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Abstract
Purpose  Three-column osteotomies at L5 or the sacrum (LS3COs) are technically challenging, yet they may be needed to 
treat lumbosacral kyphotic deformities. We investigated radiographic and clinical outcomes after LS3CO.
Methods  We analyzed 25 consecutive patients (mean age 56 years) who underwent LS3CO with minimum 2-year follow-up. 
Standing radiographs and health-related quality-of-life scores were evaluated. A new radiographic parameter [“lumbosacral 
angle” (LSA)] was introduced to evaluate sagittal alignment distal to the S1 segment.
Results  From preoperatively to the final follow-up, significant improvements occurred in lumbar lordosis (from − 34° to 
− 49°), LSA (from 0.5° to 22°), and sagittal vertical axis (SVA) (from 18 to 7.3 cm) (all, p < .01). Mean Scoliosis Research 
Society (SRS)-22r scores in activity, pain, self-image, and satisfaction (p < .05), and Oswestry Disability Index scores 
(p < .01) also improved significantly. Patients with SVA ≥ 5 cm at the final follow-up experienced less improvement in SRS-
22r satisfaction scores than those with SVA < 5 cm. Patients with LSA < 20° at the final follow-up had significantly lower 
SRS-22r activity scores than those with LSA ≥ 20° (p = .014). Two patients had transient neurologic deficits, and 11 patients 
underwent revision for proximal junctional kyphosis (5), pseudarthrosis (3), junctional stenosis (2), or neurologic deficit (1).
Conclusions  LS3CO produced radiographic and clinical improvements. However, patients who remained sagittally imbal-
anced had less improvement in SRS-22r satisfaction score than those whose sagittal imbalance was corrected, and patients 
who maintained kyphotic deformity in the lumbosacral spine had lower SRS-22r activity scores than those whose lumbosacral 
kyphosis was corrected.

Graphic abstract
These slides can be retrieved under Electronic Supplementary Material.

Key points

1. Three-column osteotomies at L5 or the sacrum (LS3CO) produced 
significant improvements in radiographic and clinical outcomes 
and was associated with a similar complication rate as that of 3CO 
at other spinal levels. 

2. Patients who remained sagittally imbalanced had less 
improvement in SRS-22r satisfaction score, and patients who 
maintained kyphotic deformity had lower SRS-22r activity scores.

3. A new anatomical spinopelvic parameter, termed lumbosacral 
angle (LSA), was defined, and it was useful to evaluate surgical 
outcomes in lumbosacral kyphotic deformities.

Preop. Postop. Preop. Postop. Preop. Postop. Preop. Postop.

Three-column osteotomies at L5 Three-column osteotomies at the sacrum

Take Home Messages

1. Three-column osteotomies are typically performed at or proximal to L4. 
LS3COs are technically challenging, yet they may be required to treat 
lumbosacral kyphotic deformities. 

2. Large correction of sagittal imbalance and rigid sacropelvic 
instrumentation might contribute to proximal junctional kyphosis. 
However, restoring sagittal balance and lumbosacral lordosis with a secure 
distal foundation are necessary for better outcome and prevention of  
pseudarthrosis or fixation failures.

3. LSA would be an alternative radiographic measure to evaluate spinopelvic 
sagittal alignment in the lumbosacral spine, when the sacral endplate is 
invisible; such as dome-shaped in high-grade spondylolisthesis, already 
fused to the sacrum, or sacral fracture. 

Keywords  Adult spinal deformity · Health-related quality of life · Lumbosacral angle · Pedicle subtraction osteotomy · 
Three-column osteotomy

Introduction

Fixed global sagittal malalignment is associated with flat-
back syndrome caused by distraction procedures, such as 
placement of Harrington rods [1] and sagittal malalignment 
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after instrumented spinal fusion. Other reported causes are 
postlaminectomy, posttraumatic kyphosis, and ankylosing 
spondylitis. Rigid lumbosacral kyphotic deformity with 
severe sagittal imbalance can also be caused by distal junc-
tional failure, which is the fixation failure at the caudal end 
of a long spinal fusion construct.

The goals of surgery are to relieve pain, prevent deform-
ity progression, and improve global spinal alignment and 
balance, with the ultimate aim of improving function. 
Three-column osteotomies (3COs), such as pedicle sub-
traction osteotomy (PSO) and vertebral column resection, 
can correct rigid spinal deformities and fixed global spinal 
imbalance [2, 3]. Several authors have reported that 3COs, 
with osteotomies typically performed at or proximal to L4, 
significantly improved radiographic and clinical outcomes 
with acceptable complication rates [2, 4–11]. Kim et al. [4] 
reported 140 PSO cases, only 2 of which were performed at 
L5. 3CO at the sacrum has rarely been reported, and it may 
be useful after displaced sacral fracture with malunion or 
fixed sagittal malalignment in the lumbosacral spine [12, 
13]. 3COs at L5 or the sacrum, so-called lumbosacral 3COs 
(LS3COs), can be technically challenging, yet they may be 
required in patients with lumbosacral kyphotic deformities 
that are associated with major sagittal imbalance.

To our knowledge, surgical outcomes after LS3CO with 
assessments of spinopelvic parameters and health-related 
quality of life (HRQoL) have not been described. Our aims 
were to investigate radiographic and clinical outcomes after 
LS3CO.

Materials and methods

After approval of our institutional review board, we 
reviewed a surgical database to identify consecutive patients 
who had undergone LS3CO between 2004 and 2012 with 
at least 2-year follow-up. Patients’ demographic informa-
tion and perioperative data were assessed from medical 
records. Complete spinopelvic parameters using standing 
radiographs were measured, and HRQoL scores were evalu-
ated at preoperative, postoperative (6–8 weeks), and final 
follow-up time points.

Radiographic measurements

Standing anteroposterior and lateral whole-spine radio-
graphs were obtained with the arms in the fists-on-clavicles 
position (elbows fully flexed with fists resting on clavicles) 
and knees and hips extended as fully possible at all three 
time points. Pelvic incidence, sacral slope, and pelvic tilt 
were measured. Thoracic kyphosis was measured from the 
superior endplate of T5 to the inferior endplate of T12. 
Lumbar lordosis was measured from the inferior endplate 

of T12 to the superior endplate of S1 using Cobb’s method. 
Lumbosacral sagittal alignment distal to S1 was evaluated 
using a new anatomical parameter termed lumbosacral angle 
(LSA), which was defined as the angle between the inferior 
endplate of T12 and the perpendicular line connecting the 
posterior–inferior endplates of S3 and S4 (Fig. 1a). LSA is 
useful when the sacral endplate is imprecise or invisible, 
such as in patients with dome-shaped deformity in high-
grade spondylolisthesis (Fig. 1b) or in those with sacral frac-
tures because of the lack of anatomical alignment distal to 
S1 (Fig. 1c). To evaluate global balance, we measured sagit-
tal vertical axis (SVA), which was defined as the horizontal 
distance from a C7 plumb line to the superior posterior end-
plate of S1. Proximal junctional kyphosis (PJK) was defined 
as (1) a proximal kyphotic angle (PKA) between the inferior 
endplate of the upper instrumented vertebra and the superior 
endplate of two supra-adjacent vertebra of > 10° and (2) a 
PKA 10° greater than the preoperative measurement [14].

Patient outcomes

Clinical and functional outcomes were assessed using 
HRQoL scores on the Oswestry Disability Index (ODI) 
and Scoliosis Research Society (SRS)-22r patient question-
naire at preoperative, postoperative, and final follow-up 
time points. Survey responses were tabulated to calculate 
the scores for each of the SRS-22r domains (activity, men-
tal health, pain, satisfaction, and self-image) and the ODI. 
Major complications were defined as fatal cardiovascular 
events, pulmonary embolism, death from other causes, new 
neurologic deficits, deep wound infection, pseudarthrosis, 
symptomatic PJK, and any condition requiring revision 
surgery.

Statistical analysis

Radiographic parameters and HRQoL data were compared 
among preoperative, postoperative, and final follow-up time 
points using one-way analysis of variance. HRQoL scores 
were compared in several subgroups: sagittally imbalanced 
patients (SVA ≥ 5 cm) at the final follow-up versus bal-
anced patients (SVA < 5 cm), patients who continued to be 
kyphotic in the lumbosacral spine (LSA < 20°) at the final 
follow-up versus those who did not (LSA ≥ 20°), and patients 
who developed PJK at the final follow-up versus those with-
out PJK. SPSS, version 21.0 (IBM Corp., Armonk, NY, 
USA), was used, and p < .05 was considered significant. 
Tests were two-tailed.

Surgical techniques for LS3CO

Pre- and postoperative radiographs of representative cases 
of 3COs at L5 and S1 are shown in Figs. 2 and 3. 3CO at 
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L5 was performed using the same technique as 3COs at or 
proximal to L4. However, laminectomy should be performed 
thoroughly because postoperative lumbar lordosis can lead to 
proximal or distal adjacent stenosis, especially in the lower 
lumbar spine. 3CO at the sacrum was performed for patients 
with sacral fracture. The excision of bilateral S1 pedicles was 
performed in an oblique fashion to reshape the sacrum where it 
had fractured and angled forward. Osteotomies were extended 
to the bilateral sacral ala to the sacroiliac joint and anterior 
cortex of the sacrum using an osteotome, high-speed drill, or 
Kerrison rongeurs. Spinal rods were placed, and compression 

was performed carefully under intraoperative neuromoni-
toring. Because it was impossible to use S1 screws, dual S2 
alar–iliac screws were used bilaterally to provide a secure rigid 
distal foundation (Fig. 3). All procedures were performed with 
intraoperative neuromonitoring using motor-evoked potentials.

Fig. 1   a Lumbosacral angle (LSA) is defined as the angle between 
the inferior endplate of T12 and the perpendicular line connecting 
the posterior–inferior endplates of S3 and S4. Black dots are the pos-
terior–inferior endplates of S3 and S4. The dotted line connects the 
posterior–inferior endplates of S3 and S4. Solid lines are the inferior 
endplate of T12 and the perpendicular line connecting the posterior–
inferior endplates of S3 and S4. The asterisk is LSA. b LSA is a use-
ful measure when the sacral endplate is imprecise or invisible, such 
as in patients with dome-shaped deformity in high-grade spondylolis-
thesis. The dotted line connects the posterior–inferior endplates of S3 
and S4. Solid lines are the inferior endplate of T12 and the perpen-
dicular line connecting the posterior–inferior endplates of S3 and S4. 

Fine dotted line is the possible range of superior endplates of S1 in 
high-grade spondylolisthesis. The superior endplates of S1 are impre-
cise in dome-shaped deformity (question mark). c In patients with 
sacral fracture, lumbar lordosis was difficult to evaluate because of 
the lack of anatomical alignment distal to S1 (angular deformity at or 
distal to S1). The dotted line connects the posterior–inferior endplates 
of S3 and S4. Solid lines are the inferior endplate of T12 and the per-
pendicular line connecting the posterior–inferior endplates of S3 and 
S4. The fine dotted line is the superior endplates of S1. Conventional 
measurement of lumbar lordosis may underestimate lumbosacral 
kyphotic deformity
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Results

Twenty-five patients (18 women) who underwent LS3CO 
with a mean follow-up of 47  months (range 24–101) 
were enrolled in this study. Three patients were lost to 
follow-up and were excluded (one patient for a psycho-
logical problem and two patients for inability to contact). 
Patient characteristics are shown in Table 1. Mean age at 
surgery was 56 years (range 21–76), and mean body mass 
index value was 28 (range 22–35). Preoperative diagnoses 
were pseudarthrosis at the lumbosacral junction (n = 10), 
sacral fracture distal to a long spinal fusion (n = 5), flat-
back syndrome with sagittal imbalance (n = 4), high-grade 
(grade ≥ 3) spondylolisthesis (n = 4), and L5 fracture dis-
tal to a long spinal fusion (n = 2). Twenty-four patients 
underwent surgery as part of a revision procedure, and 
one patient underwent primary surgery. Pedicle subtrac-
tion osteotomy was performed in 24 patients (at L5 in 18; 
at S1 in 6), and vertebral column resection was performed 
in one patient (at L5). All patients were fused to the pel-
vis using S2 alar–iliac screws. The mean number of fused 
levels was 6.4 (range 3–10). Mean operative time was 
465 min (range 344–565), mean estimated blood loss was 
2985 mL (range 800–6800), and mean length of hospital 
stay was 7 days (range 3–21).

Radiographic parameters

Radiographic parameters at preoperative, postoperative, 
and final follow-up time points are shown in Table 2. Com-
pared with preoperative values, there were improvements 
in the following radiographic parameters at the final follow-
up: lumbar major curve, lumbar lordosis, LSA, and SVA. 
Compared with preoperative values, pelvic tilt improved 
at the postoperative time point (p = .035), but not at the 
final follow-up (p = .095). Although four patients had PJK 
(PKA > 10°) preoperatively, PKA increased significantly 
from preoperatively to the final follow-up (p = .027), and 
10 of 25 patients had PJK (PKA range 21°–43°) at the final 
follow-up. Thoracic kyphosis increased significantly from 
preoperatively to the final follow-up (p = .022). Mean SVA 
in patients with 3CO at the sacrum was larger than in those 
with 3CO at L5 at all time points: preoperatively, 17 cm (L5) 
versus 22 cm (sacrum) (p = .116); postoperatively, 5.9 cm 
(L5) versus 6.9 cm (sacrum) (p = .739); and the final follow-
up, 6.9 cm (L5) versus 8.5 cm (sacrum) (p = .610). However, 
these differences were not significant.

Patient outcomes

HRQoL scores improved between the preoperative and 
final follow-up time points (Table  3). Mean SRS-22r 

Fig. 2   Radiographs of a 27-year-old man with an extended PSO 
at L5. The patient presented with severe sagittal imbalance. He 
had a history of scoliosis, which was treated elsewhere with instru-
mented posterior spinal fusion to L4. He developed distal junctional 
kyphosis, and although the fusion construct was extended to the 
sacrum with interbody fusion at L5-S1, rigid lumbosacral deformity 

remained. He underwent posterior spinal fusion from L2 to the pelvis 
with an extended PSO at L5 for correction of kyphotic deformity in 
the lumbosacral spine. Standing radiographs of the whole spine show 
the a preoperative anteroposterior view, b postoperative anteroposte-
rior view, c preoperative lateral view, and d postoperative lateral view
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scores improved significantly in the following domains 
(preoperative/final follow-up): activity (2.6/3.5), pain 
(2.4/3.4), self-image (2.4/3.3), and satisfaction (2.5/3.3). 
ODI scores also improved significantly from 63 preopera-
tively to 40 at the final follow-up. Although mean SRS-
22r mental health scores improved from preoperatively 
(3.0) to the final follow-up (3.5), this change was not sig-
nificant (p = .077). We found no significant differences 
between sagittally imbalanced patients (SVA ≥ 5  cm) 
(N = 13) and balanced patients (N = 12) in HRQoL scores 
at the final follow-up, but sagittally imbalanced patients 

had no significant improvement in mean SRS-22r satis-
faction score from preoperatively to the final follow-up 
(p = .435), whereas balanced patients improved sig-
nificantly (p = .017) (Table 4). Patients with LSA < 20° 
(n = 12) had significantly lower mean SRS-22r activity 
scores compared with patients with LSA of ≥ 20° (n = 13) 
at immediate postoperative (p = .043) and final follow-up 
(p = .014) time points (Table 5). We found no significant 
differences in HRQoL scores at any time point between 
patients who developed PJK (n = 10) and those who did 
not (n = 15).

Fig. 3   Radiographs of a 52-year-old woman with a PSO at S1. She 
presented with intractable pain in the lumbosacral spine and a severe 
sagittal imbalance. Her radiographs showed sacral fracture after pos-
terior spinal fusion from L3 to S1. A PSO was performed at S1 for 
correction of kyphotic deformity in the lumbosacral spine, and S2 
alar–iliac screws were used bilaterally to provide a secure, rigid dis-

tal foundation. Standing radiographs of the whole spine show the a 
preoperative anteroposterior view, b postoperative anteroposterior 
view, c preoperative lateral view, and d postoperative lateral view. CT 
images show the e preoperative sagittal view, f postoperative sagittal 
view, g preoperative coronal view, and h postoperative coronal view
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Table 1   Characteristics of 25 
adults who underwent three-
column osteotomy at L5 or 
the sacrum for lumbosacral 
deformity correction

Characteristic No. of patients Mean (range)

Age at surgery (year) 56 (21–76)
Female sex 18
Body mass index 28 (22–35)
Diagnosis
 Pseudarthrosis at lumbosacral junction 10
 Sacral fracture distal to long spinal fusion 5
 Flat-back syndrome with sagittal imbalance 4
 High-grade spondylolisthesis 4
 L5 fracture distal to long spinal fusion 2

Level of osteotomy
 L5 19
 Sacrum 6

No. of fused vertebrae 6.4 (3–10)
Operative time (m) 465 (344–565)
Estimated blood loss (mL) 2985 (800–6800)
Length of hospital stay (day) 7 (3–21)

Table 2   Mean (± SD) 
radiographic parameters of 
25 adults who underwent 
three-column osteotomy at L5 
or the sacrum for lumbosacral 
deformity correction

* p value for difference between preoperative and postoperative measurements
† p value for difference between preoperative and final follow-up measurements
a Lumbosacral angle is a new parameter introduced in this study and defined as the angle between the infe-
rior endplate of T12 and the perpendicular line connecting the posterior endplates of S3 and S4

Parameter Preoperative Postoperative Final follow-up p value* p value†

Lumbar lordosis (°) −34 ± 22 −51 ± 15 −49 ± 13 .001 .005
Lumbar major curve (°) 19 ± 9.9 13 ± 7.4 14 ± 7.4 .023 .049
Lumbosacral angle (°)a 0.5 ± 13 22 ± 15 22 ± 15 < .001 < .001
Pelvic incidence (°) 67 ± 16 62 ± 11 61 ± 10 .821 .820
Pelvic tilt (°) 28 ± 5.6 23 ± 7.8 24 ± 8.0 .035 .095
Proximal kyphotic angle (°) −2.7 ± 16 6.0 ± 17 9.7 ± 21 .107 .027
Sacral slope (°) 39 ± 18 40 ± 8.9 39 ± 10 .871 .890
Sagittal vertical axis (cm) 18 ± 7.5 6.2 ± 5.3 7.3 ± 5.4 < .001 < .001
Thoracic kyphosis (°) 25 ± 15 32 ± 13 36 ± 17 .125 .022
Thoracic major curve (°) 14 ± 9.2 14 ± 8.0 14 ± 8.8 .738 .953

Table 3   Mean (± SD) health-
related quality-of-life scores 
in 25 adults who underwent 
three-column osteotomy at L5 
or the sacrum for lumbosacral 
deformity correction

ODI Oswestry Disability Index; SRS-22r Scoliosis Research Society-22r questionnaire
*p value for difference between preoperative and postoperative measurements
† p value for difference between preoperative and final follow-up measurements
a Postoperative values at 6–8 weeks after surgery
b Mean length of final follow-up was 47 months (range 24–101 months)

Outcome measure Preoperative Postoperativea Final follow-upb p value* p value†

SRS-22r
 Activity 2.6 ± 0.5 2.9 ± 0.8 3.5 ± 0.8 .288 .001
 Mental health 3.0 ± 0.8 3.0 ± 0.7 3.5 ± 0.7 .843 .077
 Pain 2.4 ± 0.7 2.7 ± 1.0 3.4 ± 0.7 .279 < .001
 Satisfaction 2.5 ± 1.0 2.5 ± 1.2 3.3 ± 1.1 .923 .034
 Self-image 2.4 ± 0.8 3.2 ± 0.9 3.3 ± 0.8 .005 .002

ODI 63 ± 15 51 ± 18 40 ± 14 .026 < .001
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Complications

There were no perioperative deaths. Twenty-one com-
plications occurred in 18 patients. There were 11 major 
complications in 10 patients and 10 minor complications 
in 8 patients (Table 6). Two patients (8%) had transient 
neurologic deficits, and one of the two patients under-
went revision surgery. We could not identify substantial 
intraoperative neuromonitoring alerts in these patients. 
One patient who underwent PSO at L5 had transient post-
operative motor weakness. The patient was treated with 
intravenous administration of a steroid. Another patient 
who underwent PSO at L5 developed motor weakness in 
the tibialis anterior. A computed tomographic myelogram 
showed newly developed stenosis related to impinge-
ment of the proximal lamina of L4. Laminectomy was 
performed at L4 2 weeks after the surgery. There were 
no superficial or deep wound infections. Revision sur-
geries were performed for symptomatic PJK (n = 5) and 
proximal junctional stenosis (n = 2). Twenty-four patients 
(96%) showed radiographic fusion at the osteotomy site. 
However, one patient who underwent PSO at the sacrum 
required revision surgery because of a rod fracture at S1. 
Two patients developed pseudarthrosis with rod fractures 
at levels remote from the osteotomy sites, which had been 
instrumented in prior surgeries, and both required revision 
surgery.
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Table 6   Complications in 25 adults after three-column osteotomy for 
lumbosacral spinal deformity correction

*Patients with all major complications except death required revision 
surgery
† Rod fracture at S1

Complication type No. of patients

Major*
 Death 0
 Neurologic deficit 1
 Proximal junctional kyphosis 5
 Proximal junctional stenosis 2
 Pseudarthrosis at the osteotomy site† 1
 Pseudarthrosis at a remote site 2

Minor
 Dural tear 4
 Ileus 1
 Infection 0
 Excessive bleeding (> 4 L) 1
 Mild respiratory disorder (atelectasis) 1
 Neurologic deficit (transient) 2
 Urinary tract infection 1
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Discussion

For years, 3COs have been used to correct rigid spinal 
deformities and fixed global spinal imbalance. 3COs are 
typically performed at or proximal to L4 [2, 4–11]; however, 
some patients who present with rigid kyphotic deformity 
at the lumbosacral junction may require LS3CO. Because 
recent studies have suggested the importance of lordosis dis-
tribution index (L4-S1 lordosis/L1-S1 lordosis × 100) [15] 
and restoring lordosis at lower lumbar levels [16], correction 
should be focused on the most kyphotic spinal region, at the 
lumbosacral junction. In the present study, LS3CO produced 
significant improvements in sagittal alignment and HRQoL 
scores. Although mean SVA and ODI score at the final fol-
low-up seemed not to achieve “successful” results compared 
with previous reports of adult spinal deformity surgeries [4, 
17], our patients had severe preoperative disease. The goals 
of LS3CO were correction of severe sagittal imbalance and 
kyphotic deformity at the lumbosacral junction, with the ulti-
mate goal of improving function. In fact, our data showed 
that sagittally imbalanced patients (SVA ≥ 5 cm) had less 
improvement in SRS-22r satisfaction score than those whose 
sagittal balance was corrected, and those who maintained a 
kyphotic deformity in the lumbosacral spine (LSA < 20°) had 
lower SRS-22r activity scores than those whose lumbosacral 
kyphosis was corrected. The complication rate we observed 
is similar to those reported after 3CO at other levels [4–9]. 
In our study, 24 of 25 patients were revision cases, and our 
results are comparable to those in previous reports describing 
revision surgery in adult spinal deformity correction [18, 19].

The incidence of PJK at 7.8 years after long posterior spi-
nal instrumented fusion was reported to be 39% in patients 
with adult spinal deformity [20]. In our study, thoracic 
kyphosis increased significantly from preoperatively to the 
final follow-up, which was considered a reciprocal change. 
PKA also increased significantly after surgery, and 10 of 25 
patients developed PJK at 3.9 years. Five patients underwent 
revision surgery for PJK, as did two patients with proximal 
junctional stenosis. One reason for this phenomenon was 
believed to be the large difference (> 10 cm) in preopera-
tive to final SVA to correct severe sagittal imbalance [21]. 
Another possibility is that the rigid sacropelvic instrumen-
tation contributed to progression of thoracic kyphosis and 
the higher incidence of PJK [22]. However, a secure distal 
foundation is necessary to resist the strong flexion moments 
and cantilever forces present at the lumbosacral junction, 
thus preventing fixation failures. Indeed, we observed a 
lower rate of pseudarthrosis at the osteotomy site than that 
previously reported [9]. The S2 alar–iliac technique has 
been adopted at our institution and elsewhere for adults and 
children undergoing pelvic fixation. In patients undergoing 
3CO at the sacrum, pelvic fixation using dual S2 alar–iliac 
screws on each side (four-point fixation) can be a reliable 

technique to provide a rigid distal foundation. We found no 
significant differences in HRQoL scores between patients 
with and without PJK. However, Bridwell et al. [23] reported 
that patients with PJK ≥ 20° had lower SRS-22 scores than 
patients with PJK < 20°. Although substantial correction 
of kyphotic deformity and SVA, as well as a secure distal 
foundation with sacropelvic instrumentation are critical to 
LS3CO, mid- to long-term follow-up is needed to assess 
potential risks of poor outcomes and need for revision sur-
gery for PJK.

Pelvic incidence is widely used to evaluate spinal sagittal 
alignment [24] and predict sagittal correction after PSO [25] 
and surgical outcomes in adult spinal deformity [26]. How-
ever, it can be difficult to obtain pelvic incidence measure-
ments using the sacral endplate when the endplate is dome-
shaped in patients with high-grade spondylolisthesis and in 
those already fused to the sacrum, especially in those with 
interbody fusion. In patients with sacral fracture, lumbar 
lordosis (Th12-S1) should not be used to evaluate lumbosa-
cral kyphosis because of the lack of anatomical alignment 
distal to S1 (angular deformity at or distal to S1). For these 
patients, we defined a new anatomical spinopelvic param-
eter, termed LSA, to serve as an alternative radiographic 
measure of spinopelvic sagittal alignment in the lumbosacral 
spine. Furthermore, LSA was helpful in evaluating surgi-
cal outcomes, especially in this series of patients with lum-
bosacral kyphotic deformities. Although few patients require 
LSA measurement, the reliability of this angle should be 
confirmed in large case series.

A limitation of this study was the small sample size from 
one institution. However, to our knowledge, this is the first 
study to report surgical outcomes after LS3CO with assess-
ments of spinopelvic parameters and HRQoL. Another lim-
itation was the retrospective study design, although most 
data were collected prospectively. A prospective, larger-
scale, multicenter study with long-term follow-up is needed 
to provide more information about surgical outcomes and 
factors associated with poor outcomes after LS3CO for this 
challenging problem.

Conclusions

LS3CO produced significant improvements in radiographic 
and clinical outcomes from preoperatively to postoperatively 
and was associated with a similar complication rate as that of 
3CO at other spinal levels. However, patients who remained 
sagittally imbalanced (SVA ≥ 5 cm) had less improvement in 
SRS-22r satisfaction score than those whose sagittal balance 
was corrected, and those who maintained a kyphotic deform-
ity in the lumbosacral spine (LSA < 20°) had lower SRS-22r 
activity scores than those whose lumbosacral kyphosis was 
corrected.
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