AO

SPINE

Original Article

Global Spine Journal

2023, Vol. 13(1) 97-103

© The Author(s) 2021

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/2192568221992098
journals.sagepub.com/home/gsj

®SAGE

The Influence of Endplate Morphology on
Cage Subsidence in Patients With Stand-Alone
Oblique Lateral Lumbar Interbody

Fusion (OLIF)

Ziang Hu, MD', Dengwei He, MD?, Jiawei Gao, MD?,
Zhongyou Zeng, MD3, Chao Jiang, MD', Weiyu Ni, MS',
Jasper H. N. Yik, PhD*, Xing Zhao, MD', and Shunwu Fan, MD'

Abstract
Study Design: A retrospective study of prospectively collected radiographic and clinical data.

Objective: This study aims to investigate the relationship between endplate morphology parameters and the incidence of cage
subsidence in patients with mini-open single-level oblique lateral lumbar interbody fusion (OLIF).

Methods: We included I 19 inpatients who underwent OLIF from February 2015 to December 2017. A total of | 19 patients with
single treatment level of OLIF were included. Plain anteroposterior and lateral radiograph were taken preoperatively, post-
operatively, and during follow-up. The correlation between disc height, endplate concave angle/depth, cage position and cage
subsidence were investigated. Functional rating index (Visual Analogue Scale for pain, and Roland Morris Disability Questionnaire)
were employed to assess clinical outcomes.

Results: Cage subsidence was more commonly seen at the superior endplates (42/119, 35.29%) than at the inferior endplates
(6/119,5.04%) (p < 0.01). More importantly, cage subsidence was significantly less in patients with superior endplates that were
without concave angle (3/20, 15%) than with concave angle (37/99, 37.37%) (p < 0.05). Cage subsidence correlated negatively with
preoperative anterior disc height (r = —0.21, p < 0.05), but positively with disc distraction rate (r = 0.27, p < 0.01). Lastly, the
distance of cage to the anterior edges of the vertebral body showed a positive correlation (r = 0.26, p < 0.01).

Conclusions: This study for the first time demonstrated that endplate morphology correlates with cage subsidence after OLIF.
Since relatively flat endplates with smaller concave angle significantly diminish the incidence of subsidence, the morphology of cage
surface should be taken into consideration when designing the next generation of cage. In addition, precise measurement of the
disc height to avoid over-distraction, and more anteriorly placement of the cage is suggested to reduce subsidence.
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Introduction

Lumbar interbody fusion with bone graft and various types of
cage has been the choice of surgical treatment of degenerative

lumbar spine diseases.! The mini-open oblique lateral lumbar
interbody fusion (OLIF) technique, first reported in 2012,% uses
a window between the lateral border of major vessels and psoas
muscle to access the target disk obliquely.® With a small
anterior-lateral skin incision, OLIF not only spares the lumbar
para-spinal musculature, improves postoperative mobility, and
decreases chronic muscle pain; but more importantly, OLIF

General Corps of Armed Police Force, Jiaxing, People’s Republic of China
* Department of Orthopaedic Surgery, UC Davis Medical Center, Sacramento,
CA, USA

Corresponding Author:

Shunwu Fan, MD, Sir Run Run Shaw Hospital, 19th Floor, Tower lll, East
Qingchun Road, Hangzhou 310016, People’s Republic of China.

Email: 0099203 @zju.edu.cn

Creative Commons Non Commercial No Derivs CC BY-NC-ND: This article is distributed under the terms of the Creative Commons Attribution-Non
@ ® @ @ Commercial-NoDerivs 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/) which permits non-commercial use, reproduction and distribution of the
c

LM \vork as published without adaptation or alteration, without further permission provided the original work is attributed as specified on the SAGE and Open Access

pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).



98

Global Spine Journal 13(1)

employs an enlarged cage within the predominant load-bearing
column of the spine to enable indirect posterior decompression
of the neural elements. Thus, the impact of the degree of cage
subsidence on the clinical outcome could be significantly
higher in OLIF compared to other techniques with a posterior
approach, in which decompression is achieved directly.

Cage subsidence often occurs as a result of axial compres-
sive loading to the cage-endplate interface and leads to a gra-
dual loss of disc/foraminal height, column lordosis,
neuroforaminal stenosis, and recurrence of radiculopathy. Fac-
tors reported as causes of postoperative cage subsidence in
various intervertebral fusions involving OLIF are reduced bone
mineral density (BMD),* cage designs (titanium/ narrow
cage),”® cage positions (anteriorly/ centrally positioned),”®
endplate violation,”'® old age,'' dosage of bone morphogenic
protein,'? and the presence or absence of supplemental fixa-
tion.'*'* However, few reports to date have focused on the
effects of pre-operative endplate morphology on the incidence
of cage subsidence.

Several studies on endplate morphology indicate that
the structural ductility of human vertebrae is sensitive to end-
plate surface topography, and that the stiffness of the endplate
boundary layer and surface topography are associated with the
brittleness of vertebral bodies. Furthermore, previous studies
on the contact area between the cage and endplate have led to
the recommendation of using larger devices to increase the
interface contact, which increases the load to failure and may
reduce cage subsidence in OLIF procedures.'® However, these
above studies did not devise new ways to predict cage subsi-
dence. The purpose of current study is to determine the rela-
tionship between endplate morphology and cage subsidence
uniquely in patients accepted single level OLIF procedure.
Results gained from this study could help in finding a feasible
method to predict cage subsidence and gathering evidence for
future cage designment.

15-17

Materials and Methods

Patient Information

This retrospective review study was approved by the Institu-
tional Review Board. The study included patients who under-
went OLIF and received follow-up cares at 3 institutes (Sir
RunRun Shaw Hospital, Lishui Center Hospital, Jiaxing Hos-
pital of Zhejiang General Corps of Armed Police Forces) from
February 2015 to December 2017. The total number of patients
was 119, comprised of 49 male and 70 female, with a mean age
of 62.35+7.79 years at the time of surgery. Preoperative diag-
nosis was degenerative kyphoscoliosis in 32 patients, spondy-
lolisthesis in 37 patients, degenerative lumbar canal stenosis in
38 patients, and discogenic low back pain in 12 patients. Inclu-
sion criteria were as follow: (1) no history of prior spinal sur-
gery; (2) no emergency operation; (3) age above 18; (4)
sufficient knowledge to complete the questionnaires; (5) indi-
cation for OLIF; and (6) absence of concomitant spinal disease.
Exclusion criteria comprised of (1) previous lumbar surgery;

(2) patients with isthmic spondylosethesis; (3) patients with
iatrogenic endplate interruption; (3) BMD< —2.5 or a history
of osteoporotic fractures; (4) indications other than OLIF; and
(5) concomitant neoplastic, metabolic, or severe general/infec-
tious disease.

OLIF Procedure

The surgical approach of OLIF procedure has been modified by
our group, namely anterior-inferior psoas approach (AIP
approach, manuscript accepted by Orthopaedic Surgery).
Briefly, the patient was placed in the lateral decubitus position
on the right side, and the central point of target IVD space was
identified under fluoroscopic guidance. A transverse skin inci-
sion approximately 4 cm in length was made from the midpoint
of the target IVD for single level OLIF procedure. Three mus-
cular layers of the abdominal wall: the external oblique, the
internal oblique, and the transversalis were bluntly split along
the direction of muscle fibers. Then the retroperitoneal space
was bluntly dissection and the peritoneum were mobilized
anteriorly using retractors to expose the anterior border of the
psoas. The intervertebral disc was identified by retracting the
anterior border of psoas posteriorly using Cobb under direct
visualization and the psoas muscle was dissected from the disc
surface and retracted posteriorly. The guide pin, probe, sequen-
tial dilators, and the tube retractor were sequentially placed on
the disc space vertically, and the retractor was fixated to the
upper vertebral body with a pin. Discectomy was performed,
endplate preparation was performed using a rasp and various
curettes to remove all the cartilage and make parallel the entire
disc space. A peek cage (mostly 45 mm wide, with 6° angled,
Clydesdale Spinal System; Medtronic Sofamor Danek, Min-
neapolis, MN, UAS) filled with artificial bone (Wright, Ten-
nessee, USA) was inserted vertically into the intervertebral
space. Finally, the wound was irrigated thoroughly and con-
ventionally closed by intradermal suture.

Radiographic Measurements

All patients were given pre- and post-operative radiologic
examination, and then at 3, 6, and 12 months. Standing ante-
roposterior and lateral plain x-ray were taken at every follow-
up. Measurements were analyzed with Image J 1.46 (National
Institutes of Health, http://rsbweb.nih.gov/ij/download.html)
with software for embedded region of interested. Radiographic
assessment was independently performed by 2 spinal surgeons
(Z.H. and D.H.) blinded to the study information. A third
reviewer (Z.Z.) was available for adjudication in case of a
disagreement. The endpoint of follow-up was set either at
12-month post-operation, or when a cage subsidence of more
than 3 mm was identified.'®

Land markers, including the anterior (A), posterior (P), and
concave apex (Ca) points of the vertebral body on the lateral
view, were manually selected. The angle made by the A-Ca and
Ca-P lines were considered the endplate concave angle, and a
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Figure |. Measurement of vertebral endplate concave angle (A), vertebral endplate concave depth (B, solid line), cage subsidence (C), cage
position (D, solid line), segmental lordosis (E), and disc height (F, solid line) on lateral X-ray films. Landmarks in midsagittal plane: A is anterior
rim of the endplate, P is posterior rim of the endplate, Ca is endplate concave apex.

perpendicular line drawn from Ca to AP, the endplate concav-
ity depth was deduced.'®*°
Endplate parameters were determined as follow (Figure 1):

1. The endplate sagittal concave angle (ECA), was deter-
mined from the obtuse angle formed by the rims (A and
P) of the endplate and Ca on the lateral plane; endplate
concavity depth (ECD) was measured from the concav-
ity apex (Ca) to the line connecting the anterior (A) and
posterior (P) margins of the endplate;

2. Radiographic subsidence was measured from the ver-
tebral endplate to the caudal or cranial margin of
the cage;

3. Disc height at each side of the anterior/posterior border
of the vertebra (DH) and segmental lordosis [SL] (angu-
lation between the superior and inferior endplates fac-
ing each other) was measured in the lateral view;

4. Cage location (CL) was defined as the distance from the
anterior/posterior end of endplate of the vertebral body
to the center of the cage;

Clinical Assessment

For clinical outcome assessment, the Visual Analogue Scale
(VAS) score was determined for back pain, along with the
Roland-Morris Disability Questionnaire (RMDQ)*' evaluation,
to assess back pain and disability. Each clinical assessment was
obtained before surgery and at each follow-up. Endpoint of
follow-up was set as either 12 months after surgery or when
a subsidence was confirmed. Patients with a significant cage
subsidence (>3 mm) with or without clinical complains (recur-
rent pain, recurrent neurological symptoms, or a significant
decline of clinical outcome) were re-evaluated for further treat-
ment, including pedicle screw fixation and additional posterior
decompression.

Statistical Analysis

Data was expressed as mean + standard deviation (SD) for
continuous variables, and number (percentage) for categorical
variables. Statistical evaluation was performed with SPSS
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Table I. Patients Information.

Table 2. Endplate Concave Angle and Cage Subsidence.

Subsidence
Total

Patients (n=119) Yes No P Value
Age (yrs.) 62.35+7.79 59.32+9.17 62.93+74| 0.77
Inferior Endplates

Male 49 0(0%) 49(100%)

Female 70 6(8.57%) 64(91.43%)
P Value 0.04
Superior Endplates

Male 49 17(34.69%) 32(65.31%)

Female 70 25(35.71%) 45(64.29%)
P Value 0.68

software version 20.0 (SPSS Inc, Chicago, IL, USA). Descrip-
tive statistics (means and standard deviations) were obtained for
quantitative variables. Characteristics between the groups with
subsidence of cage and that without subsidence (yes or no) were
compared by the 2 independent samples t-test for continuous
variables, and the Fisher’s exact test for categorical variables.
Pearson correlation coefficient was used to evaluate the statisti-
cal significance of possible trends (anterior/posterior disc height,
lumbar lordosis, distance of cage to anterior/posterior edge with
subsidence). The significance level was set at P < 0.05.

Results

Demographic Data

A total of 119 patients (49 male and 70 female), with a mean
age at surgery of 62.35+7.79 years were included in the anal-
ysis, with a mean follow up of 10 + 1.76 months. All patients
underwent single level OLIF procedure, with treatment sites
varied from L1 to L5. Cage subsidence were divided into super-
ior- and inferior endplate groups. Of the 119 patients, cage
subsidence occurred in 6 female patients (8.57%) of inferior
endplate, 25(35.71%) female and 17(34.69%) male patients of
superior endplate during postoperative follow up (Table 1). The
incidence of cage subsidence in the inferior group was higher in
female than in male (P < 0.05), but no significant difference
was found in the superior group (P = 0.68). Cage subsidence
was not associated with age (p = 0.77)

Radiological Results

The analysis of subsidence in endplates at varying treatment
levels is presented in Table 2. Subsidence was more common at
the superior endplate of treatment levels (42/119, 35.29%) than
the inferior endplates (6/119, 5.04%) (p < 0.01). More impor-
tantly, when the endplate concave angle was 180° with a flat
surface at each side of treatment levels, the incidence of cage
subsidence decreased (inferior 0/20, 0%; superior 3/20, 15%),
compared to that of endplate with concave angles (inferior 8/
99, 8.08%; superior 37/99, 28.2%), with a significant differ-
ence in the superior endplate group (P < 0.05). The endplate

Endplates (TotalIn=119) Yes(n=) No (n=)
Inferior 19 6(5.04%) 113(94.96%)
Superior 19 42(35.29%) 77(64.71%)
P Value 0.00
Concave Angle
Inferior
=180° 20 0 (6.5%) 20 (100%)
<180° 99 8(8.08%) 91 (91.92%)
P Value 0.22
Superior
=180° 20 3 (15%) 17 (85%)
<180° 99 37(37.37%) 62 (62.63%)
P Value <0.05

Table 3. Correlations of Endplate Morphology Parameters and Cage
Positions to Cage Subsidence.

Pearson
Coefficient
Values (r value)
Cage Subsidence / |
Endplate concave angle
Inferior (°) 162.25+9.73 -0.197*
Superior (°) 164.16+13.92  -0.43%*
Endplate concave Depth
Inferior (mm) 2614180 0.173
Superior (mm) 2.00+1.93 0.149
Anterior disc height
Superior  Inferior
Endplate  Endplate
Pre-op (mm) 10.51 +3.73 -0.48 -0.21%*
Distraction rate 1.56 +0.65 -0.12 0.27%*
Posterior disc height
Superior  Inferior
Endplate  Endplate
Pre-op (mm) 521 +2.56 0.22 -0.15
Distraction rate 1.61 +0.94 -0.52 0.26
Segmental Lordosis
Superior Inferior
Endplate  Endplate
Pre-op (°) 7.72+4.39 -0.74 -0.76
Correction rate 2.06+231 042 -0.32
Distance to Anterior (mm)  15.61 +7.60 0.10 0.26**
Distance to Posterior (mm) 14.88+0.60 0.71 0.14
*P < 0.05; P < 0.01.
concave angle (superior: r = —0.197, p < 0.05; Superior: r =

—0.43, p < 0.01) negatively correlated with cage subsidence,
indicating that a smaller angle increases cage subsidence risk.
However, the endplate concave depth did not correlate with
cage subsidence (superior: r = 0.173, p = 0.06; Superior: r =
0.149, p = 0.11) (Table 3). Furthermore, the preoperative ante-
rior disc height negatively (r = —0.21, p < 0.05) correlated
with the superior cage subsidence, while the disc distraction
rate (r = 0.27, p < 0.01) (calculated by the rate of disc height
pre-/post-operatively) was positively correlated. This result
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Table 4. Clinical Outcomes.

Subsidence
Yes No p Value
VAS
Pre-op 60.79+8.38 62.75+9.98 0.19
Final follow-up 18.16 +-6.28 18.75+7.30 0.36
p Value 0.00 0.00
RMDQ
Pre-op 16.95+ 1.54 17.644+1.51 0.08
Final follow-up 5.47+1.93 5.12+1.97 0.47
p Value 0.00 0.00

indicated that a lower pre-operative anterior disc height, with
more post-operative disc distraction, was associated with an
increase in cage subsidence. The distance of the cage to both
edges of the vertebral body showed a positive correlation ante-
riorly with the superior endplate (r = 0.26, p < 0.01), indicating
a more anteriorly positioned cage is associated with a decrease
in the occurrence of superior cage subsidence. Cage subsidence
neither correlated with the SL pre- or post-operatively, nor with
SL correction.

Clinical Outcomes

Among the 119 patients, 48 were confirmed to have cage sub-
sidence, and pedicle screw fixation with/without posterior
decompression was considered only for patients who were
symptomatic (including recurrent or newly onset low back pain
or radiculopathy). All patients claimed satisfactory symptom
relief at the end of their follow-up. Clinical outcomes were
measured by both VAS and RMDQ scores. Overall, patients
showed a statistically significant improvement in both their
VAS score and RMDQ score postoperatively (p < 0.01,
Table 4). Interestingly, clinical outcome was not significantly
affected by the occurrence of cage subsidence.

Discussion

The primary objective of this study was to determine the cor-
relation of endplate morphology with cage subsidence in
patients that underwent OLIF. This study found that patients
with a concaved endplate were more vulnerable to cage sub-
sidence, when compare to patients with a flat endplate.

The minimally invasive OLIF through a retroperitoneal
anterior-inferior psoas (AIP) approach is a safe and effective
alternative to anterior, lateral, or posterior approaches for lum-
bar fusion. Advantages of the OLIF?*** include indirect neu-
rological decompression with a less invasive approach,
minimal blood loss, shorter operation times, less wound issues,
placement of a larger cage, and earlier patient mobilization. In
addition, normal stabilizing ligaments and psoas are not sacri-
ficed or interrupted compared to other interbody techniques. In
OLIF, larger cages are used that span across the vertebral ring
apophysis, and this has been reported to increase load tolerance

for failure and mitigate endplate violation. However, cage sub-
sidence after OLIF is still frequently seen.

Subsidence is defined as the sinking of an object with a
greater elasticity modulus (e.g., cage or spacer) into an object
with a lower elasticity modulus (e.g., vertebral body).*** In
our study, cage subsidence was diagnosed if the cage sank into
the adjacent vertebral body by 3mm or more.'® Causes of
subsidence are multifactorial, which could be related to the
surgical technique, implant material/morphology, endplate pre-
paration and bone quality of patients.”® Among these factors,
endplate morphology is one of the most concerning.

Various reports indicate that cage migration is affected by
endplate morphology, size, shape, and elasticity modu-
lus.>"#272 Increasing mismatch angle between implant and
vertebral endplate is an important factor leading to cage sub-
sidence.”” Consequently, the incidence of subsidence in the
clinical setting could be reduced by ensuring that both the
prosthetic and bony endplates are well apposed at the end of
surgery.”’ Grant JP et al.*° suggested an important role for
surface nonuniformities of the endplate in the failure of a ver-
tebrae, but without giving a clear relationship between the 2.
Our current data showed a significantly lower cage subsidence
rate on endplates without any concavity (angle = 180°), espe-
cially at the superior side. We believe a “flat endplate” will
have better interface contact with an OLIF cage with surface
that were currently used by us. This is because a well-matched
endplate-cage surface lead to more even distribution of stress
and a larger area of endplate coverage, which result in a reduc-
tion in cage subsidence. Hasegawa et al.’ also demonstrated
that a larger area of endplate coverage improved resistance to
subsidence. On the other hand, a concaved endplate (angle
<180°) or irregularly shaped endplate reduces the contact area
between the cage and the endplate surface. The smaller the
surface contact area, the higher the stress on the endplate, and
hence more cage subsidence.” Meanwhile, endplate concave
angle negatively correlated with cage subsidence, indicating
a magnitude dependent manner of endplate morphology to cage
subsidence. This was confirmed by a positive correlation
between the endplate concave depth and cage subsidence,
though not statistically significant (Table 3).

Another controversial issue concerning cage subsidence is
the cage position. In general, lumbar posterior endplate regions
are stronger than anterior ones. Anatomical studies also have
shown that the density and thickness of the vertebral endplate
increase toward the periphery. A biomechanical study demon-
strated that a dorso-lateral placement of interbody cages in
combination with a pedicle screw system results in a 20%
higher failure loads than a central cage placement.® However,
in our OLIF patients with the AIP approach, it was more dif-
ficult to place the cage as posteriorly as it could be achieved via
a posterior approach. Our data showed that the distance of the
cage to the anterior edge of the vertebral body positively cor-
related to cage subsidence. In other words, a more anteriorly
placed cage will decrease the occurrence of cage subsidence.
With the center of the endplate being the weakest region in
lumbar endplates, both the density and thickness of the
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endplate have been shown to increase toward the periphery.9
We suggested that the anterior region is also ideal for cage
placement, and surgeons could place interbody devices ante-
riorly to achieve stronger interface properties.

It has been well accepted that anterior placement of large
OLIF cage resulted in better correction of LL, while posterior
placement may produce more satisfactory indirect decompres-
sion. Even though the increased cage lordotic angle seen in
anterior placement may provide better stability and reduce the
risk of cage damage, in vitro biomechanical analysis indicated
it may increase the risk of subsidence.?’*® Here we investi-
gated if the correction of LL by anterior cage placement influ-
ences the occurrence of cage subsidence in our OLIF patients.
Our results showed that neither pre-/post-operative LL, nor LL
correction influenced the cage subsidence in our patient’s
series (Table 3).

Over-distraction is another important factor for subsidence,
it was reported that disk space distraction could result in cage
subsidence in anterior cervical and lumbar fusion cases.'>'*
However, to the best of our knowledge, few researches have
demonstrated this phenomenon in the lumbar region. Our data
demonstrated a significantly positive correlation between disc
distraction and cage subsidence. This was further confirmed by
the data that the pre-operative anterior disc height negatively
correlated to cage subsidence. These results suggested that
attention should be paid to avoid over-distracting the disc space
in OLIF patients, and an obvious loss of pre-operative disc
height should be taken into consideration.

In our current study of 119 patients, cage subsidence was
diagnosed in 42 (35.3%) cases with superior endplates, and in
only 6 (5.0%) cases with inferior endplates. In other words, the
superior endplate was more vulnerable to cage subsidence
when comparing to its inferior counterpart. Our result is similar
to previous reports that topographical parameters of the super-
ior endplate, rather than the inferior endplate, have a significant
association with stiffness, strength, or ductility parameters.?
The inferior endplates have been reported to be stronger and
thicker than the superior endplates in lumbar discs.>® Interest-
ingly, no subsidence on both ends of endplates was found in our
case series. We believe this is because of an initial subsidence
either end will release the stress at the endplate-cage interface
and preclude subsidence at the opposite end.

Our study suffered from several potential limitations. First,
this was a retrospective study with a relatively limited cohort
that might be insufficiently powered to detect statistical differ-
ences between subgroups. Second, the study did not assess the
bone mineral density, which is important but has been well-
investigated in previous studies. Finally, patients were not stra-
tified into specific subgroups according to the target lumbar
disks, which may reveal vertebral-specific outcomes. Future
studies are required to address these concerns.

Conclusion

Our study for the first time demonstrated that OLIF patients
with a flat endplate showed less cage subsidence than patients

with a concaved endplate. Our results strongly suggested that
more emphasis should be placed on endplate preparation and
cage placement in patients with a concaved endplate. More-
over, the morphology of convex surface should be taken into
consideration when designing the new generation of cage. Due
to the limitation of an AIP approach, it is difficult to place the
cage onto the strongest posterior region. Thus, anterior place-
ment of cage could be an ideal alternative in OLIF procedure.
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