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Objective: Two commonly used techniques for spinopelvic fixation in adult deformity sur-
gery are iliac screw (IS) and sacral 2 alar-iliac screw (S2AI) fixations. In this article, we sys-
tematically meta-analyzed the complications of sacropelvic fixation for adult deformity sur-
gery comparing IS and S2AIL.

Methods: The PubMed, Embase, Web of Science, and Cochrane clinical trial databases
were systematically searched until March 29, 2023. The proportion of postoperative com-
plications, including implant failure, revision, screw prominence, and wound complica-
tions after sacropelvic fixation, were pooled with a random-effects model. Subgroup analy-
ses for the method of sacropelvic fixation were conducted.

Results: Ten studies with a total of 1,931 patients (IS, 925 patients; S2AI, 1,006 patients)
were included. The pooled proportion of implant failure was not statistically different be-
tween the IS and S2AI groups (21.9% and 18.9%, respectively) (p = 0.59). However, revi-
sion was higher in the IS group (21.0%) than that in the S2AI group (8.5%) (p =0.02). Ad-
ditionally, screw prominence was higher in the IS group (9.6%) than that in the S2AI group
(0.0%) (p<0.01), and wound complication was also higher in the IS group (31.7%) than
that in the S2AI group (3.9%) (p < 0.01).

Conclusion: IS and S2AI fixations showed that both techniques had similar outcomes in
terms of implant failure. However, S2AI was revealed to have better outcomes than IS in
terms of revision, screw prominence, and wound complications.

Keywords: Adult deformity surgery, Complications, Iliac screw, Meta-analysis, Sacropel-
vic fixation, S2 alar-iliac screw

failure.! Many methods have been documented throughout the

years, but the iliac screw (IS) and sacral 2 alar-iliac screw (S2AI)

Treatment of spinal deformities affecting the lumbosacral  fixations are the most frequently performed methods, with more

junction has progressed to a significant dependence on pelvic ~ biomechanical stability than other techniques."*

fixation to establish a more stable base, leading to improved fu- IS is inserted at the posterior superior iliac spine (PSIS) inde-

sion outcomes and decreased instances of lumbosacral fixation ~ pendent of other points of fixation, targeting the superior ace-

Www.e-neurospine.org 1469


http://crossmark.crossref.org/dialog/?doi=10.14245/ns.2346654.327&domain=pdf&date_stamp=2023-12-31

Shin HK, et al.

Iliac & S2 Alar-Iliac Screw Fixation for Adult Deformity Surgery

tabular notch or anterior superior iliac spine. However, the place-
ment of IS requires more extensive soft-tissue dissection and
complex connector systems during the operation and leads to
instrumentation pain, screw prominence, and wound compli-
cations, postoperatively.*® Therefore, the S2AI was introduced
in 2007 to overcome the challenges associated with IS fixation.
This approach utilizes a lower profile and more medialized screw
head than IS and has been supported by several studies demon-
strating lower complication rates."” Theoretically, the S2AI of-
fers several potential advantages over the IS technique. Its in-
sertion point is deeper, and offset use is typically unnecessary
because the starting point of an S2AI screw aligns with that of
the S1 pedicle screw at the S2 alar.'® Several comparative studies
have evaluated the outcomes of IS and S2AI techniques in spi-
nal pelvic fixation. Nevertheless, the findings of these studies
have been inconclusive. While some studies'"'> have shown that
the S2AI technique has lower rates of implant failure and revi-
sion surgery than those of IS fixation, other studies'*'* have not
found consistent results.”"” As pelvic fixation techniques have
become more popular in recent years, several multicenter stud-
ies with large numbers of patients have been conducted.'*"

The objective of the current study was to perform a meta-anal-
ysis comparing IS and S2AI fixation techniques in patients with
adult deformities, with a focus on postoperative outcomes, con-
sidering recent multicenter studies with large numbers of pa-
tients.

MATERIALS AND METHODS

This research was conducted in accordance with the PRISMS
(preferred reporting items for systematic reviews and meta-anal-
yses) guidelines.”” We performed a meta-analysis and systemat-
ic review of clinical studies on sacropelvic fixation for deformity
surgeries comparing IS and S2AI fixations.

1. Search Strategy

We searched records in PubMed, Embase, Web of Science,
and Cochrane clinical trial databases since their inception until
March 29, 2023. The following search queries were included: IS
and S2AI synonyms and related terms, including (iliac) AND
(S2AI OR [sacral 2 alar iliac] OR [S2 alar iliac] OR [sacral two
alar iliac]). In addition, we reviewed the references of all the cho-
sen articles to identify any other relevant studies. Two reviewers
(HKS and JHP) conducted the literature search and selection
independently. In case of disagreements between the reviewers,
consensus was achieved through a thorough discussion.
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2. Study Selection

Patients, interventions, outcomes, and study design (PICOS)
criteria were used to choose inclusion for the studies. PICOS
criteria in this article were as follows: (1) “patients” with adult
deformity surgery using iliac fixation, (2) IS or S2AI as the “in-
tervention,” (3) no relevant “comparator;’ (4) complications as
the “outcome;” and (5) original articles for “study design” The
exclusion criteria included the following: (1) nonoriginal arti-
cles; (2) not in the field of interest; (3) no comparative study be-
tween IS and S2AI; (4) biomechanical, technical, or cadaveric
studies; (5) overlap in study population; and (6) not written in
English. When research populations overlapped, the study with
the most comprehensive data was included. If the data were not
sufficient to calculate the effect sizes accurately, contingency ta-
bles and/or individual data were requested from the correspond-
ing author.

3. Extraction of Data

We collected demographic data and postoperative complica-
tions for both the IS and S2AI techniques. Demographic data
of the included studies were extracted using a standardized form,
including author, publication year, study period, country, study
design, multicenter or not, the number of patients, age, sex, and
follow-up period. Postoperative complications were analyzed as
follows in each study: implant failure (pelvic screw breakage,
pelvic screw loosening, pseudoarthrosis, and rod breakage), re-
vision, screw prominence, and wound complications (wound
infection and dehiscence).

4. Quality Assessment

The Risk of Bias In Nonrandomized Studies of Interventions
(ROBINS-I) tool was utilized to evaluate the methodological
quality of the included studies.”! This tool evaluates 7 domains
that can impact the quality and potential biases of the research,
including confounder, subject selection, classification of inter-
ventions, deviations in interventions, missing data, biased mea-
surements, and biased reporting. Each domain is rated on a scale
of low;, moderate, serious, or critical potential for bias. The data
extraction and quality evaluation were conducted by 2 review-
ers independently, and any differences were resolved through

discussion.

5. Statistical Analysis

To examine the association of combined results, we calculat-
ed the percentage along with a 95% confidence interval (CI) for
the included studies. The proportions were pooled using meta-
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analysis utilizing the random-effects model (DerSimonian-Laird
method) with logit transformation for computing weights.” The
Cochran Q and Higgins I’ tests were performed to assess het-
erogeneity between the studies. To assess the presence of publi-
cation bias, funnel plots and Egger tests were used.” All tests
were 2-sided, and statistical significance was considered when
the p-value was equal to or less than 0.05. The statistical analy-
sis was carried out using R ver. 4.0.4 (R Foundation for Statisti-
cal Computing, Vienna, Austria).

RESULTS

1. Literature Search

The subject headings were used to conduct a preliminary lit-
erature search, resulting in 257 articles from PubMed, 335 stud-
ies from Embase, 191 studies from Web of Science, and 4 stud-
ies from the Cochrane clinical trial databases. After removing
412 duplicates from the 787 studies, 375 titles and abstracts were
evaluated. Among them, 362 studies were deemed ineligible ac-

cording to the exclusion criteria. Of the remaining 13 studies, 3
were excluded due to either overlapping study populations (n=2)
or insufficient information on study outcomes (n=1). Finally, a
11,13,14,18,19,24-28

total of 10 studies were included in this meta-analysis.
The detailed selection process is illustrated in Fig. 1.

2. Study Characteristics

The baseline characteristics of the included studies are sum-
marized in Table 1. Overall, the included 10 studies comprised
of 1,931 patients (925 IS and 1,006 S2AI). Five studies were pub-
lished before 2020, and the remaining 5 studies were published
after 2020. Most studies had a retrospective design, except 1 study,
which had a prospective design. Three studies were multicenter
studies, and 7 studies were single center studies. The mean fol-
low-up period was 2-3 years after surgery.

3. Quality Assessment
The overall risk of bias for quality assessment using the 7 do-
mains of the ROBINS-I tool is shown in Supplementary Table 1

787 Records identified through database searches: 257 PubMed,
335 Embase, 191 Web of Science, 4 Cochrane clinical trial

412 Removal of duplicated articles

A4

375 Records screened based on title and abstract

362 Excluded according to selection criteria:

- 35 Review, statements, short survey

- 20 Case reports and series

- 74 Abstract, letters, editorials

- 76 Biomechanical, technical, or cadaveric study
- 120 Not in the field of interest

- 33 No comparative study

- 4 Not written in English

\4

13 Full-text article assessed for eligibility

3 Excluded:

- 2 Overlap in study population
- 1 Insufficient information on study outcomes

A

‘ 10 Studies included in qualitative synthesis

A

‘ 10 Studies included in quantitative synthesis ‘

Fig. 1. Flow chart of the study selection.
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Table 1. Baseline characteristics of the included studies

Publi- E ; . No. of Mean age Male Mean follow-

Study cation Stu_ v Country Stu. Y Multi- patients (yr) (%) up period (mo)
period design center
pean IS S2AI IS S2AI IS S2AI IS S2A1
Guler et al.” 2015 NR Turkey & Prospective  Yes 25 20 NR NR NR NR 17.6
Spain
Ilyas et al." 2015 2001-2011  USA  Retrospective ~ No 43 22 643 663 209 364 296 223
Mazur et al." 2015 2009-2012  USA  Retrospective ~ No 37 23 64 58 243 435 22
Elder et al* 2017 2010-2014 USA  Retrospective ~ No 25 68 592 62 440 397 218 211
Nazemi et al.?® 2018 NR USA  Retrospective ~ No 19 10 67 69 21.1  30.0 312 201
Luo et al.®® 2021 2013-2017 Republic Retrospective = No 111 31 679 652 171 194 328 307
of Korea

Eastlack et al."® 2022 NR USA  Retrospective ~ Yes 287 131 634 412 NR NR 31.8
McDonnell et al.” 2022 2007-2016 Ireland Retrospective  No 29 73 61.9 NR NR 22.7
Lee etal®® 2023 2015-2019  USA  Retrospective ~ No 38 177 NR NR NR NR >24
Martin et al.” 2023 2017-2019  USA  Retrospective  Yes 311 451 NR NR NR NR 6

IS, iliac screw; NR, not reported; S2AIL sacral 2 alar-iliac screw; USA, United States of America.

and Supplementary Fig. 1. Overall, a shortage of information in
specific cause of implant failure caused serious risk of bias in
the domain of biased reporting in 4 of the 10 studies. As 3 stud-
ies were multicenter studies, the baseline confounding was eval-
uated as serious, and classification of interventions and devia-
tions in interventions were evaluated as moderate.

4. Implant Failure

All 10 studies demonstrated implant failure, such as pelvic
screw breakage, pelvic screw loosening, pseudoarthrosis, or rod
breakage. We analyzed the total rates of implant failure rather
than focusing on the individual cause of implant failure because
the causes frequently overlap, which results from the spectral
interaction of each cause.” The total rates of implant failure af-
ter pelvic fixation are illustrated in Fig. 2A. For both IS and S2AI
methods, the pooled proportion of implant failure was 20.1%
(95% CI, 15.0%-25.2%). The Higgins I* statistics revealed sig-
nificant heterogeneity (I*= 92%). The subgroup analysis showed
that the proportion of implant failure was not statistically dif-
ferent between the IS and S2AI groups (p=0.59) (proportion,
21.9%; 95% CI, 14.0%-29.9% and proportion, 18.9%; 95% CI,
11.4%-26.4%, respectively). The funnel plot and Egger test showed
no publication bias (Supplementary Fig. 2; Intercept=-0.86, p=
0.20).

5. Revision
Seven studies assessed the proportion of revision in both IS
and S2AI techniques. For all 7 studies, the pooled proportion of
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revision in the IS group was 13.5% (95% CI, 8.9%-18.2%). The
subgroup analysis showed that the proportion of revision was
higher in the IS group than that in the S2AI group (proportion,
21.0%; 95% CI, 11.8%-30.2% and proportion, 8.5%; 95% CI,
3.4%-13.6%, respectively), with statistical significance (p=0.02)
(Fig. 2B). The funnel plot and Egger test showed no publication
bias (Supplementary Fig. 3; Intercept=-1.24, p=0.26).

6. Screw Prominence

Three articles assessed the screw prominence in both IS and
S2AI techniques. Meta-analytic pooling of all 3 studies regard-
ing the screw prominence indicated that the pooled proportion
was 2.7% (95% CI, 0%-6.5%). The subgroup analysis showed
that the pooled estimate for screw prominence was higher in
the IS group than that in the S2AI group (proportion, 9.6%; 95%
CI, 3.2%-16.0% and proportion, 0%; 95% CI, 0%—1.9%, respec-
tively), with statistical significance (p <0.01) (Fig. 3A). The fun-
nel plot and Egger test showed no publication bias (Supplemen-
tary Fig. 4; Intercept=-0.86, p=0.06).

7. Wound Complications

Five studies assessed the proportion of wound complications
in both IS and S2AI techniques. Wound complications includ-
ed both wound infection and dehiscence. For all 5 studies, the
pooled proportion of wound complications in both the IS and
S2AI groups was 18.1% (95% CI, 8.9%-27.4%). The subgroup
analysis demonstrated that the proportion of wound complica-
tions was higher in the IS group than that in the S2AI group (pro-
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Study Events Total Proportion 95%-Cl  Weight
Is
Guler, 2015 3 25 —a— 0.120 [0.025;0.312] 4.8%
lyas, 2015 11 43 —= 0256 [0.135;0.412] 47%
Mazur, 2015 9 37 —a 0243 [0.118;0.412] 46%
Elder, 2017 10 25 —— 0.400 [0.211;0.613] 3.5%
Nazemi, 2018 10 19 —— 0526 [0.289; 0.756] 29%
Luo, 2021 25 111 - 0225 [0.151;0.314] 5.9%
Eastlack, 2022 70 287 T 0244 [0.195; 0.298] 6.4%
McDonnell, 2022 10 29 —E 0.345 [0.179; 0.543] 3.8%
Lee, 2023 1 38 = 0.026 [0.001;0.138] 6.4%
Martin, 2023 22 3N -] 0.071  [0.045;0.105] 6.7%
Random effects model 171 925 - 0.219 [0.140; 0.299] 49.8%
S2Al
Guler, 2015 7 20 —-—— 0.350 [0.154;0.592] 3.2%
liyas, 2015 1 22 = 0.045 [0.001;0.228] 57%
Mazur, 2015 2 23 - 0.087 [0.011;0.280] 51%
Elder, 2017 12 68 - 0.176  [0.095; 0.288] 56%
Nazemi, 2018 3 10 e — 0.300 [0.067;0.652] 22%
Luo, 2021 11 31 —a 0355 [0.192; 0.546] 3.9%
Eastlack, 2022 40 131 - 0305 [0.228;0.392] 5.9%
McDonnell, 2022 31 73 —= 0425 [0.310; 0.546] 51%
Lee, 2023 9 177 -3 0.051 [0.024; 0.094] 6.7%
Martin, 2023 15 451 0.033 [0.019; 0.054] 6.8%
Random effects model 131 1006 - 0.189 [0.114;0.264] 50.2%
Random effects model 302 1931 - 0.201 [0.150; 0.252] 100.0% Q
Heterogeneity: 1> = 92%, t° = 0.0099, p < 0.01 f T T T T !
Test for subgroup differences: xf =0.29,df=1(p=059) 0 02 04 06 08 1

Implant failure
Study Events Total Proportion 95%-Cl  Weight
Is
liyas, 2015 5 43 & 0.116  [0.039; 0.251] 71%
Mazur, 2015 13 37 — & 0.351 [0.202; 0.525] 4.9%
Elder, 2017 12 25 — 0.480 [0.278;0.687] 3.7%
Nazemi, 2018 10 19 —_— 0.526 [0.289; 0.756] 31%
Eastlack, 2022 60 287 - 0.209 [0.163;0.261] 92%
Lee, 2023 1 38 e 0.026 [0.001;0.138] 9.1%
Martin, 2023 22 311 =5 0.071  [0.045; 0.105] 9.8%
Random effects model 123 760 R 0.210 [0.118;0.302] 46.7%
S2Al
liyas, 2015 0 22 E— 0.000 [0.000; 0.154] 8.7%
Mazur, 2015 2 23 —= 0.087 [0.011;0.280] 6.3%
Elder, 2017 6 68 - 0.088 [0.033;0.182] 8.4%
Nazemi, 2018 3 10 — 0.300 [0.067;0.652] 22%
Eastlack, 2022 33 131 - 0.252 [0.180; 0.335] 8.1%
Lee, 2023 9 177 [ 0.051 [0.024;0.094] 9.7%
Martin, 2023 15 451 0.033 [0.019;0.054] 10.0%
Random effects model 68 882 - 0.085 [0.034;0.136] 53.3%
Random effects model 191 1642 0.135 [0.089;0.182] 100.0% e

<
Heterogeneity: /* = 90%, ©* = 0.0057, p < 0.01 1
Test for subgroup differences: y; =5.45,df =1 (p =0.02) 0 02

T T T 1

04 06 08 1
Revision

Fig. 2. (A) Forest plots for the proportion of implant failure in the IS and S2AI. (B) Forest plots for the proportion of revision in
the IS and S2AL IS, iliac screw; S2AI, sacral 2 alar-iliac screw; CI, confidence interval; df, degrees of freedom.

portion, 31.7%; 95% CI, 11.5%-51.9% and proportion, 3.9%;
95% CI, 0%-7.9%, respectively), with statistical significance
(p<0.01) (Fig. 3B). The funnel plot and Egger test showed no
publication bias (Supplementary Fig. 5; Intercept = 0.45, p=0.05).

Detailed characteristics of complications in the included

studies are demonstrated in Table 2.

DISCUSSION

There are multiple ways to achieve spinopelvic fixation, but 2
of the most commonly used techniques are IS and S2AI fixa-

tions. Extended fusions reaching the sacrum, cases involving

https://doi.org/10.14245/ns.2346654.327

revision of previous fusions, deformities, and other similar cas-
es can all receive extra advantages in terms of biomechanical
strength by using instrumentation that extends down to the pel-
vic ring.! Traditionally, IS fixation has demonstrated greater
biomechanical stability than previously introduced spinopelvic
fixation techniques.” However, screw prominence and wound
complications are considerable problems due to superficially
located entry point at PSIS. Consequently, the strategies and
approaches for IS placement have undergone development to
enhance efficiency and alleviate the previously perceived limi-
tations of this technique. The modified technique of IS fixation,
which removes a section of the PSIS where the screw head was

www.e-neurospine.org 1473
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Study Events Total Proportion 95%-Cl  Weight
Is
Mazur, 2015 3 37 —E— 0.081 [0.017;0.219] 13.3%
Elder, 2017 3 25 — 0.120 [0.025;0.312] 7.5%
Nazemi, 2018 2 19 — 0.105 [0.013;0.331] 6.5%
Random effects model 8 81 . 0.096 [0.032;0.160] 27.3%
S2Al
Mazur, 2015 0 23 E— 0.000 [0.000;0.148] 22.8%
Elder, 2017 0 68 = 0.000 [0.000;0.053] 42.0%
Nazemi, 2018 0 10 — 0.000 [0.000; 0.308] 7.9%
Random effects model 0 101 ¥ 0.000 [0.000;0.019] 72.7%
Random effects model 8 182 > 0.027 [0.000; 0.065] 100.0% e
Heterogeneity: /° = 39%, <° = 0.0008, p = 0.14 L y f I
Test for subgroup differences xf =797,df=1(p<0.01) 0 02 04 06 08 1

Screw prominence
Study Events Total Proportion 95%-Cl Weight
IS
llyas, 2015 22 43 — 0512 [0.355;0.667] 9.1%
Mazur, 2015 1 37 - 0.027 [0.001;0.142] 11.5%
Elder, 2017 20 25 — 0.800 [0.593;0.932] 8.9%
Nazemi, 2018 5 19 —a— 0263 [0.091;0.512] 77%
Luo, 2021 5 111 = 0.045 [0.015;0.102] 11.7%
Random effects model 53 235 ~—realnn—— 0.317 [0.115;0.519] 49.0%
S2Al
llyas, 2015 3 22 —a 0.136  [0.029; 0.349] 9.3%
Mazur, 2015 0 23 — 0.000 [0.000;0.148] 11.5%
Elder, 2017 2 68 B 0.029 [0.004;0.102] 11.7%
Nazemi, 2018 1 10 — 0.100  [0.003; 0.445] 8.1%
Luo, 2021 3 31 - 0.097 [0.020;0.258] 10.4%
Random effects model 9 154 -> 0.039 [0.000;0.079] 51.0%
Random effects model 62 389 - 0.181 [0.089; 0.274] 100.0% e

Heterogeneity: 12 =93%, 12 =0.0186, p <001 f T
Test for subgroup differences: 7_? =6.97,df=1(p<001) 0 02

T T T 1
04 06 08 1

Wound complications

Fig. 3. (A) Forest plots for the proportion of screw prominence in the IS and S2AI. (B) Forest plots for the proportion of wound
complications in the IS and S2AIL IS, iliac screw; S2AI, sacral 2 alar-iliac screw; CI, confidence interval; df, degrees of freedom.

positioned and driving the screw head deeper, was introduced
with better clinical outcomes.” In addition, to address this is-
sue, alternative techniques, such as the S2AI, have been intro-
duced. While the IS is typically connected to a midline rod-screw
structure via rod connectors," the S2AI is simpler to connect to
proximal instrumentation and has a deeper and more medial
entry point, reducing tissue dissection with a lower-profile screw
head.® Additionally, recent studies suggest that S2AI fixation
minimizes the risk of revision surgery and wound infection.'**

In this meta-analysis, we pooled data from 10 cohort studies
comparing the IS and S2AI fixation techniques in adult pa-

tients 11,13,14,18,

192428 Analysis of the outcomes based on the im-
plant failure showed that the pooled proportion of patients with
implant failure was not statistically different between the 2 tech-
niques: 21.9% with IS and 18.9% with S2AI, respectively (p=0.59).
However, analysis based on revision, screw prominence, and
wound complications showed that the pooled proportion of
patients with each complication was higher in the IS group than
that in the S2AT group (revision, IS: 21.0% vs. S2AIL: 8.5%, p=0.02;
screw prominence, IS: 9.6% vs. S2AI: 0.0%, p < 0.01; wound com-

plications, IS: 31.7% vs. S2AI: 3.9%, p<0.01). These results sug-

1474 WwWww.e-neur ospine.org

gest that, although the mechanical stability of the 2 techniques
is not different, the risk of invasive complications is higher in IS
than those in S2AL

The comparison of implant failure between IS and S2AI has
been the subject of several studies. Differences in positioning
and biomechanics between IS and S2AI techniques may result
in varying rates and types of failures. However, biomechanical
studies have shown that both constructs have similar stability
in terms of stiffness and load to failure.”* In a human cadaver-
ic study by O’Brien et al.,” the biomechanical strength of IS and
S2AI fixations was compared. They found that S2AI was as sta-
ble as IS in all loading modes and shorter S2AI was equivalent
in strength to longer IS in achieving spinal fixation. As IS is pre-
dominantly placed in a cancellous bone bed, while S2AT encoun-
ters the cortical bone of the sacroiliac joint articulation, S2AI
provides additional fixation strength despite the shorter length.
Burns et al.’' conducted a biomechanical study using cadavers
to investigate the torsional stiffness of IS and S2AI during ex-
tension, forward flexion, and lateral flexion. They revealed that
there were no significant differences in torsional stiffness be-
tween the 2 types of screws. Some of the mechanical advantages

https://doi.org/10.14245/ns.2346654.327
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Table 2. Characteristics of complications in the included studies

Implant failure Wound complications
Study Fixation N(-)' of Pelvic lsjcei::,\l; Pseudo- Rod  Revision Psrc‘;z;" Wound Wound
method patients Total  screw . Total . dehis-
el loc.)sen— arthrosis breakage nence infection cence
ing
Guler et al.">* IS 25 3 - - - - - - - - -
S2A1 20 7 - - - - - - - - -
Ilyas et al."! IS 43 11 3 8 - - 5 - 22 10 12
S2A1 22 1 1 0 - - 0 - 3 1 2
Mazur et al.™* IS 37 9 - 1 4 4 13 3 1 1 -
S2A1 23 2 - 0 0 2 2 0 0 0 -
Elder et al.** IS 25 10 5 3 2 - 12 3 20 11 9
S2A1 68 12 6 2 4 - 6 0 2 1 1
Nazemi et al.* IS 19 10 7 0 3 - 10 2 5 5 -
S2A1 10 3 0 2f 1 - 3 0 1 1 -
Luo et al.* IS 111 25 4 18 3 - - - 5 4 1
S2A1 31 11 5 4 2 - - - 3 2 1
Eastlack et al."® IS 287 70 5 25 - 40 60 - - - -
S2A1 131 40 4 28 - 8 33 - - - -
McDonnell et al”* IS 29 10 - - - - - - - - -
S2A1 73 31 - - - - - - - - -
Lee et al.?** IS 38 1 - - - - 1 - - - -
S2A1 177 9 - - - - 9 - - - -
Martin et al.'** IS 311 22 - - - - 22 - - - -
S2A1 451 15 - - - - 15 - - - -

IS, iliac screw; S2AI, sacral 2 alar-iliac screw.

*When each reason of implant failure is not described in the article, only total number of implant failure is counted. "Windshield wipering is

analyzed as pelvic screw loosening.

of S2AT over IS include obviation of the offset connector, which
eliminates a potential point of failure, greater cortical purchase,
and anterior location to the lumbosacral pivot point."'*** Fur-
thermore, results from the study by Shin et al.** show that the
maximum equivalent stress on the screw and bone in S2AT fix-
ation was lower than that in IS fixation, highlighting its efficacy
as a preferred method of sacropelvic fixation. However, the me-
dial starting point of the S2AI may result in an acute angle be-
tween the screw head and shaft, which can create strain and po-
tentially lead to failure, particularly in cases of extreme head-
shaft angulation."*

Clinical studies have reported conflicting results regarding
implant failure. Some studies have found that S2AT has a lower
risk of implant failure than that of IS, whereas others have found
the opposite. A recent multicenter study found a slightly higher
rate of screw failure with IS than that with S2AT in the univari-
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ate analysis, with no significant difference in the multivariate
analysis."” Another recent multicenter study found higher loos-
ening rate of pelvic screw in the S2AI group than that in the IS
group and higher rod fracture rate in the IS group than that in
the S2AI group.”® In a study by Cho et al.,** involving 45 cases,
the S2ATI had a higher failure rate than the IS (35% vs. 12%). Il-
yas et al." found an 18.6% rate of traditional IS loosening, while
none was evident in their S2ATI cohort. In the meta-analysis by
Guler et al.,"” loosening of pelvic fixation was more prevalent
after the use of IS, with an IS loosening rate of 17.6% compared
with 5.1% with S2AI Elder et al. and Ishida et al. both found
similar rates of loosening when comparing the types of screws.>**>*
Therefore, given the conflicting evidence in the literature and
similar results of the current meta-analysis, the evidence regard-
ing implant failure is mixed, and further studies are needed to
determine which construct is superior.
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In the pooled analysis for the revision surgery in this meta-
analysis, the rates of revision surgery were significantly higher
in the IS group (21.0%) than that in the S2AI group (8.5%) (p=
0.02). This is concordant with most previous studies.'"'*** Ma-
zur et al."* reported a revision rate of 35% for IS compared to
8.6% for S2AL. Elder et al.** reported a revision rate of 48% in
the IS group compared to 8.8% in the S2AI group. The higher
rates of revision surgery were because of prominent IS head, caus-
ing wound infection or dehiscence, or implant failures, such as
rod fracture, or distal device breakage.”**® Recently, Martin et
al.” discovered that out of the 37 revision surgeries carried out
due to acute failure of iliac fixation, 6 (16%) required an addi-
tional revision surgery after experiencing a second failure. This
result highlights the challenges involved in achieving a stable
status following iliac fixation. In addition, Ishida et al."* discov-
ered that the duration between the surgery and revision surgery
after iliac fixation was considerably shorter in the case of IS than
that of S2AI. As this finding demonstrated relatively inferior
clinical outcomes of IS compared to S2AI, these findings sug-
gest that the use of S2AI screw instrumentation may provide
potential benefits for patients who are prone to experiencing
difficulties maintaining stability or wound complications, par-
ticularly the elderly.*

Patients who undergo instrumented fusions for adult spinal
deformities often experience pain due to implant prominence,
which is a common reason for reoperation.””*® This particularly
occurs in patients who have the IS, which requires offset con-
nectors for instrumentation.® According to the study conducted
by Tsuchiya et al.,® in IS fixation, approximately one-third of the
patients had to undergo removal of IS due to painful promi-
nence. In addition, O’Shaughnessy et al.”” studied that 78.3% of
the patients who had elective removal of IS due to hip and but-
tock pain reported a significant improvement of pain after the
screw removal. This form of pain typically occurs several months
to years after the surgery.® In contrast, the starting point for the
S2AI is located approximately 15 mm deeper than that for the
IS, and due to its more medial position on the sacrum, a greater
amount of soft tissue covers the S2AI with much less prominence
complications.®

The present meta-analysis revealed that individuals who un-
derwent S2AI fixation exhibited a statistically significant reduc-
tion in the occurrence of wound complications in comparison
to those who received IS fixation (IS: 31.7% and S2AI: 3.9%,
p<0.01). This may be related to decreased soft-tissue dissection
in the S2AT approach since there is no dissection over the sub-
cutaneous tissue over the iliac crest or sacral paraspinous mus-
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cles, whereas IS is accompanied by more dissection in this area,
which leads to wound healing problems.'** Additionally, high-
er incidence of wound complications in the IS group may be
due to the proximity of devices from the skin, which is related
with screw prominence and slightly longer operative times.**

There were some limitations to this study. First, there was het-
erogeneity among the included studies. One such example was
the study conducted by Mazur et al.,'* where they employed
image-guidance stereotaxy for placing S2AI, possibly contrib-
uting to higher precision. However, fluoroscopic guidance was
used for placing IS, which could have impacted the results dif-
ferently. Second, the IS technique evolved during the study pe-
riod. Due to unsatisfactory clinical outcomes related to screw
prominence in early studies, a modified technique for IS place-
ment was introduced. Kasten et al.* described a method in-
volving the removal of a portion of the PSIS and the counter-
sinking of the IS head into the iliac crest, which resulted in a re-
duction in complication rates. In addition, a new modification
for IS placement, known as the subcrestal IS technique, has
been recently introduced.* However, the potential differential
effects of these modifications on clinical outcomes were not ac-
counted for in this meta-analysis. Third, despite the probability
of S2AI having inferior clinical outcomes in certain aspects,
statistical analysis was difficult due to the rarity of the investiga-
tions. For example, both SI joint pain® and S1 screw loosen-
ing'® are reported to be more prevalent in S2AI. However, these
complications are each described in only one article among the
10 included articles. Fourth, the present study is concerning on
the clinical outcomes rather than radiological outcomes. As the
previous results of radiological outcomes have been inconsistent,
further research on this topic is necessary."”* Fifth, the defini-
tion of implant failure was different between the studies. Some
studies defined failure as any revision to the pelvic screws.'**
However, other studies defined failure radiographically regard-
less of revision or not.'*”” Besides, as some studies delineated each
screw-related complication without utilizing the term “failure,”
we aggregated each complication to conduct an analysis of im-
plant failure.'"*>?*2 Therefore, it is required to take into consid-
eration these disparities when comparing rates of implant fail-
ure. Lastly, as most studies had a mean follow-up period of less
than 3 years, the long-term effects of different fixation methods
remain uncertain. Therefore, more research is required to over-
come these limitations, especially studies with large sample siz-
es with longer follow-up periods that take into account updated
iliac fixation techniques.
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CONCLUSION

In this meta-analysis, we examined 10 studies that compared
the outcomes of IS and S2AI fixations for spinopelvic fusion in
adult deformity surgeries. The results showed that both tech-
niques had similar outcomes in terms of implant failure. How-
ever, S2AI was found to be better than IS in terms of revision,
screw prominence, and wound complications. Based on these
findings, S2AT appears to be a better option for adult deformity
surgeries than IS. However, it is also important to note that this
study did not consider modified techniques of the IS. Thus, fu-
ture randomized trials, which controls each surgical method,
would be helpful in providing more insights on this subject.

NOTES

Supplementary Materials: Supplementary Table 1 and Figs.
1-5 can be found via https://doi.org/10.14245/ns.2346654.327.

Conflict of Interest: The authors have nothing to disclose.

Funding/Support: This study received no specific grant from
any funding agency in the public, commercial, or not-for-profit
sectors.

Author Contribution: Conceptualization: HKS, JHP; Data
curation: SRJ, SWR, DJJ, SJH, YJC; Formal analysis: HKS, JHP;
Methodology: SR], SWR, DJJ, SJH, YJC; Project administration:
YJC; Writing - original draft: HKS; Writing - review & editing:
JHP.

ORCID
Hong Kyung Shin: 0000-0001-8182-3321
Jin Hoon Park: 0000-0002-0903-3146
Sang Ryong Jeon: 0000-0002-8340-7978
Sung Woo Roh: 0000-0001-6562-4154
Dae Jean Jo: 0000-0003-3304-3931
Seung-Jae Hyun: 0000-0003-2937-5300
Yong-Jae Cho: 0000-0002-4498-1184

REFERENCES

1. Kebaish KM. Sacropelvic fixation: techniques and complica-
tions. Spine (Phila Pa 1976) 2010;35:2245-51.

2. De la Garza Ramos R, Nakhla J, Sciubba DM, et al. Iliac screw
versus S2 alar-iliac screw fixation in adults: a meta-analysis.
J Neurosurg Spine 2018;30:253-8.

3. McCord DH, Cunningham BW, Shono Y, et al. Biomechani-
cal analysis of lumbosacral fixation. Spine (Phila Pa 1976)

https://doi.org/10.14245/ns.2346654.327

1992;17(8 Suppl):5235-43.

4. Schwend RM, Sluyters R, Najdzionek J. The pylon concept
of pelvic anchorage for spinal instrumentation in the human
cadaver. Spine (Phila Pa 1976) 2003;28:542-7.

5. Lee NJ, Shin JI, Kothari P, et al. Incidence, impact, and risk
factors for 30-day wound complications following elective
adult spinal deformity surgery. Global Spine J 2017;7:417-24.

6. Tsuchiya K, Bridwell KH, Kuklo TR, et al. Minimum 5-year
analysis of L5-S1 fusion using sacropelvic fixation (bilateral
S1 and iliac screws) for spinal deformity. Spine (Phila Pa 1976)
2006;31:303-8.

7. Matteini LE, Kebaish KM, Volk WR, et al. An S-2 alar iliac
pelvic fixation. Technical note. Neurosurg Focus 2010;28:E13.

8. Sponseller PD, Zimmerman RM, Ko PS, et al. Low profile
pelvic fixation with the sacral alar iliac technique in the pe-
diatric population improves results at two-year minimum
follow-up. Spine (Phila Pa 1976) 2010;35:1887-92.

9. O’Brien JR, Yu W, Kaufman BE, et al. Biomechanical evalu-
ation of S2 alar-iliac screws: effect of length and quad-corti-
cal purchase as compared with iliac fixation. Spine (Phila Pa
1976) 2013;38:E1250-5.

10. Chang TL, Sponseller PD, Kebaish KM, et al. Low profile
pelvic fixation: anatomic parameters for sacral alar-iliac fix-
ation versus traditional iliac fixation. Spine (Phila Pa 1976)
2009;34:436-40.

11.1lyas H, Place H, Puryear A. A comparison of early clinical
and radiographic complications of iliac screw fixation ver-
sus S2 alar iliac (S2AI) fixation in the adult and pediatric pop-
ulations. J Spinal Disord Tech 2015;28:E199-205.

12.Ishida W, Elder BD, Holmes C, et al. Comparison between
S2-alar-iliac screw fixation and iliac screw fixation in adult
deformity surgery: reoperation rates and spinopelvic param-
eters. Global Spine ] 2017;7:672-80.

13. Guler UO, Cetin E, Yaman O, et al. Sacropelvic fixation in
adult spinal deformity (ASD); a very high rate of mechani-
cal failure. Eur Spine ] 2015;24:1085-91.

14. Mazur MD, Ravindra VM, Schmidt MH, et al. Unplanned
reoperation after lumbopelvic fixation with S-2 alar-iliac screws
or iliac bolts. ] Neurosurg Spine 2015;23:67-76.

15. Keorochana G, Arirachakaran A, Setrkraising K, et al. Com-
parison of complications and revisions after sacral 2 alar ili-
ac screw and iliac screw fixation for sacropelvic fixation in
pediatric and adult populations: systematic review and me-
ta-analysis. World Neurosurg 2019;132:408-20.el.

16. Hasan MY, Liu G, Wong HK, et al. Postoperative complica-

tions of S2AI versus iliac screw in spinopelvic fixation: a me-

www.e-neurospine.org 1477



Shin HK, et al.

Iliac & S2 Alar-Iliac Screw Fixation for Adult Deformity Surgery

ta-analysis and recent trends review. Spine ] 2020;20:964-72.

17.Gao Z, Sun X, Chen C, et al. Comparative radiological out-
comes and complications of sacral-2-alar iliac screw versus
iliac screw for sacropelvic fixation. Eur Spine J 2021;30:2257-
70.

18. Eastlack RK, Soroceanu A, Mundis GM Jr, et al. Rates of loos-
ening, failure, and revision of iliac fixation in adult deformi-
ty surgery. Spine (Phila Pa 1976) 2022;47:986-94.

19. Martin CT, Holton KJ, Elder BD, et al. Catastrophic acute
failure of pelvic fixation in adult spinal deformity requiring
revision surgery: a multicenter review of incidence, failure
mechanisms, and risk factors. ] Neurosurg Spine 2022;38:
98-106.

20. Liberati A, Altman DG, Tetzlaff ], et al. The PRISMA state-
ment for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: explanation
and elaboration. PLoS Med 2009;6:e1000100.

21. Sterne JA, Herndn MA, Reeves BC, et al. ROBINS-I: a tool
for assessing risk of bias in non-randomised studies of inter-
ventions. BMJ 2016;355:14919.

22. DerSimonian R, Laird N. Meta-analysis in clinical trials. Con-
trol Clin Trials 1986;7:177-88.

23.Egger M, Davey Smith G, Schneider M, et al. Bias in meta-
analysis detected by a simple, graphical test. BM] 1997;315:
629-34.

24.Elder BD, Ishida W, Lo SL, et al. Use of S2-alar-iliac screws
associated with less complications than iliac screws in adult
lumbosacropelvic fixation. Spine (Phila Pa 1976) 2017;42:
E142-9.

25.Nazemi AK, Gowd AK, Vaccaro AR, et al. Unilateral S2 alar-
iliac screws for spinopelvic fixation. Surg Neurol Int 2018;9:75.

26.Luo Q, Kim YC, Kim KT, et al. Use of iliac screw associated
with more correction of lumbar lordosis than S2-alar-iliac
screw for adult spinal deformity. BMC Musculoskelet Dis-
ord 2021;22:676.

27.McDonnell JM, Evans SR, Ahern DP, et al. Risk factors for
distal junctional failure in long-construct instrumentation
for adult spinal deformity. Eur Spine J 2022;31:3654-61.

28. Lee NJ, Marciano G, Puvanesarajah V, et al. Incidence, mech-
anism, and protective strategies for 2-year pelvic fixation fail-
ure after adult spinal deformity surgery with a minimum six-
level fusion. ] Neurosurg Spine 2022;38:208-16.

29.Kasten MD, Rao LA, Priest B. Long-term results of iliac wing
fixation below extensive fusions in ambulatory adult patients
with spinal disorders. ] Spinal Disord Tech 2010;23:e37-42.

30.Camisa W, Bess S, Yi S, et al. Biomechanical demands on

1478 www.e-neurospine.org

S2AI sacral and pelvic instrumentation in long fusion con-
structs with and without interbody supplementation. Spine
] 2014;14(11 Supplement):S166.

31.Burns CB, Dua K, Trasolini NA, et al. Biomechanical com-
parison of spinopelvic fixation constructs: iliac screw versus
S2-alar-iliac screw. Spine Deform 2016;4:10-5.

32.Hoernschemeyer DG, Pashuck TD, Pfeiffer FM. Analysis of
the s2 alar-iliac screw as compared with the traditional iliac
screw: does it increase stability with sacroiliac fixation of the
spine? Spine ] 2017;17:875-9.

33. Shin JK, Lim BY, Goh TS, et al. Effect of the screw type (S2-
alar-iliac and iliac), screw length, and screw head angle on
the risk of screw and adjacent bone failures after a spinopel-
vic fixation technique: a finite element analysis. PLoS One
2018;13:e0201801.

34.Cho W, Mason JR, Smith JS, et al. Failure of lumbopelvic
fixation after long construct fusions in patients with adult
spinal deformity: clinical and radiographic risk factors: clin-
ical article. ] Neurosurg Spine 2013;19:445-53.

35.1shida W, Elder BD, Holmes C, et al. S2-alar-iliac screws are
associated with lower rate of symptomatic screw prominence
than iliac screws: radiographic analysis of minimal distance
from screw head to skin. World Neurosurg 2016;93:253-60.

36.1Ishida W, Ramhmdani S, Casaos J, et al. Safety profile of lum-
bosacropelvic fixation in patients aged 60 years or older: com-
parison between S2-alar-iliac screws and conventional iliac
screws. Clin Spine Surg 2019;32:E200-5.

37. Asher MA, Lai SM, Burton DC. Analysis of instrumentation/
fusion survivorship without reoperation after primary pos-
terior multiple anchor instrumentation and arthrodesis for
idiopathic scoliosis. Spine J 2010;10:5-15.

38.Cook S, Asher M, Lai SM, et al. Reoperation after primary
posterior instrumentation and fusion for idiopathic scoliosis.
Toward defining late operative site pain of unknown cause.
Spine (Phila Pa 1976) 2000;25:463-8.

39. O’Shaughnessy BA, Lenke LG, Bridwell KH, et al. Should
symptomatic iliac screws be electively removed in adult spi-
nal deformity patients fused to the sacrum? Spine (Phila Pa
1976) 2012;37:1175-81.

40. Moshirfar A, Rand FFE Sponseller PD, et al. Pelvic fixation in
spine surgery. Historical overview, indications, biomechani-
cal relevance, and current techniques. ] Bone Joint Surg Am
2005;87 Suppl 2:89-106.

41.Liu G, Hasan MY, Wong HK. Subcrestal Iliac-screw: a tech-
nical note describing a free hand, in-line, low profile iliac

screw insertion technique to avoid side-connector use and

https://doi.org/10.14245/ns.2346654.327



Shin HK, et al. Iliac & S2 Alar-Iliac Screw Fixation for Adult Deformity Surgery

reduce implant complications. Spine (Phila Pa 1976) 2018; and safety of sacral-2-alar iliac screw versus iliac screw in
43:E68-74. the lumbosacral reconstruction of spondylodiscitis. World
42.7Zhong D, Ke Z, Wang L, et al. Comparative clinical efficacy Neurosurg 2023;171:e237-44.

https://doi.org/10.14245/ns.2346654.327 www.e-neurospine.org 1479



Shin HK, et al. Iliac & S2 Alar-Iliac Screw Fixation for Adult Deformity Surgery

Supplementary Table 1. Table of risk of bias using the Cochrane ROBINS-I Tool

Classifica-

Study Publica- Confound- Subje.ct tion of inter- Peviatior}s in Missing Biased mea- Biase.d Overa.ll bias
tion year er selection ventions interventions data surements  reporting rating
Guler et al.”? 2015 Serious Low Moderate ~ Moderate Low Serious Serious Serious
Ilyas et al." 2015  Moderate Low Low Low Low Low Moderate ~ Moderate
Mazur et al."* 2015  Moderate Moderate  Low Low Low Moderate Moderate ~ Moderate
Elder et al.** 2017  Moderate  Serious Low Low Low Moderate Moderate  Serious
Nazemi et al.” 2018  Moderate Low Low Low Low Low Moderate ~ Moderate
Luo et al.® 2021 Moderate Low Low Low Low Low Moderate ~ Moderate
Eastlack et al."® 2022 Serious Low Moderate ~ Moderate Low Low Serious Serious
McDonnell et al.” 2022  Moderate Moderate  Low Low Low Low Moderate ~ Moderate
Lee et al.® 2023 Moderate Low Low Low Low Low Serious Serious
Martin et al.” 2023 Serious Low Moderate ~ Moderate Low Low Serious Serious

ROBINS-I, Risk Of Bias In Nonrandomized Studies of Interventions.
None of the included studies had any domain that was rated as critical. Overall risk of bias: equal to the most severe level of bias found in any
domain.
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Supplementary Fig. 1. Graph of risk of bias assessment using the ROBINS-I (Risk Of Bias In Nonrandomized Studies of Inter-
ventions) tool.
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Supplementary Fig. 2. Funnel plot for the proportion of implant failure.
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Supplementary Fig. 3. Funnel plot for the proportion of revision.
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Supplementary Fig. 4. Funnel plot for the proportion of screw prominence.
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Supplementary Fig. 5. Funnel plot for the proportion of wound complications.
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