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Abstract

Study Design: Retrospective Study.

Objectives: Sacroiliac buttress screws (SBS) and S2 alar iliac screws (SAI) are used as distal screws in cases with long fusion to
the pelvis. Distal fixation ends, whether exceeding the sacroiliac joint (SIJ), may affect postoperative degenerative changes in the
SIJ. The aim of this study was to investigate SIJ degeneration after lumbosacral and lumbopelvic fixation, using SBS and SAI in
degenerative spine diseases, respectively.

Methods: This study included 70 patients aged �50 years with lumbosacral fusion (>3 levels). They were divided into 2 groups
(SBS 20 and SAI 50 cases) based on the type of distal screws. Radiographical and clinical data were reviewed with a minimum
2-year follow-up. Radiographical SIJ degeneration was analyzed using computed tomography; clinical outcomes were evaluated
using visual analog scale (VAS) and Japanese Orthopaedic Association Back Pain Questionnaire (JOABPEQ).

Results: No significant differences were observed in patients’ preoperative characteristics between the 2 groups. The incidence
of SIJ degeneration, including osteophyte formation (30.0% and 8.0%, p ¼ 0.03), intraarticular air (75.0% and 16.0%, p < 0.001),
and subchondral cyst (20.0% and 2.0%. p ¼ 0.02) in SBS and SAI groups, respectively, at the follow-up, was significantly higher in
the SBS group. Although SIJ degenerative changes were significantly different between the SBS and SAI groups, there was no
significant difference in VAS and JOABPEQ scores between the groups at 2 years post-surgery.

Conclusions: Lumbosacral fusion can cause SIJ degeneration, which is more frequent when SBS are used in fixation to the
sacrum.
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Introduction

Pseudarthrosis and implant failures at the lumbosacral junction

have been a concern. Anatomical complex biomechanics, due to

dynamic stress, increase the risk of failures in this area, thereby

necessitating rigid distal end fixation for the maintenance of

proper spinal balance.1 Solitary fixation, using S1 pedicle screws,

is often associated with insufficient outcomes in long adult

fusions.2 Therefore, additional sacral and pelvic fixation tech-

niques to spinal instrumentations have been developed to reduce

complications and promote fusion at the lumbosacral junction,3

including intrasacral rods and screws,4,5 S2 pedicle screws,6 iliac

screws,2,7 and S2 alar iliac screws (SAI).8,9 Although various

surgical techniques and instrumentations have been reported,

they can be grouped into 2 types, i.e. “fixation to the sacrum”

or “fixation across the sacroiliac joint (SIJ) to the iliac bone.”
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The intrasacral rod, Jackson technique, is one of the strong

distal anchors used for “fixation to the sacrum.” In this tech-

nique, rods are inserted into the lateral sacral mass and attached

to segmental pedicle screws.4 These rods are stabilized by the

subchondral bone of the sacrum at the SIJ with iliac buttress

coverage. However, using intrasacral rods is technically

demanding while connecting proximal screws in the lumbar

spine. Therefore, Fukuda et al reported sacroiliac buttress

screws (SBS) as an alternative for these intrasacral rods.5 In

their technique, polyaxial screws were inserted into the sacrum,

instead of the rods, and the polyaxial screw head provides an

easier assembly of the rods and screws than intrasacral rods.

Iliac screws and SAI are also useful instruments for distal

anchoring, which are used in the “fixation across the SIJ to the

iliac bone.”2,7-10 Extending the instrumentation to the iliac

bone provides a strong distal foundation to resist the substantial

cantilever forces on the sacrum. Several potential advantages

of SAI have been reported, such as lower rates of implant

failure, screw head prominence, postoperative pain, and wound

dehiscence,11 and they are often used in long spinal instrumen-

tation and fusion.

Although these additional sacral and pelvic fixations pro-

vide better stabilization, SIJ arthritis and pain may occur after

surgery.12-14 Adjacent segment degeneration could occur in the

SIJ in cases with fixation to the sacrum, while SIJ degeneration

might be accelerated by partial destruction of the articular car-

tilage in the SIJ due to SAI insertion. Although the rate of SIJ-

related pain after lumbosacral fixation has been reported at

4.2%–31.7%,13,14 the degree of radiographical degenerative

changes remains unclear. Moreover, there are few reports com-

paring the degree of radiographical degenerative changes in the

SIJ between “fixation to the sacrum” and “fixation across the

SIJ to the iliac bone.”

The aims of this study were to investigate the radiographical

degenerative changes in the SIJ and the clinical symptoms after

lumbosacral fixation and to compare them between cases with

SBS and SAI with a minimum 2-year follow-up period.

Materials and Methods

We retrospectively reviewed prospectively collected data from

a single center between 2010 and 2016. Written informed con-

sent was obtained from all patients. Data were analyzed after

obtaining approval from the Ethics Committee. Ethical

approval was obtained from the Konan Kosei Hospital institu-

tional ethics committees (IRB approved no., 25-022[0174]).

We included patients with lumbosacral fixation using SBS or

SAI for degenerative spine diseases. Enrollment criteria were

age >50 years, fusion level >3, and a minimum follow-up of

>2 years. We excluded cases with syndromic scoliosis, other

neurological disorders, or mental disorders because of the dif-

ficulty in obtaining the changes in clinical symptoms. Finally,

70 cases (SBS: 20 and SAI: 50 cases) were included. SAI were

used at our institution beginning in 2013. We included patients

for whom SBS were used between 2010 and 2012 and for

whom SAI were used between 2013 and 2016. To minimize

selection bias, we selected the surgical instrumentation tech-

niques depending on the date of surgery.

Radiographical Assessment of SIJ

According to the definition described by Ha et al,15 SIJ degen-

eration was evaluated by computed tomography (CT) 1 and 2

years after surgery. A 64-line multislice CT (Light Speed VCT;

GE Healthcare Bio-Sciences, Piscataway, NJ, USA) was used

for the CT examination. The diagnosis of SIJ degeneration was

based on the presence of one or more of the following CT

findings: increased or new formation of osteophyte, intraarti-

cular air, subchondral cyst, and intraarticular bone fragment.

Clinical Assessments

We evaluated the results of the Japanese Orthopaedic Associ-

ation Back Pain Evaluation Questionnaire (JOABPEQ) preo-

peratively and at 2 years post-surgery. The JOABPEQ includes

25 questions covering 5 domains: pain-related disorders, lum-

bar spine dysfunction, gait disturbance, social life dysfunction,

and psychological disorders.16,17 The scores for each domain

were calculated according to official guidelines, ranging from 0

to 100 points, with a higher score indicating better health status.

The JOABPEQ also incorporates the visual analog scale (VAS)

scores for low back pain, pain in the buttocks and lower limbs,

and numbness of the buttocks and lower limbs.

Statistical Analysis

Each variable was reported as mean + standard deviation.

Comparisons between the 2 groups were performed using the

Mann–Whitney U test or Fisher’s exact test. To analyze the risk

factors of SIJ degeneration, we performed stepwise logistic

regression. A p value less than 0.05 was considered statistically

significant. All analyses were conducted using SPSS version 26

(SPSS, Chicago, IL, USA).

Table 1. Patients’ Baseline Data.

SBS SAI p

Number of cases 20 50
Age (years old) 69.5 + 5.5 73.2 + 7.3 0.71
Sex (male/ female) 13/7 35/15 0.78
BMI 23.0 + 2.6 24.1 + 3.8 0.23
DM 25.0% 28.0% 1.00
Smoking history 15.0% 26.0% 0.53
Number of fusion segments 6.2 + 2.9 7.5 + 3.3 0.80
Preoperative radiographical findings
Osteophyte 80.0% 82.0% 1.00
Intraarticular air 55.0% 72.0% 0.26
Subchondral cyst 15.0% 12.0% 0.71
Intraarticular bone fragment 0 0 1.00

SBS: sacroiliac buttress screws, SAI: S2 alar iliac screw, BMI: body mass index,
DM: diabetes mellitus, statistical analysis: Mann–Whitney U test and Fisher’s
exact test
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Results

There were no significant differences in the patients’ preopera-

tive characteristics between the 2 groups in terms of age (69.5

+ 5.5 and 73.2 + 7.3 years), sex (male/female: 13/7 and 35/

15), body mass index: BMI (23.0 + 2.6 and 24.1 + 3.8),

presence of diabetes mellitus (25.0% and 28.0%), smoking

history (15.0% and 26.0%), and number of fusion segments

(6.2 + 2.9 and 7.5 + 3.3 levels) as shown in Table 1. Pre-

operative SIJ degeneration was found in terms of osteophyte

formation (80.0% and 82.0%, p ¼ 1.00), intraarticular air

(55.0% and 72.0%, p ¼ 0.26), subchondral cyst (15.0% and

12.0%, p ¼ 0.71), and intraarticular bone fragment (0% and

0%, p ¼ 1.00) in the SBS and SAI groups, respectively, which

was not significantly different (Table 1).

Postoperative increases in, or new formation of, these

degenerative changes were detected after 1 and 2 years post-

surgery compared with preoperative findings (Figures 1 and 2).

The rate of postoperative increases or new formation of intraar-

ticular air was significantly higher in the SBS group than in the

SAI group (50.0% and 20.0%, p¼ 0.04; Table 2) at 1 year post-

surgery, although there were no significant differences in

osteophyte formation, subchondral cyst, and intraarticular bone

Figure 1. A representative case with postoperative sacroiliac joint (SIJ) degeneration after using sacroiliac buttress screws (SBS). Preoperative
X-rays showing scoliosis (Cobb angle: 27�) (A), anterior-posterior combined fusion from T10 to sacrum was performed by using SBS (B), and
postoperative CT at 2 years showing a subchondral cyst (white arrow) (C).
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fragment (Table 2). Most of these degenerative changes

progressed until 2 years post-surgery. Postoperative increases

or new formations of osteophyte formation (30.0% and 8.0%,

p ¼ 0.03), intraarticular air (75.0% and 16.0%, p < 0.001), and

subchondral cyst (20.0% and 2.0%, p ¼ 0.02) were signifi-

cantly higher in the SBS group, but there was no difference

in intraarticular bone fragment (5.0% and 0%, p ¼ 0.29)

(Table 2).

Patients that exhibited any SIJ degenerative changes,

including the formation of osteophyte, subchondral cyst, or

intraarticular bone fragment, were diagnosed with SIJ degen-

eration. A total of 14 cases had SIJ degeneration (20.0%).

There were no significant differences in age (70.6 + 7.0 and

72.6 + 7.0, p ¼ 0.35), male sex (21.4% and 33.9%, p ¼ 0.37),

fixation level number (5.6 + 2.8 and 7.5 + 3.2, p ¼ 0.06), or

smoking (14.3% and 25.0%, p ¼ 0.39) in cases with and with-

out SIJ degeneration, respectively; however, SBS was signifi-

cantly more utilized (9/20 and 5/50 cases with SBS and SAI

respectively, p ¼ 0.001) in cases with SIJ degeneration. Logis-

tic regression analysis showed that SBS was the only signifi-

cant factor associated with SIJ degeneration (OR 7.36, 95% CI:

2.05-26.39, p ¼ 0.002).

Regarding the clinical symptoms, assessed using JOAB-

PEQ, there was no preoperative significant difference in all 5

Figure 2. A representative case with postoperative sacroiliac joint (SIJ) degeneration after using S2 alar iliac screws (SAI). Preoperative X-rays
showing scoliosis (Cobb angle: 31�) (A), anterior-posterior combined fusion from T10 to pelvis was performed by using SAI (B), and post-
operative CT at 2 years showing a subchondral cyst (white arrow) (C).
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domains of the JOABPEQ and the 3 areas of VAS (Table 3).

Significant clinical improvements were achieved in both

groups in all domains and all VAS assessments at 2 years

post-surgery. Although degenerative changes in the SIJ were

significantly different between the SBS and SAI groups, there

was no significant difference in all 5 domains of the JOABPEQ

and the 3 areas of VAS between the 2 groups at 2 years post-

surgery (Table 3).

Discussion

This study showed that degenerative changes in the SIJ, occur-

ring after lumbosacral fixation, were significantly more

frequent with SBS usage than SAI usage in terms of postopera-

tive increases or new formations of osteophyte formation,

intraarticular air, and subchondral cyst. Although there was

no significant difference in the clinical symptoms assessed by

the JOABPEQ at a short-term follow-up of 2 years post-

surgery, lumbosacral fixation to the sacrum accelerated the

degenerative changes in the SIJ, which might be a cause of

long-term SIJ-related pain after surgery.

Although lumbosacral fixation with long spinal instrumen-

tation is performed in spinal deformity and revision surgery,

this presents a challenge due to the frequent mechanical com-

plications and pseudarthrosis, despite additional sacral and pel-

vic fixations to spinal instrumentations.8,18,19 Furthermore, SIJ

arthrosis and the related pain after surgery have been under-

estimated, but it is a clinically important issue. Adjacent seg-

ment degeneration is a well-known sequela after spinal fusion

surgery,20 and similar biomechanical responses could be a

cause of SIJ arthrosis and pain after surgery. Baria et al con-

ducted a human cadaveric study to analyze the effects of lower

lumbar arthrodesis and sacroiliac screws on SIJ biomecha-

nics.21 They found that flexion-extension loading on the SIJ

increased significantly after 1- or 2-level lumbosacral spine

arthrodesis, and this overloading could accelerate SIJ degen-

eration as in adjacent segment degeneration of the spine.

In terms of radiographical changes in the SIJ after lumbar

fusion surgery, various reports have indicated an association

with clinical symptoms. Froning and Frohman22 first pointed

out a possible association between persistent lumbar pain and

SIJ, and increased uptake in bone scintigraphy has been

reported in other studies.23,24 Ha et al15 investigated SIJ degen-

eration by CT, as done in our study, and reported that the rate of

SIJ degeneration in cases with lumbar/lumbosacral fusion was

significantly higher (75.0% of 32 cases) than it was in the

control group (38.2% of 34 cases). In addition, they reported

that the incidence of radiographical SIJ degeneration was

higher in patients with fusion down to S1 (100% of 10 cases)

than in those with fusion down to L5 (64% of 14 cases),

although there was no significant difference in their clinical

symptoms, assessed by the Oswestry Disability Index and

VAS. Another study25 also reported a higher incidence of

degenerative changes in cases with fusion to S1 than cases with

fusion to L5, indicating that lumbosacral fusion could be asso-

ciated with SIJ degeneration.

Regarding SIJ degeneration after the fixation across the SIJ

to the iliac bone, a couple of studies have addressed a lower

incidence of SIJ degeneration. Unoki et al investigated SIJ-

related pain after multisegmented spinal fusion in 77 patients

by comparing the lower fixation end of L5 (30 cases), sacrum

(23 cases), and pelvis (24 cases) with a minimum 2-year fol-

low-up.14 SIJ-related pain was diagnosed using a diagnostic

scoring system,26 and its incidence rates were found to be

16.7%, 26.1%, and 4.2% in the lower fixation end of L5,

Table 2. Postoperative Increased or New Formation of Osteophyte,
Intraarticular Bone Fragment, Intraarticular Air, and Subchondral Cyst
Compared With Preoperative Findings.

SBS SAI p

1-year post surgery
Osteophyte 5.0% 0% 0.29
Intraarticular air 50.0% 22.0% 0.04
Subchondral cyst 5.0% 2.0% 0.49
Intraarticular bone fragment 0% 0% 1.00

2-year post-surgery
Osteophyte 30.0% 8.0% 0.03
Intraarticular air 75.0% 16.0% <0.001
Subchondral cyst 20.0% 2.0% 0.02
Intraarticular bone fragment 5.0% 0% 0.29

SBS: sacroiliac buttress screws, SAI: S2 alar iliac screw, statistical analysis:
Fisher’s exact test

Table 3. Preoperative and Postoperative JOABPEQ.

SBS SAI p

Preoperative
Low back pain domain 27.7 + 25.4 27.2 + 25.4 0.82
Lumbar function domain 30.6 + 29.2 40.9 + 23.5 0.13
Walking ability domain 22.9 + 25.5 23.1 + 23.2 0.86
Social life function domain 32.7 + 23.3 28.3 + 19.4 0.42
Mental health domain 32.4 + 17.6 33.8 + 20.8 0.89
VAS: Low back pain 64.7 + 32.6 70.0 + 28.0 0.63
VAS: pain in buttocks and lower

limbs
69.1 + 22.5 66.7 + 29.6 0.84

VAS: numbness in buttocks and
lower limbs

62.5 + 30.2 64.9 + 33.0 0.62

2-year post surgery
Low back pain domain 64.9 + 34.0 48.3 + 38.1 0.12
Lumbar function domain 38.4 + 27.6 31.1 + 26.2 0.37
Walking ability domain 40.4 + 21.7 30.6 + 25.5 0.10
Social life function domain 43.8 + 20.9 40.2 + 22.9 0.41
Mental health domain 45.9 + 14.0 41.0 + 19.1 0.19
VAS: Low back pain 31.4 + 21.6 40.3 + 30.7 0.35
VAS: pain in buttocks and lower

limbs
34.4 + 29.6 38.4 + 33.8 0.71

VAS: numbness in buttocks and
lower limbs

55.1 + 32.5 41.8 + 31.6 0.17

JOABPEQ: Japanese Orthopaedic Association Back Pain Evaluation Question-
naire, SBS: sacroiliac buttress screws, S2 alar iliac screw: SAI, VAS: visual analog
scale, statistical analysis: Mann–Whitney U test
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sacrum, and pelvis, respectively, which were the highest in

cases at lower end of the sacrum. Ohtori et al also reported

favorable outcomes after lumbosacral fixation with iliac

screws.12 They reported no cases with SIJ-related pain and

degeneration in 20 cases with a minimum 3 years of

follow-up. In contrast to their report, SIJ degeneration was

recognized even by fixation to the pelvis in the current study

using SAI; however, the differences in 1) types of lower end

screws (SAI14 and iliac screws12) and 2) the criteria of SIJ

degeneration (intraarticular air and subchondral cyst were not

assessed in previous reports12,14) might affect the results. SAI

penetrate the SIJ, unlike iliac screws; hence, according to the

strict evaluation criteria, SIJ degeneration might be induced by

SAI due to partial destruction of the articular cartilage. There-

fore, a future comparative study is required to compare SIJ

degeneration between SAI and iliac screw usage.

This study had a couple of limitations. First, the sample size

was only 70 cases, which was insufficient. In addition, since the

minimum follow-up was 2 years, a future large-scale study is

necessary to validate the current result. Second, regarding the

clinical symptoms, it was difficult to diagnose SIJ-related pain

accurately due to a lack of established diagnostic criteria.25,27

Several studies used an injection test or their original scoring

system based on clinical symptoms, but we used LBP-related

quality of life questionnaire and VAS scores. Although there

was no significant difference in clinical symptoms in the cur-

rent study, a prospective study, including objective evaluation

tests, should be performed to clarify the relationship between

SIJ degeneration and pain. Third, although JOABPEQ was

used in this study, it is not a traditionally used method of

evaluation, such as Oswestry Disability Index (ODI). JOAB-

PEQ was developed by the Japanese Orthopaedic Association

in 2007 as patient-reported outcomes evaluating low back pain

more comprehensively. However, JOABPEQ is not an inter-

nationally recognized method, and this can be a limitation of

this study. Finally, although our objective was >50 years old,

the progress of SIJ degeneration in young adults is more impor-

tant with respect to clinical prognoses. The results obtained in

the present study should be reinvestigated whether these are

consistent for cases <50 years of age.

Conclusion

Degenerative changes in the SIJ, occurring after lumbosacral

fixation, were significantly frequent with SBS usage compared

to those with SAI usage. Lumbosacral fixation to the sacrum

using SBS may accelerate degenerative changes in the SIJ

compared with fixation to the iliac bone using SAI; therefore,

careful long-term follow-up is required.
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