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Additional lateral plate fixation has no effect =

to prevent cage subsidence in oblique lumbar
interbody fusion

Tenghui Ge, Jintao Ao, Guanging Li, Zhao Lang and Yuging Sun”

Abstract

Background: For lumbar degenerative diseases, cage subsidence is a serious complication and can result in the
failure of indirect decompression in the oblique lumbar interbody fusion (OLIF) procedure. Whether additional lateral
plate fixation was effective to improve clinical outcomes and prevent cage subsidence was still unknown. This study
aimed to compare the incidence and degree of cage subsidence between stand-alone oblique lumbar interbody
fusion (SA-OLIF) and OLIF combined with lateral plate fixation (OLIF 4- LP) for the treatment of lumbar degenerative
diseases and to evaluate the effect of the lateral plate fixation.

Methods: This was a retrospective comparative study. 20 patients with 21 levels underwent SA-OLIF and 21 patients
with 26 levels underwent OLIF 4+ LP. We compared clinical and radiographic outcomes between two groups. Clinical
evaluation included Visual Analog Scale (VAS) for back pain and leg pain, Japanese Orthopaedic Association (JOA)
scores and Oswestry Disability Index (ODI). Radiographical evaluation included disc height (DH), segmental lordosis
angle (SL), and subsidence rate on standing lateral radiographs. Cage subsidence was classified using Marchi’s criteria.

Results: The mean follow-up duration was 6.3 4-2.4 months. There were no significant differences among periopera-
tive data (operation time, estimated intraoperative blood loss, and complication), clinical outcome (VAS, ODI, and
JOA) and radiological outcome (SH and SL). The subsidence rate was 19.0% (4/21) in SA-OLIF group and 19.2% (5/26)
in OLIF 4+ LP group. 81.0% in SA-OLIF group and 80.8% in OLIF 4+ LP group had Grade 0 subsidence, 14.3% in SA-OLIF
group and 15.4% in OLIF 4 LP group had Grade I subsidence, and 4.8% in SA-OLIF group and 3.8% in OLIF 4 LP group
had Grade Il subsidence (P=0.984). One patient with severe cage subsidence and lateral plate migration underwent
revision surgery.

Conclusions: The additional lateral plate fixation does not appear to be more effective to prevent cage subsidence in
the oblique lumbar interbody fusion, compared with stand-alone technique. If severe cage subsidence occurs, it may
result in lateral plate migration in OLIF combined with lateral plate fixation.
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Background
Degenerative lumbar disc diseases increase in frequency
and severity with age, causing chronic back pain, neuro-
, . genic claudication, radiculopathy [1]. Once the conserva-
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Oblique lumbar interbody fusion (OLIF) is a new surgical
interbody fusion procedure for degenerative lumbar dis-
eases including discogenic low back pain, lumbar insta-
bility, mild lumbar spondylolisthesis, mild-to-moderate
spinal stenosis, and lumbar degenerative scoliosis [3].

OLIF is one of the minimally invasive techniques using
retroperitoneal approach into the disc space between the
abdominal aorta and the psoas major muscle [1, 3]. In the
OLIF procedure, placement of the large interbody cage
in the intervertebral disc space can reduce the bulging
of the disc and lengthen the hypertrophic ligamentum
flavum by increase disc height to achieve indirect neu-
ral decompression [4]. Apart from the clinical benefits
of indirect neural decompression, OLIF has the ability to
correct deformity and restore segmental alignment with a
large interbody cage using ligamentotaxis [5]. Sand-alone
OLIF has the advantages of the shorter surgery times,
less bleeding, fewer complications, and lower cost than
OLIF combined with various supplemental fixation [6, 7].
However, these advantages are limited by postoperative
cage subsidence, resulting in the failure of deformity cor-
rection and neural decompression [8].

Biomechanical studies have shown that OLIF com-
bined with supplemental fixation, such as pedicle screws
and lateral plates, can increase the stability of an inter-
body fusion construct compared with stand-alone OLIF
[9, 10]. The PIVOX"™ Oblique Lateral Spinal System
(Medtronic, Memphis, USA) plate and bone screw com-
ponents are used as a new supplemental fixation device
for the OLIF procedure. The Pivox 2-hole anterior plate
allows for variable angle placement of the screws from
0° to 15° in the cephalic/caudal plane. One concern that
should be addressed is whether this construct can effec-
tively improve the stability and reduce cage subsidence.
However, related research on lateral plate has been rarely
reported.

The aim of this study was to compare the incidence and
degree of cage subsidence between stand-alone OLIF
and OLIF combined with lateral plate fixation in the
treatment of patients with degenerative lumbar spinal
diseases.

Methods

Patient selection

This was a retrospective study of patients who under-
went OLIF with and without lateral fixation from January
2020 to December 2020. A total of 41 patients (47 lum-
bar spinal levels) were included in the study. 20 patients
(21 lumbar spinal levels) underwent stand-alone OLIF
and the other 21 patients (26 lumbar spinal levels) under-
went OLIF with lateral plate fixation. All procedures
were performed by one senior spine surgeon. The study
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was approved by the ethical committee of the authors’
hospital.

The inclusion criteria were: (1) patients who under-
went OLIF with and without lateral plate fixation at L2
to L5 levels;(2) diagnosis of degenerative lumbar disease
with symptoms, including spinal stenosis, degenerative
spondylolisthesis, discogenic low back pain or adjacent
segment disease; (3) failure of conservative treatment
over at least three months; (4) and a minimum follow-
up of three months. Exclusion criteria were patients
with additional posterior fixation, severe spinal stenosis,
high-grade degenerative spondylolisthesis, infections,
traumas, tumors, isthmic spondylolisthesis, severe osteo-
porosis, and incomplete medical records.

Surgical procedure

In the SA-OLIF group, the surgeries were performed by
the standard procedure [11]. The patients were placed in
the right lateral decubitus position. A skin incision was
made 4—-10 cm anterior to the center of the marked disc.
The retroperitoneal space was reached by blunt dissec-
tion of the abdominal muscle. A serial of dilators was
placed to establish the anatomical oblique lateral cor-
ridor. After the disc was removed and endplates were
prepared, the appropriate size of cage (Clydesdale Spinal
System, Medtronic, or Oracle system, Synthes) filled with
demineralized bone matrix and artificial bone material
was inserted in the optimal position.

In the OLIF +LP group, the surgery was performed by
the standard procedure [11], as above. After interverte-
bral cage insertion (PIVOX"" Oblique Lateral Spinal Sys-
tem, Medtronic), the Pivox plate was placed to the lateral
vertebral bodies using two screws that locked with the
plate at different angles from 0° to 15° in the cephalic/
caudal plane. None of the patients in either group under-
went direct decompression.

Demographic and perioperative data collection
Demographic data included gender, age, body mass index
(BMI), bone mineral density (BMD), preoperative diag-
nosis, and follow-up time. BMD was measured by quanti-
tative computed tomography. Perioperative data included
the number of operative levels, operative time, estimated
intraoperative blood loss (EBL), and complications of
intraoperation and postoperation. Operative time and
EBL were calculated as the values divided by the number
of operative levels.

Clinical and radiological evaluation

Clinical outcome was evaluated using the visual analog
scale (VAS) for back pain and leg pain, the Japa-
nese Orthopaedic Association (JOA) score, and the
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Oswestry disability index (ODI) for degenerative lum-
bar diseases at preoperation and last follow-up.

Radiographic evaluation included disc height and
segmental lordosis angle based on standing neutral lat-
eral radiographs performed before surgery, at 3 days
postoperatively, and the last follow-up (Fig. 1). The disc
height (DH) was measured as the average of the ante-
rior and posterior margins of intervertebral height.
The segmental lordosis (SL) was measured as the angle
between the superior endplate and inferior endplate in
the disc space. Cage subsidence was assessed at 3 days
postoperatively and the last follow-up using the classi-
fication presented by Marchi et al. [8], which based on
the amount of cage subsidence into the vertebral end-
plates in standing neutral lateral radiographs (Grade 0,
0%—24%; Grade I, 25%—49%; Grade II, 50%—74%; and
Grade III, 75%—-100%).

2.
)
D>

Fig. 1 Radiologic measurement. a Disc height (DH), DH=(A+P)/2; b

Segmental lordosis (SL), SL=0. (A: anterior, P: posterior)

Table 1 Patient demographic data
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Statistical analysis

All statistical analyses were performed using SPSS soft-
ware version 20.0 (SPSS, Chicago, IL). Results were
reported as mean =+ standard deviation. The radiographic
measurements were performed by two investigators
using Surgimap software (version: 2.3.2.1, Nemaris, Inc.,
New York, NY, USA). The interobserver reliability was
evaluated by intra-class correlations coefficients (ICCs),
and classified as poor (0-0.39), fair to good (0.4—0.74),
or excellent (0.75-1). Independent sample t-test, Paired
t-test, Chi-square test, and Fisher exact test were used
for comparison between variables. Statistical significance
was accepted at P<0.05.

Results

Demographic and perioperative data

The demographic data of the patients are shown in
Table 1. The mean follow-up time was 6.6 +2.9 months
in the stand-alone OLIF group and 6.141.8 months in
the OLIF+LP group. There were no statistical differ-
ences in the demographic data.

The perioperative data of the patients are shown in
Table 2. In the stand-alone OLIF group, a single level was
treated in 19 patients, and double levels were treated in 1
patient. In the OLIF 4 LP group, a single level was treated
in 16 patients, double levels were treated in 5 patients.
There were no statistical differences between both groups
in terms of operation time and EBL. The total periopera-
tive complication rate was 15% (3/20) in the stand-alone
OLIF group and 23.1% (6/26) in the OLIF+LP group.
Perioperative complications were lumbar plexus injury
(n=1) and revision (n=2) in the stand-alone OLIF
group, and lumbar plexus injury (n=2), sympathetic

SA-OLIF (n=20) OLIF+LP (n=21) p value
Age, years 614£120 59.0£95 0489
Gender, female/male 8/12 7/14 0.678
BMI, kg/m2 252436 255431 0.737
BMD, mg/cm? 89.2+£254 96.1£130 0.279
Preop diagnosis, n (%)
Degenerative disc disease with spinal stenosis 10 (50.0) 10 (47.6) 0817
Degenerative spondylolisthesis 6 (30.0) 8(38.1)
Other diseases 4(20.0) 3(14.3)
Lumbar segmental instability 1(5.0) 2(9.5) -
Discogenic low back pain 2(10.0) 1(4.8)
Adjacent segment disease 1(5 0(0)
Follow-up, months 6.6+29 6.1+£18 0.453

SA-OLIF: stand-alone oblique lumbar interbody fusion; OLIF + LP: oblique lumbar interbody fusion combined with lateral plate fixation; BMI: body mass index; BMD:

bone mineral density
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Table 2 Patient perioperative data
SA-OLIF (n=20) OLIF+LP (n=21) p value
No. of operative levels, n (%)
Single 19 (95.0) 16 (76.2) 0.184
Double 1(5.0 5(23.8)
Operative time per 1-level (min) 120.8+32.8 103.7+£23.7 0.064
Estimated blood loss per 1-level (ml) 62+£240 5234362 0.325
Perioperative complications, n (%)
Lumbar plexus injury 1 (5.0) 2(125) -
Sympathetic chain injury - 1(6.3)
Pseudohernia - 1(6.3)
Revision 2(10.0) 2(125)
SA-OLIF: stand-alone oblique lumbar interbody fusion; OLIF 4 LP: oblique lumbar interbody fusion combined with lateral plate fixation
Table 3 Clinical evaluation Table 4 Radiologic evaluation
SA-OLIF (n=20) OLIF+LP(n=21) pvalue SA-OLIF (21 OLIF+LP (26 p value
levels) levels)
VAS for back pain
Preop 3421 31421 0615 Fusion levels, n
Last follow-up 16+23* 13413% 0707 L3/4 3 / 0475
VAS for leg pain L4/5 18 19
Preop 54424 49427 0519 Cage size
Last follow-up 11420% 094+ 19* 0.788 Cage lordosis 6.6+09 89+30 0.001
JOA Cage height 136£10 136£16 0.815
Preop 142430 157436 0161 Cage length 533+24 540+£3.7 0.328
Lastfollow-up ~ 222+60* 240+4.1% 0.249 Cage width 192419 205£15 0.010
oD (%) Disc height
Preop 47177 425160 0246 Preop 04£21 o4k 24 0992
Lastfollow-up 126 14.0° 1634143 0.409 Postop 1284228 1264237 0775
- - - - Last follow-up 104428 11.0£34* 0.537
SA-OLIF: stand-alone oblique lumbar interbody fusion; OLIF 4 LP: oblique
lumbar interbody fusion combined with lateral plate fixation Segmental lordosis
" Means statistically significant, compared with preoperative data Preop 73£29 6.71+3.6 0.563
Postop 9442.3* 9.54+34* 0.900
Last follow-up 88+34 86+38 0.951
chain injury (n=1), pseudohernia (n=1), and revision  Cagesubsidence,
(n=2) in the OLIF +LP group. n (%)
Grade 0 (0-24%) 17 (81.0) 21(80.8) 0.984
Grade | (25-49%) 3(143) 4(15.4)
Clinical outcomes Grade Il (50-74%) 1 (48) 139
The clinical data of the patients are shown in Table 3.  G.4e 1 (75-100%) 0 (0) 000

There were no significantly differences between the
groups in the VAS, JOA, and ODI scores at preoperation
and the last follow-up. All of the clinical score (Vas, JOA,
and ODI) improved in both groups at the last follow-up,
compared with the preoperative data (all P<0.05).

Radiological outcomes

The radiological data of the patients are shown in Table 4.
The interobserver reliabilities for the radiological meas-
urements were excellent (ICCs for DH:0.923, SL:0.871).
The cages (average lordosis of 6.6° and average width of
19.2 mm) were often used in the SA-OLIF group, and

SA-OLIF: stand-alone oblique lumbar interbody fusion; OLIF 4 LP: oblique
lumbar interbody fusion combined with lateral plate fixation

Bold means statistically significant

“ Means statistically significant, compared with preoperative data

the cages (average lordosis of 8.9° and average width of
20.5 mm) were often used in the OLIF 4 LP group. There
were no significant differences in the SL or DH between
the groups before surgery, at 3 days postoperatively, or
the last follow-up. The overall incidence of subsidence at
the last follow-up is shown in Fig. 2. More than 50% of
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Fig. 2 Graph showing the subsidence rate between the groups
at follow-up periods. OLIF, oblique lumbar interbody fusion; SA,
stand-alone; LP, lateral plate fixation

1 OLIF+LF

cage settlement (grade II or III) is defined as high-grade
subsidence [8]. The high-grade subsidence rate was 4.8%
(1/21) in the stand-alone OLIF group and 3.8% (1/26) in
the OLIF 4-LP group.

One case involved cage subsidence and migration of
lateral plate in the OLIF+LP group. This phenomenon
was presented in Fig. 3.

Discussion

OLIF via a retroperitoneal pre-psoas approach is a safe
and effective technique used for lumbar interbody fusion
[3, 7, 11]. The reason for utilizing OLIF combined with
lateral plate fixation is that adding lateral fixation may
biomechanically increase the stability of an interbody
fusion construct, reduce cage subsidence and improve
fusion rate. But the effect of lateral plate on cage subsci-
dence were seldom reported.

The results of this study showed that additional lateral
plate fixation did not have certain effect on cage subsid-
ence. Regarding biomechanics of supplemental lateral
plate fixation, lateral plate fixation has been reported
to provide more stability in lateral bending compared
with stand-alone condition and was not different from
stand-alone condition in flexion—extension [9, 10, 12].
It is controversial that supplemental lateral plate fixa-
tion can significantly enhance more stability than stand-
alone condition in axial rotation [9, 10]. The position of
lateral plate is associated with stability of biomechanics
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that an anteriorly applied plate might better resist this
extension-flexion of motion and a laterally applied plate
might provide more stable in lateral bending [13]. In fact,
lateral plate fixation is considered to be a risk factor for
cage subsidence and vertebral fracture, owing to the dev-
astating effect of the screw on the subchondral trabecu-
lar support [14]. Chen et al. [6] reported there was not
significantly difference about cage subsidence in lateral
interbody fusion with and without supplemental fixation.
Based on the above literature, the cage subsidence in
OLIF 4 LP group may be caused by the failure of lateral
plate fixation to increase stability in flexion—extension
and the destructive effect of the screw on the subchon-
dral trabeculae.

Cage subsidence was associated with revision risk but
not clinical outcomes. Chio et al. [15] conducted cage
subsidence had no relationship with recurrence of symp-
toms. Conversely, Tempel et al. [16] reported that cage
subsidence grade had a strong correlation with the risk
of revision surgery following stand-alone LLIF. In their
study, the revision rate in patients with high-grade sub-
sidence was more than that in patients with low-grade
subsidence which was consistent with our research. In
our study, the mean incidence rate of revision in the 9
patients with radiographic evidence of cage subsidence
reached 44% (4/9). The causes of revision cases were the
failure of indirect decompression and intervertebral sta-
bility dueing to high-grade cage subsidence.

The additional lateral plate fixation did not significantly
decrease revision rate, and even may increase the risk
of lateral plate failure. Previous studies showed that the
incidence of complications associated with lateral plate
was 5.9%-15% [17, 18], which was usually associated with
vertebral fractures and cage subsidence. However, none
of these reported cases were performed with severe lat-
eral plate migration. The Pivox plate has the potential of
migration due to its special design that two screws locked
with the plate at different angles from 0° to 15° in the
cephalic/caudal plane. We speculate one possible mecha-
nism that the progression of cage subsidence contributed
to intervertebral height reduction and screw loading
increment. The migration of plate and screws might have
developed due to the specific angle between the screw

(see figure on next page)

Fig. 3 Images obtained in a 77-year-old man who presented with back pain and neurogenic intermittent claudication (BMI: 29.7 kg/m?; BMD:
114.1 mg/cm?). a and b Preoperative magnetic resonance imaging revealed moderate stenosis at L, . ¢ and d Postoperative anteroposterior and
lateral radiographs revealed the satisfactory position of hardware. The angle between screws was 17.8° in the anteroposterior radiograph. e and f
Anteroposterior and lateral radiographs at 7 weeks after the initial surgery revealed cage subsidence and the migration of lateral plate and screws.
The angle between screws was 7.9° in the anteroposterior radiograph. g Computed tomography coronal reconstruction confirmed the migration
of lateral plate and screws. h Computed tomography sagittal reconstruction confirmed cage subsidence. i and j Anteroposterior and lateral
radiographs after revision surgery with cortical bone trajectory screw placement in midline lumbar fusion (MIDLF) and left L4 laminotomy
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Fig. 3 (see legend on previous page)
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Fig. 3 (continued)
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Fig. 4 Schematic showing how the lateral plate migration occurred.
A, vertical loading of the fusion segment is converted to the
horizontal loading of the lateral plate and screws because of the
specific angle between the screws and the plate. B, When the cage
subsidence occurs, the horizontal loading exceeds the pullout
strength of the screws, resulting in the change of angle between

]

screws and the migration of lateral plate and screws

and the plate, which caused the increased vertical loading
of the fusion segment is converted to the horizontal load-
ing of the lateral plate and screws (Fig. 4).

The results also suggested that the addition of lateral
plate fixation did not increase the operation time and
estimated intraoperative blood loss significantly. How-
ever, the additional internal fixation could increase intra-
operative radiation exposure. In this study, the reason for
less operation time and estimated intraoperative blood
loss per 1-level in the OLIF + LP group was that the num-
ber of patients with double fused levels was relatively
more in the OLIF + LP group. The clinical score was sim-
ilar between the stand-alone OLIF and OLIF +LP groups
at the postoperative period.

The present study had several important limitations.
First, the sample size was small, because our study was
the first analysis about the Pivox plate and the result
was not ideal. Second, the follow-up period was also
relatively short. However, previous studies proven the
6—18 weeks were adequate to access cage subsidence [8,
15, 19-27]. Marchi et al. [8] reported 90.2% of cage sub-
sidence was identified at the 6 weeks postoperatively
and there was no incidence of subsidence or worsen-
ing of subsidence after 3 months postoperatively. Agar-
wal et al. [27] reported cage subsidence occurred on
average 4.7 months postoperatively. Cheung et al. [21]
reported that 81.8% of cage subsidence occurred within
the first 3 months after surgery. Choi et al. [15] founded
the 4-month actuarial rates for developing cage subsid-
ence were 70.7%. Third, we did not evaluate the fusion
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rate because fusion had not yet taken place within the
first 6 months after surgery without bone morphoge-
netic proteins.

Conclusion

The additional lateral plate fixation does not appear
to be more effective to prevent cage subsidence in the
oblique lumbar interbody fusion, compared with stand-
alone technique. If severe cage subsidence occurs, it
may result in lateral plate migration in OLIF combined
with lateral plate fixation.
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