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Abstract

Background: The study aimed to evaluate the influence of thoracolumbar kyphosis secondary to ankylosing spon-
dylitis (AS) on parameters of S2Al trajectory and to compare the ideal S2Al trajectory with those of the non-deformity
patients with AS, sagittal deformity patients without AS, and the normal population reported in literatures.

Methods: Sagittal parameters including global kyphosis (GK), pelvic tilt (PT) and sacral slope (SS) were measured.
Besides, according to the simulated ideal S2Al trajectory on the CT images, trajectory parameters were measured
including Sag angle, Tsv angle, Max-length, Sacral distance and lliac width. Starting-point parameters were also meas-
ured including PSIS distance, Skin distance, lliac wing and S2 midline.

Results: Ninety-four AS-related thoracolumbar kyphosis patients were included. After adjusting the age and gender,
twenty non-deformity patients with AS and 20 sagittal deformity patients without AS were selected to compare with
patients with AS-related thoracolumbar kyphosis, respectively. Sag angle in deformity patients with AS was smaller
than other two groups (P<0.001). No difference was found in Tsv angle and Sacral distance between AS patients

with and without deformity. However, these two parameters were shown significant differences between deformity
patients with AS and without AS. In deformity patients with AS, no significant differences were found in all parameters
between genders Furthermore, there were strong correlations between PT and the bilateral Sag angle (P<0.001).

Conclusions: The thoracolumbar kyphosis secondary to AS affects the Sag angle of the ideal S2Al trajectory which
was approximately 20° smaller than that in non-deformity patients with AS, sagittal deformity patients without AS,
and the normal population. Additionally, the Tsv angle and the Sacral distance in AS patients with thoracolumbar
kyphosis were about 10°and 10 mm larger than those in sagittal deformity patients without AS, and the normal
population reported in literatures.

Keywords: Second sacral alar iliac (S2Al) screw, Sacroiliac joint, Three-dimensional computed tomography (3DCT)
imaging, Ankylosing spondylitis, Thoracolumbar kyphosis

Introduction

Currently, pelvic fixation is a hot topic in surgery for
adult spinal deformity (ASD). Pelvic fixation is required
in some specific circumstances such as diabetes, smok-
ing, old age [1], lumbosacral pseudarthrosis [2, 3], severe

“Correspondence: gianbangping@163.com , . osteoporosis [4, 5], high body mass index (BMI) [6], revi-

Division of Spine Surgery, Department of Orthopedic Surgery, Affiliated . ies for distal i . | kvohosi distal
Drum Tower Hospital, Medical School of Nanjing University, Zhongshan sion surgeries for distal junctional kyphosis (DJK)/dista
Road 321, Nanjing 210008, China junctional failure (DJF) [7], 3-column osteotomy at the

Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-022-05140-z&domain=pdf

Zhong et al. BMC Musculoskeletal Disorders (2022) 23:194

lumbosacral region [8], severe concomitant coronal and
sagittal imbalance [1].

Thoracolumbar kyphosis secondary to ankylosing
spondylitis (AS) has different spinopelvic characteris-
tics from ASD. In advanced stage of AS, pathological
osteogenesis can cause ectopic ossification of soft tissues
such as interspinous ligaments and sacroiliac joints [9].
Finally, the pathological change of the lumbosacral spine
and sacroiliac joints fuses the spine and pelvis together.
Internal fixation to the lower lumbar spine or sacrum
can achieve the same surgical outcome of pelvic fixation
for most patients with advanced AS [10], while based on
our experience, pelvic fixation is mandatory in some spe-
cific circumstances: (1) Pseudarthrosis located at L5/S1.
Pseudarthrosis is a common complication in AS [11]. If
destructed S1 is selected as the lower instrumental verte-
bra (LIV), loosening and pulling out of screw may occur
due to the insufficient strength of internal fixation; (2)
Severe lumbar osteoporosis. Osteoporosis is a well-rec-
ognized complication of AS [12]. To increase the strength
of internal fixation, extending to the pelvis is considered;
(3) High BMI. For the same moment arm, distal inter-
nal fixations of obese patients suffer greater force than
those of the others due to the larger gravity; (4) Revi-
sion surgeries. Specially for DJK/DJF; (5) Three-column
osteotomy at the lumbosacral region. For example, S1 is
selected as LIV after L5 pedicle subtraction osteotomy
(PSO). There is only one distal fixation segment that may
increase the long-term complication rate; (6) Concomi-
tant coronal and sagittal imbalance. Pelvic fixation may
increase strength of internal fixation and avoid the for-
mation of pseudarthrosis; (7) Persisting disease activity.
Patients with incomplete sacroiliac joint fusion may have
DJF due to persistent inflammatory activity. For these
patients, spinopelvic instrumentation through posterior
second sacral alar iliac (S2AI) screw fixation is supposed
to be an effective and reliable technique [13, 14].

Compared with the traditional sacropelvic fixation
technique, previous studies have illustrated that the
advantages of less soft tissue dissection and fewer com-
plications following the S2AI screw fixation technique
[15-18]. However, the breach rate of S2AI screw place-
ment using free-hand was 8%, even in robotic-guided
S2AI screw placement, there still had a breach rate of
4.3% [13, 14]. When a breach happens intraoperatively,
neurovascular structures including the superior gluteal
artery, the internal iliac vein and artery, the sciatic nerve,
the obturator nerve and the lumbosacral plexus are
potentially at risk for injury [19]. Hence, to avoid injury,
measurement of the mandatory parameters for the ideal
S2AI trajectory on CT imaging before surgery is neces-
sary. The data about the ideal S2AI trajectory from pre-
vious studies were acquired from a healthy population
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without spinal deformity [20, 21]. While in most AS
patients, sacroiliac ankylosis and rigid thoracolumbar
kyphosis may result in the anatomical and functional
changes of pelvis which was manifested by the difficulty
in identification of the S1 and S2 foramen, and pelvic ret-
roversion driven by kyphotic deformity [22—24]. There-
fore, it is of great important to understand the anatomical
parameters of the pelvis in AS for the accurate insertion
of S2AI screw.

To the best of our knowledge, little is known about
whether the thoracolumbar kyphosis secondary to AS
affects the S2AI trajectory. There are two primary aims
of this study: (1) to evaluate the influence of AS-related
thoracolumbar kyphosis on S2AI trajectory parameters;
and (2) to compare their S2AI trajectory parameters with
those of normal population.

Materials and methods

Subjects

This study has been approved by local institutional review
board (IRB approved no., 2,011,052). Informed consent
was obtained from all patients. AS patients undergoing
corrective surgery for thoracolumbar kyphosis from Jan-
uary 2017 to May 2021 were reviewed. All patients were
diagnosed with AS according to the Modified New York
Criteria [25]. The inclusion criteria were as follows: (1)
age older than 18years; and (2) availability of their pelvic
CT images and whole spine standing X-ray lateral views.
Patients with previous spinal surgery were excluded from
the study. In addition, non-deformity patients with AS
and sagittal deformity patients without AS from January
2017 to May 2021, were selected continuously to com-
pare with deformity patients with AS.

CT reconstruction and radiographic measurements
Measuring methods of parameters were illustrated in
Fig. 1. Sagittal radiographic parameters were measured
on the X-ray lateral radiographs using Surgimap software
(Nemaris, US). Global kyphosis (GK) was measured from
the superior endplate of the maximally tilted upper end
vertebra to the inferior endplate of the maximally tilted
lower end vertebra [26]. Pelvic tilt (PT) was considered as
the angle between a vertical line originating at the center
of the femoral heads and a line drawn between the same
point and middle of the superior endplate of S1. Sacral
slope (SS) was the angle between the sacral plate and the
horizontal [27] (Fig. 1a).

CT scans of the pelvis from the superior margin of
the iliac crest to the lesser trochanter of the femur
were obtained. All the patients were in the supine posi-
tion with the hip in full extension. CT scans were used
to investigate the existence of pseudarthrosis, and to
evaluate the degree of ossification and pedicle screw
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to nearest skin

Fig. 1 The measurements of sagittal parameters on lateral X-ray and S2Al pathway parameters on CT imaging for AS patients a GK, PT and SS were
measured on a standard standing lateral radiograph. b Three-dimensional reconstruction of the pelvis. The starting point of the S2Al pathway was
1cm inferior and 1cm lateral to the S1 dorsal foramen. ¢ CT imaging in the sagittal plane. Sag angle (angle a) is determined by the caudal trajectory
angulation in the sagittal plane. d CT imaging in the transverse plane. Tsv angle (angle 3) was defined as lateral trajectory angulation; e Max-length
(line 1) determined by the maximal distance of the trajectory from S2 ala to the anterior inferior iliac spine; Sacral distance (line 2) was defined as
intrasacral trajectory length; lliac width (line 3) was defined as the narrowest iliac width measured between the inner cortices; S2 midline (line 4)
was measured from the starting point lateral to the middle line of S2; f Skin distance (line 5) was measured from the starting point lateral to the skin;
lliac wing (line 6) was defined as the distance of the starting point lateral from the nearest iliac wing; PSIS distance (line 7) was measured from PSIS

trajectory parameters. Brilliance CT 64-channel scan-
ner (Philips Medical Systems, PC Best, Netherlands) was
used to scan the whole pelvis with a layer thickness of
5.0mm, voltage of 120kV, and current of 320mA. The
reconstruction was performed with a pitch of 1mm
and threshold of 300 HU using Light speed work-
place AW4.3 (General electric company, American), a
matched CT imaging computer application was used for
three-dimensional interactive viewing and manipulation
[21]. The S2AI trajectory parameters were measured on
CT images. The insertion point of the S2AI screw was
1cm inferior and 1cm lateral to the S1 dorsal foramen
(Fig. 1b). Ideal S2AI screw trajectories were explored
by manipulating CT imaging planes, ensuring that the
trajectories were of the greatest length and width of the
osseous channel for the patients. Caudal angulation in
the sagittal plane (Sag angle), and lateral angulation in
the transverse plane (Tsv angle) were measured (Fig. 1c,
d). Max-length is defined as the maximal distance of the
trajectory from the S2 ala to the anterior inferior iliac
spine. Also, the distance of the trajectory in the sacrum
was quantified. Iliac width is defined as the narrow-
est iliac width in the determined trajectory measured

between the inner cortices. S2 midline meant the inser-
tion point as measured from the midline of S2 in the
coronal view (Fig. 1e). Finally, the distance from the pos-
terior superior iliac spine (PSIS) to the nearest skin, and
the distance of the starting point from the nearest skin
and iliac wing were measured in the transverse plane,
respectively [20] (Fig. 1f). Image parameter measure-
ments were performed by a resident trained in images
measurements in 2019. All measurements were repeated
3 times and the average measurement values were used
for the final analyses.

Statistical analysis

Independent t-test was performed with SPSS 19.0 (SPSS
Inc., Chicago, IL) to compare the radiographic parame-
ters in deformity with AS group to those in non-deform-
ity with AS group and deformity without AS group,
respectively.. It was also used to analyze the morphology
of S2AI trajectories between the left and the right side
in the pelvis. On account of the differences in morphol-
ogy between the pelvis of males and females, independ-
ent samples t-test was used to detect possible divergence
in the above-mentioned data between genders. Data are
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expressed by meanzstandard deviation. Findings were
considered significant when the P-value was <0.05. Cor-
relation analyses were performed using Pearson correla-
tion to demonstrate the relationship between variables.

Results

Table 1 showed the details of the patients. Ninety-four
AS patients with thoracolumbar kyphosis were included
in the current study. For comparison, 20 non-deformity
patients with AS and 20 sagittal deformity patients with-
out AS were selected after adjusting the age and gender
(Fig. 2). One of the deformity patients with AS under-
went a 1-level pedicle subtraction osteotomy (PSO)
combined with bilateral S2AI screw fixation (Fig. 3).
Significant difference was shown in PT (37.74+10.9 vs
28.1+15.4, P<0.001) and SS (6.74+8.4 vs 19.0+11.3,
P=0.001) between AS deformity group and non-AS
deformity group. No significant difference was found in
body mass index (BMI) among the three groups.

The ideal S2AI screw trajectories could be found in each
pelvis through 3D radiographic analysis. The left and right
screw trajectories parameters of three types of patients
were summarized in Table 2. The average Sag angle was
found to be smaller in deformity patients with AS than
those in other two groups (P<0.001). Although there was
no significant difference in Tsv angle between deformity
and non-deformity patients with AS, Tsv angle was larger
in deformity patients with AS than that in sagittal deform-
ity patients without AS (P<0.001). Similar result could be
seen in the value of the Sacral distance (P<0.001).

The results of the correlational analysis were presented
in Table 3. There were strong correlations between PT
and the bilateral Sag angle (P<0.001). Meanwhile, there
were weak correlations between GK and the bilateral Sag
angle (L: P=0.030; R: P=0.035). Additionally, no signifi-
cant correlation was found between the Sacral distance

Table 1 Details of the patients

AS deformity  AS non-deformity  non-AS deformity
n 94 20 20
Gender, 89 90 90
male (%)
age 36.8+98 375+£109 40.8£5.1
BMI 259453 245435 246+34
GK 69.5+£159 462+17.7% 65.7£149
PT 37.7+£109 245+£11.2% 281154
SS 6.7+£84 184+£89*% 19.0+11.3%

AS Ankylosing spondylitis, BMI Body mass index, GK Global kyphosis, PT Pelvic
tilt, SS Sacral slope

* data was statistically different from that of AS deformity (P<0.05)
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and GK, as well as PT. A weak correlation was found
between SS and Sag angle (L: P=0.026; R: P=0.006).

The data from different genders were also summarized,
respectively (Table 4). No statistical difference between
genders in the mean Sag angle was found. In the mean-
time, there was no conspicuous difference existed in the
average Tsv angle between genders. Also, no significant
difference was found in the Sacral distance between
genders.

Discussion

Although S2AI screw technique is an increasingly popu-
lar method of spinopelvic fixation in spinal deformity
surgery, the potential risk of neurovascular injury should
not be ignored. The evaluation of preoperative S2AI
trajectory parameters is a major step to reduce the inci-
dence of complications. Shillingford et al. reported that
the ideal S2AI trajectory was aimed at caudally 20° to 25°
in the sagittal plane [14]. However, this S2AI trajectory
parameter was based on the normal population [20, 21,
28, 29], and the application of S2AI screw fixation in AS
patients has not been reported before. Multiple studies
illustrated that AS patients and the normal population
were found to be significantly different in terms of sag-
ittal spinopelvic parameters on radiography, especially
PT [21, 23, 30, 31]. In these studies, the average PT in AS
patients was much larger than that in the normal popula-
tion. When performing the insertion of S2AI screws for
AS patients, pelvic backward rotation can not be ignored
because of the potential variations of S2AI trajectory
in AS patients. If AS patient was performed using S2AI
fixation according to the ideal trajectory for the nor-
mal population, it is likely to cause a larger Sag angle of
screw insertion leading to a breach. Subsequently, sciatic
nerve and superior/inferior gluteal artery and vein injury
may occur due to the breach. Moreover, navigation and
robotics have become increasingly popular, which may
facilitate the insertion of screws. However, these medical
equipments are not available in hospitals in less devel-
oped countries and regions. To date, little is known about
the influence of AS-related thoracolumbar kyphosis on
the S2AI trajectory parameters. Therefore, the current
study aimed to establish the morphometric character-
istics of S2AI screws fixation in AS patients with thora-
columbar kyphosis.

In the present study, a valuable finding that no sig-
nificant difference in the ideal S2AI trajectory param-
eters between genders was found, was consistent with
the results reported by Shillingford et al. [14]. Moreo-
ver, three S2AI trajectory parameters, including the Sag
angle, Tsv angle, Sacral distance, of deformity patients
with AS were found to be different compared with those
of sagittal deformity patients without AS. Similar results
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sagittal deformity patients without AS

Fig. 2 Standing lateral radiograph and CT of sacroiliac joint. a AS patient with thoracolumbar kyphosis (GK: 77°). b Non-deformity patient with
AS. ¢ Sagittal deformity patients without AS (posttraumatic kyphotic deformity in thoracolumbar spine). d-e CT scans have shown bony fusion in
sacroiliac joints of the deformity patient with AS, also the non-deformity patient with AS. f No erosion or ankylosis was found in sacroiliac joints of

were found when compared them with those of the nor-
mal population reported in literatures. Data from pre-
vious studies revealed that the Sag angle in males and
females was respectively 26.0-36.7° and 23.0-41.6° on
the left side, 27.9-37.4° and 32.4—41.9° on the right side
[20, 21, 28, 29]. However, the average Sag angle was much
smaller in the AS patients with thoracolumbar kyphosis
than that in the normal population (Male: L:8.0°; R:7.8°
vs Female: 1:9.6°% R:9.4°). Another valuable result was

shown that the Sag angle of the ideal S2AI trajectory had
a strong correlation to PT of the patient (L: r=—0.618,
P<0.001; R: r=—0.607, P<0.001). These results indi-
cated that most AS patients with thoracolumbar kyphosis
were characterized by pelvic retroversion (Fig. 2a). A pre-
vious study had illustrated that the average PT in deform-
ity patients with AS was 38.5°, much larger than 11.1° in
young adult volunteers [22]. Another study performed by
Shin et al. showed that AS patients exhibited more PT
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Fig.3 A 55-year-old male AS patient with L5/S1 pseudarthrosis and thoracolumbar kyphosis underwent L2 PSO combined with bilateral S2Al
screw fixation a-b A L5/S1 pseudarthrosis was shown on the MR images (a: T1-weighted; b: T2-weighted). c-d Coronal view. e-f On the standing
lateral radiograph, the GK (77° vs 25°) and PT (52° vs 36°) of the patient were improved after surgery. g-j The lateral view of S2Al trajectory on the CT
imaging before and after surgery on both sides. k-n The transverse view of S2Al trajectory on CT imaging

A

than the normal controls (20.0° to 13.5°) [23]. Moreover,
although a correlation between SS and the Sag angle was
also found, it was weaker than that between PT and the
Sag angle. Therefore, in deformity patients with AS, the
Sag angle of the ideal S2AI trajectory is associated with
the PT.

Interestingly, another valuable finding that the mean
Sacral distance and Tsv angle were larger in deformity
patients with AS than those in sagittal deformity patients
without AS. This finding was also inconsistent with the
results of the prior study which reported that it would
be at 26.2-28 mm before the ilium is reached [21]. Also,

compared with that of the normal population, the mean
Tsv angle of AS patients was larger (AS: 42.7-46.0° vs
Normal: 35.7-37.2°). Unlike the Sag angle, the results of
correlation analysis indicated that the Tsv angle and Sacral
distance were not primarily affected by the thoracolumbar
kyphosis secondary to AS. These inconsistencies might
be explained by the fact that the direction of the ilium
on both sides and the distance before piercing the sacro-
iliac joint were affected by the biologic fusion of the sac-
roiliac joint in AS patients (Fig. 2d-e). Yao et al. reported
that part of the dorsal sacrum was covered by the ilium
due to the biologic fusion of the sacroiliac joint [24]. This
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Parameters Left

Right

AS deformity

AS non-deformity

non-AS deformity

AS deformity  AS non-deformity

non-AS deformity

Sag angle (%) 82+11.7
Tsv angle (°) 426+67
Max-length (mm) 1116+138
Sacral distance (mm) 364 4+ 6.1
lliac width (mm) 1444+ 40
S2 midline (mm) 263436
Skin distance (mm) 414+ 148
lliac wing (mm) 127 +38

PSIS distance (mm) 206+£123

266 +6.2*
431 %61
111.8£113
349£76
123 +£40
254+ 4.1
368 £8.1
134+ 41
20.1 £64

269 4+ 10.2*
36.8 £7.3%
1144+75
30.6 £+ 6.6%
134+£20
258+64
376+£99
125+24
21.9£9.1

804133 276 +£6.9*
43177 425+63
1123+ 147 1129+£97
38.7£58 38.2+£48
143 +42 120£19
264 + 4.1 254426
410141 378 +£57
13.0+45 132+26
20.1 £ 126 210+63

2704 10.5%
369 £7.5%
1141+£78
30.6 £ 5.8%

136+17
257 +63
37.2£94
129+£20
213£85

PSIS Posterior superior iliac spine

* data was statistically different from that of AS deformity (P <0.05)

Table 3 Correlation between sagittal parameters on lateral X-ray radiographs and the ideal S2Al screw trajectory parameters on CT

imaging in deformity patients with AS
Parameters Left Right
GK PT SS GK PT SS

Sag angle r —0.227° —0618° 0.232° —0.2207 —0.607° 0.284°
Tsvangle r 0.080 —0.243° 0.052 0.004 —0.239° 0.131
Max-length r —0.192 —0.137 —0.002 —0304° —0.176 —-0.14
Sacral distance r —0.023 0.133 —0.084 0.026 0.103 —0.089
lliac width r 0.043 0.458° —0.103 0.062 0.324° —0.096
S2 midline r 0.169 0.039 —0.079 0133 0445 —0.098
Skin distance r 0.148 —0.038 —0.238° 0113 —0.053 —0.250°
lliac wing r 0.018 0.162 —0.139 —0.007 0.178 —0.052
PSIS distance r 0.062 —0.135 —0.201 0.063 —0.109 —0.166
PT Pelvic tilt, GK Global kyphosis, PSIS Posterior superior iliac spine
2 Significant correlation was established at the 0.05 level
b Significant correlation was established at the 0.01 level
Table 4 Comparison of the bilateral S2Al screw trajectory parameters between genders in deformity patients with AS
Parameters Left Right

Male Female P Male Female P
Sag angle (°) 80+ 11.2 9.6+ 155 0.096 78+129 94+ 166 0.254
Tsvangle () 423 +66 443+£79 0.389 427+£75 460 £ 96 0.269
Max-length (mm) 111.7£136 111.0£ 160 0417 1127 £136 108.8 £ 20.6 0.389
Sacral distance (mm) 362+58 378+89 0.081 389+55 36.7+£80 0.262
lliac width (mm) 14.6 £4.0 125 £ 4.1 0.867 146+ 42 123+ 44 0.711
S2 midline (mm) 262+ 36 273 £33 0.359 262 +39 27257 0.119
Skin distance (mm) 416+ 146 404 +170 0.381 411 +£140 39.7 £152 0915
lliac wing (mm) 128 £4.0 11.6£20 0.209 128 £4.5 150+ 38 0.991
PSIS distance (mm) 203 £120 229+ 149 0.151 198+ 124 22.1£149 0.162

PSIS Posterior superior iliac spine
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could also be demonstrated by the results that no differ-
ence was shown in the Sacral distance and Tsv angle in AS
patients with and without deformity. Except for the Sag
angle, Tsv angle and Sacral distance, other S2AI trajectory
parameters of AS patients were close to those of the nor-
mal population in other studies. Consequently, the effect
of AS-related thoracolumbar kyphosis on the ideal S2AI
trajectory is primarily functional rather than anatomical.

Furthermore, based on a previous study, screws typi-
cally range from 7.5 to 9.5mm in diameter and range 50
to 75mm in length [14, 32], which can apply to the S2AI
screw fixation in AS patients with thoracolumbar kypho-
sis. One of the deformity patients with AS in this study
underwent PSO combined with bilateral S2AI screw fixa-
tion and obtained satisfactory surgical outcomes (Fig. 3).
However, compared with that in normal population [14],
the trajectory for the S2AI screw in AS patient was aimed
more laterally (approximately 5-10°) in the transverse
plane and more cranially (about 20°) in the sagittal plane.

Nevertheless, the results of this study need to be taken
in light of certain limitations. Firstly, a bias may exist due
to the radiographic parameters was not measured by
another investigator. Secondly, because CT scans were
used preoperatively, the radiation exposure of patients
should not be ignored. However, CT scans may be
required because they are helpful for the evaluation of
pseudarthrosis. Future prospective, results of the mul-
ticenter studies with larger sample sizes are required to
definite the correlation of the AS-related thoracolum-
bar kyphosis and the ideal S2AI trajectory parameters.
Thirdly, it is well-known that patients with deformity
frequently shows high PT compared with the normal
populations. However, PT and SS was different between
deformity patients with and without AS in current study.
Therefore, the influence of non-AS kyphosis on param-
eters can not be completely ignored.

Conclusions

There were no significant differences in the S2AI tra-
jectory parameters of AS patients with thoracolum-
bar kyphosis between genders. Compared with that in
sagittal deformity patients without AS, non-deformity
patients with AS and the normal population, the pre-
operative Sag angle of the S2AI trajectory was approxi-
mately 20° smaller in AS patients with thoracolumbar
kyphosis because of the pelvic retroversion. Besides, the
Tsv angle and the Sacral distance of the S2AI trajectory
in AS patients with thoracolumbar kyphosis were about
10° and 10mm larger than those in the normal popula-
tion probably due to biologic fusion of the sacroiliac
joint. To sum up, the thoracolumbar kyphosis secondary
to AS affects the morphometric characteristics of S2AI
screws fixation functionally. In the absence of navigation

Page 8 of 9

and robotics, the S2AI screw fixation is still an alternative
and feasible method for thoracolumbar kyphosis second-
ary to AS patients who require sacroiliac fixation.
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