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ABSTRACT

Background: Although many research studies investigating subsidence of intervertebral fusion cages have been
published, to our knowledge, no study has comprehensively compared cage subsidence among all lumbar intervertebral fusion
(LIF) techniques. This study aimed to review the literature reporting evidence of cage subsidence linked to LIF. The amount
of subsidence was compared and associated with the procedures and corresponding implants used, and the effect of cage
subsidence on clinical outcomes was investigated.

Methods: For this systematic review, the MEDLINE and PubMed databases were used to identify relevant studies. Search
terms included lumbar, lumbar vertebrae, lumbar spine, cage, spinal fusion, prosthesis, prosthesis implantation, implantation,
implants, interbody, spacer, and subsidence. Studies included in this review were those having more than 10 patients and
reporting the amount of subsidence observed using computed tomography or x-ray imaging after surgery and at follow-up
visits after a minimum of 6 weeks postsurgery. Data and scale definitions related to subsidence were extracted from articles for
comparison of subsidence prevalence between the 5 LIF surgical procedures.

Results: Forty articles were identified for inclusion. The review included data from 390 anterior lumbar intervertebral
fusions (ALIFs), 2130 lateral lumbar intervertebral fusions (LLIFs), 560 posterior lumbar intervertebral fusions (PLIFs), 245
oblique lumbar intervertebral fusions (OLIFs), and 1634 transverse lumbar intervertebral fusions (TLIFs) for a total of 4959
patients who underwent LIF surgery. The minimum and maximum percentages of the number of patients having subsidence for
each procedure in the included studies were as follows: ALIF stand-alone, 6% and 23.1%; LLIF stand-alone, 8.7% and 39.6%;
LLIF with posterior fixation, 3.3% and 20.7%; OLIF with posterior fixation, 4.4% and 36.9%; PLIF with posterior fixation,
7.4% and 31.8%; and TLIF, 0.0% and 51.2%.

Conclusions: The number of patients experiencing subsidence varied between studies within each fusion procedure.
Our findings indicate that all 5 surgical methods are at risk of subsidence. Overall, ALIF without posterior fixation resulted in
the lowest reported subsidence occurrence among the 5 surgical approaches. There is conflicting evidence on the association
between subsidence and negative clinical outcomes.

Clinical Relevance: This review defines and compares subsidence incidence between all LIF procedures and investigates

the risk of symptomatic clinical outcomes.
Level of Evidence: 4.

Lumbar Spine

Keywords: anterior lumbar interbody fusion (ALIF), lateral lumbar interbody fusion (LLIF), oblique lumbar interbody fusion
(OLIF), posterior lumbar interbody fusion (PLIF), transverse lumbar interbody fusion (TLIF)

INTRODUCTION

Degeneration of an intervertebral disc (IVD), caused
by changes in permeability and water content of annulus
and nucleus pulposus, leads to a decrease of the disc
space.! Numerous pathologies associated with IVD
degeneration such as sciatica, disc prolapse, nucleus
pulposus herniation, spinal stenosis, spondylolisthesis,
and scoliosis, among others, require the removal of the
disc followed by the fusion of the adjacent vertebrae.
Surgeons may choose between 5 approaches to perform
the fusion: anterior lumbar intervertebral fusion (ALIF),
lateral lumbar intervertebral fusion (LLIF), posterior
lumbar intervertebral fusion (PLIF), oblique lumbar
intervertebral fusion (OLIF), and transverse lumbar
intervertebral fusion (TLIF) (Table 1).

Each surgical approach has their own benefits and
potential risks. All can lead to cage subsidence: a sig-
nificant loss of disc space occurring when the implant
migrates into the vertebral bodies. Complications
resulting from cage subsidence can vary from loss of
disc height and lumbar lordosis to the narrowing of
the intervertebral foramen and foraminal stenosis. A
change in the lordosis will hinder the sagittal balance
and kinematics of the spine and may lead to back
pain.® If the lordosis angle and height are not properly
corrected, spinal nerve decompression and the strength
of the fusion are compromised.” Subsidence can also
jeopardize the alignment of the spine during fusion and
lead to cyst formation.”'>'" All those complications can
potentially result in nonunion, lead to adjacent-level
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Table 1. Surgical procedure’s description of the lumbar intervertebral fusion methods.

Surgical Procedure Description

ALIF

The ALIF technique consists of an anterior retroperitoneal approach that provides access to the disc, with the patient in

supine position. It involves a 3- to 5-inch midline and paramedian incision, the opening of the longitudinal ligament, and
an important vascular mobilization, leaving the paraspinal muscles intact.> This approach allows the insertion of a cage
that covers the entire endplate surface, including the apophyseal ring, which stabilizes the motion segments, which may not

require adjunct pedicle screws.

LLIF LLIF is performed by a lateral retroperitoneal incision on a laterally positioned patient. This creates a transpsoas corridor to
access the disc space and insert the implant.” Like the cages used in ALIF, the LLIF implant is placed medially and has a large

footprint covering parts of the apophyseal ring.
The OLIF surgery requires patients to be positioned on their side. It involves a lateral and paramedian incision between the

OLIF

peritoneum and the psoas muscle to access the disc space.” A smaller implant than for ALIF and LLIF is inserted, covering
the interior one-third portion of the endplate. It will rarely cover the apophyseal ring and mostly be used in conjunction with

posterior fixations.

PLIF PLIF, one of the first procedures used for IVD fusion surgery, accesses the IVD space from a posterior direction with the patient
in a prone position. A midline incision dissecting bilateral muscle strip or splitting paramedian muscle is performed. Before
inserting the cage, a laminectomy and a partial facetectomy are performed to navigate around nerve roots.* Depending on the
cage design, 1 or 2 cages are inserted within the apophyseal ring.H

TLIF The transforaminal TLIF provides access to the intervertebral space directly through a small unilateral incision on 1 side of
the neural foramen while the patient is in prone position, minimizing nerve manipulation.” This may involve extensive
muscle retraction and dissection with the removal of the facet joint in order to place a straight or curved cage. TLIF cages
have significantly smaller footprint coverage than ALIF and LLIF cages.> Depending on the cage used and the surgeon’s
approach, the TLIF cage can either be placed on the interior or medial part of the endplate. TLIF does not provide enough
segmental stability without the use of posterior fixation.

Abbreviations: ALIF, anterior lumbar interbody fusion; IVD, intervertebral disc; LLIF, lateral lumbar interbody fusion; OLIF, oblique lumbar interbody fusion; PLIF, posterior

lumbar interbody fusion; TLIF, transverse lumbar interbody fusion.

degeneration, and/or cause recurrent symptoms requir-
ing revision surgery.lz’13

This study aimed to comprehensively review the
available literature reporting evidence of subsidence
linked to lumbar intervertebral fusion (LIF), compare
the amount of cage subsidence associated with the dif-
ferent surgical procedures and implants used, and deter-
mine whether a procedure or type of implant causes
symptomatic clinical outcomes.

The literature shows that occurrence of subsidence
has been studied for specific LIF approaches,®*"®
few systematic reviews reported subsidence compar-
ing 2 LIF approaches,'**® and multiple studies have
been published to find ways to reduce subsidence.®*'*
No study, to our knowledge, has specifically reviewed
subsidence in all the LIF techniques, and it is unclear
whether cage subsidence is a significant problem that
needs to be addressed in any of these approaches. This
review aims to assist in the selection of surgical tech-
nique and implant type and help improve cage design.

METHODS

A systematic review of literature was conducted
in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement for
reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: explana-
tion and elaboration.”* This review was not registered
with PROSPERO or any equivalent database.

The systematic search was performed using
MEDLINE and PubMed databases using the follow-
ing search items: (“lumbar” [all fields] or “lumbar
vertebrae” [mesh] or “lumbar vertebrae” [all fields]
or “lumbar spine” [mesh]) and (“cage” [all fields] or
“spinal fusion” [all fields] or “spinal fusion” [mesh] or
“prosthesis” [all fields] or “prosthesis implantation”
[all fields] or “implantation” [all fields] or “implants”
[all fields] or “implant” [all fields] or “interbody” [all
fields] or “spacer” [all fields]) and (“subsidence” [all
fields] or “subsidence” [mesh]), for the period includ-
ing 1 January 2013 to Present. The last search run was
done on 15 March 2020. Articles older than 2013 were
not investigated to ensure comparability of data, con-
sidering that medical and technical advancements over
time could influence results.

Articles not available in English and duplicate arti-
cles were excluded. Studies regarding cervical fusion,
thoracic fusion, or corpectomy were excluded, as were
single case studies and animal studies. All articles based
on fewer than 10 patients, in addition to articles with
the same authors overlapping patient datasets were
also excluded. No discrimination was made based on
age, gender, implant manufacturers, surgeons training,
patients’ bone mineral density (BMD), prevalence of
other medical issues, and patients’ body mass index
(BMD).

Only results from articles respecting the follow-
ing quality criteria were included: The studies must
measure subsidence based on x-ray or computed
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tomography (CT) images taken in the first few weeks
following surgery and at the final follow-up, and arti-
cles must specify the last follow-up time frame and
their subsidence measuring scale. Any articles present-
ing data based on postoperative follow-ups earlier than
6 weeks were disregarded, since subsidence is normally
seen 6 weeks postsurgery and onward.'? Furthermore,
only studies evaluating ALIF and LLIF without pedicle
screws were included in the ALIF and LLIF groups, and
only studies with posterior fixation were considered for
the LLIF with posterior fixation (LLIF-P), OLIF with
posterior fixation (OLIF-P), PLIF with posterior fixa-
tion (PLIF-P), and TLIF with posterior fixation (TLIF-
P) groups.

A data extraction sheet was developed to summarize
details facilitating the final comparisons between surgi-
cal methods. This sheet included information regarding
the authors, number of patients, number of levels oper-
ated, follow-up rates for subsidence assessment, use of
pedicle screws during surgery, implant type, subsidence
occurrence, inclusion and exclusion pathology crite-
rion, radiological and clinical assessment evaluated, as
well as each article’s specific definition for subsidence.
A second extraction sheet was used to compile all anal-
yses of studies evaluating possible correlation between
postsurgery complications and subsidence.

Having no universal protocol to measure subsid-
ence, a subgroup analysis was performed to evaluate
the different definitions of subsidence regardless of the
surgery method. The authors’ definitions of subsidence
were divided into 3 groups: undefined subsidence, mod-
erate subsidence, and substantial subsidence. Unde-
fined subsidence considers patients with more than
1 mm of subsidence or any breakage of the endplate.
Since the average disc height is 8 mm, moderate sub-
sidence includes all patients from studies considering
subsidence greater than 2, 3 mm, 25% of the implant
height, or a significant reduction in disc space. Sub-
stantial subsidence includes patients with subsidence
greater than 4 mm, more than 50% of implant height, or
symptomatic subsidence. When studies separated their
results between different scales, the subsidence occur-
rence was divided in their respective category. Differ-
ences between groups were assessed using independent
sample 7 tests.

The primary analysis of this literature review is the
comparison of subsidence occurrence between the dif-
ferent surgical procedures. With the data collected from
the included studies, a box-and-whisker graph identify-
ing the first, median, and third quartiles of subsidence

occurrence was created to visualize the distribution of
the results from each study, within each LIF methods
(Figure 2). Any study with a resulting occurrence of
more than 1.5 times the interquartile range was consid-
ered an outlier and is displayed by a point.25

RESULTS
Study Selection

A search via MEDLINE (473) and PubMed (262)
first provided 735 citations and left 725 without dupli-
cates. After reading the titles and abstracts of the
remaining citations, 332 did not report the targeted
data and were excluded. Of the remaining studies, 289
were discarded because they discussed issues related
to cervical or thoracic fusion, corpectomy, non-IVD
fusion surgery, usage of expandable cages, single case
or animal studies, or involved fewer than 10 patients.
An additional 65 studies were excluded through full-
text assessment because they involved cadaveric exper-
iments, finite element analysis, previously reported
reviews, and meta-analyses, or they did not meet all
the inclusion quality criteria. A total of 40 studies were
included in the review (Figure 1).

Study Characteristics

The included studies involved 390 ALIF, 1530 LLIF,
600 LLIF-P, 560 OLIF, 245 PLIF, and 1634 TLIF
patients for a total of 4959 patients who received a
single form of LIF surgery. When the information was
provided, the number of levels treated was noted along
with the number of patients because subsidence can
occur on 1 or several levels for the same patient. When
studies presented multiple follow-ups, all follow-ups
were noted, and the subsidence occurrence of the latest
period was extracted. A summary of the 40 included
studies is provided in Table 2.

Risk of Bias Within Studies

This study is based on observational studies,
leading to less control on the consistency of data col-
lected. Quality criteria were established to assure that
any conclusion drawn from meta-analysis relies on
well-defined articles. No significant difference was
found between the subsidence occurrence mean of the
undefined subsidence (17.3%), moderate subsidence
(20.5%), and substantial subsidence (17.7%) groups,
all P > 0.05. However, there is still substantial variation
within the scale used. Factors that can affect the amount
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Literature search
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Figure 1. Flow diagram of the study selection process.

of subsidence such as patients’ medical state, surgeons’
specific manipulation, and preparation of the vertebra or
the choice of cage size implanted cannot be controlled.
Furthermore, the placement of the cage can vary, and
its exact location is not described in most of the articles.
Other details regarding different age groups, patholo-
gies leading to surgery, number of levels operated, and
length of follow-up periods can cause additional bias.
Some articles present subsidence rate by calculating
occurrence per patient and others by occurrence per
levels treated, limiting the comparison.

Few studies discussed specific pathologies that could
have implications on subsidence; hence, their results
create the potential for bias. Studies specific to adjacent

segment disease or spondylolisthesis can affect the gen-
eralization of the results included. The numbers of level
fused (single- and multilevel surgery) will also affect
the generalization of the results. The numbers of studies
reporting on specific pathology and surgery type are
summarized in Table 3. It should be noted that there is
variation in the average age and BMD of patients inves-
tigated in all studies included in this article. As such,
BMD and patient age have an impact on subsidence,”
which leads to biased results.

Most equipment and implants used during surgery are
standard with small variations between brands. The majority
of ALIF studies used Synfix or ROI-A oblique PEEK cage,
LLIF and LLIF-P used CoRoent or COUGAR (NuVasive)
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Table 3. Number of studies reporting on specific pathology by surgical procedure.

Variable ALIF LLIF LLIF-P OLIF-P PLIF-P TLIF-P
Pathology
Adjacent segment disease - 1% - - 1% -
Spondylolisthesis 18 - 3538 R _ 35,38
No specific pathology 526-30 1021012233540 61031-33.36.37 7134348 427304950 [257:11,14.2627.44.47.51-54
Levels
Single 17 _ 336-38 4344748 92749 1057:11:29.31,46,49,52,53,55
Multiple and single 51826 119:10.12.23,33,34,39-42.55 510313335 413434546 39,50 414263553
Unspecified 32830 - - - 1% R
Total number of articles 6 11 8 7 5 14
reviewed

Abbreviations: ALIF, anterior lumbar interbody fusion; LLIF, lateral lumbar interbody fusion; LLIF-P, LLIF with posterior fixation; OLIF-P, oblique lumbar interbody fusion with posterior
fixation; PLIF-P, posterior lumbar interbody fusion with posterior fixation; TLIF-P, transverse lumbar interbody fusion with posterior fixation.

PEEK cages, OLIF used Clydesdale (Medtronic) PEEK
cages, and TLIF used Capstone or Crescent (Medtronic)
PEEK cages. The cages used for PLIF were made by dif-
ferent suppliers including Medtronic, Zimmer, and Stryker.
Other cage designs included materials such as titanium,
carbon fiber, and PEEK with titanium coating. Some
studies specifically compared technical alternatives such
as changing the fixation method or choosing a different
cage type.>'*** In this systematic review, the subsidence
occurrence of the bilateral and unilateral screws was not
distinguished.

1323535556 The 6 studies listed in Table 4 investigated
the relationship between subsidence and patient-reported
outcomes.'>?*¥433057 Thege studies reported whether sub-
sidence caused pain, poor quality of life, or recurrent symp-
toms potentially leading to revision surgery. The 5 studies
listed in Table 5 discussed the impact of subsidence on the
postsurgical outcome.>#*33% Thegse studies evaluated
the risk of non-union, positive cysts, and screw loosening
to cause subsidence.

Table 4. Relationship between subsidence and patient-reported outcomes.

Syntheses of Results

This systematic review outlines the main observa-
tions and results related to subsidence. According to
the resulting median from the data analysis, subsidence
typically occurs in 13% to 27% of patients regardless
of the chosen LIF method, including a range of results
between 0.0% and 51.2% (Table 6). The subsidence
occurrence median was 12.8% for ALIF, 13.7% for
LLIF-P, 15.8% for PLIF-P, 17.6% for OLIF-P, 21.4%
for TLIF-P, and 26.9% for LLIF. There is a substantial
overlap between the results from the different methods.
The quartile box for LLIF, OLIF-P, and TLIF-P showed
wider distribution of subsidence occurrence than ALIF,
LLIF-P, and PLIF-P (Figure 2).

In the ALIF studies, the lowest subsidence occur-
rence is 6% (3/50).%° In a smaller patient population,
Tu et al’® registered the highest occurrence of 23.1%
(3/13). Two studies with more patients reported a 10.2%
occurrence (14/137 and 15/147).%%

Studies of LLIF approaches show subsidence occur-
rences ranging from 3.3%” to 39.6%.* When cases
were separated according to the use of pedicle screws
or not, 2 ranges were distinguishable. Surgeries with

Authors (Year) Pain Score Disease-Specific Function Overall Quality of Life Other Power Analysis
Marchi et al (2013)"? Significant correlation N/A N/A N/A N/A
Higher-grade subsidence led
to higher axial back pain (P
=0.029)
Lequin et al (2014)”’ No significant correlation N/A N/A N/A N/A
VAS: r=-0.2, P =0.459
Malham et al (2015)* N/A N/A N/A No significant correlation ~ Underpowered
MCID criteria (P > 0.05)
Oh et al (2017)*° No significant correlation No significant correlation No significant correlation N/A N/A
VAS: r=0.017, P =0.874 ODI: r=-0.006, P = 0.956 SF-36: r=0.015, P = 0.886
Rao et al (2017)% No significant correlation No significant correlation No significant correlation N/A N/A
VAS: P=0.36 ODI: P=0.55 SF-12 mental component (P
=0.64)
SF-12 physical component (P
=0.69)
Chang et al (2019)® N/A Significant correlation Significant correlation N/A N/A

Subsidence led to higher ODI:

45.4-33.8, P=0.02

Subsidence led to lower SF-
36:33.6-41.4, P=0.01

Abbreviations: MCID, minimum clinically important difference; ODI, Oswestry Disability Index; SF-36, Short Form 36 Health Survey Questionnaire; VAS, visual analog scale.
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Table 5. Relationship between subsidence and surgical outcomes.

Authors (Year)  Nonunion Revision Surgery Other
Nemani et al N/A 4/12 (33.3%) patients requiring revision N/A
(2014)* surgery was due to subsidence
Tempel et al N/A Significant correlation between revision N/A
(2018)* surgery and high-grade subsidence:
(P <0.05; OR: 12.95% CI: 1.29-13.6)
—6.1% (18/296) required revision surgery due
to subsidence (all patients with high-grade
subsidence)
Chen et al No correlation between subsidence and N/A N/A
(2019)* fusion: P = 0.242

Lin et al (2019)" Significant correlation Subsidence was a N/A
risk of nonunion
OR: 17.24;95% CI: 1.67-178.09
Park et al (2019)* Fusion rate: N/A
e No cage migration = 801/825 (97.1%)
e Cage migration with no subsidence =
11720 (55%)
e Cage migration with subsidence = 15/36
(41.7%)

Significant correlation Subsidence was
arisk of positive cyst

OR: 8.37; 95% CI: 2.71-25.89

Significantly higher rate of screw
loosening for the group with cage
migration with subsidence compared
with group with cage migration with
no subsidence

e Cage migration with no subsidence =
2/20 (10%)

e Cage migration with subsidence =
22/36 (61.1%)

pedicle screws reportedly have subsidence within the
range of 3.3% (1/30)* to 20.7% (6/29).*® One study
evaluating LLIF with posterior fixation had a subsid-
ence occurrence of 62.3%"' and considered to be an
outlier in the statistical analysis. Without posterior
fixation, subsidence was found in the range of 8.7%
(29/3357**" 10 39.6% (38/96).* Two of the 17 LLIF
studies'®** compared the prevalence of subsidence with
and without pedicle screws on 140 and 128 patients,
respectively. Both studies reported higher subsidence
when no posterior fixations were used.

The highest and lowest amount of subsidence in
patients who underwent OLIF were found in the 2
largest patient groups. Woods et al*® determined that
4.4% (6/137) of patients experienced cage subsidence
of more than 25% the implant height, while Chang et
al® observed 36.9% (62/169) patients with subsidence
considering any breach of the endplate as their criteria.

Following the PLIF approach, a study including 27
patients showed 7.4% occurrence and considered only
patients having LIF for nonsevere spinal pathologies.*

On the other end of the range, Park et al*® observed that
31.8% (14/44) of the levels treated met their criterion
for subsidence. In a larger patient group (129 patients),
20.3% of surgeries resulted in cage subsidence.”
Reviewed studies’ definition of subsidence varied sub-
stantially, only 2 used the same criterion (>2 mm).***
Studies investigating cage subsidence after TLIF
reported subsidence in the range of 0.0% (0/40)* to
51.2% (21/41).>® The study that found no subsidence
was the only TLIF study that considered subsidence
as any compromise to the endplate instead of report-
ing specific measurements. Also patient age range was
18 to 65 years, and patients with a high BMI and/or
suffering from severe osteoporosis were excluded.”®
Eleven out of the remaining 13 studies were found to
have more than a 14.8% occurrence of cage subsidence.
The larger group samplings, reported by Park et al>> on
784 patients, identified that 4.1% (36/881) resulted in
subsidence. Zhou et al** noted that 15.9% (23/145) of
patients had subsidence. The highest occurrence of sub-
sidence was found in elderly''® patients suffering from

Table 6. Occurrence of subsidence per LIF method considering 25-50% or >2 mm migration of the cage in the endplate.

Subsidence Occurrence

No. of
LIF Surgical Approach Minimum Maximum Studies
ALIF 6% (3/50)% 23.1% (3/13)*° 6
LLIF 8.7% (29/335)**1 (26/297)**4 39.6% (38/96)* 11
LLIF with posterior fixation 3.3% (1/30)™ 20.7% (6/29)* 8
OLIF with posterior fixation 4.4% (6/137)*" 36.9% (62/168)" 7
PLIF with posterior fixation 7.4% (2/27)° 31.8% (11/41)¥ 5
TLIF with posterior fixation 0% (0/40)° 51.2% (21/41) 14

Abbreviations: ALIF, anterior lumbar interbody fusion; LIF, lumbar interbody fusion; LLIF, lateral lumbar interbody fusion ; OLIF, oblique lumbar interbody fusion; PLIF,
posterior lumbar interbody fusion; TLIF, transverse lumbar interbody fusion.
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Figure 2. Box-and-whisker plots of the data presented in Table 2, including
the first, median, and third quartiles of subsidence occurrence for each surgery
method. The whiskers indicate the ranges. Includes results from 6 anterior
lumbar intervertebral fusion (ALIF), 11 lateral lumbar intervertebral fusion (LLIF),
8 LLIF with posterior fixation (LLIF-P), 7 oblique lumbar interbody fusion with
posterior fixation (OLIF-P), 5 posterior lumbar interbody fusion with posterior
fixation (PLIF-P), and 14 transverse lumbar interbody fusion with posterior
fixation (TLIF-P) studies.

spinal stenosis or spondylolisthesis®™’! and patients

receiving banana-shaped cages.’® Twelve out of the 15
TLIF studies considered subsidence to be either 2 or 3
mm penetration into the endplate.”-!1-14-35-38:44:47.51-54

Subsidence and Postsurgical Outcomes

Within all LIF studies in this systematic review, 6
studies directly compared the patient-reported out-
comes of subsidence against no subsidence.'>#*#34>-0-57
Four of the 6 studies did not show any correlation
between subsidence and poor outcomes, although none
of them did a power analysis.?*****5" Meanwhile, 1 of 4
studies comparing pain score showed that higher-grade
subsidence led to axial back pain.'> One of 3 studies
comparing disease-specific function and 1 of 3 studies
comparing quality of life found that subsidence led to
higher ODI and lower quality of life, respectively.*’
Although a correlation with revision surgery and recur-
rent symptom was not directly made, 4 studies***-%
showed subsidence was the most common complica-
tion. In another study, symptomatic subsidence was the
second most prevalent surgical outcome after persistent
radiculopathy leading to a revision.™

Four studies directly compared the surgical outcome
between subsidence and no subsidence groups.'>**
Subsidence was shown to increase the risk of non-
union in 2 of 3 studies evaluating LIF fusion rates.'>*
While Lin et al® found that patients with subsidence
were 17.24 times more likely to have nonunion. They
showed that patients with subsidence had an 8.37 times

higher risk of positive cysts. However, that result is a
2-way cause and effect relationship. Park et al® found
that subsidence led to a higher rate of screw loosening.
In the only study that compared a subsidence group
with a no subsidence group for revision surgery rate,
a correlation was shown between revision surgery and
high-grade subsidence.” Studies by Nemani et al’ 6 and
Malham et al*® found that 3.4% and 3% of patients
undergoing LIF surgery required revision surgery due
to subsidence. None of the 6 studies that do not show a
correlation between subsidence and the outcomes did a
power analysis.

DISCUSSION

No previous systematic review compared all 5 LIF
methods to determine if subsidence is more prevalent
in certain methods. In this review, a collection of 40
studies revealed that subsidence remains present in
numerous patients after all 5 LIF procedures (Figure 2).
Comparison between methods is difficult, since there
is significant overlap between the results. By compar-
ing the medians, LLIF without pedicle screws and TLIF
had the highest subsidence occurrence, 26.9% and
21.4%, respectively, while ALIF had the lowest occur-
rence, 12.8%.

ALIF implants cover most of the endplate, which
could explain a lower rate of subsidence. For LLIF,
the range and median of occurrence reported that LLIF
26.9% and LLIF-P 13.7% were higher and varied more
without the usage of posterior fixation. Additionally,
the box-and-whisker graph highlighted 1 LLIF-P study
as an outlier with a subsidence occurrence of 62.3%,
which is more than 1.5 times the interquartile range.”'
This study made in 2014 by Tohmeh et al considered
all spinal pathologies regardless of the severity. The
occurrence was measured in terms of the number of
levels subsiding, and most patients received multiple-
level fusion surgeries.*' This could have contributed to
the higher subsidence occurrence. Occurrence reported
from the studies evaluating TLIF resulted in the largest
variation of all methods, ranging between 0.0% and
51.2%. The results were widely spread. While most
TLIF studies used the same scale, the inconsistency
could be attributed to inclusion criteria related to age,
BMI, diseases treated, and cage shape implanted. The
occurrence reported for OLIF resulted in the second
widest range (4.4% and 36.9%). As for PLIF, occur-
rence ranged between 7.4% and 31.8% (Figure 2). Only
a few studies were available for PLIF and OLIF, and
their definition of subsidence was not consistent overall,
which could have led to these results.
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Three studies included in this systematic review
reported the occurrence of subsidence by comparing
2 or 3 approaches for LIE*"*>* A comparative study
published by Lin et al** found that TLIF had higher
incidence of subsidence compared with OLIF.** Similar
results were also revealed in a study reporting that TLIF
had a significantly higher incidence of subsidence com-
pared with ALIF and PLIF?’ (38.1% compared with
15.4% and 10%, respectively).”” This study noted that
during TLIF, positioning the cage at the optimal location
on the endplate was challenging, resulting in increased
subsidence. Additionally, in the third study, LLIF
showed a lower amount of subsidence than TLIF.*> A
similar conclusion was drawn in a cadaver study com-
paring the maximum force between ALIF, LLIF, PLIF,
and TLIF, and it was shown that TLIF led to the highest
subsidence, whereas LLIF had the lowest subsidence.®’

Cage’s shape, size, and positioning can all play a role
in the risk of subsidence.”'***%*% Cages with a bigger
surface area in contact with the endplate, such as the
ALIF devices, result in less subsidence since it reduces
endplate stress.*”**% As for the different LLIF cage
designs, the wider implants clinically reduced subsid-
ence in all studies comparing cage sizes, '#16:4147.62

Furthermore, to reduce subsidence risk, placing
the implant on the periphery of the vertebrae is rec-
ommended because the endplate and vertebral body
are weaker in the center.”*®> Biomechanical cadaveric
studies showed that regardless of cage type, placing the
implant on the peripheral subchondral bone prevents the
cage from penetrating the vertebral body interphase.®*’
For instance, when LLIF cages are long enough to
bridge both sides of the apophysis ring, resistance to
subsidence is significantly increased.

Taller cages are also correlated with increased sub-
sidence, making height crucial during the implant selec-
tion.** Taller cages can cause overdistraction, and
therefore higher forces are applied on the endplates,’’
which may lead to intraoperative endplate failure.
Yet, inappropriate height correction will compromise
the spinal nerve decompression and the fusion itself.”
Moreover, aggressive decortication of the endplate and
overdistraction could make the vertebrae more at risk
of subsidence,'* as confirmed by cadaveric analysis.®’
The LLIF and OLIF cages tend to be taller compared
with the TLIF cages, which could lead to overdistrac-
tion and augment the risk of subsidence.

Regardless of the surgical methods, patients’
pathologies and health condition influence subsid-
ence occurrence in many studies.'"!>!828303738 Hioher
BMI as well as lower BMD increase the amount of

subsidence.'®**" For the elderly population, most
studies showed that age is a risk factor for subsid-
ence. A study suggested that for patients at risk of low
BMD, a dual-energy x-ray absorptiometry scan would
be beneficial to predict subsidence.” A T score lower
than 1.0 measured with the dual-energy x-ray absorp-
tiometry scan correlates with higher subsidence.’>**
For patients having a 7 score lower than 1.0, posterior
instrumentation relieving some of the endplate stress
can be implanted.

Subsidence is one of the most common complica-
tions leading to revision surgery following LIF surgery.
However, there are conflicting accounts that it is associ-
ated with poor clinical outcomes. Few studies were able
to show that subsidence can lead to back pain, reduced
quality of life, reduced function, screw loosening,
higher nonunion, and revision surgery risk. Further-
more, many studies state that subsidence is a concern
following surgery, but the extent of the problem is
unclear due to lack of statistical evidence. Two of 6
studies evaluating the relationship between subsidence
and patient-reported outcomes showed that patients
with subsidence had significantly increased instances of
negative outcomes.'>* The other 4 studies did not find
a direct correlation.”**”*>" However, they all included
fewer than 22 patients with subsidence. The risk of
revision surgery following subsidence was evaluated
comparing a subsidence group with a no subsidence
group postsurgery in only 1 study, and it was shown to
increase the rate of revision surgery.

While only a total of 9 studies made statistical
analysis regarding either subsidence and surgical
outcomes or patient-reported outcomes, none of the
studies specified if any power analysis was done.
Additionally, the sample of the subsidence groups was
small reducing the generalization of the results. The
number of studies recording a relationship between
subsidence and postsurgery outcome is limited con-
sidering that it is rarely the primary goal of surgical
LIF case studies.

Since analyzing subsidence after LIF was the main
goal of this systematic review, other leading causes of
revision surgery such as neurologic symptoms, adja-
cent disc segment disease, pseudarthrosis, and hard-
ware failure were not considered.* Additionally, each
method has its own advantages and disadvantages in
regard to operation time, patient recovery time, and total
volume of blood loss.?** Among the factors implicated
in LIF, this analysis of subsidence provides additional
evidence and might help clinicians in the selection of
the approach.
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Limitations

Published clinical studies investigating causes of
subsidence after LIF surgery are mainly based on
inconsistent analysis methods, which somewhat limit
the conclusions that can be drawn. One major dis-
crepancy was the definition of subsidence used in the
studies. There is no clear consent regarding which
amount of subsidence should be considered clinically
relevant. Marchi et al'? established a scale according
to the percentage of postoperative disc height lost, the
grades being grade 0, 0% to 24%; grade 1, 25% to 49%;
grade 2, 50% to 74%; and grade 3, 75% to 100%. It has
been used more frequently by researchers to evaluate
subsidence occurrence. This scale helps the accuracy
of the comparison between studies. The radiological
assessment techniques vary, as some studies measured
subsidence on plain x-ray and others used CT images.
Many studies gathered both the CT and x-ray images
of their patients but strictly used the plain x-ray image
to measure subsidence.*'*"*'** With evidence that CT
images allow superior accuracy when assessing spine
injuries, future study should consider assessing sub-
sidence using available CT images.®*® Inconsistency
between studies makes it difficult for review studies to
make accurate comparison and compilation of subsid-
ence occurrences. Additionally, for the data collection
and comparison of the surgical methods, a correlation
between subsidence and postsurgical clinical outcomes
has not been reported in most studies, which weaken
any conclusion in this regard.

Even though it is stated that subsidence can be
observed as soon as 6 weeks postsurgery, the varying
length of the follow-up in each study can still lead to
bias.'? Not only device shape and material are same in all
patients within each method, lordosis curvature due to
the cages also varies. Studies from 2013 and after were
chosen to emphasize postsurgical results of patients
treated using the most comparable surgical approaches,
equipment, and cages, considering the changes in pro-
cedure, cage design, and surgery technique would likely
be up to date. However, most studies published in the
last 10 years evaluate LLIF and TLIF methods. Clinical
outcomes reported after ALIF and PLIF tend to include
populations with specific risk factors such as low BMD,
high BMI, specific pathologies, or the evaluation of
new cage devices.

CONCLUSIONS

Subsidence clearly remains present in many patients
after all LIF procedures. ALIF was found to have the

lowest subsidence occurrence of all methods. While
LLIF, LLIF-P, OLIF-P, and PLIF-P had similar ranges
of subsidence and TLIF showed variable results, there
are too much heterogeneity and discrepancy between
studies to draw clear conclusions. There is also no
consistent evidence confirming that subsidence sig-
nificantly augments the risk of poor clinical outcomes.
This matter should be further addressed with more
powered studies. Subsidence appears to remain a clin-
ical problem in some studies and further strategies to
reduce its occurrence should be implemented.
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