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Can pelvic tilt be restored by spinal
osteotomy in ankylosing spondylitis
patients with thoracolumbar kyphosis? A
minimum follow-up of 2 years
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Abstract

Background: Defining the postoperative pelvic tilt (PT) individually can help to reconstruct sagittal balance. However,
the postoperative actual PT is hardly restored to theoretical value. Some cases with theoretical postoperative PT was
overcorrected and still did not have normal horizontal visual field after surgery. The objective of this study is to
describe the pelvic tilt change after spinal osteotomy in ankylosing spondylitis (AS) kyphotic deformity and evaluate
the effect on clinical outcomes.

Methods: Twenty-three AS patients including 21 men and two women with thoracolumbar kyphosis, who underwent
spinal osteotomy from 2013 to 2015 in our center, were retrospectively reviewed. A series of parameters including
sacral slop (SS), pelvic incidence (PI), PT, and sagittal vertical axis (SVA) measured on preoperative and postoperative
standing radiographs were analyzed. The theoretical postoperative PT (tPT) was calculated by the formula tPT = 0.37
× PI − 7. The radiographic measurements were compared before surgery, 2 weeks and at least 2 years postoperatively.
Clinical outcomes were performed with the Oswestry disability index and Scoliosis Research Society-22 surveys.

Results: Mean age of the patients (2 women, 21 men) was 39.8 ± 9.1 years. Mean follow-up was 27.4 ± 3.8 months, at
least 24 months. After spinal osteotomy, SS and SVA were corrected from 11.9° ± 11.2° and 18.0 ± 7.6 mm preoperatively
to 25.8° ± 8.1° and 9.6 ± 6.3 mm postoperatively, respectively (p < 0.001). PT reduced from 37.6° ± 12.1° to 21.8° ± 9.8°
postoperatively (p < 0.001). The tPT was different from postoperative actual PT significantly (p< 0.001). The clinical
evaluations were not correlated with postoperative PT.

Conclusion: The abnormal PT is corrected by spinal osteotomy but is hard to restore to theoretical normal value. PT is a
helpful parameter in making surgery plan. But pursuing postoperative PT being totally equal to tPT is undesirable and
even may cause for overcorrection.
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Background
Ankylosing spondylitis (AS) is a chronic inflammatory
rheumatic disease that leads to spinal kyphotic deformity
in the late stage [1]. Patients with spinal kyphosis need
to extend hip joints and rotate pelvis posterior to com-
pensate for sagittal imbalance and get horizontal visual

field. With development of the disease, spinal deformity
exceeding the patient’s compensatory ability, severe AS
patients will suffer from functional and structural
impairments [1, 2]. Adopting spinal osteotomy to restore
optimal sagittal balance is necessary for patients with AS
spinal kyphosis and is critical to obtain satisfactory clin-
ical results.
Various osteotomy technics have been described to re-

store sagittal balance for AS kyphotic deformity, among
which pedicel subtraction osteotomy, vertebral column
resection, and vertebral column decancellation can
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provide effective correction [3]. Despite of complex sur-
gical techniques, surgery planning is also one of the for-
midable challenges. Van Royen et al. [4] developed a
computer program to complete planning procedure. Suk
et al. [5] suggested taking chin-brow vertical angle
(CBVA) into consideration to maintain horizontal gaze.
Song et al. [6] described an accurate and reliable method
for calculating the exact angle required for spinal osteot-
omy. This method is an individualized plan, and the
principle is to shift the gravity center of the trunk over
the hip axis, which insures pelvic and lower extremity
joints are in a neutral position postoperatively. Vialle et
al. [7] reported a correlation between pelvic incidence
(PI) and pelvic tilt (PT), PT = 0.37 × PI − 7. This equation
is used for calculating postoperative PT individually and
the exact angle required for spinal osteotomy in Song’s
research [6]. They insist restoring PT to calculated value
is most important in reconstructing sagittal balance.
In our clinical practice, however, we found that PT was

hardly restored to calculated value in some of cases. These
patients did not have ideal PT as calculated but still have
satisfying outcome, whereas some of the patients who re-
stored to calculated value was overcorrected and still did
not have normal horizontal visual field after surgery.
Therefore, the purposes of the present study were to de-
scribe the variables of PT before and after surgery and to
investigate its impact on clinical outcomes.

Methods
Twenty-three AS patients, including 2 women and 21
men, with thoracolumbar kyphosis who underwent
spinal osteotomy in our center between June 2013 and
March 2015 were studied. The operative strategy for
every patient was planned individually according to
Song’s method. The pre- and postoperative full-length
spine radiographs of patients standing in neutral pos-
ition, including the spine and pelvis, were obtained for
all patients. The radiographic parameters included PT
(angle between the vertical plane and a straight line join-
ing the centers of the femoral heads and center of the
sacral endplate), sacral slope (SS, angle between the
sacral endplate and the horizontal plane), pelvic inci-
dence (angle between a line drawn from center of hip
axis to the center of the superior endplate of S1 and
perpendicular to the endplate), and sagittal vertical axis
(SVA, distance between the C7 plumb line and the superior
posterior corner of S1). The osteotomy angle (OA) was also
recorded. The theoretical pelvic tilt (tPT) was calculated by
the formula tPT = 0.37 × PI− 7. All measurements were per-
formed with dedicated software (Surgimap, New York, NY,
USA). Clinical outcomes were performed with the Oswestry
disability index (ODI) and Scoliosis Research Society-22
(SRS-22) surveys. The parameter measurement and clinical
assessment were performed preoperative, postoperative

immediately, and 2 years later after surgery (28 months on
average), respectively. The measurements were made by a
radiologist and a spine surgeon, and the average values were
recorded. Surgical complications were also recorded.
The analyses were performed with the Statistical

Package for the Social Sciences version 22.0 (SPSS Inc.,
Chicago, IL, USA). Differences between the preoperative
and postoperative parameters were compared with inde-
pendent samples’ t test. The relationship between
postoperative PT and clinical outcome was evaluated by
Pearson’s correlation coefficient. P < 0.05 was considered
significant.

Results
Mean age of the patients (2 women, 21 men) was 39.8 ±
9.1 years. Mean follow-up was 27.4 ± 3.8 months and at
least 24 months (Table 1).
The preoperative and postoperative radiographic eval-

uations of pelvic parameters are shown in Table 2. SS
and SVA were corrected from 11.9° ± 11.2° and 18.0 ±
7.6 cm preoperatively to 25.8° ± 8.1° and 9.6 ± 6.3 cm
postoperatively, respectively (p < 0.001). PT also experi-
enced a sharp reduction from 37.6° ± 12.1° to 21.8° ± 9.8°
postoperatively (p < 0.001). The tPT was calculated be-
fore surgery individually with mean value of 11.3° ± 3.6°.
However, it was significantly different from postoperative
actual PT (21.8° ± 9.8°, p < 0.001). The difference be-
tween tPT and postoperative PT of each patient was also
calculated with the average of 10.9° ± 8.6°, range from −
3° to 25.2°, which was significantly different from the ex-
pected value, 0° (p < 0.001). This difference was within 5°
in only 6 patients (26%), which can be considered as
expected. In these 6 patients, there were 3 patients with
cervical ankylosis and did not have a horizontal visual
field after surgery (Fig. 1). In the rest 17 patients, there
were 11 patients without cervical ankylosis having
greater postoperative PT than tPT.

Table 1 Demographics of patients

Parameters Mean ± SD Range

Age(years) 39.8 ± 9.1 22–55

Gender 2 women, 21 men

Follow-up (month) 27.4 ± 3.8 24–38

Table 2 Comparison of radiological parameters

Parameters Preoperative
(n = 23)

Postoperative
(n = 23)

p

Sacral slop (°) 11.9 ± 11.2 25.8 ± 8.1 0.00*

Pelvic incidence (°) 49.4 ± 9.6 48.3 ± 7.4 0.65

Pelvic tilt (°) 37.6 ± 12.1 21.8 ± 9.8 0.00*

Sagittal vertical axis (cm) 18.0 ± 7.6 9.6 ± 6.3 0.00*

*Statistically significant if p < 0.05
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The clinical evaluations at 2-year follow-up were signifi-
cantly improved compared to preoperative findings (p <
0.001) (Table 3). But we did not observed a strong correl-
ation between postoperative PT and clinical outcomes
(SRS-22: r = 0.238, p = 0.275; ODI: r = − 0.155, p = 0.479).
Surgical complications were observed after operation.

There were 9 intraoperative dura tears. Abdominal
muscles tense occurred in all the patients but recovered

2 weeks after operation. Five patients suffered from
temporary lower extremities pain and weakness. Internal
fixation failure and loss of correction were not found
during follow-up.

Discussion
As the course of the disease progress, the spinal ky-
phosis of the patients with AS is gradually aggravated
and the gravity center moves anterior accordingly. To
compensate for the sagittal imbalance, AS patients retro-
vert the pelvis and PT is found increasing [6, 8, 9]. In
previous studies, PT was regarded as an essential param-
eter to analyze the sagittal alignment of AS patients with
spinal kyphosis [6, 8, 10].
It has been widely recognized that establishing sagittal

balance is the main purpose of spinal reconstruction
operation [11]. The correction of sagittal imbalance is
achieved through two aspects: reduction of spinal kyphosis
and anterior rotation of pelvis. There were quite a lot of
methods to help planning. Traditionally, a paper cutting is
used for simulating the process of osteotomy and an exact
OA is determined [12]. In order to achieve a better recon-
struction of sagittal balance, Ondra et al. [11] used SVA=
0 cm as a balance standard. This method mainly concen-
trates on spinal sagittal alignment but ignores pelvic
compensatory. As PT plays an important role in assessing

Fig. 1 A 36-year-old men with ankylosing spondylitis with cervical ankylosis. a Preoperatively, PI and PT were 35° and 28°, respectively. tPT = 0.37 × 35° −
7° = 5.95°. b An interrupt-two-level osteotomy was adopted on T12 and L2, and the spine was fused from T9 to L5. PI and PT were 35° and 8°, respectively.
c However, the postoperative CBVA was 16° upward and the patient was not able to look straight

Table 3 Comparison of health related quality of life

Preoperative (n = 23) 2-year FU (n = 23) p

SRS-22

Appearance 1.6 ± 0.4(1.0–2.0) 4.5 ± 0.4(4.0–5.0) 0.00*

Mental 2.2 ± 0.9(1.0–4.0) 4.3 ± 0.5(3.0–5.0) 0.00*

Pain 2.3 ± 0.8(1.0–3.0) 4.5 ± 0.4(4.0–5.0) 0.00*

Function 2.6 ± 0.6(2.0–3.0) 4.4 ± 0.3(4.0–5.0) 0.00*

Satisfaction 1.5 ± 0.3(1.0–2.0) 4.8 ± 0.3(4.0–5.0) 0.00*

ODI

Walking 0.42 ± 0.11(0.20–0.60) 0.07 ± 0.08(0–0.40) 0.00*

Sitting 0.33 ± 0.15(0.20–0.60) 0.05 ± 0.10(0–0.30) 0.00*

Standing 0.36 ± 0.07(0.20–0.80) 0.08 ± 0.06(0–0.40) 0.00*

Total 0.40 ± 0.11(0.22–0.55) 0.06 ± 0.07(0–0.22) 0.00*

*Statistically significant if p < 0.05
SRS Scoliosis Research Society, ODI Oswestry disability index
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sagittal and pelvic balance, it serves as one of substantial
bases in later methods. Ruf et al. [13] suggested that the pa-
tient is able to adopt an ergonomic upright position when
PT and gravity line are normalized. Debarge et al. [14]
suggested that PT should be reduced to around 20° in order
to regain pelvic orientation. Vialle et al. [7] studied 300
asymptomatic subjects and established a regression model
of PT and PI: PT = 0.37 × PI − 7. Song et al. [6] defined
postoperative PT according to this equation and calculated
exact angle required for osteotomy. This method is individ-
ualized and takes spinal sequence and pelvic compensation
together in to consideration.
We observed that the surgery significantly reduces

SVA and PT and widens SS, while PI remains a constant
value pre- and postoperatively. These findings are con-
sistent with previous studies [7, 9, 14, 15]. However, we
notice that PT was hardly restored to calculated value
postoperatively as respected. We compared the actual
postoperative PT and tPT of each patient, and significant
difference was found to exist. There are two probable
main reasons for this phenomenon. Firstly, the CBVA was
taken into consideration when planning. Secondly, the
OA during operation was not as accurate as calculated.
With the continuous aggravation of the spinal ky-

phosis, AS patients have to tilt the head backward to
maintain horizontal visual field. Consequently, in most
AS thoracolumbar kyphosis patients, the cervical spine
usually fuses in an extended position. This becomes a
tough problem of surgical strategy. Besides establishing
sagittal balance, CBVA is very important in correction of
thoracolumbar kyphotic deformity in AS, especially in
patients with cervical ankylosis [6, 16]. Suk et al. [5] rec-
ommended that patients with CBVA between − 10° and
10° had better horizontal gaze and the patients were
satisfied with their head-neck appearance. But another
study reported that 10° < CBVA < 20° was the most suit-
able range that patients with ankylosed cervical spine
had the better satisfaction in their daily life [16]. In the
Song’s method, they also noticed the impact of CBVA
and a smaller angle was considered better for osteotomy
[6]. When CBVA is taken into consideration, a smaller
OA is adopted. Consequently, the pelvis rotate less an-
teriorly, and the postoperative PT cannot be restored to
tPT. If a planning was made without consideration of
CBVA, the calculated OA will lead to excessive correc-
tion and the patient will look upward postoperatively.
The method we adopted can provide a personalized

and accurate angle required for spinal osteotomy for
each patient. But during the operation, to control the
exact OA is very difficult. Based on our experience,
every 1-cm osteotomy on lamina can bring 10° correc-
tion of kyphosis approximately. This is a simple but in-
accurate method to control OA in surgery. In correction
of spinal kyphosis, beside the operation of osteotomy,

bending the rod and reduction of patient’s posture also
influence the effect of correction to a large extent. In
these processes, however, a precise OA is almost impos-
sible to achieve and is usually less than the planned OA.
As a consequence, the postoperative PT is hardly re-
stored to tPT.
Nonetheless, although PT was not restored to tPT as

planning, we did not observed a correlation between
postoperative PT and clinical outcomes. Shin et al. stud-
ied 107 AS patients and suggested that SVA was a sig-
nificant parameter in prediction of clinical outcomes but
PT was not [17]. SVA is a parameter reflecting the bal-
ance of sagittal plane. The rotation of pelvis, reflected by
PT, helps the recovery process of sagittal imbalance.
However, there is not a strong correlation between PT
and SVA in postoperative AS patients [15]. In calculating
OA for AS patients, PT can be served as an important
basis for reference. But it is unnecessary to pursue post-
operative PT being equal to tPT excessively.
Major surgical complications recorded in this research

are dura tears, abdominal muscles tense and temporary
lower extremities pain and weakness. These do not influ-
ence sagittal balance. Internal fixation failure and loss of
correction may have effect on PT, but these are not
found during follow-up. A larger number of patients
should be included in further research, and longer
follow-up time should be studied.
There are also some limitations of this study. Firstly,

the patient may not stand in a standard neutral position
when taking X-rays. Therefore, some data may not be
accurate enough due to the position. Secondly, if the
radiographic parameters were measured twice or by a
second researcher, a more credible data will be collected.
These may lead to the existence of measurement bias.
Thirdly, since PT is correlated with pelvic rotation, the
influence caused by motion of hips and knees should be
taken into consideration. Because of incomplete imaging
data of lower extremities, this part of research has not
been carried. But it is worth a further intensive study.

Conclusions
The abnormal PT is observed decreasing after spinal
osteotomy in AS thoracolumbar kyphosis patients. But
in most of patients, PT cannot be restored to theoretical
normal value. There are two main reasons. For one
thing, a smaller OA have to be adopted in patients with
cervical ankylosis. For another, although we have an ac-
curate and individualized method to calculate the angle
for spinal osteotomy, it is still hard to control to apply
an exact OA during surgery. Nevertheless, the postoper-
ative PT does not correlate with clinical outcome. PT is
a helpful parameter in making surgery plan. But pursu-
ing postoperative PT being totally equal to tPT is un-
desirable and even may cause for overcorrection.
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