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Abstract

Introduction Pelvic incidence (PI) is a key morphological parameter that reflects the relation between the sacrum and iliac
wings. It is well accepted that PI remains constant after reaching maturity. However, recent studies indicated that PI might
be altered after lumbosacral fusion. Additionally, it remains uncertain on the long-term influence of long fusion to pelvis
with S2-alar-iliac screw on PI in patients with adult spinal deformity (ASD).

Study Design A retrospective study.

Objective To investigate whether and how PI would change during the follow-up in ASD patients who underwent S2AI
fixation and to identify factors associated with the change in PI.

Methods We retrospectively reviewed all ASD patients who underwent spinal surgery using S2AI screws between November
2014 and January 2017 at our institution. Patients with minimum follow-up of two years were included. The following sagit-
tal radiographic parameters were measured: PI, Lumbar lordosis (LL), pelvic tilt (PT), PI-LL, sagittal vertical axis (SVA) at
pre-op, post-op and 2-year follow-up. According to the changes in PI at immediate post-operation, patients were classified
into two groups; Group A: Changes of PI less than or equal 5° and Group B: Changes of PI greater than 5°.

Results A total of 82 ASD patients (Group A: 32, Group B: 50; mean age of 53.5+ 12.6 years) with a mean follow-up
period of 30.2 +9.2 months were included in this study. At immediate post-operation, Group A showed no significant
change in PI (45.7°+11.4° to 45.3°+11.2°, p=0.749); while Group B had a significant decrease in PI (51.6° +14.5° to
40.9°+14.0°, p<0.001). At the last follow-up, 48% patients (24/50) in Group B had a significant increase in PI (32.8° +6.4°
to 45.8°+11.2°, p<0.001). Intergroup analysis showed that API, post-op PI, post-op PT and age were significantly differ-
ent between both groups. In addition, pre-op PI, post-op PI, post-op PT, post-op PI-LL were significantly correlated with
API at last follow-up. Also, logistic regression analysis showed that post-op PI was the associated risk factor (OR=0.865,
p=0.024) for PI-LL mismatch.

Conclusion Our study showed that PI decreased in more than half of ASD patients immediately after spinal surgery using
S2AI screws. Approximately 48% of them were able to recover during the 2-year follow-up. Lower pre-op PI, post-op PI
and PT were found to be strongly associated with the return of PI. Thus, these current findings indicated that patients with
a high PI at pre-operation should not be over-corrected to avoid PI-LL mismatch postoperatively.
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and age may contribute to increase pelvic incidence (PI)
and that spinal malalignment may be associated with the
discrepancy in change in PI after surgery.

A randomized prospective study demonstrated that PI
could vary in 80% subjects when they changed the pelvic
position, which suggested a potential functional motion at
the sacroiliac joint [4]. Our preliminary study concluded
that PI decreased in 55% of ASD patients after long-fusion
surgery using S2-alar-iliac (S2AI) screws [5]. Some authors
postulated that the unexpected PI change in ASD patients
could be due to sacroiliac joint laxity, S2AI screw place-
ment, or aggressive sagittal cantilever technique [6] of PI.
In addition, PI postoperatively decreased may be due to PI
has already preoperatively increased during degeneration,
which reminded us to reconsider the role of PI in devel-
oping surgical plans and evaluating clinical outcome [6].
Although the index for the changes of pelvic incidence with
lumber lordosis (PI-LL = + 10°) is widely applied to pre-
dict the optimal lumbar lordosis (LL) for corrective surgery,
LL overcorrection appeared to be greater in cases where PI
value decreased postoperatively [7].

In light of several studies have reported that PI changes
after S2AI fixation, we hypothesized that the PI may still
remain dynamic during the follow-up. However, there were
few longitudinal studies reporting how PI would change dur-
ing the follow-up. Therefore, the aim of this study was to
investigate whether and how PI would change during the
follow-up in ASD patients who underwent S2AI fixation and
identify possible factors associated with the changes in PI.

Materials and methods
Subjects

This retrospective case series study was approved by the
institutional review board of our hospital. Informed consent
was obtained from all patients included in this study. Patients
who underwent a long fusion to pelvis with S2-alar-iliac
screw in our center (Department of Orthopedics at a local
tertiary hospital) between January 2010 and January 2018
were retrospectively reviewed. Inclusion criteria included:
Patients (1) who were diagnosed as adult spinal deform-
ity (ASD), (2) with follow-up period longer than two years.
Patients with a prior history of spinal or pelvic surgery and
non-ambulatory patients were excluded from the study.

Radiographic evaluation

Standing posteroanterior and lateral radiographs of the spine
were obtained at the initial and last visit in our clinic. All
the radiographic parameters were measured by two senior
spine surgeons (a surgeon with 5 years of experience and a

senior surgeon with 10 years of experience). After 3 months,
the same two surgeons re-measured the parameters inde-
pendently and were blinded to patient details. Radiographic
parameters were measured using a validated software (Sur-
gimap, Nemaris, Inc., New York, NY). The following sagit-
tal radiographic parameters were measured: PI, pelvic tilt
(PT), sacral slope (SS), sagittal vertical axis (SVA), and LL.
Meanwhile, changes in PI, PT, SS, LL, SVA and PT/PI were
calculated by subtracting the initial values from the last visit
values.

Mechanical complications were documented after sur-
gery including proximal junctional kyphosis (PJK) or failure
(PJF), distal junctional kyphosis or failure, rod breakage, and
implant-related complications.

Statistical analysis

Statistical analysis was performed using SPSS version 22.0
(SPSS Inc., Chicago, IL). All values were expressed as
mean =+ standard deviation. Inter-observer and intra-observer
reliability were assessed using intra-class correlation (ICC)
coefficients.

According to the changes in PI at immediate post-
operation, patients were classified into two groups;
Group A =Changes of PI less than or equal 5° and Group
B =Changes of PI greater than 5° [4, 5]. Toward Group B,
they are further grouped based on PI recovering during fol-
low-up: Group B1=PI recovery greater than 5° and Group
B2 =recovery equal or less than 5°. Changes in radiographic
parameters between the initial and the last follow-up were
assessed by Paired Student’s #-tests. Mann—Whitney test was
used to evaluate intergroup parameters. Correlation tests
were performed to analyze the correlation between each
radiographic parameter and the change in PI. All P values
were two-sided, and P <0.05 was considered statistically
significant.

Results

In this study, 82 ASD patients with a mean age of
53.5+12.6 years (rang, 38—73 years) were enrolled in this
study with a mean follow-up period of 30.2 +9.2 months
(range, 24-96 months). The intra- and inter-observer ICCs
for estimating the radiographic parameters were from 0.85 to
0.96, suggesting good to excellent reliability of these meas-
urements among the two observers.

At post-operation, Group A showed no significant
change in PI (45.7°+11.4° to 45.3°+11.2°, +=0.326,
p=0.749); while Group B showed a significant decrease in
PI from 51.6° +14.5° t0 40.9° +14.0° (r=9.911, p<0.001)
(Table 1). As compared with Group A, Group B had sig-
nificantly lower pre-op LL (14.7° +£22.8° vs. —5.3°+24.1°,
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Table 1 Demographic and radiographic data in Group A and Group
B

Group A Group B p value

(n=32) (n=50)
Age (years) 594+11.3 51.7+12.9 0.007
Gender (F/M) 30/2 45/5 -
Pre-op LL (°) 14.7+£22.7 —53+24.1 0.009
Pre-op PI (°) 45.6+11.8 51.6+14.8 0.199
Pre-op PT (°) 324+75 32.1+11.4 0.810
Pre-op PI-LL (°) 30.8+24.0 57.0+£23.7 0.002
Pre-op SVA (mm) 4124328 82.4+96.7 0.336
Post-op LL (°) 35.0+11.6 31.9+19.1 0.989
Post-op PI (°) 453+11.6 40.9+14.2 0.08
Post-op PT (°) 229+75 15.4+9.8 0.019
Post-op PI-LL (°) 10.3+10.7 9.0+23.8 0.256
Post-op SVA (mm) 225+17.5 17.9+28.3 0.165

p =0.009), higher pre-op PI-LL (30.8° + 24.0°
vs.57.0°+23.7°, p=0.002), as well as lower post-op PT
(22.9°+7.5° vs.15.4°+9.8°, p=0.019) (Table 1).

From immediate post-operation to last follow-up,
PI in Group A (API=-2.3°+6.2°) remained stable
(t=—1.483, p=0.159). In Group B, the PI in 24 patients
(48%) returned with an increase in PI of larger than 5°

Fig. 1 43-year-old female with
degenerative scoliosis, whose
PI changed from 56 to 46° at
immediate post-op, but returned
to 53° at 2-year follow-up

@ Springer

(Group B1) (Fig. 1), while the other 26 (52%) showed no
increase (mean API=—-4.2°+10.7°) (Group B2) (Figs. 2
and 3). Subgroup analysis revealed that, in addition to
API, post-op PI, post-op PT and age were significantly
different between Group B1 and B2 (all p values <0.05)
(Table 2). Correlation analysis showed that API (pre-
to-post) was significantly correlated with pre-op PI, LL
PI-LL (Table 3).

Correlation and regression analysis were performed to
determine the influential factors associated with PI return-
ing in Group B (PI decreased higher than 5° at post-op
while increased higher than 5° at last follow-up). The
correlation analysis showed that pre-op PI (r=-0.562,
p=0.003), post-op PI (r=-0.678, p<0.001), post-op
PT (r=-0.023, p=0.023), post-op PI-LL (r=-0.570,
p=0.003) were significantly correlated with API at last
follow-up (Table 4). Furthermore, the logistic regression
analysis showed that post-op PI was the associated factor
(OR=0.865, p=0.024).

Mechanical complications were occurred in 15 patients
(36.6%) after surgery, which include PJK in 18 patients,
screw loosening in 10 and rod breakage in 2. The inci-
dence of mechanical complications showed no significant
between Group A and B (37.5% vs. 36.0%, p=0.874).
Subgroup analysis showed that the incidence in Group B1
and B2 were 33.3% (8/24) and 38.4% (10/26), respectively,
and no significant difference was observed (p =0.857).
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Fig.2 67-year-old female
with degenerative scoliosis,
whose PI changed from 64 to
55° at immediate post-op, and
remained 57° at 2-year follow-
up

Fig.3 The line chart illustrated
the dynamic change of PI from
baseline to post-operation and
last follow-up

Qs

40

Baseline API (pre-to-post) API (post-to-FU)
API (pre-to-post) >0

API (pre-to-post) <0
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Table 2 Comparison of sagittal parameters and age between Group
B1 and B2

Group Bl (n=24) Group B2 (n=26) p value

Age (years) 544+13.2 57.5+99 0.350
Pre-op LL (°) -5.6+233 —-5.1+£25.8 0.936
Pre-op PI (°) 444+94 58.3+15.9 0.016
Pre-op PT (°) 27.1+8.7 36.7+12.0 0.06
Pre-op PI-LL (°) 50.0+20.9 63.4+25.1 0.174
Pre-op SVA (mm) 85.3+126.6 79.8+63.2 0.406
Post-op LL (°) 309125 32.8+24.1 0.463
Post-op PI (°) 32.8+6.4 48.4+15.5 0.004
Post-op PT (°) 10.5+7.8 19.9+9.5 0.007
Post-op PI-LL (°) 1.9+14.6 15.5+28.0 0.221
Post-op SVA 14.0+32.0 21.6+25.2 0.276
(mm)
Follow-up LL (°)  31.6+8.1 27.2+14.9 0.480
Follow-up PI (°) 458+11.2 442+11.1 0.935
Follow-up PT (°) 22.6+12.3 279+14.4 0.624
Follow-up PI-LL 14.2+14.6 17.0+13.3 0.724
©)
API (°) 13.1+84 —-4.2+10.7 <0.001

Table 3 Correlation analysis between API from pre-op to post-op and
pre-op radiographic parameters

Parameters API (pre-to-post)

r p
Pre-op LL (°) 0.301%%* 0.006
Pre-op PI (°) —0.382%%* <0.001
Pre-op PT (°) —-0.134 0.232
Pre-op PI-LL (°) —0.480 <0.001
Pre-op SVA (mm) —-0.111 0.321

Table 4 Correlation analysis between API (postop-to-FU), sagittal
parameters at pre- and post-op and age

Parameters API (pre-to-post)
r p

Age -0.289 0.160
Pre-op LL (°) -0.172 0.410
Pre-op PI (°) —0.562%* 0.003
Pre-op PT (°) —0.281 0.173
Pre-op PI-LL (°) -0.174 0.405
Pre-op SVA (mm) —0.020 0.923
Post-op LL (°) 0.205 0.325
Post-op PI (°) —0.678** <0.001
Post-op PT (°) —0.453* 0.023
Post-op PI-LL (°) —0.570%* 0.003
Post-op SVA (mm) —-0.279 0.177
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Discussion

The current study represents a longitudinal analysis of
how PI changes from immediate post-operation to 2-year
follow-up in ASD patients who underwent S2AI screw
fixation. Based on our findings, PI decreased in 60.9%
patients at immediate post-operation, while 48% of them
had PI returned at last follow-up which was associated
with post-op PI.

As PI has been considered as a fixed anatomical param-
eter due to limited mobility of sacroiliac (SI) joint, it deter-
mines the relative position of the sacral plate in relation to
the femoral heads, as well as represented the cornerstone
for maintaining spinal balance and postural equilibrium
[8]. However, in recent years, a number of studies have
questioned the fixed nature of PI. For instance, Skalli et al.
[9] were the first to report that 10 out of 21 patients had
more than 5° change of PI after posterior spinal fusion.
Similarly, Bao et al. [3] found that PI was higher in elder
female patients. Likewise, they also shown the increased
PI may be associated with sagittal malalignment which
led to an increase in L5-S1 bending moment [10]. Moreo-
ver, some authors attributed the change in PI at imme-
diate post-operation to the motion of sacroiliac joint [6,
11]. In this study, we also found that PI was significantly
decreased (from 49.3° +13.7°to 42.6° + 13.1°) postopera-
tively, which supported previous findings that PI was not
a constant value.

Previously, studies have also reported the changes in PI
for ASD patients who have undergone S2AI screw fixa-
tion. In this regard, our current study found similarly that
PI greatly decreased after S2AI screw fixation in 48%
(24/50) of ASD patients with a mean API of 11.4° +4.8°
in Group B. Similar to our finding, Ishida et al. [12]
found that PI significantly changed from 63.6° +12.3° to
57.4°+9.6° in S2AI group postoperatively. Likewise, Wei
et al. [6] reported that 36.8% had a PI change >6.0°, and
pointed that PI decreased was more commonly in patients
with higher pre-op PI and greater PI-LL mismatch. The
authors speculated that this observation may be due to
longstanding compensatory measures and greater SI joint
laxity. Recently, a study demonstrated mobile SI joint is
related to the change in PI in aging spine [10]. Our pre-
vious study also suggested that PI decreased more when
ASD patients who had lumbar kyphosis or had a greater PI
preoperatively, which echoed the hypothesis that sagittal
spinopelvic malalignment may contribute to the change
in PI [5, 13]. Taken together, these findings would imply
the importance on considering the role of PI when making
surgical plan and evaluating clinical outcomes. However,
further investigation on the dynamic change of PI using
a longitudinal follow-up cohort would still be warranted.
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In the present study, our results revealed that the
decreased PI (mean API: 13.1°) in Group B returned in 24
patients (Group B1, 48%). Whereas for the remaining 26
patients (Group B2; 52%), they showed no increase of PI
(mean: API of —4.2°). To our knowledge, this is the first
study on the observation of the decreased post-op PI in
patients after S2AI screw fixation recovering during follow-
up. In addition to API, our study also shown Group B1 had
a significantly lower post-op PI and post-op PT than Group
B2. Interestingly, these significant differences disappeared
spontaneously at follow-up. Based on our correlation analy-
sis, it showed that pre-op PI, post-op PI and post-op PI-LL
were significantly correlated with API at last follow-up,
which indicates that sagittal malalignment would play an
important role to the recovery of PI. This finding revealed
that the patients with a higher pre-op PI may be less likely to
recover for those with a decrease of PI at immediate post-op
during follow-up. Therefore, more attention should be rec-
ognized on avoiding the mechanical complications for these
patients with high PI at pre-op [14]. In addition, these results
may be explained by the fact that the patients in Group B1
had a relatively lower post-op PI than those in Group B2.
Similarly, previous report also showed that spinal malalign-
ment may lead to an increased PI in patients with severe
sagittal malalignment [3]. Moreover, our linear regression
analysis confirmed that lower post-op PI was the associated
factor on contributing to the recovery of PI during follow-up.

In recent years, the dynamic change of PI has become a
hot topic [5, 6, 15]. It is well believed that position altering
from standing to prone intraoperatively, as well as SI joint
motion through S2AI screw placement, could account for
the decrease in PI postoperatively [16—18]. However, it was
found that the change in PI does not stop during follow-
up period in nearly half of the patients. The current study
implied that the patients with lower PI and PT at immedi-
ate post-op may have their PI recovered during follow-up.
Although pelvic retroversion may generate reaction force
on the SI joint in patients with sagittal malalignment and
SI joint motion could play a role in PI change, it is hard to
explain whether the recovery of PI in some patients during
follow-up may be due to the SI joint being completely fixed
[19].

Although our study has provided evidence, there remains
several limitations toward our findings. Firstly, due to the
strict inclusion criteria, the sample size included in our study
was relatively small to possibly bias the statistical result.
Secondly, the anatomical change at the SI joint needs to be
further confirmed by using the routine standard of computed
tomography (CT). However, owing to ethical concern on
radiation exposure, this was not provided for all patients in
this study. Thirdly, this study is limited by its retrospective
nature. Therefore, future longitudinal studies with a long-
term follow-up would be required to elucidate the change

in PI and its recovery after spinal surgical correction using
S2AI screws.

In conclusion, PI decreased in more than half of ASD
patients after spinal surgery using S2AI screws, with 48% of
them reported the recovery of PI during the 2-year follow-
up. Lower pre-op PI, post-op PI and PT were strongly asso-
ciated with the recovery of PI. Therefore, spine surgeons
should be aware of that the patients with a higher PI at pre-
op should not be over-corrected to avoid mechanical com-
plications after surgery.
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