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A Comprehensive Analysis of the Behavior
of Pelvic Incidence After Different Posterior
Spinal Procedures in Elderly Patients
With Spinal Deformity
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Abstract

Study Design: A retrospective case-control study.

Objective: To evaluate the behavior of pelvic incidence (PI) after different posterior spinal procedures in elderly patients with
adult spinal deformity (ASD), to determine the potential associated factors with the variability in PI after spinal surgery and to
comprehensively analyze its mechanisms.

Methods: Elderly patients underwent long fusion to sacrum with and without pelvic fixation were assigned to Group LþP and
Group L-P, respectively. In Group L-P, those with severe sagittal deformity were selected as Group A. 20 elderly patients with
severe sagittal deformity underwent short lumbar fusion were included as Group B. The following radiographic parameters were
evaluated: thoracic kyphosis (TK), thoracolumbar kyphosis (TLK), lumbar lordosis (LL), PI-LL, sagittal vertical axis (SVA), T1 pelvic
angle (TPA), and pelvic parameters. PI changing more than 5� (4PI > 5�) was considered as substantially changed.

Results: For the whole cohort and in Group LþP, PI were not substantially changed (4PI� 5�) after surgery. Besides the severer
sagittal malalignment in patients with 4PI > 5� in Group L-P, relatively larger mean age, greater proportion of female and lower
preoperative PI were found than those in patients with4PI� 5�. 70.8% of patients had substantial increase of PI in Group A, while
only 10% of patients had in Group B (P < 0.001).

Conclusion: PI behaves differently under different conditions in elderly ASD patients. Besides severe sagittal deformity, aging,
female and low preoperative PI are also the potential risk factors of PI increasing after long fusion to sacrum.

Keywords
PI variation, long spinal fusion, compensation, sagittal malalignment, sacroiliac joint

Abbreviations
PI, Pelvic Incidence; SIJ, Sacroiliac Joint; ASD, Adult Spinal Deformity; TK, Thoracic Kyphosis; TLK, Thoracolumbar Kyphosis; LL,
Lumbar Lordosis; SS, Sacral Slope; PT, Pelvic Tilt; PI-LL, PI minus LL; SVA, Sagittal Vertical axis; TPA, T1 Pelvic Angle.

Introduction

Measuring the sagittal inclination of sacrum within pelvis,

pelvic incidence (PI) is traditionally suggested to be a fixed

value after skeletal maturity for the same individual1,2 Because

of this anatomic characteristic, PI is used along with other

parameters to define individual’s overall spinal sagittal curva-

ture and alignment.3 However, the invariability of PI is not

unconditional, which is based on the fundamental hypothesis

that the sacroiliac joint (SIJ) connecting sacrum to pelvis is
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immobile. In fact, SIJ is usually mobile in both women and

men, especially in the elderly population.4 Consistently, previ-

ous studies had demonstrated PI could be changed by sex, age

and anterior or posterior pelvic rotation.5,6 Therefore, treating

PI as a constant value might be an oversimplification.

Recent evidences also suggested that PI could be modified

by spinal procedures.7-10 In Lee et al.’s7 study, 11 patients with

adult spinal deformity (ASD) had long fusion to sacrum and

sacropelvic fixation and were shown to have a small increase in

postoperative PI. They thought the sacropelvic fixation

affected motion range of SIJ, which then decreased the change

extent of PI. On the contrary, other authors reported a decrease

of PI in some patients who underwent the same surgical

procedure.8-10 They deduced that PI was decreased due to the

alteration of pelvic morphology during operation and this

change of PI was fixed by iliac or sacroiliac screws after sur-

gery. No matter which mechanism, this variation of PI should

be regarded as an iatrogenic consequence.

Besides the changes during operation, PI could also alter

spontaneously after posterior spinal surgeries.7,8,11 Cecchinato

et al.8 reported an acute spontaneous increase of PI in 27 ASD

patients who underwent long lumbar fusion to sacrum without

pelvic fixation. Lee et al.7 also found PI was gradually

increased at different follow-up time after lumbar fusion to

sacrum without pelvic fixation in 18 ASD patients. They put

forward a hypothesis that long lumbar fusion to sacrum reduced

the capacity to compensate a possible sagittal imbalance in

lower spine, which might induce the SIJ motion and then the

increase in PI. Our previous findings supported their specula-

tion that PI spontaneously increased in elderly ASD patients

with severe sagittal deformity after long lumbar fusion to

sacrum, while was relatively invariable in those with minor

sagittal deformity.11

Despite a few studies focusing on the PI variation after

surgery, the data pool is still insufficient to analyze surgical

or other potential factors contributing to the postoperative mod-

ification of this parameter. The purposes of this study are to

evaluate the PI behavior after different posterior spinal proce-

dures in elderly patients with spinal coronal or sagittal defor-

mity, to determine the potential associated factors with the

variability in PI after spinal surgery and to comprehensively

analyze its mechanisms.

Methods

Subjects

Under the approval from the Ethics Committee of Capital Med-

ical University Xuanwu Hospital (approval number was not

needed), a retrospective analysis of ASD patients who under-

went long posterior spinal fusion (PSF) from thoracic to sacrum

with or without pelvic fixation between June 2016 and June

2020at our hospital was performed. The inclusion criteria were

as following: (1) aged > 60 years; (2) with complete pre- and

postoperative standing radiographic images, and (3) with a

minimum follow-up of 3 months. Patients with hip pathology

or a surgical history of spine or pelvis were excluded. Spinal

deformity was evaluated and classified according to SRS-

Schwab ASD classification.12 Based on the sagittal modifiers,

sagittal morphology with PI-LL < 10�, SVA < 40mm and PT

< 20� was defined as minor sagittal deformity in this study,

while sagittal malalignment with PI-LL > 20�, SVA > 95mm

or PT> 30� was defined as severe sagittal deformity. The other

sagittal profile was defined as moderate sagittal deformity.12,13

Thereinto, patients underwent long fusion from thoracic to

sacrum and sacropelvic fixation using sacroiliac screws were

assigned to the long fusion and pelvic fixation group (Group

LþP). The others without sacropelvic fixation were assigned to

the long fusion without pelvic fixation group (Group L-P). In

Group L-P, those with severe sagittal deformity were selected

as Group A (Figure 1). In addition, 20 elderly patients with

severe sagittal deformity who underwent short lumbar fusion

were included as the control of Group A (Group B).

Surgical Procedures

A standard midline approach was used to expose the posterior

elements via subperiosteal dissection. Spinal instrumentation

was performed using all pedicle screws and titanium rods con-

structs, followed by decompression of stenosed segments with

transforaminal lumbar interbody fusion and deformity correc-

tion with standard maneuvers. Patients with coronal imbalance

were suggested to undergo sacropelvic fixation using S2 iliac

screw.14 Posterior fusion was accomplished with autograft and

allograft. All the surgeries were conducted by the same team.

Data Collection and Radiographic Measurement

Demographic information such as age, sex, BMI, and surgical

data were collected. Long-cassette lateral radiographs of spine

and pelvis on standing were obtained pre- and postoperatively.

The following parameters were measured using Surgimap soft-

ware (Nemaris, Inc.) on imaging: Cobb angle, thoracic kypho-

sis (TK, angle between superior endplate of T5 and inferior

endplate of T12), thoracolumbar kyphosis (TLK, angle

between superior endplate of T10 and inferior endplate of

L2), lumbar lordosis (LL, angle between superior endplate of

L1 and superior endplate of S1), pelvic incidence (PI, angle

between the perpendicular to sacral plate at its midpoint and the

line connecting point to the middle axis of femoral heads),

sacral slope (SS, angle between sacral plate and horizontal

plane), pelvic tilt (PT, angle between the line connecting the

midpoint of sacral plate to the axis of femoral heads and gravity

line), PI-LL mismatch (PI minus LL), sagittal vertical axis

(SVA, horizontal distance between C7 plumb line and the

posterior-superior corner of sacrum), T1 pelvic angle (TPA,

angle subtended by a line from the femoral heads to the center

of the T1 vertebral body and a line from the femoral heads to

the center of the superior sacral end plate).15

Two observers (F.M.P. and X.Y.S.) independently and

blindly performed the radiographic measurements and mea-

surements were repeated by an observer (F.M.P.) 1 week later.
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Mean values of the 2 observers’ 3 measurements were

recorded. Change of PI (4PI) was calculated by subtracting

the preoperative value from the postoperative value. In order to

eliminate the deviation during imaging and measurement, PI

changing more than 5� (4PI > 5�) was considered as substan-

tially changed.9,16

Statistics Analysis

SPSS version 19.0 (Chicago, IL, USA) was used to performed

statistical analysis. Values were expressed as mean+ standard

deviation. The intra- and inter-observer reliabilities of radio-

graphic measurements were analyzed using intraclass correla-

tion coefficient (ICC). Chi-square analysis was applied to

assess categorical variables. Mann-Whitney U test was used

to conducted the comparisons of continuous variables between

pre- and post-operation and between different groups. Statisti-

cal significance was defined as a P value <0.05.

Results

Clinical and Radiographic Outcomes of Whole Cohort

Seventy-five elderly ASD patients (56 females and 19 males)

who underwent long PSF were included in the study, with an

average age of 68.3 + 2.7 years. Thereinto, 51 patients were

found with degenerative lumbar/thoracolumbar scoliosis and

45 patients were found with sagittal deformity (moderate: 21;

severe: 24). Radiographic measurements were shown to have

substantial intra- and interobserver reliabilities with good

agreement (ICC � 0.75, Table 1). For the whole cohort, cor-

onal curve was significantly corrected from 29.8+ 8.5� to 15.3
+ 4.4� (P < 0.05) and SVA was improved from 89.2 +
30.1 mm to 60.7 + 21.4 mm (P ¼ 0.092). After mean

follow-up of 8.2 + 2.2 months, the values of PI were not

substantially changed after long PSF for all the ASD patients

(49.2 + 5.5� vs. 52.4 + 6.3�, P ¼ 0.245).

Clinical and Radiographic Outcomes of Group LþP

Twenty-two patients were performed a long fusion from thor-

acic to sacrum with sacropelvic fixation using sacropelvic

screws. They were 18 females and 4 males, with an average

age of 66.5+ 2.6 years and an average BMI of 25.7+ 2.2 kg/

m2. Mean fusion levels were 9.8 + 1.0, with a fusion range

from T9 to SIJ. Mean follow-up time was 6.3 + 2.4 months.

Coronal curve type L with minor sagittal deformity was

found in 17 patients and curve type L with moderate sagittal

deformity was found in 5 patients. The radiographic measure-

ments were shown in Table 1. Except for the significant

decrease of lumbar scoliosis, PI-LL and TPA, other parameters

were not statistically changed (Figure 2). PI was 46.3 + 5.3�

preoperatively and 47.4 + 6.0� postoperatively (P ¼ 0.265).

Table 1. The Intraclass and Interclass Correlation Coefficients of
Radiographic Measurements.

Intra-observer
ICC

Inter-observer
ICC

Coronal Curve (�) 0.823 0.799
Thoracic Kyphosis (�) 0.879 0.833
Thoracolumbar Kyphosis (�) 0.856 0.831
Lumbar Lordosis (�) 0.848 0.806
Pelvic Incidence (�) 0.790 0.774
Pelvic Tilt (�) 0.787 0.791
Sacral Slope (�) 0.835 0.822
Sagittal Vertical Axis (mm) 0.794 0.778
T1 Pelvic Angle (�) 0.783 0.757

ICC indicates intraclass correlation coef.

Figure 1. Flow chart of patients recruiting.
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Comparisons of Clinical and Radiographic Outcomes
Between Patients With4PI > 5� and With4PI � 5� in
Group L-P

Thirty-eight female and 15 male patients underwent long

fusion from thoracic to sacrum without pelvic fixation. Eigh-

teen patients were detected to have 4PI > 5�, while the others
had 4PI � 5�. Patients with 4PI > 5� had relatively larger

mean age (71.6 + 2.8 years vs. 67.8 + 3.3 years, P ¼ 0.062)

and a greater proportion of female (F/M: 16/2 vs. F/M: 22/13, P

¼ 0.046) than those with4PI� 5�. BMI (25.4+ 1.3 kg/m2 vs.

26.6+ 0.9 kg/m2, P ¼ 0.204), fusion levels (8.8+ 0.6 vs. 8.2

+ 1.1, P ¼ 0.233) and follow-up time (7.4 + 3.7 months vs.

9.2 + 4.4 months, P ¼ 0.115) were comparable between the 2

groups (Table 2).

Coronal curve type L with minor sagittal deformity, curve

type L with moderate sagittal deformity and curve type S

with severe sagittal deformity were found in 13, 16 and

24 patients, respectively. Comparisons of deformity classifi-

cation and radiographic measurements between patients with

4PI > 5� and 4PI � 5� were shown in Table 3. Compared

with those with4PI� 5�, patients with4PI> 5� had severer
sagittal malalignment (more curve type S, more severe sagit-

tal deformities, smaller Cobb angle, smaller TK, greater

TLK, smaller LL, smaller SS, greater PI-LL, greater SVA

and greater TPA). In addition, preoperative PI in patients

with substantial changes was statistically smaller than that

in those with relative constant value. After PSF, sagittal

deformity was corrected with obvious change of all the sagit-

tal spinal parameters in patients having 4PI > 5� (Figure 3),
while only lumbar scoliosis was corrected in those having

4PI � 5� (Figure 4).

Comparisons of Clinical and Radiographic Outcomes
Between Groups A and B

Mean age (70.1 + 3.1 years vs. 67.2 + 3.0 years, P ¼ 0.107),

distribution of gender (F/M: 20/4 vs. F/M: 14/6, P ¼ 0.293),

BMI (25.7 + 1.1 kg/m2 vs. 26.0 + 0.8 kg/m2, P ¼ 0.431) and

follow-up time (8.6+ 3.5 months vs. 10.7+ 4.3 months, P ¼
0.101) were similar between the 2 groups (Table 4).

Sagittal malalignments were similar between Groups A and

B, with comparable PT, PI-LL, SVA and TPA. Despite with

different surgical strategies, sagittal deformities were both

obvious corrected, with significant increase of LL and decrease

of PI-LL, SVA and TPA. PI were not statistically changed in

either group. 70.8% (17/24) of patients had substantial increase

of PI in Group A (Figure 3), while 10% (2/20) of patients had in

Group B (P < 0.001).

Discussion

PI not a constant value has been gradually recognized by some

spinal surgeons.5,6 Recent authors began to focus on the beha-

viors of postoperative PI and found that PI could also change

after spinal surgeries.7-9,11 Up to now, however, the present

data from the few studies is insufficient to analyze the surgical

or other potential factors contributing to the variation of this

parameter. The current study enrolled the elderly patients

undergoing different posterior spinal procedures and compre-

hensively analyzed the mechanisms of PI changing after PSF.

Throughout the medical literature, Lee et al.7 first reported

PI could be altered by PSF in their study, where 11 ASD sub-

jects who underwent long fusion and sacropelvic fixation were

detected to have an increase in postoperative PI (50.8 + 7.7�

Figure 2. A and B, A 70-year-old female patient with thoracolumbar scoliosis (41�), coronal imbalance (32 mm) and moderate sagittal deformity
(PI-LL ¼ 16�, SVA ¼ 35 mm, PT ¼ 18�). C and D, A long fusion from T10 to S1 and sacropelvic fixation using sacroiliac screws was performed.
At 1-year follow-up, coronal (12�) and sagittal malalignment were obviously corrected. E and F, PI was not substantially changed (44.3� vs. 45.2�).



372 Global Spine Journal 13(2)

vs. 55.7+ 10.4�, P ¼ 0.003). They thought the pelvic fixation

with iliac screws affected the motion range of SIJ, which then

decreased the change extent of PI. Detailed mechanism how PI

was increased was not described in their reports. Subsequent

studies reported the opposite results that PI was decreased after

the same surgical procedure in some ASD patients.8-10 The

authors gave similar and complementary speculations and

interpretations of their findings. To sum up, they thought PI

had already increased due to SIJ nutating to compensate for

spinal sagittal malalignment and imbalance before surgery.

During operation, the nutated SIJ was corrected and the

increased PI was thereby restored (decreased) according to its

definition. Then sacropelvic fixation stabilized pelvic morphol-

ogy and sustained the value of PI after surgery.

Table 2. Comparisons of Deformity Classifications and Radiographic Measurements Between Patients With4PI > 5� and4PI � 5� in Group
L-P.

Variables 4PI > 5� (n ¼ 18) 4PI � 5� (n ¼ 35) P

Coronal Curve Type L 2 27 <0.001y

S 16 8
Sagittal Modifiers Minor sagittal deformity 0 13 <0.001y

Moderate sagittal deformity 1 15
Severe sagittal deformity 17 7

Coronal Curve (�) Preoperatively 8.3 + 2.1 36.4 + 3.9 <0.001
Postoperatively 7.7 + 2.5 18.4 + 5.5 0.012
P 0.341 <0.001 –

Thoracic Kyphosis (�) Preoperatively 10.2 + 4.6 33.1 + 6.2 <0.001
Postoperatively 18.5 + 3.3 34.8 + 5.0 <0.001
P 0.030 0.469 –

Thoracolumbar Kyphosis (�) Preoperatively 31.7 + 7.4 15.6 + 4.2 <0.001
Postoperatively 11.5 + 5.8 13.3 + 3.6 0.375
P <0.001 0.361 –

Lumbar Lordosis (�) Preoperatively 6.4 + 9.8 40.3 + 7.7 <0.001
Postoperatively 28.6 + 6.2 46.4 + 5.9 <0.001
P <0.001 0.301 –

Pelvic Incidence (�) Preoperatively 40.7 + 1.6 54.6 + 3.1 0.006
Postoperatively 47.9 + 1.9 56.5 + 3.3 0.094
P 0.042 0.211 –

Pelvic Tilt (�) Preoperatively 28.5 + 2.0 23.5 + 3.2 0.126
Postoperatively 23.8 + 2.3 17.5 + 3.7 0.114
P 0.073 0.076 –

Sacral Slope (�) Preoperatively 11.5 + 4.2 29.7 + 6.2 <0.001
Postoperatively 23.8 + 5.1 38.5 + 4.0 0.008
P 0.011 0.084 –

Pelvic Incidence minus Lumbar Lordosis (�) Preoperatively 33.2 + 5.4 14.7 + 5.2 <0.001
Postoperatively 18.7 + 4.3 11.2 + 4.6 0.079
P <0.001 0.411 –

Sagittal Vertical Axis (mm) Preoperatively 142.6 + 19.3 72.1 + 11.2 <0.001
Postoperatively 75.2 + 12.4 60.5 + 9.8 0.0
P <0.001 0.187 –

T1 Pelvic Angle (�) Preoperatively 33.4 + 4.1 22.8 + 4.9 0.022
Postoperatively 16.5 + 4.3 18.7 + 2.6 0.302
P <0.001 0.140 –

4PI> 5� indicates PI changing more than 5� from pre-operation to post-operation.4PI� 5� indicates PI changing equal to or less than 5� from pre-operation to
post-operation.
yCalculated by Chi-square analysis.

Table 3. Radiographic Measurements in Group LþP.

Preoperatively Postoperatively
P

value

Coronal Curve (�) 42.5 + 4.8 18.8 + 5.1 0.005
Thoracic Kyphosis (�) 18.3 + 6.5 22.5 + 8.8 0.404
Thoracolumbar Kyphosis (�) 13.3 + 5.0 6.4 + 5.7 0.132
Lumbar Lordosis (�) 30.6 + 9.2 42.8 + 8.1 0.093
Pelvic Incidence (�) 46.3 + 5.3 47.4 + 6.0 0.265
Pelvic Tilt (�) 17.5 + 7.7 17.8 + 8.2 0.513
Sacral Slope (�) 28.9 + 6.4 31.1 + 6.5 0.149
Pelvic Incidence minus
Lumbar Lordosis (�)

15.4 + 6.6 5.0 + 6.3 0.011

Sagittal Vertical Axis (mm) 58.7 + 19.1 39.4 + 12.7 0.069
T1 Pelvic Angle (�) 18.3 + 6.7 10.2 + 3.6 0.027
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However, significant decrease of PI was not demonstrated

(46.3 + 5.3� vs. 47.4 + 6.0�, P ¼ 0.265) in the current study

containing 22 elderly ASD patients after long fusion and sacro-

pelvic fixation (Table 1 and Figure 2). We deduced the constant

of PI might be owing to the stabilization of SIJ in standing

before surgery or in operating table during operation. All the

subjects in Group LþP were found with minor or moderate

sagittal deformity based on the sagittal modifiers in SRS-

Schwab ASD classification.12 We thought if patients have no

severe spinal deformity, there might not be a need for SIJ

Figure 3. A and B, A 65-year-old female patient suffering from thoracolumbar kyphosis (56�) and severe sagittal deformity (PI-LL¼ 56�, SVA¼
195 mm, PT ¼ 28�). C and D, A long fusion from T9 to S1 without sacropelvic fixation was performed. Radiographs at 6-month follow-up
showed severe sagittal deformity was obviously corrected with residual sagittal imbalance of 93mm. E and F, PI was substantially changed from
36.6� to 42.6�.

Figure 4. A and B, A 68-year-old female patient with thoracolumbar scoliosis (38�) and moderate sagittal deformity (PI-LL¼ 15�, SVA¼ 40mm,
PT ¼ 28�). C and D, A long fusion from T10 to S1 without sacropelvic fixation was performed. Radiographs at 10-month follow-up showed
coronal (20�) and sagittal malalignment were obviously corrected. E and F, PI was not substantially changed (61.0� vs. 60.7�).
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nutating in standing before surgery or a forced extension of hip

and lumbar in prone position in operating table. In other words,

pelvic morphology was relatively immobile in those with

minor sagittal malalignment during surgery. After sacropelvic

fixation, SIJ would be strongly stabilized,17 which contributed

to the constant value of PI after surgery.

If SIJ mobility was reserved without pelvic fixation, there

would be a possibility that PI varied after surgery, especially

for the elderly with lax SIJ. In Cecchinato et al.’s8 and Lee

et al.’s7 studies, PI was found to spontaneously increase during

follow-up in those who were performed long lumbar fusion to

sacrum without pelvic fixation. They hypothesized that long

lumbar fusion to sacrum restricted the compensation for posi-

tive sagittal imbalance in lower spine, which induced the pelvic

motion and then the increase in PI. Their theory about the

mechanism of PI spontaneously increasing had 2 important

conditions—positive sagittal imbalance and limited lumbar

compensation. Our previous study confirmed the inevitable

role that global sagittal malalignment played in the disparity

of PI.11 PI was found increased after long fusion to sacrum in

elderly ASD patients with severe sagittal deformity, while was

relatively invariable after the same surgical procedure in those

with minor sagittal deformity. Long fusion constructs to S1

leading to motion in SIJ has been demonstrated in Mushlin

et al.’s biomechanical investigation of SIJ in human cadaveric

specimens.17 In sagittal malalignment, pelvic retroversion will

be activated to move the gravity line back, which generates a

reaction force on SIJ.18 When the increased bending forces at

L5-S1 break the elasticity of lax SIJ, the anatomical relation-

ship between sacrum and iliac wing will be changed, resulting

in an increased PI.19 Therefore, this variation in postoperative

PI could be considered as a secondary change compensating for

the spinal sagittal malalignment under lax SIJ in elderly

patients.11

When took a closer look at the potential factors contributing

to postoperative modification of PI, besides severer sagittal

malalignments, relatively larger mean age (71.6 + 5.8 years

vs. 67.8 + 4.0 years, P ¼ 0.062), greater proportion of female

(F/M: 16/2 vs. F/M: 22/13, P¼ 0.046) and smaller preoperative

PI (40.7+ 1.6� vs. 54.6+ 3.1�, P¼ 0.006) were also found in

patients with substantial PI variation than those with minor

change (Table 2). The relationship between increased PI and

age have been reported in several studies, particularly in those

over 60 years old.18,19 Jean18 proposed that the increasing PI

was a consequence of SIJ degeneration. Articular cartilage and

ligaments played important roles in maintaining SIJ stability.20

With age increasing, the degeneration of sacroiliac articular

cartilage would aggravate and ligaments would become laxer,

which led to more SIJ mobility. With regard to gender, women

were demonstrated to have 40% more average SIJ mobility

Table 4. Comparisons of Sagittal Parameters Between Group A and Group B.

Variables Group A (n ¼ 24) Group B (n ¼ 20) P

Thoracic Kyphosis (�) Preoperatively 9.9 + 4.3 12.7 + 6.4 0.298
Postoperatively 21.6 + 5.1 16.5 + 7.3 0.101
P <0.001 0.181 -

Thoracolumbar Kyphosis (�) Preoperatively 33.4 + 6.2 10.8 + 4.4 <0.001
Postoperatively 11.8 + 5.1 17.4 + 3.8 0.089
P <0.001 0.084 -

Lumbar Lordosis (�) Preoperatively 7.7 + 8.6 20.5 + 6.5 0.007
Postoperatively 30.8 + 6.0 38.9 + 7.2 0.100
P <0.001 0.002 -

Pelvic Incidence (�) Preoperatively 42.5 + 2.7 46.4 + 5.2 0.142
Postoperatively 47.8 + 2.9 49.6 + 5.5 0.323
P 0.078 0.173 -

Pelvic Tilt (�) Preoperatively 28.1 + 2.1 22.2 + 3.1 0.103
Postoperatively 24.3 + 2.8 16.9 + 3.9 0.101
P 0.106 0.088 -

Sacral Slope (�) Preoperatively 13.9 + 3.3 28.0 + 4.9 0.010
Postoperatively 23.4 + 4.5 32.7 + 4.5 0.053
P 0.011 0.084 -

PI-LL (�) Preoperatively 34.6 + 5.1 29.7 + 6.3 0.122
Postoperatively 16.7 + 4.2 11.3 + 5.9 0.094
P 0.004 0.001 -

Sagittal Vertical Axis (mm) Preoperatively 139.3 + 17.1 115.2 + 15.3 0.113
Postoperatively 80.5 + 13.0 66.8 + 11.2 0.211
P <0.001 <0.001 -

T1 pelvic Angle (�) Preoperatively 33.6 + 3.8 24.8 + 6.2 0.072
Postoperatively 17.8 + 4.1 12.1 + 6.9 0.101
P 0.007 0.031 -

Group A indicates the group including patients who have severe sagittal deformity and undergo long spinal fusion from thoracic to sacrum. Group B indicates the
group including patients who have severe sagittal deformity and undergo short lumbar fusion.
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than men.21 More SIJ movement would lead to greater degree

of PI changing. As we all know, PI influences individual’s

capacity to compensate for sagittal deformity via pelvic retro-

version.13,22 Patients with low PI would have insufficient abil-

ity to compensate for spinal sagittal imbalance, which could

result in more and severer sagittal malalignments.18 In clinical

practice, surgical strategy planned based on a low PI involving

rod contouring and types of osteotomy might not be able to

completely correct the severe sagittal imbalance. Because of

the limited compensatory potential under low PI, the post-

operative residual sagittal imbalance could finally lead to the

nutated SIJ and thereby the increased PI (Figure 5).23 Accord-

ingly, it is comprehensible that greater degree of PI increasing

would be induced in aged female patients with low PI and

severe sagittal deformity after long fusion to sacrum (Figure 3).

With the aim to evaluate the necessity of long lumbar fusion

in the mechanism of PI increasing, we compared the PI beha-

viors between patients with or without lumbar flexibility who

had similar sagittal malalignments in terms of PT, PI-LL, SVA

and TPA (Table 2). Despite PI was not statistically changed in

either group, 70.8% (17/24) of patients in Group A who under-

went long fusion to sacrum had substantial increase (>5�) of

PI, while only 10% had in Group B with short lumbar fusion. In

Group B, the sagittal malalignment might be a pain relieved

posture, not a primary deformity. For patients underwent short

lumbar fusion, the compensatory abilities of thoracic, lumbar

and pelvis were available.24 After decompression of the

responsible segment, the sagittal malalignment and imbalance

would be regulated to by all the 3 mechanisms. Therefore, the

shear forces on SIJ were dispersed and SIJ was less likely to be

nutated, which contributed to the stability of PI value

(Figure 4).

To our best knowledge, this is the first study to comprehen-

sively analyze the surgical and other potential associated fac-

tors with the variability in PI after PSF. Our series of studies

corroborated the theory that increasing PI could be regarded as

the compensatory change for spinal sagittal malalignment

under limited compensation of spine and mobile SIJ. The find-

ings could provide references for clinical practice and help

better selecting an optimal fusion level for elderly ASD

patients, particularly in the setting of sacropelvic fixation. In

patients undergoing sacroiliac motion, the elevated shear forces

on SIJ would accelerate the degenerative change in SIJ and

induce persistent postoperative low back pain and

Figure 5. Sagittal profile under low PI is more likely to have sagittal malalignment and imbalance (left). In clinical practice, surgical planning
involving rod contouring and types of osteotomy based on the low PI could achieve an acceptable postoperative sagittal curve, but might not be
able to correct the severe sagittal imbalance completely. The limited pelvic retroversion under low PI could not compensate for the post-
operative residual sagittal imbalance, which elevates the bending forces in SIJ because of the stress concentration effect at adjacent segment of
long fusion. When bending forces are adopted in the lax SIJ, anutated SIJ will be induced, which alters the pelvic morphology and results in an
increased PI (right).
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dysfunction.18,25 Accordingly, sacropelvic fixation should be

taken into consideration when long fusion to sacrum is planned

in ASD patients with severe sagittal deformity and other poten-

tial risk factors associated with sacroiliac motion.

Limitations

Despite the above findings, several limitations are present in

the current study. First, this is a retrospective study with small

sample size and short follow-up. A prospective RCT design

will be more credible and persuasive, but it might be hard

to perform in practical work. Because the low numbers of

patients in the series and only part of them willing to undergo

long-segment surgery, the sample size is relatively small. A

longitudinal cohort study with more subjects and long-term

observation was required. Second, the identification of altered

anatomies of SIJ should be confirmed by lumbosacral CT or

pelvic scan, weakening the reliability of results. Third, further

study is needed to evaluate the clinical implications of PI var-

iation after long follow-up, especially the SIJ pain. Fourth,

sacropelvic fixation could be performed through the SIJ fusion

using sacroiliac screw and through the pelvic fixation using

iliac screw. Comparison of the behavior of PI after long fusion

to pelvis between sacroiliac screw fixation and iliac screw

fixation would be meaningful and is needed to be further

investigated.

Conclusion

PI behaves differently under different conditions in elderly

ASD patients. PI would be constant after pelvic or sacropelvic

fixation because of the restriction of SIJ mobility. This para-

meter intraoperatively varies probably because PI has been

already altered before surgery. PI might increase in patients

with severe sagittal deformity after long fusion to sacrum with-

out pelvic fixation, which could be regarded as the compensa-

tory change for malalignment under limited compensation of

spine. Besides, aging, female and low preoperative PI are also

the potential risk factors of PI increasing after long fusion to

sacrum. PI will not increase in patients underwent short fusion

to sacrum despite with severe sagittal malalignment, which

could be attributed to the sharing of bending forces on SIJ by

other compensatory mechanisms of spine.

Authors’ Note

Weiguo Zhu and Yu Wang contribute equally to this work. This study

was performed under the approval from the Ethics Committee of

Capital Medical University Xuanwu Hospital. We were exempt from

the requirement of patients’ informed consent.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Declaration of Conflicting Interests

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This work

was supported by China Postdoctoral Science Foundation, National

Natural Science Foundation of China (Grant No. 81472041) and Beij-

ing Postdoctoral Research Foundation.

ORCID iD

Weiguo Zhu, PhD https://orcid.org/0000-0002-7451-9062

References

1. Legaye J, Duval-Beaupère G, Hecquet J, Marty C. Pelvic inci-

dence: a fundamental pelvic parameter for three-dimensional reg-

ulation of spinal sagittal curves. Eur Spine J. 1998;7(2):99-103.

doi:10.1007/s005860050038

2. Mac-Thiong JM, Berthonnaud E, Dimar JR II, Betz RR, Labelle

H. Sagittal alignment of the spine and pelvis during growth.

Spine. 2004;29(15):1642-1647. doi:10.1097/01.brs.0000132312.

78469.7b

3. Le Huec JC, Aunoble S, Philippe L, Nicolas P. Pelvic parameters:

origin and significance. Eur Spine J. 2011;20(Suppl 5):564-571.

doi:10.1007/s00586-011-1940 x-1

4. Vleeming A, Schuenke MD, Masi AT, Carreiro JE, Danneels L,

Willard FH. The sacroiliac joint: an overview of its anatomy,

function and potential clinical implications. J Anat. 2012;

221(6):537-567. doi:10.1111/j.1469-7580.2012.01564.x

5. Moon JW, Shinn JK, Ryu D, Oh SY, Shim YS, Yoon SH. Pelvic

incidence can be changed not only by age and sex, but also by

posture used during imaging. Korean J Spine. 2017;14(3):77-83.

doi:10.14245/kjs.2017.14.3.77

6. Place HM, Hayes AM, Huebner SB, Hayden AM, Brechbuhler

JL, Israel H. Pelvic incidence: a fixed value or can you change it?

The Spine J. 2017;17(10):1565-1569. doi:10.1016/j.spinee.2017.

06.037

7. Lee JH, Na KH, Kim JH, Chang DG. Is pelvic incidence a con-

stant, as everyone knows? Changes of pelvic incidence in surgi-

cally corrected adult sagittal deformity. Eur Spine J. 2016;25(1):

3707-3714. doi:10.1007/s00586-015-4199-0

8. Cecchinato R, Redaelli A, Martini C, et al. Long fusions to S1

with or without pelvic fixation can induce relevant acute varia-

tions in pelvic incidence: a retrospective cohort study of adult

spine deformity surgery. Eur Spine J. 2017;26(Suppl 4):

436-441. doi:10.1007/s00586-017-5154-z

9. Tseng C, Liu Z, Bao H, et al. Long fusion to the pelvis with S2-

alar-iliac screws can induce changes in pelvic incidence in adult

spinal deformity patients: analysis of predictive factors in a retro-

spective cohort. Eur Spine J. 2019;28(1):138-145 doi:10.1007/

s00586-018-5738-2

10. Oba H, Ebata S, Takahashi J, et al. Changes in pelvic anatomy

after long corrective fusion using iliac screws for adult spinal

deformity. Eur Spine J. 2019; 28(9):2103-2111. doi:10.1007/

s00586-019-06027-9

11. Zhu W, Kong C, Zhang S, et al. Different acute behaviors of

pelvic incidence after long fusion to sacrum between elderly

patients with severe and minor sagittal deformity: a retrospective



Zhu et al 377

radiographic study on 102 cases. Eur Spine J. 2020;26(9):

1379-1387.

12. Schwab F, Ungar B, Blondel B, Sengupta DK. Scoliosis Research

Society-Schwab adult spinal deformity classification: a validation

study. Spine (Phila Pa 1976) 2012;37(20):1077-1082. doi:10.

1097/BRS.0b013e31823e15e2

13. ZhuW, Kong C, Zhang S, Wang P, Sun X, Lu S. The radiographic

characteristics and developmental mechanism of the lumbar

degenerative retrolisthesis under a high-grade PI. J Orthop Sci.

2020. doi:10.1016/j.jos.2020.02.012

14. Bao H, Yan P, Qiu Y, Liu Z, Zhu F. Coronal imbalance in degen-

erative lumbar scoliosis: prevalence and influence on surgical

decision-making for spinal osteotomy. Bone Joint J. 2016;98-

B(9):1227-1233. doi:10.1302/0301-620x.98b9.37273

15. Protopsaltis T, Schwab F, Bronsard N, et al. TheT1 pelvic angle, a

novel radiographic measure of global sagittal deformity, accounts

for both spinal inclination and pelvic tilt and correlates with

health-related quality of life. The JBJS. 2014;96(19):1631-1640.

doi:10.2106/jbjs.m.01459

16. Tyrakowski M, Wojtera-Tyrakowska D, Siemionow K. Influence

of pelvic rotation on pelvic incidence, pelvic tilt, and sacral slope.

Spine (Phila Pa 1976). 2014;39(21):E1276-E1283. doi:10.1097/

brs.0000000000000532

17. Mushlin H, Brooks DM, Olexa J, et al. A biomechanical investi-

gation of the sacroiliac joint in the setting of lumbosacral fusion:

impact of pelvic fixation versus sacroiliac joint fixation. J Neu-

rosurg Spine. 2019:31(4):1-6. doi:10.3171/2019.3.spine181127

18. Jean L. Influence of age and sagittal balance of the spine on the

value of the pelvic incidence. Eur Spine J. 2014;23(7):1394-1399.

doi:10.1007/s00586-014-3207-0

19. Bao H, Liabaud B, Varghese J, et al. Lumbosacral stress and age

may contribute to increased pelvic incidence: an analysis of 1625

adults. Eur Spine J. 2018;27(2):482-488. doi:10.1007/s00586-

017-5324-z

20. Pool-Goudzwaard A, Hoek van Dijke G, Mulder P, Spoor C,

Snijders C, Stoeckart R. The iliolumbar ligament: its

influence on stability of the sacroiliac joint. Clin Biomech

(Bristol, Avon). 2003;18(2):99-105. doi:10.1016/s0268-

0033(02)00179-1

21. Sturesson B, Uden A, Vleeming A. A radiostereometric analysis

of movements of the sacroiliac joints during the standing hip

flexion test. Spine (Phila Pa 1976). 2000;25(3):364-368. doi:10.

1097/00007632-200002010-00018

22. Roussouly P, Pinheiro-Franco JL. Biomechanical analysis of

the spino-pelvic organization and adaptation in pathology. Eur

Spine J. 2011;20 Suppl 5:609-618. doi: 10.1007/s00586-011-

1928-x

23. Skalli W, Zeller RD, Miladi L, et al. Importance of pelvic com-

pensation in posture and motion after posterior spinal fusion using

CD instrumentation for idiopathic scoliosis. Spine (Phila Pa

1976). 2006;31(12):E359-E366. doi: 10.1097/01.brs.

0000219402.01636.87

24. Barrey C, Roussouly P, Perrin G, Le Huec JC. Sagittal balance

disorders in severe degenerative spine. Can we identify the com-

pensatory mechanisms? Eur Spine J. 2011;20(Suppl 5):626-633.

doi:10.1007/s00586-011-1930-3

25. Charles YP, Yu B, Steib JP. Sacroiliac joint luxation after pedicle

subtraction osteotomy: report of two cases and analysis of failure

mechanism. Eur Spine J. 2016;25(Suppl 1):63-74. doi:10.1007/

s00586-015-4094-8


