angle of lordosis at the osteotomized level was 
measured as 30.2°±6.2°. These values show that angular 
correction at the lumbar sagittal plane was obtained by 
PSO (p=0.04). The amount of angular correction re-
ported in the literature was similar to our results.[13–15,20]

Early mobilization and high union rates can be 
achieved with stable fixation after PSO. Clinical stud-
ies have shown that the most stable fixation is obtained 
by combination of transpedicular screw and rod.[14,19,26] 
In our series, pedicle screw-rod fixation was performed 
after PSO, and no problems related to fixation or the 
implants occurred. Junctional kyphosis occurred in only 
1 patient, and it was revised by lengthening the instru-
mentation to the sacrum. 

Debarge et al. reported that pelvic parameters of 
their patients with AS changed significantly after the 
osteotomies.[24] Conversely, we could not achieve sig-
nificant improvements in the pelvic parameters of our 
patients by using PSO (p=0.75, p=0.84, and p=0.96, 
respectively). However, lumbar lordosis increased from 
6.6°±13.7 to 43.8°±8.4° (p<0.0001). These results are 
similar to those reported in the literature.[14,15,19,20,24,25] 
In a study regarding pelvic parameters by Roussouly et 
al., they reported that pelvic retroversion occurred as 
compensation to rigid lumbar kyphosis. This retrover-
sion results in decrease in the sacral slope and increase 
in the pelvic tilt. In advanced cases of AS, because the 
mechanism of compensation becomes insufficient, knee 
flexion is usually required for forward vision.[16] In pa-
tients with advanced AS, compensation is usually not 
possible due to lumbopelvic spontaneous fusion. Be-
cause the levels of osteotomies were between the L1 and 
L4 vertebrae in our study, improvement in lumbar lor-
dosis but not pelvic parameters can be explained by the 
spontaneous fusions at the sacropelvic junctions. In the 
literature, the level of the osteotomies is recommended 
to be between the L1 and L4 vertebrae.[14,15,23–25] In the 

current study, mean CSVL decreased from 19.7±9.7 
cm to 7.45±3.8 cm after the osteotomies (p=0.005). In 
a study by Arun et al., mean CSVL decreased from 14.5 
cm preoperatively to 5.5 cm postoperatively.[14]

Kiaer et al. evaluated the clinical results of their 
patients by using ODI and SF-36 and found that the 
results significantly improved after the surgeries.[19] 
Mean ODI value of our patients at final follow-up was 
30.16±9.7 points, similar to the results of Kiaer et al. 

Mean SF-36 mental score reported by Kiaer et al. 
was approximately the same as in the normal popula-
tion.[19] This was 41.2±9.9 in our study, which is simi-
lar to the mean SF-36 score of the normal population. 
However, mean SF-36 physical function score was 
35.3±7.1, which is significantly lower than the mean 
score of the normal population. Whereas limited physi-
cal functioning in these patients resulted from the AS 
disease itself, mental and physical functioning scores 
significantly improved after the osteotomies.

We conclude that in patients with severe rigid sagit-
tal plane spine deformities due to ankylosing spondyli-
tis, lumbar lordosis and sagittal balance can be obtained 
by pedicle subtraction osteotomy performed on the 
lumbar region.

Conflics of Interest: No conflicts declared.

References
1. Braun J, Bollow M, Remlinger G, Eggens U, Rudwaleit 

M, Distler A, et al. Prevalence of spondylarthropathies in 
HLA-B27 positive and negative blood donors. Arthritis 
Rheum 1998;41:58–67. CrossRef

2. van der Linden S, Valkenburg HA, Cats A. Evaluation of 
diagnostic criteria for ankylosing spondylitis. A proposal 
for modification of the New York criteria. Arthritis Rheum 
1984;27:361–8. CrossRef

3. Dean LE, Jones GT, MacDonald AG, Downham C, Stur-
rock RD, Macfarlane GJ. Global prevalence of ankylosing 
spondylitis. Rheumatology (Oxford) 2014;53:650–7. CrossRef

4. Kubiak EN, Moskovich R, Errico TJ, Di Cesare PE. Or-
thopaedic management of ankylosing spondylitis. J Am 
Acad Orthop Surg 2005;13:267–78.

5. Park YS, Kim HS, Baek SW. Spinal osteotomy in anky-
losing spondylitis: radiological, clinical, and psychological 
results. Spine J 2014;14:1921–7. CrossRef

6. Berven SH, Deviren V, Smith JA, Emami A, Hu SS, Brad-
ford DS. Management of fixed sagittal plane deformity: 
results of the transpedicular wedge resection osteotomy. 
Spine (Phila Pa 1976) 2001;26:2036–43. CrossRef

7. Goel MK. Vertebral osteotomy for correction of fixed 
flexion deformity of the spine. J Bone Joint Surg Am 

http://dx.doi.org/10.1002/1529-0131(199801)41:1<58::AID-ART8>3.0.CO;2-G
http://dx.doi.org/10.1002/art.1780270401
http://dx.doi.org/10.1093/rheumatology/ket387
http://dx.doi.org/10.1016/j.spinee.2013.11.013
http://dx.doi.org/10.1097/00007632-200109150-00020


Acta Orthop Traumatol Turc68

1968;50:287–94.
8. Jaffray D, Becker V, Eisenstein S. Closing wedge osteotomy 

with transpedicular fixation in ankylosing spondylitis. Clin 
Orthop Relat Res 1992;279:122–6. CrossRef

9. Smith-Petersen MN, Larson CB, Aufranc OE. Osteotomy 
of the spine for correction of flexion deformity in rheuma-
toid arthritis. Clin Orthop Relat Res 1969;66:6–9. CrossRef

10. Van Royen BJ, De Gast A. Lumbar osteotomy for correc-
tion of thoracolumbar kyphotic deformity in ankylosing 
spondylitis. A structured review of three methods of treat-
ment. Ann Rheum Dis 1999;58:399–406. CrossRef

11. Weatherley C, Jaffray D, Terry A. Vascular complications 
associated with osteotomy in ankylosing spondylitis: a re-
port of two cases. Spine (Phila Pa 1976) 1988;13:43–6.

12. ADAMS JC. Technique, dangers and safeguards in osteot-
omy of the spine. J Bone Joint Surg Br 1952;34-B:226–32.

13. Camargo FP, Cordeiro EN, Napoli MM. Corrective oste-
otomy of the spine in ankylosing spondylitis. Experience 
with 66 cases. Clin Orthop Relat Res 1986;208:157–67.

14. 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 instru-
mented reduction. Eur Spine J 2011;20:2252–60. CrossRef

15. Cho KJ, Bridwell KH, Lenke LG, Berra A, Baldus C. 
Comparison of Smith-Petersen versus pedicle subtraction 
osteotomy for the correction of fixed sagittal imbalance. 
Spine (Phila Pa 1976) 2005;30:2030–8. CrossRef

16. Roussouly P, Pinheiro-Franco JL. Biomechanical analysis 
of the spino-pelvic organization and adaptation in pathol-
ogy. Eur Spine J 2011;20 Suppl 5:609–18. CrossRef

17. McMaster MJ. A technique for lumbar spinal osteotomy in 
ankylosing spondylitis. J Bone Joint Surg Br 1985;67:204–
10.

18. Brox JI, Helle A, Sørensen R, Gunderson R, Riise R, 
Reikerås O. Functional outcome after lumbar closing 

wedge osteotomy in ankylosing spondylitis. Int Orthop 
2009;33:1049–53. CrossRef

19. Kiaer T, Gehrchen M. Transpedicular closed wedge os-
teotomy in ankylosing spondylitis: results of surgical 
treatment and prospective outcome analysis. Eur Spine J 
2010;19:57–64. CrossRef

20. Lazennec JY, Saillant G, Saidi K, Arafati N, Barabas D, 
Benazet JP, et al. Surgery of the deformities in ankylosing 
spondylitis: our experience of lumbar osteotomies in 31 
patients. Eur Spine J 1997;6:222–32. CrossRef

21. Bridwell KH, Lewis SJ, Edwards C, Lenke LG, Iffrig TM, 
Berra A, et al. Complications and outcomes of pedicle sub-
traction osteotomies for fixed sagittal imbalance. Spine 
(Phila Pa 1976) 2003;28:2093–101. CrossRef

22. Zochling J, van der Heijde D, Burgos-Vargas R, Collantes 
E, Davis JC Jr, Dijkmans B, et al. ASAS/EULAR recom-
mendations for the management of ankylosing spondylitis. 
Ann Rheum Dis 2006;65:442–52. CrossRef

23. Ravinsky RA, Ouellet JA, Brodt ED, Dettori JR. Verte-
bral Osteotomies in Ankylosing Spondylitis-Comparison 
of Outcomes Following Closing Wedge Osteotomy versus 
Opening Wedge Osteotomy: A Systematic Review. Evid 
Based Spine Care J 2013;4:18–29. CrossRef

24. Debarge R, Demey G, Roussouly P. Radiological analysis 
of ankylosing spondylitis patients with severe kyphosis be-
fore and after pedicle subtraction osteotomy. Eur Spine J 
2010;19:65–70. CrossRef

25. Kim YJ, Bridwell KH, Lenke LG, Cheh G, Baldus C. Re-
sults of lumbar pedicle subtraction osteotomies for fixed 
sagittal imbalance: a minimum 5-year follow-up study. 
Spine (Phila Pa 1976) 2007;32:2189–97. CrossRef

26. Chang KW, Chen YY, Lin CC, Hsu HL, Pai KC. Clos-
ing wedge osteotomy versus opening wedge osteotomy in 
ankylosing spondylitis with thoracolumbar kyphotic defor-
mity. Spine (Phila Pa 1976) 2005;30:1584–93. CrossRef

http://dx.doi.org/10.1097/00003086-199206000-00014
http://dx.doi.org/10.1097/00003086-196909000-00003
http://dx.doi.org/10.1136/ard.58.7.399
http://dx.doi.org/10.1097/00007632-198801000-00010
http://dx.doi.org/10.1007/s00586-011-1894-3
http://dx.doi.org/10.1097/01.brs.0000179085.92998.ee
http://dx.doi.org/10.1007/s00586-011-1928-x
http://dx.doi.org/10.1007/s00264-008-0590-3
http://dx.doi.org/10.1007/s00586-009-1104-8
http://dx.doi.org/10.1007/BF01322443
http://dx.doi.org/10.1097/00007632-200307150-00036
http://dx.doi.org/10.1136/ard.2005.041137
http://dx.doi.org/10.1055/s-0033-1341604
http://dx.doi.org/10.1007/s00586-009-1158-7
http://dx.doi.org/10.1097/BRS.0b013e31814b8371
http://dx.doi.org/10.1097/01.brs.0000170300.17082.49

