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OBJECTIVE The aim of this study was to determine the rate of postoperative new-onset sacroiliac joint pain (SIJP) fol-
lowing adult spinal deformity (ASD) surgery with pelvic fixation.

METHODS Patients undergoing ASD surgery with pelvic fixation, without baseline SIJP, and with a minimum 1-year
follow-up were included. Patients were screened for SIJP by self-reported buttock/groin pain and/or posterior superior
iliac spine (PSIS) pain scores = 4. Patients with positive results on questionnaires were indicated for an SIJ examination
consisting of 5 provocative maneuvers with = 3 positive examination findings considered to be indicative of SIJP. Types
of pelvic fixation were then compared for rates of postoperative SIJP.

RESULTS A total of 346 patients were identified, with mean age of 65 (SD 10) years and BMI of 28 (SD 5); 71% of
patients were female. Thirteen patients (4%) underwent SIJ fusion at the index procedure. At the 1-year follow-up, 82
patients (24%) had positive screening responses for SIJP on the questionnaire; 63 underwent an SIJ examination and
only 3 patients (1%) had a positive result. At the 2-year follow-up, 138 patients were administered the SIJP screening
questionnaire; 31 (22%) had a positive questionnaire response for SIJP, 17 underwent an SIJ examination, and only 2
patients (1%) had a positive result. There was no difference in SIJP between patients with traditional iliac fixation (n =
162, 0% at 1 and 2 years) and S2-alar-iliac screws (n = 184), where 2% developed SIJP by 1 (p = 0.25) and 2 (p = 0.52)
years, respectively. There was also no difference in SIJP between patients with 4 points of pelvic fixation (n = 85, 0% at
1 and 2 years) and patients with fewer than 4 points of pelvic fixation (n = 261), where 1% (p = 0.57) and 2% (p > 0.99)
developed SIJP at 1 and 2 years, respectively. Of the 79 patients with iliac crest harvesting, none developed SIJP at the
1- or 2-year follow-up.

CONCLUSIONS Based on examination, the incidence of de novo SIJP following ASD surgery with pelvic fixation is low:
only 1% at the 1- and 2-year follow-ups. The large discrepancy between at least moderate regional reported pain but a

ABBREVIATIONS ASD = adult spinal deformity; CCl = Charlson Comorbidity Index; LL = lumbar lordosis; Pl = pelvic incidence; PSIS = posterior superior iliac spine; SI =
sacroiliac; SIJ = sacroiliac joint; SIJP = SIJ pain; S2Al = S2-alar-iliac; 3CO = 3-column osteotomy.
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negative provocative examination warrants further investigation as to the source of substantial pain in nearly one-quarter

of ASD patients postoperatively.

https://thejns.org/doi/abs/10.3171/2025.7.SPINE25454
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tention as a potential source of pain with an associ-

ated increase in the number of S1J fusions.! There is
also a growing body of work demonstrating coexisting SIJ
pain (SIJP) and spinal pathology, including adult spinal
deformity (ASD) and degenerative spine pathology.?* SIJ
fusion can therefore be performed in isolation or as part of
a larger spine operation.*

Pelvic fixation has become increasingly popular in
ASD surgery.’ Given the added stress to the S1J following
lumbosacral fusion and pelvic fixation, there is potential
for new-onset SIJP following spine fusion surgery in pa-
tients without preoperative SIJP.5-'> The purpose of this
study was to evaluate the incidence and risk factors for
developing new-onset SIJP following ASD surgery with
pelvic fixation in a large, multicenter, prospectively col-
lected database.

Methods

Data Source

A retrospective review was performed of a prospective,
multicenter, ASD database comprising data from 21 sites
across the United States and Canada. All patients were
enrolled in a protocol for which each site had obtained
institutional review board approval. Inclusion criteria for
the database were patients aged = 18 years who under-
went surgery for spinal deformity and met the following
criteria: 1) one or more of the following radiographic cri-
teria: sagittal vertical axis > 15 cm, pelvic incidence (PI)
minus lumbar lordosis (LL) > 25°, T1 pelvic angle > 30°,
thoracic scoliosis > 70°, thoracolumbar/lumbar scoliosis
> 50°, or global coronal alignment > 7 cm; 2) one or more
of the following surgical criteria: posterior spinal fusion
> 12 levels, 3-column osteotomy (3CO), or anterior-col-
umn reconstruction; or 3) age > 65 years and undergoing
a minimum of 7 levels of spinal instrumentation during
surgery (geriatric criteria). The database exclusion criteria
included any active spinal infection or neoplasm, spinal
deformity due to acute trauma, neuromuscular etiology,
syndromic scoliosis, inflammatory arthritis/autoimmune
diseases, prisoners, and pregnancy or immediate plans
to become pregnant. Specifically for this study, patients
were also excluded if they did not have pelvic fixation
placed at the index surgery and if they did not have an
S1J evaluation performed at baseline and a minimum of 1
year of follow-up. To evaluate specifically for new-onset
SIJP following surgery, patients with baseline SIJP were
excluded.

T HE sacroiliac (SI) joint (SIJ) has gained recent at-

Assessing SIJP

Included patients underwent an SIJP evaluation con-
sisting of a questionnaire of whether patients experienced
self-identified groin/buttock pain and/or posterior supe-
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rior iliac spine (PSIS) pain scores > 4 as indicated on a
pain diagram (Fig. 1). Patients with a positive question-
naire were indicated for an SIJ examination consisting of
5 provocative examination maneuvers: distraction, thigh
thrust, FABER (flexion/abduction/external rotation), com-
pression, and Gaenslen’s test (Fig. 2).!*!* Patients with >
3 positive examination findings were considered to have
SIJP, which has been shown to have a high sensitivity and
specificity in making the diagnosis.!

Other Variables Collected

Basic demographics and patient characteristics were
collected, including age, sex, BMI, and race. Baseline
comorbidities were reported as a Charlson Comorbidity
Index (CCI). Index procedure details included whether a
revision surgery was performed, the surgical approach,
osteotomy details, rod configuration including number of
rods, SIJ fusion details, upper instrumented vertebra, in-
terbody devices, number of pelvic screws, type of pelvic
screw, and whether iliac crest bone graft was harvested.
Radiographic parameters were reported including PI, LL,
PI-LL mismatch, pelvic tilt, sagittal vertical axis, L1 pel-
vic angle, T4 pelvic angle, and coronal vertical axis (C7
plumb line).

Statistical Analysis

Continuous variables are described as the mean and
SD. Patients were grouped as having SIJP postoperatively
or not and compared at 1 and 2 years for the following
combinations of pelvic fixation: 1) 4 pelvic fixation screws
versus < 4, and 2) traditional iliac fixation versus S2-alar-
iliac (S2AI) screws. The chi-square test was performed
between the groups. All statistical analyses were con-
ducted using commercially available software (IBM SPSS
Statistics version 22), and the level of significance was set
at p < 0.05 for all tests. Given the low rate of SIJP, further
comparative statistical analysis of spinopelvic parameters
between patients with SIJP and those without SIJP was
avoided due to difficulty translating the clinical impact of
those statistical findings.

Results
Patient Population

A total of 346 patients were identified for inclusion in
this study (Table 1). The mean patient age was 65 (SD 10)
years, 71% of patients were female, and the mean BMI
was 28 (SD 5). The mean baseline CCI was 1 (SD 1). All
patients (100%) underwent a posterior approach; in addi-
tion, 30% underwent a combined posterior-anterior ap-
proach, and 4% underwent a lateral approach. Most pa-
tients (67%) had a multirod construct (> 2 rods) and 20%
had a 3CO. Thirteen patients (4%) had an SIJ fusion per-
formed at the index procedure. Most patients (75%) had
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FIG. 1. Pain diagram used to screen for SIJP. A pain score of = 4 on
a scale of 0-10 of = 4 at the PSIS (circled) was considered a positive
screening result and an indication for an SIJ examination. © UCSF
Department of Neurosurgery, published with permission.

fewer than 4 pelvic screws placed and 25% had 4 pelvic
screws. A little more than half of the patients (53%) had
S2AI screws placed, with the remaining patients having
traditional iliac fixation (47%). Sagittal and coronal align-
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ment parameters were reported at baseline and at follow-
up (Table 2). Seventy-nine patients underwent iliac crest
harvesting as a part of the index procedure, none of whom
went on to develop SIJP at the 1- or 2-year follow-up. At
baseline, even after excluding patients with SIJP as deter-
mined by examination, 214 patients (62%) had a positive
SIJP screening questionnaire with self-reported buttock/
groin pain and/or PSIS pain scores = 4.

One-Year Postoperative SIJ Evaluation

All 346 patients in this study were screened for pos-
sible SIJP at 1 year with the administration of a question-
naire of self-reported buttock/groin pain and/or PSIS pain
scores = 4. Of these patients, 82 (24%) answered positively
and were indicated for an SIJ examination; 63 patients un-
derwent an SIJ examination, and only 3 patients (1%) had
> 3 positive provocative examination findings and were
diagnosed with SIJP (Fig. 3). One of these 3 patients later
received an SIJ injection with a favorable result, as indi-
cated by significant regional pain improvement. All 3 of
the patients diagnosed with SIJP had a single S2AI pelvic
screw placed bilaterally (Table 3). There was no statisti-
cal difference between the rate of new postoperative SIJP
among patients who had 4 pelvic screws (0/85, 0%) and
those with < 4 pelvic screws (3/261, 1%) (p = 0.57). Simi-
larly, there was no statistical difference between the rate of
SIJP between patients with traditional iliac fixation (0/162,
0%) versus those with S2AT screws (3/184, 2%) (p = 0.25).

FIG. 2. Provocative tests for SIJP assessment. All patients with a positive screening result on a questionnaire for possible SIJP
were indicated for an SIJ examination, consisting of 5 provocative examination maneuvers: distraction (A); thigh thrust (B); flexion,
abduction, and external rotation (FABER, C); compression (D); and Gaenslen’s test (E). For the individual test to be positive, it
must reproduce a patient’s pain in the perceived SIJ region. © UCSF Department of Neurosurgery, published with permission.
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TABLE 1. Baseline patient characteristics and index procedure
details

Value

Mean age, yrs 65+ 10
Female sex 246 (71)
Race

Asian 3(1)

Black 8(2)

White 324 (94)

Other 11(3)
BMI 28+5
Revision prior thoracic &/or lumbar fusion 138 (40)
Baseline CCl 1+1
Surgical approach

Posterior 346 (100)

Anterior 103 (30)

Lateral 15 (4)
3CO 70 (20)
Multirod (>2) construct 231 (67)
Kick stand rod 30 (9)
SlJ fusion performed at index procedure 13 (4)
Upper instrumented vertebra

Cervical 6(2)

Upper thoracic, T1-6 158 (46)

Lower thoracic, T7-12 167 (48)

Lumbar 15 (4)
No. of pelvic screws

4 85 (25)

<4 261 (75)
Type of pelvic screw

Traditional iliac screw 162 (47)

S2Al screw 184 (53)
lliac crest bone graft harvest 79 (23)

Values are presented as the number of patients (%) or mean + SD.

Two-Year Postoperative SIJ Evaluation

Of the 346 patients in this study, 138 had an SIJ evalu-
ation at the 2-year follow-up. Of these patients, 31 (22%)
had self-reported buttock/groin pain and/or PSIS pain
scores > 4, 17 patients underwent the indicated SIJ exami-
nation, and 2 patients (1%) had = 3 positive provocative ex-
amination findings and were diagnosed with SIJP (Fig. 4).
Both patients with a positive SIJ examination underwent
an SIJ injection with a favorable result, as indicated by
significant regional pain improvement. In addition, both
patients with SIJP had a single S2AI pelvic screw placed
bilaterally (Table 4). There was no statistical difference
between the rate of SIJP among patients with 4 pelvic
screws (0/20, 0%) and those with < 4 pelvic screws (2/118,
2%) (> 0.99). In addition, there was no statistical differ-
ence in the rate of SIJP between patients with traditional
iliac fixation (0/55, 0%) and those with S2AI screws (2/83,
2%) (p =0.52).
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TABLE 2. Radiographic parameters

Mean + SD
Baseline 1-yr Follow-Up
PI, ° 55+ 13 55+ 13
LLL1-S1,° 34 £22 50+ 14
LL L4-81,° 33+15 3711
PI-LL mismatch,® 21+20 5+£13
Pelvic tilt, ° 26+ 10 22+9
SVA, cm 71+6.6 2846
L1PA, ° 12+10 9+8
TAPA, © 22+12 14 £9
C7 plumb ling, cm 29+28 2017

L1PA = L1 pelvic angle; SVA = sagittal vertical axis; T4PA = T4 pelvic angle

Discussion

The SIJ has gained recent attention as a potential
source of pain among patients with degenerative spinal
pathology. Even among patients who lack SIJP before
spine fusion surgery, there is some concern that fixation
within the lumbosacral spine and pelvis can add stress on
the adjacent SI joints, creating the possibility for new on-
set SIJP. However, in this study of 346 ASD patients with
prospective data from 21 centers, the rate of new onset
SIJP was very low: only 1% at the 1- and 2-year follow-
ups. The relatively high rate of at least moderate PSIS pain
scores that persist postoperatively highlights the need for
the SIJ examination, which has been shown to have a sen-
sitivity of 85% with a threshold of = 3 positive provocative
examination maneuvers.”> All patients who developed de
novo SIJP had a single S2AI screw placed on either side of
the pelvis, and only 4% of patients had a prophylactic SIJ
fusion as part of the index operation.

Previous studies examining the rate of de novo SIJP
following a spine fusion have reported rates varying from
1% to 90%.515-8 The wide variation in the reported rate of
SIJP could be due to study design, patient selection, and
diagnostic criteria for SIJP. For example, the study with
a 90% rate of postoperative SIJP only included patients
with numeric rating scale pain scores > 7 at 1 year after
lumbar fusion surgery (n = 94).7 All 94 patients under-
went a series of two 2D-guided SIJ injections and finally
a third 3D-guided SIJ injection until they had a positive
result, defined as local pain improvement. Of these pa-
tients, 85 (90%) had a reduction in SIJP after one of the 3
injections. Tonosu et al. performed a multicenter prospec-
tive study that included 90 spine fusion patients; only 1
patient (1%) developed postoperative SIJP, similar to the
rate found in this study.' Unoki et al. reported on 262 pa-
tients, most with fusions that did not include the sacrum
(n = 201) versus 61 who had fusions to the sacrum.”” Of
those 262 patients, 11% developed SIJP, without a differ-
ence in the rate of SIJP between those who had fusion to
the sacrum and those with at least 1 preserved level above
the sacrum. However, when the same group performed
a subanalysis of 77 patients with > 3 fused levels, they
found that those with pelvic instrumentation (S2AI) had
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Deformity database patients with pelvic fixation and SI joint eval at baseline and 1 year N=361

v

Baseline SI joint pain by
questionnaire and exam N=15

No SI joint pain at baseline prior to index surgery N=346

Without self-reported buttock-groin

v

v

pain and/or PSIS pain score <4 N=264

Self-reported buttock-groin pain and/or PSIS pain score >4 N=82

Failed to undergo indicated SI joint

v

A 4

exam N=19

Underwent S1 joint exam N=63

Negative SI joint exam with <3
| positive provocative maneuvers N=60

v

Positive SI joint exam with 3+ positive provocative maneuvers N=3 or a
1% incidence of SI joint pain at 1-year follow up

FIG. 3. Flowchart for determining the rate of de novo SIJP at the 1-year follow-up.

the lowest rate of SIJP (4%) compared with those with a
lower instrumented vertebra of L5 (17%) or S1 (26%).%°
Liliang et al. performed a prospective cohort study over a
2-year period that included 397 patients who underwent a
lumbar/lumbosacral fusion, 130 of whom underwent addi-
tional evaluation for persistent back pain > 3 months dur-
ing the postoperative period and 21 (5%) of whom were
ultimately diagnosed with SIJP by injection.® Another
study of 156 patients who underwent pelvic fixation with
only S2AI screws found a 3% rate of SIJP, which is similar
to the present study of a 2% rate of new-onset SIJP with
S2AI screws.?!

All patients in the present study who developed SIJP
had a single S2AI screw across the SIJ. While S2AI
screws have gained recent popularity due to their low pro-
file, less soft tissue dissection over the pelvis, and in-line
starting point with pedicle screws, the impact on the SIJ
is not well established.?>?3 With increasing evidence that
the SIJ does have motion and a single S2AI screw can
limit SIJ range of motion by 59% in flexion/extension and
36% in rotation, the impact of the S2AI screw on the SIJ
cannot be ignored.?** However, the literature is mixed on
whether S2AI screws actually lead to a higher rate of SIJP
than traditional iliac fixation. Elder et al. found a similar

TABLE 3. Baseline and index surgical details for patients with SIJP at 1 year

Age, yrs Sex BMI Surgical Approach Interbody Fusion 3CO No.of Rods SIJ Fusion UIV No. of Pelvic Screws Type of Pelvic Screws

1 30 F 30 Posterior L4-S1 TLIF No 4 No T3 2 S2Al
2 51 F 34 Posterior No No 2 No T 2 S2Al
3 62 F 29 Posterior No No 2 No T4 2 S2Al

TLIF = transforaminal interbody fusion; UIV = upper instrumented vertebra.
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Deformity database patients with pelvic fixation, no SI joint pain at baseline,
and two year follow up N=138

Without self-reported buttock-groin

v

v

pain and/or PSIS pain score <4 N=107

Self-reported buttock-groin pain and/or PSIS pain score >4 N=31

Failed to undergo indicated SI joint

v

exam N=14

A 4

Underwent SI joint exam N=17

Negative SI joint exam with <3
positive provocative maneuvers N=15

v

v

Positive SI joint exam with 3+ positive provocative maneuvers N=2 or a
1% incidence of SI joint pain at 2-year follow up

FIG. 4. Flowchart for determining the rate of de novo SIJP at the 2-year follow-up.

rate of postoperative SIJP between traditional iliac fixa-
tion (12%) and S2AI screws (8.8%) (p = 0.7), although they
used a diagnostic criteria of only = 2 positive provocative
examination maneuvers.” In the series by Diesing et al.,
71 ASD patients included 60 with traditional iliac fixation
and 11 with S2AT screws and found that all 9 patients who
experienced SIJP postoperatively had traditional iliac fixa-
tion placed.®

More than 2 points of pelvic fixation or “multipoint”
fixation has also gained recent popularity to lower the rate
of lumbopelvic complications.?’?® In the presented study,
85 patients (25%) had 4 points of pelvic fixation, none of
whom went on to develop SIJP postoperatively. Prior work
has shown that the SIJ might have more motion than previ-
ously appreciated, and a single pelvic screw can limit that
motion.*** Therefore, an explanation for these findings
may be that additional pelvic fixation limits the SIJ motion
even further and prevents it from becoming a pain genera-
tor. Future biomechanical studies are warranted to support

this hypothesis, and follow-up studies with larger sample
sizes might support the benefit of multipoint fixation in
preventing de novo SIJP.

While the rate of postoperative patient self-reported
buttock/hip pain and/or PSIS pain scores = 4 was relatively
high at the 1- and 2-year follow-ups (24% and 22%, respec-
tively), this was still much improved from a preoperative
rate of 62%, even after excluding patients with a positive
preoperative SIJ examination. We can only speculate as to
the cause for PSIS pain scores in the absence of a positive
SI1J examination, but it could be due to a combination of
facet lumbosacral arthritis, myofascial pain, hip pathology,
or other conditions. Future studies are warranted to further
explore this patient population. The large discrepancy be-
tween the PSIS pain scores and a positive SIJ examination
highlights the need for a detailed SIJ examination.

Limitations of this study include that not every patient
who answered positively on the SIJ screening question-
naire underwent the indicated SIJ examination, which

TABLE 4. Baseline and index surgical details for patients with SIJP at 2 years

Age,yrs Sex BMI Surgical Approach

Interbody Fusion 3CO No. of Rods SIJ Fusion UIV No. of Pelvic Screws Type of Pelvic Screws

1 70 M 31 Anterior + posterior L1-4 ALIF No

2 No ™ 2 S2Al

2 47 M 23 Posterior L3-5 PLIF No

2 No T5 2 S2Al

ALIF = anterior lumbar interbody fusion; PLIF = posterior lumbar interbody fusion.
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could have had an impact on our reported rate of SIJP if
some of those untested patients had a positive result on
examination. In addition, not every patient who had a posi-
tive SIJ examination, which inherently has some subjec-
tive limitations, underwent a confirmatory SIJ injection,
which is traditionally the gold standard for diagnosing
SIJP. Although the data were prospectively collected, the
study design is retrospective, which could introduce selec-
tion and/or information biases. Finally, given the relatively
low incidence of SIJP, we were likely underpowered to
detect a significant difference in the rate of SIJP between
pelvic fixation techniques.

Conclusions

In this multicenter, prospective ASD database, the rate
of new-onset SIJP was low: only 1% at the 1- and 2-year
follow-ups. The large discrepancy between regional pain
scores and a positive SIJ evaluation highlights the need
for a detailed SIJ examination. The high rate of persistent
PSIS pain scores at follow-up warrants further investiga-
tion.
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