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Abstract
Study Design: Retrospective cohort study.

Objective: To compare the outcomes of patients with adult spinal deformity (ASD) following spinal fusion with the lowest
instrumented vertebra (LIV) at L4/L5 versus Sl/ilium.

Methods: A multicenter ASD database was evaluated. Patients were categorized into 2 groups based on LIV levels—groups L
(fusion to L4/L5) and S (fusion to Sl/ilium). Both groups were propensity matched by age and preoperative radiographic align-
ments. Patient demographics, operative details, radiographic parameters, revision rates, and health-related quality of life
(HRQOL) scores were compared.

Results: Overall, 349 patients had complete data, with a mean follow-up of 46 months. Patients in group S (n = 311) were older
and had larger sagittal and coronal plane deformities than those in group L (n = 38). After matching, 28 patients were allocated to
each group with similar demographic, radiographic, and clinical parameters. Sagittal alignment restoration at postoperative week 6
was significantly better in group S than in group L, but it was similar in both groups at the 2-year follow-up. Fusion to Sl/ilium
involved a longer operating time, higher PJK rates, and greater PJK angles than that to L4/L5. There were no significant differences
in the complication and revision rates between the groups. Both groups showed significant improvements in HRQOL scores.

Conclusions: Fusion to S|/ilium had better sagittal alignment restoration at postoperative week 6 and involved higher PJK rates
and greater PJK angles than that to L4/L5. The clinical outcomes and rates of revision surgery and complications were similar
between the groups.
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Introduction

In most patients with adult spinal deformity (ASD), posterior
fusions extend to the sacrum or ilium; however, some patients
may present as good candidates for fusions that stop short of the
sacrum. In addition, fusions to S1 are associated with their own
set of complications, such as postoperative sacral insufficiency
fractures; increased operating time and estimated blood loss
(EBL) due to the need for iliac fixation in some cases; and higher
rates of proximal junctional kyphosis (PJK) and pseudar-
throses.'® The general published indications for fusion to the
sacrum or ilium are L5-S1 spondylolisthesis, previous L5-S1
surgery, existing L5—S1 stenosis, subluxation of L5 (>15°), and
a severely degenerated disc.” The advantages of distal fixation to
the sacrum (+ ilium) are increased stability®” and better sagittal
alignment restoration.'> However, the increase in operating
time, morbidity, and the rate of surgical revision due to pseudar-
throsis are disadvantages of fusions to S1/ilium.*”
Furthermore, there are disadvantages of fusions ending at
lumbar levels (L4 or LS5), such as symptomatic adjacent distal
disc degeneration, leading to a loss of lumbar lordosis (LL),
sagittal decompensation, and the need to extend the fixation to
the sacrum.” This is coupled with high reported revision rates
within 1 year (12.5%-15.4%),'"'" 2.1 years (28.2%),'* and 3.3
years (32%) of follow-up.® Therefore, the risks and benefits of
selecting distal fusion levels should be carefully evaluated.
The purpose of this study was to compare the outcomes in
ASD patients with fusion to either distal lumbar levels (L4 or
L5) or the sacrum ( + ilium). The primary outcome was the rate
of surgical revision, while the secondary outcomes were clin-
ical and radiographic parameters and the health-related quality
of life (HRQOL) scores at a minimum follow-up of 2 years.

Materials and Methods

Patient Population

This was a retrospective study of prospectively collected data
from a multicenter ASD database from 2008 to 2016. Institu-
tional review board approval was obtained from each of the 11
participating centers across the country. Informed consent was
obtained from all participants. The database inclusion criteria
were patients aged >18 years meeting at least 1 of the follow-
ing radiographic criteria of spinal deformity: scoliosis with
Cobb angle >20°, sagittal vertical axis (SVA) >5cm, pelvic
tilt (PT) >25°, and/or thoracic kyphosis (TK) >60°. Additional
criteria specific to the current investigation included the fol-
lowing: (1) posterior fusion with an upper instrumented verte-
bra (UIV) above T12 and lowest instrumented vertebra (LIV)
of L4, LS, S1 or the ilium and (2) a minimum 2-year follow-up

period. Patients with prior fusions including the L2—ilium lev-
els were excluded from the study.

Data Collection and Radiographic Assessment

Baseline demographics and operative details included age, sex,
instrumented levels, EBL, operating time, interbody fusion (IBF)
with cage, any osteotomy, and use of 3-column osteotomy (3CO).
Radiographic data was collected using full-length standing pos-
teroanterior (PA) and lateral spine radiographs at baseline and at
the 6-week and 2-year follow-ups. Radiographic parameters
included TK, LL, PT, pelvic incidence (PI), sacral slope (SS),
PI minus LL (PI-LL), SVA, T1 pelvic angle (T1PA; the angle
between the line from the center of the femoral heads to the center
of S1 and the line from the femoral head to the center of T1),
coronal alignment (C7PL; distance from the C7 plumb line to the
central sacral vertical line on PA view), PJK angle (the Cobb
angle between the inferior endplate of the UIV to the superior
endplate of the 2 vertebrae above), and distal junctional kyphosis
(DJK) angle (the angle between the superior endplate of the LIV
and the inferior endplate of the second distal vertebra below).
Abnormal radiographic PJK and DJK were defined as a junc-
tional kyphosis angle of >10° and a postoperative increase of
>10°.">"* The Scoliosis Research Society (SRS)-Schwab adult
deformity classification of each patient was also recorded.'

HRQOL was assessed using the Oswestry disability index
(ODI), the SRS questionnaire, and the Short Form-36 mental
and physical component scores (SF-MCS and SF-PCS, respec-
tively). Clinical outcome scores were collected at baseline and
at the 6-week and 2-year follow-ups.

The recorded complications included implant failure, infec-
tion, wound problems, neurological, cardiopulmonary, gastroin-
testinal, vascular, operative, renal, radiographic complications,
and death. The number of major and minor complications was
tallied, and the total number of complications requiring revision
surgery was assessed.

Patient Matching and Statistical Analyses

The patients were categorized into 2 groups based on LIV
levels—group L (fusion to L4 or LS) and group S (fusion to
S1 or ilium). Patients were then propensity matched based on
the significantly different baseline characteristics including
age, PI, PI-LL, C7PL, and T1PA. Statistical analyses were
performed using IBM SPSS (version 22.0; IBM Corp.,
Armonk, NY, USA). Categorical data was compared using
the chi-square or Fisher’s exact test, while continuous data
was compared using an independent t-test or the Wilcoxon
rank-sum test where appropriate. The evolution of radiographic
parameters over time was measured using 1-way repeated mea-
sures analysis of variance, followed by post hoc Bonferroni
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Table I. Demographic and Classifications of the Unmatched and Matched Patients in Groups L and S.

Unmatched Matched
Variables GroupL (n=38) GroupS(n=3I1) P-value GroupL (n=28) GroupS (n=28) P-value
Age (years) 456 + 13.0 629 + 9.2 <0.001 486 + 13.2 519 £ 11.0 0.317
Sex (male/female) 5/33 53/257 0.65 4/24 3/25 I
SRS-Schwab classification
Coronal curve type <0.001 0.193
T: Thoracic only 0 (0%) 7 (2.3%) 0 (0%) 3 (10.7%)
L: TL/Lumbar only Il (28.9%) 152 (48.9%) 9 (32.1%) 11 (39.3%)
D: Double curve 24 (63.2%) 78 (25.1%) 16 (57.1%) 10 (35.7%)
N: No major coronal deformity 3 (7.9%) 74 (23.8%) 3 (10.7%) 4 (14.3%)
Pl minus LL <0.001 0517
0: within 10° 29 (76.3%) 99 (31.8%) 21 (75%) 17 (60.1%)
+: moderate 10°-20° 5 (13.2%) 80 (25.7%) 4 (14.3%) 6 (21.4%)
++: marked >20° 4 (10.5%) 132 (42.4%) 3 (10.7%) 5 (17.9%)
Global alignment <0.001 0.352
0: SVA <4 cm 32 (84.2%) 115 (37%) 24 (85.7%) 22 (78.6%)
+:SVA 4-9.5 cm 3 (7.9%) 107 (34.4%) I (3.6%) 4 (14.3%)
++:SVA > 9.5 cm 3 (7.9%) 89 (28.6%) 3 (10.7%) 2 (7.1%)
Pelvic tilt <0.001 0.325
0: PT <20° 29 (76.3%) 90 (28.9%) 20 (71.4%) 18 (64.3%)
+: PT 20°-30° 6 (15.8%) 134 (43.1%) 5 (17.9%) 9 (32.1)
+-+: PT >30° 3 (7.9%) 87 (28%) 3 (10.7%) | (3.6%)
Radiographic parameters
Thoracic kyphosis (°) -37.2 + 263 -31.2 + 168 0.172 -37.2 + 243 -342 + 184 0.610
Sacral slope (°) 352 + 106 289 + 144 0.004 332 £ 107 31.9 + 10.6 0.631
Pelvic tilt (°) 164 + 83 252 + 10.1 <0.001 17.1 + 87 17.1 + 84 0.942
Pelvic incidence (°) 51.6 £ 102 54.1 + I5.1 0.211 504 + 9.6 49.2 + 129 0.692
Lumbar lordosis (°) 522 + 20.7 365 + 199 <0.001 49.5 + 20.3 46.6 + 20.5 0.597
Pl minus LL (°) -0.6 + 19.0 17.6 + 21.1 <0.001 09 + 188 26 + 179 0.732
TIPA (°) 11.8 + 9.3 239 + 119 <0.001 127 + 104 133 £ 10.1 0.838
Sagittal vertical axis (mm) 129 + 48.0 678 + 67.0 <0.001 146 + 52.7 18.7 + 583 0.783
Coronal balance (mm) 270 £+ 18.1 37.1 £+ 329 0.005 258 + 182 264 + 20.6 0.901

Pl, pelvic incidence; LL, lumbar lordosis; SVA, sagittal vertical axis; PT, pelvic tilt; TIPA, T1 pelvic angle. Note: Results are shown as mean + standard deviation or

the number of patients (%).

correction. A 2-tailed significance level was set at 5% confi-
dence interval (P < 0.05).

Results

A total of 437 patients met the inclusion criteria for this study.
A subset of 349 patients who had the complete dataset and were
followed up at all timepoints were finally enrolled in the study.
In total, there were 59 (16.9%) men and 290 (83.1%) women.
The average age was 61.1 years, with a mean follow-up period
of 46 months. Group L included 38 patients, group S included
the remaining 311 patients (10 had sacrum LIV and 301 had
ilium LIV). Patients in group S were significantly older (62.9
vs. 45.6 years; P < 0.001) and had larger sagittal and coronal
plane deformities than those in group L. The PI-LL was 17.6°
in group S and -0.6° in group L (P < 0.001). The PT was 25.2°
in group S and 16.4° in group L (P < 0.001). The SVA was
67.8mm in group S and 12.9mm in group L (P < 0.001). The
coronal alignment was 37.1 mm in group S and 27.0mm in
group L (P = 0.005). According to the SRS-Schwab classifi-
cation, the coronal curve type was different between the groups

(63.2% double curve in group L and 48.9% thoracolumbar/
lumbar curve in group S; P < 0.001; Table 1).

Because of these preoperative differences, the 2 groups were
then propensity matched by age, PI, PI-LL, C7PL, and T1PA.
After matching, there were 28 patients in each group. Subse-
quent analyses demonstrated that age, sex, classification, and all
preoperative radiographic parameters were not statistically dif-
ferent between the groups (Table 1). Group S had a longer
operating time than group L (504.9 vs. 366.2min; P = 0.005).
The EBL was greater in group S than in group L (1740.0 vs.
1288.4mL), but the difference was not statistically significant (P
= 0.278). The UIV distribution was not significantly different
between the groups. The use of any osteotomy or 3CO was not
different between the groups. Group S received more IBF with
cage (67.9%) than group L (35.7%, P = 0.016). All patients in
group S underwent distal fixation to the ilium (Table 2).

Outcomes After Propensity Matching

Radiographic outcomes. The radiographic data showed that cor-
rection of sagittal alignment, including the PI-LL, PT, and SVA,
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was greater in group S than in group L at postoperative week 6
(Table 3). The incidence of radiographic PJK was higher in
group S than in group L (64.3% vs. 32.1%; P = 0.031). At the

Table 2. Operative Details and UIV Levels of the Matched Groups.

Variables Group L (n =28) Group S (n = 28) P-value
Operative time (min)  366.2 + 160.6 5049 + 1934  0.005
EBL (ml) 12884 + 1077.0 1740.0 + 1893.9 0.278
ULV level 0.256

c7 1 (3.6%) 0 (0%)

T2 2 (7.1%) I (3.6%)

T3 5 (17.9%) 6 (21.4%)

T4 4 (14.3%) 9 (32.1%)

T5 2 (7.1%) I (3.6%)

T9 2 (7.1%) | (3.6%)

TIO 4 (14.3%) 8 (28.6%)

TI 8 (28.6%) 2 (7.1%)
IBF with cage 10 (35.7%) 19 (67.9%) 0.016
Any osteotomy 19 (67.9%) 20 (71.4%) 0.771
% 3CO 2 (7.1%) 2 (7.1%) |
Fusion to ilium - 28 (100%) -

EBL, estimated blood loss; UIV, upper instrumented level; IBF, interbody fusion;
3CO, three-column osteotomy. Note: Results are shown as mean + standard
deviation or the number of patients (%)

Table 3. Radiographic Outcomes of the Matched Groups.

2-year follow-up, sagittal alignment was similar between the 2
groups (Table 3). The PJK angle in group S was greater than that
in group L (-17.5° vs. -11.2°; P = 0.049). The incidence of PJK
in both groups increased at the 2-year follow-up (78.6% in group
S and 53.6% in group L; P = 0.089). The incidence of DJK in
group L was 3.6% at postoperative week 6 and 7.1% at post-
operative year 2. The DJK angle was stable during the 2-year
follow-up period (24.4° and 28.8° at postoperative week 6 and
year 2, respectively). The overall junctional kyphosis (PJK and
DJK) was 35.7% in group L and 64.3% in group S at postopera-
tive week 6 (P = 0.033) and 57.1% in group L and 78.6% in
group S at postoperative year 2 (P = 0.086). Patients in group S
had a significant and continuous change in radiographic para-
meters after surgery. The PT, LL, PI-LL, T1PA, and SVA were
significantly improved by week 6, and a loss of correction was
noticed at the 2-year follow-up (Figure 1).

HRQOL. At baseline, the groups were well matched with regard
to the SRS-total score (P = 0.189), ODI score (P = 0.116), and
SF-MCS (P = 0.872). The SF-PCS was lower in group S than in
group L (31.9 vs. 39.3; P = 0.007). At the 2-year follow-up, the
SRS-total and ODI scores improved significantly in both groups.
The SF-PCS only improved in group S, and the SF-MCS was not

Variables Different time point Group L, (n = 28) Group S, (n = 28) P-value
Thoracic kyphosis (°) BL =372 + 243 -342 + 184 0610
(%% -38.9 + 14.0 -42.7 + 15.6 0.340
2Y -393 + 145 -44.5 + 20.0 0.272
Sacral slope (°) BL 332 + 107 31.9 + 10.6 0.631
(%% 31.3 + 83 38.1 + 98 0.005
2Y 314 + 108 340 + 105 0.361
Pelvic tilt (°) BL 7.1 + 87 17.1 + 84 0.942
(%% 202 + 9.0 102 + 9.6 <0.001
2Y 202 + 10.2 144 + 10.7 0.045
Pelvic incidence (°) BL 504 + 9.6 49.2 + 129 0.692
(%% 51.5 + 94 484 + 124 0.295
2Y 51.6 + 9.7 485 + 13.1 0.317
Lumbar lordosis (°) BL 495 + 203 46.6 + 20.5 0.597
(%% 46.1 + 159 60.3 + 13.1 0.001
2Y 484 + 187 545 + 14.0 0.175
Pl minus LL (°) BL 09 + 1838 26 + 179 0.732
(%% 54 + 155 -11.9 + 155 <0.001
2Y 32 + 192 -6.0 + 16.6 0.062
TIPA (°) BL 12.7 + 10.4 13.3 + 0.1 0.838
(%% 7.1 + 10.6 6.0 + 838 <0.001
2Y 160 + 12.2 0.1 + I1.7 0.073
Sagittal vertical axis BL 146 + 52.7 18.7 + 58.3 0.783
(mm) (%% 347 + 57.1 1.7 + 394 0.015
2Y 23.1 + 59.9 12.3 + 46.9 0.455
Coronal balance BL 25.8 + 18.2 264 + 20.6 0.901
(mm) (%% 227 + 16.9 32.7 + 280 0.114
2Y 22.1 + 245 31.8 + 244 0.144
PJK angle (°) (%% -80 + 79 -13.7 £ 94 0.017
2Y -11.2 + 102 -17.5 + 13.1 0.049
DJK angle (°) (%% 244 + 14.0 - -
2Y 288 + 155 - -

BL, baseline; 6 W, postoperative week 6; 2Y, postoperative year 2; Pl, pelvic incidence; LL, lumbar lordosis; TIPA, T| pelvic angle; PJK, proximal junctional

kyphosis; DJK, distal junctional kyphosis.
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Table 4. HRQOL Scores of the Matched Groups.

Group L Group S
Variables (n = 28) (n=128) P-value
SRS-total scores
Baseline 3.1 + 06 28 + 0.6 0.189
2-year postop 37 + 0.8 36 + 0.8 0.547
P-value (baseline vs. 2-year 0.001 <0.001
postop)
ODI scores
Baseline 342 + 195 418 + 162 0.116
2-year postop 240 + 19.0 29.7 + 22.1 0.328
P-value (baseline vs. 2-year 0.022 0.001
postop)
SF-PCS
Baseline 393+ 110 319 +79 0.007
2-year postop 435 + 109 378 + 122 0.096
P-value (baseline vs. 2-year 0.306 0.002
postop)
SF-MCS
Baseline 459 4+ 142 465 + 162 0.872
2-year postop 5.1 £ 11.2 504 + 10.8 0.494
P-value (baseline vs 2-year 0.236 0.139

postop)

HRQOL, health-related quality of life; SRS, Scoliosis Research Society; ODI,
Oswestry disability index; SF-PCS, Short Form-36 physical component score;
SF-MCS, Short Form-36 mental component score.

different between the groups. There were no significant differ-
ences between the groups for all 4 HRQOL outcomes (Table 4).

Complications and revisions. The total number of major compli-
cations (10.7% vs. 28.6%; P = 0.177) and revision rate (25%
vs. 35.7%; P = 0.562) were similar between groups L and S.
Most of the revisions in group L were due to distal extension
(71.4%). There was no difference in revisions due to PJK
between the 2 groups (3.6% in group L vs. 10.7% in group S;
P =0.611). There was 1 revision due to DJK in group L, and
the overall junctional failure was not significantly different
between the 2 groups (7.1% in group L vs. 10.7% in group S;
P = 1). There were no mortalities or recurrent revisions in
either group (Table 5). Through subgroup analyses, 8 patients
with L5 LIV in group L were identified. Of the 5 patients who
needed revision, three patients needed revision due to distal
extension, 1 patient needed revision due to painful implants,
and 1 patient needed revision due to sagittal imbalance. The
revision rate was 62.5% in the L5 LIV subgroup, while it was
12.5% in eight matched patients in group S (P = 0.119).

Discussion

To the best of our knowledge, this is the first propensity-
matched study to compare the clinical and radiographic results
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Table 5. Complications and Revisions in the Matched Groups.

Group L Group S
Variables (n=128) (n =128) P-value
Total number of complications 35 31 0.276
Major/minor 3/32 9/22 0.206
Major complication type
Implants 0 (0%) I (3.6%) |
Neurologic 0 (0%) 2 (7.1%) 0.491
Cardiopulmonary | (3.6%) 2 (7.1%) |
Infection 1 (3.6%) 0 (0%) |
Operative 1 (3.6%) 3 (10.7%) 0.611
Wound 0 (0%) I (3.6%) |
Gastrointestinal 0 (0%) 0 (0%) -
Renal 0 (0%) 0 (0%) -
Vascular 0 (0%) 0 (0%) -
Radiographic 0 (0%) 0 (0%) -
Mortality 0 (0%) 0 (0%) -
Total patient affected (%) 3(10.7%) 8 (28.6%) 0.177
Total number of revisions 7 (25%) 8 (28.6%) 0.562
Recurrent revision 0 0 -
Revision type 0.5
Junctional kyphosis* 2 (7.1%) 3 (10.7%)
Implants failure 0 (0%) I (3.6%)
Distal extension 4 (17.9%) -
Others 1 (3.6%) 4 (14.3%)

* Junctional kyphosis included proximal junctional kyphosis in both groups and
distal junctional kyphosis in group L.

between L4/L5 and S1/ilium LIVs. In the unmatched groups,
age and deformity types were significantly different, which
made it difficult to make strong comparisons. After matching,
patients were of similar age (around 50 years old), had moder-
ate coronal malalignment, had moderate-to-severe functional
disability, had no severe sagittal malalignment, and mainly had
Iumbar or double coronal curves types. Our data showed that
the correction of sagittal alignment was different between the 2
groups, with group S having significantly better sagittal defor-
mity correction than group L (Table 3), although fusion to S1/
ilium involved longer operative times and higher PJK rates.
The overall complication rates, revision rates, and HRQOL
scores were not different between the 2 groups.

Previous studies have reported better sagittal alignment cor-
rection in patients with S1 LIV. Edwards et al.” investigated L5
LIV versus S1 LIV and found that the postoperative SVA was
superior in their sacrum cohort. Cho et al.' reported more LL
restoration with S1 LIV compare to L5 LIV, mainly due to the
greater L5—S1 lordotic angle restoration and greater loss of cor-
rection in group L. They suggested that for patients with sagittal
misalignment and lumbar hypolordosis, L5—S1 should be
included in the fusion even if the L5-S1 disc has minimal degen-
eration. Performing rigid sacropelvic fixation with iliac screws
or S2 alar-iliac screws could also improve correction by increas-
ing the biomechanical strength of LIV fixation. Yasuda et al.'®
found that the correction of sagittal parameters, including SVA,
LL, and PT, was better with iliac screws for LIV fixation than
with non-iliac screws. They also found that the lumbosacral
failure rate significantly decreased when using iliac screws and

recommended fusion to the ilium for long spinal fusion in ASD.
Our data confirmed that the correction of sagittal parameters was
better in S1/ilium LIV than in L4/L5 LIV.

We found that sagittal alignment restoration was maintained
in group L, while significant loss of correction was found in
group S at the 2-year follow-up (Figure 1). One explanation of
the sagittal decompensation in group S was the higher post-
operative PJK angle in group S than in group L. Sagittal
decompensation has been attributed to the increase in kyphosis
at the unfused spine, such as reciprocal change of TK or junc-
tional kyphosis.'” A previous study has reported that in ASD
patients with L5 LIV, collapse of the remaining distal disc may
cause distal junctional kyphosis and result in sagittal decom-
pensation.'® However, we did not find correction loss in group
L, and the DJK angle was maintained because of the young
population and relatively short follow-up period in our series.
Loss of correction over the fused segments has been reported in
the literature. Banno et al.'” reported a loss of correction of
27% among 63 patients with ASD with lower thoracic fusion to
the pelvis. They reported that greater body mass index, high-
grade osteotomies, and use of titanium rods were associated
with a loss of correction that resulted in sagittal malalignment
(higher TIPA, SVA, and PT after 2 years). In another study, the
authors reported that loosening of the iliac screw indicated
instability of the lumbosacral junction that could result in sagit-
tal malalignment and a poor outcome.’

Risk of revision is one of the most important considerations
in the selection of the distal fusion level and in the inclusion or
exclusion of the sacrum. The total revision rate was higher in
patients with distal fixations to the sacrum than in patients with
distal fixations to L5.2""*? The revision rate of ASD surgery has
been reported to range from 12.5% to 15.4% within the first
year,'!! 28 2% within 2.1 years,'? and 32% within 3.3 years of
follow-up.® The reasons for revision include implant-related
complications, PJK, infection, pseudoarthrosis, and adjacent
segment degeneration. In patients with an LIV of L4 or L5,
symptomatic adjacent segment degeneration and the need for
extension to the sacrum are the major indications for revision.
The reported revision rate for extension to the sacrum is 23%.%>
However, in our study, it was 17.9%, which accounted for
71.5% (5 of 7) of all the revisions performed in group L. The
reported rate of L5-S1 pseudoarthrosis is 17%-42%.7° The
higher rates of pseudarthrosis and complications in patients
with fusion extending to the sacrum were due to high mechan-
ical demand and relatively low bone marrow density in the
sacrum. Our data showed no difference in the rate of pseudoar-
throsis between the 2 groups. This may be because all patients
in our matched group S underwent sacropelvic fixation and had
greater rates of IBF with cage than those in group L. According
to the literature, interbody fusion and rigid sacropelvic fixation
could provide better anterior support to the sacral screws, lead-
ing to decreased pseudarthrosis and screw loosening at the
lumbosacral junction,'%-16-18

Fusion of longer segments to the sacrum or ilium is a risk
factor for PJK. The etiology of PJK is multifactorial and
includes surgical, radiographic, and patient-related risk factors.
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The reported PJK rate after ASD surgery ranges from 20% to
39%.2427 Sacrum LIV has been reported to increase the risk of
PJK more than lower lumbar LIV.?® Yagi et al.*’ reported a
30% increased PJK incidence when the LIV extended to the
sacrum. In this study, the rates of radiographic PJK and PJK
angle were significantly higher in group S than in group L at the
6-week and 2-year follow-ups. This may be due to the greater
LL and SVA correction postoperatively, which have been con-
sidered risk factors for PJK by Kim et al.*® The revision rate for
PJK was higher in group S (10.7%) than in group L (3.6%), but
the difference was not statistically significant.

The choice of LIV is controversial. Fusion ending at L5 may
result in retention of lumbosacral motion, reduction of sacroiliac
joint stress, decrease in operative time, avoidance of extensive
dissection, and decrease in the risk of pseudarthrosis.?*° None-
theless, the risk of adjacent segment disease is high (68%
reported by Kuhns et al.%), and the rate of revision involving
extension to the sacrum is 23%.%* Generally, the indications for
fusion to the sacrum or ilium are L5-S1 spondylolisthesis, pre-
vious L5-S1 surgery, existing L5-S1 stenosis, subluxation of L5
(>15°), and a severely degenerated disc.” Fusion ending at S1
could lead to higher rates of lumbosacral failure and revision
than that ending at L5."> Currently, the increased use of rigid
sacropelvic fixation could reduce the rate of pseudoarthrosis and
increase correction of sagittal deformity.'®*! In line with the
current literature, worse spinal deformity and older age, which
were associated with the unmatched group S, could have also
increased the risk of revision. The revision rate was comparable
in the matched groups including patients of a similar age
(approximately 50 years) and with moderate deformities. How-
ever, the reasons for revision were different in the 2 groups;
more distal extensions accounted for revisions in group L,
whereas more PJK accounted for revisions in group S. We,
therefore, suggest that decisions regarding L4/5 versus S1/ilium
as the distal fusion ends for LIV should be largely based on the
risks involved in deformity correction and revision surgeries. For
patients with preserved distal discs with low risks of distal junc-
tional failure, stopping the LIV at L4/5 could be considered. For
patients needing extended fusion to the sacrum, the use of ilium
or pelvic fixation is recommended to increase stability of the
lumbosacral junction.

This study has several limitations. First, the number of
matched patients was low. Second, the detailed procedures
involved in the surgery were not analyzed, such as the type or
level of osteotomy, type of fusion, or multiconstructs. Finally,
the post-matched groups in this study were not necessarily rep-
resentative of all adult patients with deformity since the post-
matched patients were limited to those aged approximately 50
years with moderate coronal misalignment, moderate-to-severe
functional disability, no severe sagittal malalignment, and
mainly lumbar or double coronal curve types.

Conclusion

More fusions to S1 or the ilium were performed in older
patients with larger sagittal plane deformities than fusions to

L4 or LS. After propensity matching, patients in group S had
better sagittal alignment restoration after surgery than those in
group L. There was some deterioration of the sagittal para-
meters over time in group S, but the HRQOL scores between
the 2 groups at all timepoints were similar. Fusion to S1/ilium
involved a longer operating time, higher rates of PJK, and
greater postoperative PJK angle than fusion to L4 or L5. The
clinical outcomes and rates of revision surgery and complica-
tions were similar between the 2 groups.
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