
Ankylosing spondylitis is a chronic inflammation that re-
sults in progressive ossification of the ligaments and joints 
of the spine. Pain and stiffness are the hallmarks of this 
disease especially in the axial skeleton and these symptoms 

progress upwards. Eventually, the spine becomes stiff and 
global kyphosis becomes fixed due to loss of lumbar lordo-
sis and increased thoracic kyphosis. Back pain occurs due 
to the global positive balance and horizontal gaze becomes 
difficult as the disease progresses. Because of these com-
bined reasons, normal social activities are affected. The 
major concerns are stiffness (90%), pain (83%), fatigue 
(62%), poor sleep (54%), and concerns about cosmetic 
appearance (50%).1) A corrective osteotomy is a widely 
accepted solution for fixed kyphotic deformity.2,3) The pur-
pose of surgery is to correct the posture, reduce other dis-
comforts caused by poor posture, increase social activities, 
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and improve respiratory and digestive functions. Several 
reports have shown acceptable and good clinical outcomes 
after various types of corrective osteotomy.4-6) Hehne et 
al.7) reported good outcomes of corrective osteotomy ap-
plied in ankylosing spondylitis patient. To the best of our 
knowledge, there has been no report that has classified the 
types of deformity and analyzed the specific factors affect-
ing clinical outcomes in ankylosing spondylitis patients. 

In this study, the radiological and clinical outcomes 
for various types of osteotomy have been analyzed, fol-
lowed by the analysis of specific factors associated with 
the clinical outcomes. Furthermore, the types of deformity 
have been classified and appropriate surgical treatment 
options based on our experiences have been suggested.

METHODS

Patient Selection, Demographic Data 
All selected patients had a fixed global sagittal imbalance 
on the lateral image of the whole spine (sagittal vertical 
axis [SVA] more than 70 mm) and they had symptoms 
such as a disturbed horizontal gaze and difficulty in daily 
activities. The indications for surgery in all cases were in-
ability to stand upright in a balanced alignment, inability 
to maintain a horizontal gaze, compression of the viscera 
due to kyphosis, pain due to muscle strain, and poor cos-
metic appearance. 

Among a total of 279 patients who underwent cor-
rective osteotomy from 1996 to 2009, follow-up data were 
available for 248 patients. The identification and examina-
tions were performed based on the medical records, and 
radiographs of 248 patients who were followed up for 
more than 2 years postoperatively were obtained. All op-
erations were performed by the first author.

Among the 248 patients, 227 were men and 21 were 
women, and their average age was 37.6 years (range, 24 to 

65 years). The mean postoperative follow-up period was 
34.2 months (range, 24 to 78 months). 

Clinical Assessment and Radiographic Evaluation
The clinical results were obtained by reviewing the charts 
in a retrospective manner. The preoperative and final 
follow-up Oswestry Disability Index (ODI) scores were 
obtained and analyzed.

The radiographic assessment was performed with 
standing lateral radiography of the whole spine prior to 
the operation, immediately after the operation, and 2 years 
after the operation. The radiograms were standardized 
by full extension of hips and knees and both fists gently 
placed on the clavicles with elbow flexion.8,9) 

The radiological apex was defined as the farthest 
vertebrae from the line between the C2 vertebral body 
center and the midpoint of the upper sacral endplate. 
Based on this definition, kyphosis was classified into cer-
vicothoracic (C1–T3), midthoracic (T4–T9), thoracolum-
bar (T10–L2), and lumbar (below L3) types according to 
the location of the apex (Fig. 1). The correction angle was 
defined as the angle between the superior end plate of the 
level above the osteotomy and the inferior end plate of the 
level below the osteotomy before and after the osteotomy. 
Several spinopelvic parameters were checked: SVA—the 
distance between the posterosuperior corners of the sa-
crum (PSCS) after drawing a perpendicular line from the 
C7 vertebral body center to the ground, thoracic kyphosis 
(TK)—the Cobb angle from T4 to T12, lumbar lordosis 
(LL)—the Cobb angle from L1 to S1, pelvic incidence 
(PI), pelvic tilt (PT). The craniocervical range of motion 
(CCROM) was devised to measure visual ranges deter-
mined by the angle between the posterosuperior tip of the 
hard palate to the caudal base of the occiput (McGregor 
line) and the T1 upper end plate on the cervical lateral 
flexion-extension image (Fig. 2). 

Fig. 1. Type of deformity according to the 
location of apex. 
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Statistical Analysis
SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA) was used 
for the statistical analyses in this study. The correlations 
between clinical outcomes according to the SVA and 
CCROM were analyzed using analysis of variance and 
the paired t-test. Multivariate logistic regression analysis 
was performed to evaluate the correlation between sev-
eral spinopelvic parameters and good clinical outcomes. 
A p-value less than 0.05 was considered to be statistically 
significant. The cut-off values of SVA, CCROM, and ODI 
were determined by the receiver operating characteristic 
curve.

RESULTS

A total of 292 corrective osteotomies were performed in 
248 patients. Among the patients, 207 underwent a single 
corrective osteotomy: pedicle subtraction osteotomy (PSO, 
183), Smith-Petersen osteotomy (SPO, 14), posterior ver-
tebral column resection (PVCR, 6), and partial pedicle 
subtraction osteotomy (PPSO, 4). Forty-one patients had 
a combined osteotomy (multiple SPO, 19; SPO + PSO, 17; 
PSO + PPSO, 5) (Table 1). 

Radiological Outcomes
On classifying the patients according to the location of the 
apex, there were 2 patients with the cervicothoracic type 
(1%), 52 patients with the midthoracic type (21%), 177 pa-
tients with the thoracolumbar type (71%), and 17 patients 
with the lumbar type (7%).

The average CCROM was 27.3° (range, 0° to 64°), 
and 76 patients (31%) showed no evidence of cervical 
spine ankylosis. In addition, 141 patients (56%) showed 
ankylosis in the subaxial area, and 31 patients (13%) 
showed ankylosis in the C0-1-2 area. 

Overall, 207 single osteotomy cases were analyzed to 
assess the correction angles according to the type of oste-
otomy. The average correction angles for the various types 
of osteotomy are summarized in Table 2. The radiological 
assessment of sagittal balance parameters before and after 
surgery is summarized in Table 3. Twenty-two patients 
(9%) had negative SVA values, showing a negative sagittal 
balance. The average SVA at 2 years postsurgery was 84.2 
mm (range, –32 to 189 mm). Among the 22 patients who 
showed a negative sagittal balance immediately after the 
surgery, 15 patients continued to have a negative sagittal 

Fig. 2. Diagram of the craniocervical range of motion.

Flexion Extension

Table 1. Summary of 292 Corrective Osteotomies

Level SPO Level PSO PVCR PPSO

- - T9 - 1

T8–9 7 T10 - 2 2

T9–10 11 T11 - - 2

T11–12 28 T12 3 2 4

T12–L1 22 L1 31 2 -

L1–2 3 L2 147 - -

L2–3 1 L3 22 - -

- - L4 2 - -

Total 72 205 6 9

SPO: Smith-Petersen osteotomy, PSO: pedicle subtraction osteotomy, PVCR: 
posterior vertebral column resection, PPSO: partial pedicle subtraction 
osteotomy .

Table 2. Changes in the Correction Angle with Each Single Osteotomy

Correction angle (°) SPO (n = 14) PSO (n = 183) PVCR (n = 6) PPSO (n = 4)

Immediately postoperatively 14.3 (8.7–22.5) 31.9 (22.7–38.3) 38.3 (29.7–44.4) 19.3 (15.2–23.6)

At 2 years postoperatively 12.7 (7.8–21.1) 27.1 (19.8–35.1) 34.6 (28.1–42.5) 19.1 (15.1–23.1)

SPO: Smith-Petersen osteotomy, PSO: pedicle subtraction osteotomy, PVCR: posterior vertebral column resection, PPSO: partial pedicle subtraction osteotomy.
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balance even after 2 years.

Clinical Outcomes
The average ODI score prior to surgery was 44.5% ± 2.7%, 
and it was reduced to 20.8% ± 2.1% after surgery at the 
final follow-up. This difference was statistically significant 
(p = 0.01).

To evaluate the relationship between the postopera-
tive SVA and clinical outcome, the patients were classified 
into the following 3 groups: A group (SVA less than 70 
mm postsurgery, n = 165), B group (SVA greater than 70 
mm, n = 61), and C group (negative sagittal balance, n = 
22). The A group showed the best clinical outcomes, fol-
lowed by the B and C groups in that order. The A group 
(mean ODI, 17.4 ± 8.2) showed a significant difference 
compared with the B (mean ODI, 23.7.4 ± 4.2) and C 
(mean ODI, 28.7 ± 3.4) groups (p = 0.01, p = 0.01), but 
there was no significant difference between the B and C 
groups (p = 0.42). 

Additionally, the patients with CCROM greater than 
30° (mean ODI, 21.7° ± 7.1°) showed better clinical out-
comes compared with the patients with CCROM less than 
30° (mean ODI, 26.7° ± 4.7°). There was also a significant 
difference between the two groups (p = 0.01).

To evaluate the relationship between the spinopelvic 
parameters and clinical outcome, the patients were classi-
fied into 2 groups: good clinical outcome group (ODI less 
than 20) and bad clinical outcome group (ODI more than 
20). Based on the multivariate regression analysis, there 
were no significant correlations between the outcome and 
pelvic parameters such as PI and PT (p = 0.46, p = 0.62). 
Also, there were no significant correlations with spinal pa-
rameters such as LL and TK (p = 0.34, p = 0.42).

Complications
A total of 38 complications were reported in 25 patients 
(10.1%) (Table 4). Dural tear was the most commonly re-
ported complication, occurring in 20 cases. Thirteen cases 

showed a dural defect that could not be repaired directly. 
Dural defects secondary to adhesive lesions between the 
dura and the ligamentum flavum, facet, or lamina were 
more prevalent in ankylosing spondylitis patients. These 
defects were managed by closure with patching or a local-
ized fat graft. If there was continuous cerebrospinal fluid 
leakage or a pseudomeningocele, a lumbar drain was 
inserted. In 3 cases, the dural tear was not effectively man-
aged and revision surgery was necessary. 

There were 2 cases of transient myelopathy. One 
case showed abnormal reflex, increased deep tendon re-
flex, and reduced muscle strength of the left knee exten-
sor after the T12 PSO. A bony fragment was found on a 
computed tomography scan, which was removed on the 
following day after the operation. The reduced muscle 
strength of the left knee extensor was restored and the 
patient was able to ambulate after 3 months. The other 
patient developed paraplegia post PVCR at L1. Neural 
exploration was attempted immediately, but definite neu-
ral compressive lesions were not identified. Despite the 
absence of lesions, decompression surgery was performed 
and the patient showed improvement on the following 
day. In this case, no definite cause was identified but cord 
ischemia or distraction was assumed to be the cause.10) 

There were 6 cases of transient radiculopathy in-
cluding 4 cases of unilateral hip flexor weakness and 2 
cases of unilateral knee extensor weakness. All 6 cases re-
covered to better than motor grade IV after 6 months. 

There was one case of permanent visual loss. This 
complication was thought to be caused by inappropriate 
eye protection and padding during the lengthy operation 
in the prone position. Ischemic optic neuropathy, retinal 
artery occlusion, and cerebral ischemia were also consid-
ered to be the possible causes.11) There was a case of tran-
sient visual loss, but the patient’s vision returned to normal 

Table 3. Radiological Assessment of Sagittal Balance Parameters 
before and after Surgery 

Sagittal balance parameter Preoperation Last follow-up

Sagittal vertical axis (mm) 158.5 (85–350) 72.7 (–47 to 217)

Pelvic incidence (°) 52.7 (41.5–64.3) 51.3 (40.9–65.2)

Pelvic tilt (°) 29.4 (20.1–37.6) 26.2 (20.2–35.1)

Lumbar lordosis (°) –19.4 (–30.3 to 3.7) 12.7 (–4.6 to 37.4)

Thoracic kyphosis (°) 38.9 (22.6–56.5) 25.2 (8.9–31.2)

Table 4. Summary of Directly Surgery-Related Complications

Type of complication No.

Dural tear 20

Transient myelopathy 2

Transient radiculopathy 6

Infection 5

Permanent visual loss 1

Transient visual loss 1

Junctional kyphosis 2

Coronal imbalance 1
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at 7 days postoperation.

DISCUSSION

A corrective osteotomy is the widely accepted solution for 
rigid and fixed kyphotic deformities in ankylosing spon-
dylitis patients. Various types of osteotomy, such as SPO, 
PSO, PVCR, and PPSO, could be applied to correct the 
deformity.12) Each type of osteotomy has different features 
including the range of the correction angle, potential risks, 
and suitable indications. To determine the most appropri-
ate osteotomy, the following factors should be considered: 
the amount of correction, type of deformity, location of 
the apex, fusion levels, surgical risks, predictable complica-
tions, and postoperative functional outcomes. It is difficult 
to suggest uniform guidelines because the type of defor-
mity, the location of the apex, and the severity of kyphosis 
vary greatly among individuals. 

Determining the amount of correction needed is 
the first step in a corrective osteotomy. There are several 
methods to calculate the correction angle. A correction 
angle can be determined by using a X-ray film of a broken 
bone, but this method is cumbersome and difficult to use 
for obtaining the accurate angle.13) The reproducibility 
and reliability of such practices has not been documented 
in the peer-reviewed literature. van Royen et al.14) devised 
ASKyphoplan computer program to determine the cor-
rection angle. However, this program can occasionally be 
difficult to use and researchers may be unfamiliar with its 
use. Ondra et al.15) reported that the tangent method can 
simply and accurately measure the correction angle. 

Van Royen et al.16) reported that the ideal center of 
gravity of the trunk is located above the femoral head and 
postoperative SVA ranges from 50 to 100 mm, although 
the optimal SVA postsurgery is unknown. Kim et al.17) re-
ported that outcomes in patients with fixed sagittal imbal-
ance, after excluding ankylosing spondylitis patients who 
underwent PSO, were statistically significantly poor when 
the SVA was 80 mm or greater. Schwab et al.18) reported 
that postoperative SVA of more than 100 mm could be 
considered as failed realignment. In this study, the patients 
with an SVA of less than 70 mm postsurgery showed the 
best clinical outcome.

In addition, the location of the osteotomy is im-
portant. Theoretically, the more distal is the osteotomy, 
the more is the correction achieved in the C7 plumb line. 
However, instrumentation extension caudal to the oste-
otomy area in the lower lumbar spine can be insufficient. 
As far as the authors are concerned, the location of the os-
teotomy at the apex is best for effective SVA correction per 

correction angle and for improving the overall cosmetic 
alignment. In this study, the deformity types were classi-
fied according the location of the apex, and the thoraco-
lumbar type was found to be the most common. 

Another important consideration is determining the 
type of osteotomy. SPO can achieve correction by remov-
ing the posterior elements with an anterior opening, but 
it can be challenging if the anterior longitudinal ligament 
(ALL) is fully ossified. In addition, coronal imbalance cor-
rection is difficult, and there is a risk of devastating com-
plications, such as great vessel injury. In contrast to SPO, 
PSO can be performed even if the ALL is fully ossified, 
and coronal imbalance correction can be achieved by the 
asymmetric posterior closing wedge. However, this meth-
od carries risks of neurologic injury at the thoracic level 
and more blood loss. PPSO is the procedure that could be 
a solution for the gray zone between SPO and PSO, and it 
is less invasive than PSO. PVCR can achieve a greater cor-
rection angle and coronal imbalance correction, but it can 
lead to instability due to the resection of all three columns 
and may cause vertebral column translation.

 Another important consideration is the CCROM. 
While performing the correction, one of the most impor-
tant things is the field of view in everyday life and preser-
vation of a horizontal gaze. There was a significant corre-
lation between a CCROM greater than 30° and improved 
clinical outcomes in this study. If there is any movement 
at the craniocervical portion despite the severe global 
kyphotic deformity, the required daily field of view can 
be obtained. In the cases with more than 30° of CCROM, 
the operators will have more flexibility in determining the 
amount of correction, but if not, the amount of correction 
must be mitigated. As mentioned above, overcorrection 
must be avoided if there is severe cervical ankylosis. But, 
the CCROM was not changed by the operation and it is 
solely a patient factor. 

Recently, the concept of spinopelvic alignment has 
gained importance in sagittal balance.17-21) Many studies 
have reported on pelvic parameters and postoperative out-
comes as well as spinal alignment. To sum it up, amounts 
of pelvic incidence and changes in the pelvic tilt signifi-
cantly influence the postoperative outcomes. In this study, 
the changes in pelvic parameters did not have a direct 
correlation with changes in postoperative outcomes. The 
patients with ankylosing spondylitis exhibited completely 
fixed spinopelvic alignment from the sacroiliac joint to the 
cranial direction (at least to the thoracic level). When cor-
rection was performed at the thoracic or lumbar level in 
these patients, the angles changed in the relevant segments 
and compensation did not occur at the spinal or pelvic lev-
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el. Thoracic level osteotomy does not change the amount 
of lumbar lordosis, and lumbar osteotomy does not lead to 
thoracic compensation. Appropriate realignment means 
locating the head on the pelvis, recovering the gaze level, 
and making standing and walking ergonomically efficient. 
According to the results of the present study in patients 
with fully fixed kyphosis, postoperative SVA and CCROM 
were more important than spinopelvic alignment. 

Naturally, there have been learning curves in sur-
gical procedures and surgical technique modifications 
over the past 13 years. Nonetheless, there has been no 
great change in types of basic osteotomy (SPO, PSO, and 
PVCR). PPSO was introduced 5 years ago. Initially, we 
mainly performed SPO because of its low risk of neurolog-
ic deficits. However, in recent years, due to the character-
istics of ankylosing spondylitis where the ALL is ossified, 
we have mostly performed posterior closing osteotomy 
such as PSO or PPSO. For fixation, we have used a pedicle 
screw. Basically, fixation was performed 3 levels above and 
3 levels below. Manual reduction after osteotomy was per-
formed after the table was hyperextended into a V shape 
or cranial and caudal parts were anchored with a towel 
clip. The reduction was performed slowly and sequentially 
on both sides using a compressor.

On the basis of our experience, in the midthoracic 
area, multiple SPO is ideal for global, round, homogenous 
kyphosis. Usually, SPO will accomplish approximately 10° 
of correction and PPSO can achieve up to 15° of correc-
tion at the thoracic level. PVCR is more appropriate if a 
correction angle of greater than 40° is required or if the 
coronal imbalance is severe. Special caution must be taken 
because the midthoracic area is associated with the highest 
risk of neurologic injury and it is safe to perform the os-
teotomy below the cord level even if the apex is located in 
the midthoracic area. 

The thoracolumbar type is the most common type. 
It is relatively safe to perform an osteotomy at L2 (below 
the cauda equina level) and instrumentation can be ex-
tended through the upper and lower 3 levels. A PSO at 
L2 is the most appropriate if the correction angle is ap-
proximately 30°, and PVCR, PSO + SPO, or PSO + PPSO 
can be considered if the correction angle is approximately 
40°–45°.

Summarizing the results of this study, correction can 

be achieved up to 15° by SPO, up to 30° by PSO, up to 40° 
by PVCR, and up to 20° by PPSO. The postsurgery clinical 
outcomes were significantly improved. The postoperative 
SVA and CCROM showed a significant correlation with 
the clinical outcomes. The deformity types were classified 
according to the location of the apex, and surgical treat-
ment options can be suggested based on our experience 
(Table 5).

Corrective osteotomy is an effective method for 
treating a fixed kyphotic deformity occurring in ankylos-
ing spondylitis, which can achieve satisfactory outcomes 
with acceptable complications. Treatment options accord-
ing to the deformity type should be chosen after determin-
ing the optimal correction angle and after understanding 
the specific features of each osteotomy.

According to the results of this study, achieving 
a SVA of less than 70 mm postsurgery is the most basic 
condition and the CCROM could be an important patient 
factor for a good clinical outcome. 
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