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Study Design: Prospective cohort study.

Purpose: To identify factors that affect sagittal alignment correction in lateral lumbar interbody fusion (LIF) surgery for adult spinal
deformity (ASD) and to investigate the degree of correction in each condition.

Overview of Literature: LIF is a useful procedure for ASD, but the degree of correction can be affected by posterior osteotomy, in-
traoperative endplate injury, or anterior longitudinal ligament (ALL) rupture.

Methods: Radiographical data for 30 patients who underwent LIF for ASD were examined prospectively. All underwent two-stage
surgery (LIF followed by posterior fixation). Radiographical parameters were measured preoperatively, after LIF, and after posterior
fixation; these included the segmental lordotic angle, lumbar lordosis (LL), and other sagittal alignment factors.

Results: LL was corrected from 16.5°+16.7° preoperatively to 33.4°+13.8° after LIF (p<0.001) and then to 52.1°+7.9° following pos-
terior fixation (p<0.001). At levels where Schwab grade 2 osteotomy was performed, the acquired segmental lordotic angles from the
preoperative value to after posterior fixation and from after LIF to after posterior fixation were 19.5°+9.2° and 9.9°+3.9°, respectively.
On average, 12.4° more was added than in cases without osteotomy. Endplate injury was identified at 21 levels (19.4%) after LIF, with
a mean loss of 3.4° in the acquired segmental lordotic angle (5.3°+8.4° and 1.9°+5.9° without and with endplate injury, respectively).
ALL rupture was identified at seven levels (6.5%), and on average 19.3° more was added in these cases between the preoperative
and postoperative values than in cases without ALL rupture.

Conclusions: LIF provides adequate sagittal alignment restoration for ASD, but the degree of correction is affected by grade 2 oste-
otomy, intraoperative endplate injury, and ALL rupture.
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Introduction

The primary goal of adult spinal deformity (ASD) surgery
is to restore sagittal balance, which is closely associated
with pain and disability [1,2]. Disk degeneration is the
main cause of ASD, and a correction at the interbody
space is one of the most appropriate surgical methods
[3,4]. Lateral lumbar interbody fusion (LIF) is widely used
for ASD [5-7]. This technique, which was recently intro-
duced, uses a lateral trans-psoas approach to the disk,
which involves less invasive surgical exposure, avoids the
major vessels, and permits the placement of large inter-
body cages that allow the correction of the deformity [6-8].

LIF is effective for the correction of moderate sagittal
plane deformities when used in combination with tradi-
tional open posterior techniques that use facet osteoto-
mies and a rod cantilever technique. Storm et al. [9] re-
ported that LIF using an open posterior approach for ASD
surgery with facet osteotomies and pedicle subtraction
osteotomy could restore lumbar lordosis (LL) by 11°+7°
and 29°+10°, respectively.

Various factors influence this degree of correction in
sagittal plane deformity. One of the most important is
posterior osteotomy, with the degree of correction increas-
ing with a higher grade of osteotomy. However, osteotomy
brings risks of intraoperative massive bleeding and neu-
rological deficit, so cases and levels that need osteotomy
should undergo thorough consideration preoperatively.
As yet, no detailed data have been reported regarding how
the degree of sagittal correction in each intervertebral disc
space relates to whether or not osteotomy was performed
[10], and the information needed for surgical planning is
limited.

In addition to posterior osteotomy, the presence of
endplate injury in LIF and anterior longitudinal liga-
ment (ALL) rupture can also affect the degree of sagittal
correction [11-18]. Endplate injury is an occasional in-
traoperative complication. It has been reported to occur
at 0.3%-22% of LIF levels, and it can diminish sagittal
plane correction [11-14]. If endplate injury is confirmed,
the predicted degree of correction should be revised and
posterior osteotomy or other procedures reconsidered,
depending on the specifics of the case. ALL rupture can
also occur accidentally during LIF and posterior correc-
tion, which can greatly affect sagittal correction. Anterior
column reconstruction has introduced been introduced,
and a greater lordotic angle can be obtained by severing

the ALL and using a larger angle of cages [15-18].

The purpose of the current study was to investigate the
degree of sagittal correction in the segmental interverte-
bral disc space after posterior osteotomy, endplate injury,
or ALL rupture in patients with ASD, and to elucidate the
correction angle data needed for surgical planning and
modification.

Materials and Methods

1. Study design

This study was approved by our institutional ethics com-
mittees (IRB approval no., 29-030 [0315]). We prospec-
tively reviewed radiographical records from consecutive
patients with ASD (coronal Cobb angle >30° and/or LL
<20°) who underwent LIF between 2013 and 2016. We
applied the following exclusion criteria: <20 years old;
<3-level involvement; <1-year follow-up; osteotomy equal
to or greater than pedicle partial body osteotomy (Schwab
classification grade 3) [10]; and the presence of any other
disease, such as tumors, traumas, or infections. Finally,
30 patients (mean age, 72.3+8.0 years; 6 men, 24 women)
were included in this study.

2. Surgical procedure

The patients all underwent two-stage surgery. LIF was fol-
lowed about 1 week later by posterior correction and fu-
sion using bilateral pedicle screw fixation.

The LIF procedures followed the surgical technique
described by Ozgur et al. [5], applying extremely lateral
lumbar fusion using Coroent cages (NuVasive Inc., San
Diego, CA, USA) [19]. For the endplate preparation, the
surface was marked with a box cutter to make a soft in-
dentation and an annular incision was then made with a
knife. After removing the disk material with a rongeur, a
Cobb elevator was advanced gently along the endplates,
under fluoroscopy guidance, to release the contralateral
annulus. After cage size trials, further disk curettage was
performed and the endplates were rasped. The cages were
inserted using two containment sliders to protect the end-
plates and to keep the graft material inside the cage.

For all the cases, the posterior correction and fusion
used traditional open posterior techniques with a rod can-
tilever technique with or without facet osteotomies. The
levels for grade 2 osteotomy were determined based on a
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preoperative radiographical evaluation [10].
3. Radiographical analysis

Preoperative, post-LIF, and post-posterior fusion whole
spine radiographs were obtained with the patient in an
upright standing position. The following radiological pa-
rameters were measured: segmental lordotic angle (the
Cobb angle between the upper and the lower end plates of
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each fused segment), LL, pelvic tilt (PT), pelvic incidence
(PI), and the sagittal vertical axis (SVA).

Endplate injury was assessed using computed tomogra-
phy (CT) multiplanar reconstruction in contiguous 1-mm
slices through the cages, acquired a few days after the LIE.
The sagittal plane of each segment was evaluated, and
endplate injury was defined as a cage sinking in by >2 mm
from the vertebral endplate (Fig. 1D).

ALL rupture was assessed using magnetic resonance

Fig. 1. Images for a representative case of a 78-year-old woman with degenerative kyphosis. (A—C) Preoperative images: whole spine X-rays
providing anteroposterior (A) and lateral (B) views; and a sagittal CT image (C). (D—F) Images after lumbar interbody fusion: whole spine X-rays
providing anteroposterior (D) and lateral (E) views; and a sagittal CT image (F). A cephalad endplate injury at L3 (white arrow) was identified on
postoperative CT (F). (G—I) Postoperative images: whole spine X-rays providing anteroposterior (G) and lateral (H) views; and a sagittal CT image (I).
(J) An ALL rupture (white arrow) at L1-2 was identified on magnetic resonance imaging after posterior fixation. The ALL was observed to be incon-
tinuous (white arrow). CT, computed tomography; ALL, anterior longitudinal ligament.
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imaging (MRI) in the sagittal plane after posterior instru-
mentation and fusion. All patients underwent postopera-
tive MRI within 2 weeks after surgery. ALL rupture was
defined by an incontinuous ALL identified on MRI T2-
weighted images (Fig. 1]).

4. Statistical analysis

IBM SPSS Statistics ver. 21.0 (IBM Corp., Armonk, NY,
USA) was used for the statistical analysis. Data are pre-
sented as meantstandard deviation. Student ¢-test and
one-way analysis of variance (with Tukey’s test for the post
hoc analysis) were used to compare two and three groups,
respectively. A p-value <0.05 was considered to indicate a
statistically significant difference.

Results

LIF was performed at a total of 108 interbody levels.
The mean fusion level after posterior instrumentation
was 7.4%1.7 levels. Table 1 summarizes the radiological
parameters preoperatively, after LIF, and after posterior
fixation. The preoperative mean values of the radiographi-
cal parameters were as follows: LL, 16.5°+16.7° SVA,
94.5+57.5 mm; PI minus LL (PI-LL), 34.4°+16.5° and
PT, 31.1°+10.3°. After LIF but prior to posterior fixation,
all the radiographical parameters showed significant im-
provement: LL, 33.4°+13.8° (p<0.001); SVA, 39.2+44.7

Table1. Pre- and postoperative spinal alignment

mm (p<0.001); PI-LL, 10.2°+17.5° (p<0.001); and PT,
16.9°+15.9° (p<0.001). In the posterior correction and
fixation, Schwab grade 2 osteotomies were performed at
seven levels (6.5%) [10]. After posterior fixation, all the
radiographical parameters showed significant improve-
ment compared with before the posterior fixation: LL,
52.1°£7.9° (p<0.001); SVA, 18.2+36.6 mm (p<0.001); PI-
LL, —9.1°+16.0° (p<0.001); and PT, 9.1°+17.9° (p<0.001).
After LIF but before posterior fixation, LL and PT had
already been corrected to 47.5% and 64.5% of their final
total extent of correction, respectively.

After LIE endplate injury was identified at 21 levels on
CT (19.4%). The segmental lordotic angle was 5.3°+8.4° at
levels without endplate injury, but 1.9°+5.9° at levels with
endplate injury, with a smaller acquired angle (p=0.08).
The mean loss in the acquired segmental lordotic angle
due to endplate injury was 3.4°.

ALL rupture was identified at seven levels (6.5%) and
grade 2 osteotomy was performed at seven levels (6.5%).
The acquired segmental lordotic angle at levels with ALL
rupture from after LIF to after posterior fixation and from
the preoperative values to after posterior fixation were
14.1°+6.2° and 26.4°+9.2°, respectively (Table 2). At levels
without ALL rupture or grade 2 osteotomy, the acquired
segmental lordotic angle from after LIF to after posterior
fixation and from the preoperative values to after poste-
rior fixation were 3.1°+5.7° and 7.1°£9.1°, respectively. Of
note, these acquired segmental lordotic angles were sig-

Variable Preoperative  After lateral lumbar interbody fusion, prior to posterior fixation Postoperative
LL(°) 16.5+16.7 334+138 521479
Sagittal vertical axis (mm) 94.5+57.5 9.2+44.7 18.2+36.6
Pelvic incidence—LL (°) 34.4+16.5 10.2+17.5 -9.1+16.0
Pelvic tilt (°) 31.1+10.3 16.9+15.9 9.1#17.9

LL, lumbar lordosis.

Table 2. The acquired segmental lordotic angle

VELED][

nor ALL rupture

No grade 2 osteotomy Grade

2 osteotomy ALL rupture p-value

Levels (%)
From lateral lumbar interbody fusion to posterior fixation (°)
From preoperative to posterior fixation (°)

3.145.7

94(87.0) 7(6.5) 7(6.5)
9.9+3.9 14.1+6.2 <0.0001
7.149.1 19.5+9.2 26.4+9.2 <0.0001

Values are presented as number (%) or meansstandard deviation. Statistical test: one-way analysis of variance (post-hoc Tukey).

ALL, anterior longitudinal ligament.
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nificantly larger at levels with ALL rupture than at those
without ALL rupture (p<0.0001); and when there was ac-
cidental ALL rupture, an average of 19.3° more was added
from the preoperative to the postoperative stage than in
cases without ALL rupture.

At seven levels with complete facet joint osteotomy
(Schwab grade 2) [10], the mean acquired segmental
lordotic angles from after LIF to after posterior fixation
and from the preoperative values to after posterior fixa-
tion were 9.9°+3.9° and 19.5°+9.2°, respectively (Table 2).
These acquired angles were significantly larger at levels
that underwent grade 2 osteotomy than at levels without
ALL rupture or grade 2 osteotomy (p<0.0001): by adding
grade 2 osteotomy, an average of 12.4° more was added
between the preoperative and postoperative stages than in
cases without osteotomy.

1. Representative case

The technique can be illustrated with a representative
case, of a 78-year-old woman with degenerative kyphosis.
Her preoperative radiological parameters were as follows:
LL, 1% PT, 31° PI-LL, 36° and SVA, 5.5 cm (Fig. 1A-C).
We performed LIF at four levels from L1-2 to L4-5. Post-
operative CT identified cephalad endplate injury at L3 (Fig.
1D, E). After LIF, the radiological parameters were as fol-
lows: LL, 9°% PT, 26° and SVA, 2.5 cm. The mean acquired
segmental lordotic angle at L1-2, L3-4, and L4-5 was 4.7
the angle was smaller (2.1°) at L2-3, where the endplate
injury was identified (Fig. 1F). We performed posterior
fixation from T9 to the pelvis and L5-S posterior LIE, but
not grade 2 osteotomy (Fig. 1G, H). An ALL rupture at
L1-2 was identified on MRI after posterior fixation (Fig.
11, J). The mean acquired segmental lordotic angle at L2-
3, L3-4, and L4-5, from after LIF to after posterior fixa-
tion was 7.8°% the angle was larger (13.6°) at L1-2, where
the ALL rupture was identified. Postoperatively, the pa-
tient’s radiological parameters were as follows: LL, 60° PT,
7° and SVA, 2.8 cm. To prevent anterior cage extrusion,
the patient wore a hard brace for 3 months postopera-
tively. At 1-year follow-up, bony fusion had been achieved
in the posterior part of the spine.

Discussion

This study investigated the factors that affect postoperative
sagittal alignment after LIF in patients with ASD. These
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were found to be grade 2 osteotomy, endplate injury, and
ALL rupture. Our results indicated that LIF resulted in a
mean increase of 5° in the segmental lordotic angle com-
pared with the preoperative angle, and that there was a
total increase of 7° by the postoperative stage, even when
grade 2 osteotomy was not performed. In cases where
grade 2 osteotomy was performed, the mean acquired lor-
dotic angle was approximately 20°, with 12° was added to
the segmental lordotic angle. In cases where ALL ruptured
intraoperatively, the total acquired segmental lordotic
angle was 26°, and the acquired lordotic angle increased.
Thus, LIF provided adequate sagittal alignment restora-
tion in ASD, but the degree of correction was greatly
affected by grade 2 osteotomy, intraoperative endplate
injury, and the occurrence of ALL rupture.

LIF was developed in the late 1990s as a minimally in-
vasive fusion technique [5]. The LIF approach enables suf-
ficient disk space preparation and the placement of a large
interbody cage from the lateral side of the spine [5,20].
This cage is useful for the correction of ASD to restore
disk height in cases where degeneration is the main cause
of the deformity [3]. In previous studies, LIF was shown
to have improved segmental sagittal alignment [21], with
an increase in disk height of 41.9%-83% and an increase
in foraminal height of 13.5%-83% [22,23]. Anand et al.
[23] reported an 8.1° increase in segmental lordosis in
ASD cases treated with LIF using a 10° cage. In an investi-
gation of 80 patients (mean fusion level, 1.5 levels), Shiga
et al. [24] found that the acquired lordotic angle was 3.8°
after LIF with 6° lordotic cages. In the present study, LIF
was found to result in mean increase in segmental lordotic
angle of 5° compared with the preoperative angle, with a
total increase of 7° by the postoperative stage; these results
were largely consistent with those reported previously.

There is currently no consensus regarding the segmen-
tal lordotic angle in cases with additional grade 2 oste-
otomy, ALL rupture, or intraoperative endplate injury.
Grade 2 osteotomy was introduced by Smith-Petersen et
al. [25] and elaborated by Geck et al. [26] in their discus-
sions of the use of wide segmental osteotomies and pos-
terior compression along unfused regions of the kyphotic
deformity. Grade 2 osteotomy involves the removal of the
posterior ligaments, spinous process, and facets to achieve
sagittal plane realignment. The degree of kyphotic correc-
tion achievable with this technique has been reported to
be in the range 9.3°-10.7° per level [26,27]. In the present
study, grade 2 osteotomy added 12° to the segmental lor-
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dosis at levels; this was slightly greater than that achieved
previously with LIF surgery for ASD. This was because
we were able to place a large cage in the anterior part of
the vertebral body with LIE, which may have resulted
in a slightly larger acquired lordotic angle when closing
the posterior part of the spine using osteotomy. Grade 2
osteotomy is a relatively safe and rapid procedure for the
correction of gradual kyphosis or hypolordosis [26,27],
with less blood loss, a shorter operative time, and fewer
neurological complications than with grade 3 osteotomy
(pedicle subtraction osteotomy) [28]. However, the blood
loss is greater than with grade 1 osteotomy, so the levels at
which grade 2 osteotomy is performed should be carefully
selected. Although LIF with grade 2 osteotomy can result
in a segmental lordotic angle of approximately 20° in total,
the procedures are not suitable in cases with sharp, angu-
lar kyphosis; grade 3 osteotomy should be considered in
such cases.

Postoperative cage subsidence in LIF surgery has been
reported, with a reported incidence of 0.3%-22% of cases
[12-14]. Two types of cage subsidence have been identi-
fied: one as a result of intraoperative endplate injury,
the other appearing gradually during the postoperative
period. Intraoperative endplate injury may be highly as-
sociated with the progressive settling of cages and with
less clinical improvement. In a study that focused specifi-
cally on intraoperative endplate injury, Satake et al. [11]
reported that 10.4% of 102 consecutive cases showed
signs of intraoperative endplate injury. In that study, the
risk factors for endplate injury included female sex, lower
bone mineral density, a higher rate of polyetheretherk-
etone used as cage material, and greater cage height [11].
Age was also a factor; ASD is often performed for elderly
patients, so the possibility of endplate injury is high. How-
ever, there have been no reports that have investigated the
incidence of endplate injury in ASD surgery or the loss
of acquired lordosis in cases with endplate injury. In the
present study, the incidence of endplate injury was 19.4%.
The acquired segmental lordotic angle was approximately
2° in levels with endplate injury, with a mean loss of 3° in
the acquired segmental lordotic angle. Sufficient anterior
disc height restoration could not be obtained at levels with
endplate injury, making it difficult to achieve sufficient
segmental lordotic angle without performing posterior
column shortening.

Anterior column reconstruction has recently been in-
troduced to address intraoperative ALL rupture [15-18],

and the relationship between severing the ALL and the ac-
quired lordotic angle is attracting considerable attention.
Anterior column reconstruction surgery achieves greater
segmental correction by severing the ALL, allowing the
placement of hyperlordotic cages [18,29,30]. A mean seg-
mental lordosis correction of 10°-27° has been reported
with anterior column reconstruction using hyperlordotic
cages [15-18]. In the present study, the acquired segmen-
tal lordotic angle after accidental ALL rupture without
hyperlordotic cages was 26°, similar to the previously
reported values. The ALL ruptures in the present study
occurred during posterior surgery while using a rod can-
tilever technique for kyphosis correction; they were not
due to directly severing the ALL during anterior surgery.
This complication might be the result of performing the
kyphosis correction by anterior stretching using the rod
cantilever technique without posterior shortening. If LIF
cages placed in the anterior intervertebral space become
unstable after ALL rupture, revision surgery may be need-
ed; spine surgeons should therefore exercise considerable
caution.

This study had two limitations. First, the number of
cases was relatively small. A prospective large-scale study
is therefore needed to validate the results. Second, the
diagnostic accuracy of ALL rupture on MRI was unclear.
There may have been inaccuracy due to surrounding acute
postoperative changes.

Conclusions

LIF resulted, on average, in a segmental lordotic angle of
5°, with this angle increasing to 12° when grade 2 osteoto-
my was also performed. Endplate injury and ALL rupture
are not infrequent complications in ASD surgery using
LIF; spine surgeons should take care to prevent these
complications, which can seriously affect the postopera-
tive sagittal alignment.
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