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Risk Factors for Posterior Cage Migration after
Lumbar Interbody Fusion Surgery
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Study Design: A retrospective clinical case series.

Purpose: To determine the strength of association between cage retropulsion and its related factors.

Overview of Literature: Lumbar interbody fusion with cage can obtain a firm union and can restore the disc height with normal sag-
ittal and coronal alignment. Although lumbar interbody fusion procedures have satisfactory clinical outcomes, peri- and postoperative
complications regarding the cage remain challenging.

Methods: From January 2006 to June 2016, 1,047 patients with lumbar degenerative disc disease who underwent posterior lumbar
interbody fusion or transforaminal interbody fusion at Gyeongsang National University Hospital were enrolled. Medical records and
pre- and postoperative radiographs were reviewed to identify significant cage retropulsion-related factors. The associations between
cage retropulsion with various risk factors were evaluated by calculating odds ratios (ORs) and 95% confidence intervals (Cls) using
multiple logistic regression analysis.

Results: Of 1,229 disc levels, 16 cases (1.3%, 10 men and 6 women) had cage retropulsion. Univariate analysis revealed no signifi-
cant differences between the cage retropulsion group and the no cage retropulsion group with regard to demographic data such as
age, sex, weight, height, body mass index (BMI), smoking habits, presence of osteoporosis, and duration of follow-up. Multivariate
analysis revealed that low BMI (OR, 0.875; 95% Cl, 0.771-0.994; p=0.040), presence of screw loosening (OR, 27.400; 95% Cl, 7.818—
96.033; p<0.001), and pear-shaped disc (OR, 9.158; 95% Cl, 2.455-34.160; p=0.001) were significantly associated with cage retropul-
sion.

Conclusions: This study demonstrated that low BMI, loosening of posterior instrumentation, and pear-shaped disc were associated
with cage retropulsion after lumbar interbody fusion. Therefore, when performing lumbar interbody fusion with a cage, surgeons
should have skillful surgical techniques for firm fixation to prevent cage retropulsion, particularly in non-obese patients.
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Introduction lumbar interbody fusion (PLIF) or transforaminal LIF

(TLIF) is widely used for treating degenerative lumbar

With the increase in the aged population, the incidence of diseases such as degenerative spondylolisthesis, degenera-
degenerative lumbar disease is also increasing. Posterior tive disc disease, and degenerative lumbar scoliosis [1-
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7]. When surgeons perform interbody fusion to promote
spinal interbody union, a fusion cage packed with auto-
cancellous bone or allo-bone is usually inserted into the
disc space after vertebral endplate decortication. LIF with
a cage can obtain a firm union and can restore the disc
height with normal sagittal and coronal alignment. In
addition, the spinal nerve root or compressed dural sac
can be secondarily restored by increasing the disc height.
Although these procedures have satisfactory clinical
outcomes, peri- and postoperative complications remain
challenging problems [5,8-10].

Several studies have reported regarding cage-related
complications such as subsidence, migration, and me-
chanical failure [11-14]. Although many studies of cage
subsidence or mechanical failure of cages after PLIF or
TLIF have been published, few have evaluated the risk fac-
tors for cage retropulsion, a complication that can result in
narrowing of the spinal canal or foraminal stenosis. Cage
retropulsion can even directly compress the dural sac or
nerve root and cause neurological symptoms. To improve
clinical symptoms, the protruded cage has to be theoreti-
cally removed, thus requiring a revision surgery. However,
a revision surgery is technically demanding because of
the massive fibrosis of adjacent tissues. In addition, vague
clinical symptoms sometimes may be concerning for spine
surgeons, making it difficult to decide a revision surgery.

In previous studies, various risk factors that affect cage
retropulsion after LIF have been reported [15-17]. Brodke
et al. [18] and Lund et al. [19] suggested that additional
posterior instrumentation is critical for preventing cage
retropulsion, particularly in terms of flexion-extension
torque. Therefore, LIF using a cage alone is no longer rec-
ommended. In the same context, Uzi et al. [20] reported
that cage retropulsion can occur during flexion movement
and thus suggested that this could be prevented by addi-
tional posterior instrumentation. In addition, Kimura et
al. [15] found that the risk factors for cage retropulsion af-
ter PLIF were a wide disc space with instability, multilevel
fusion surgery, involvement of L5-S1, and pear-shaped
disc space on lateral radiographs. Other studies [16,21]
have also suggested that higher posterior disc height
(PDH), presence of scoliotic curvature at anteroposterior
(AP) view, undersized fusion cages, cage positioning, and
cage type are possible risk factors for cage retropulsion.
Although previous studies have evaluated the effect of a
single risk factor on cage retropulsion, the effects of multi-
ple factors have not been simultaneously investigated [15-
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17]. In addition, no study has evaluated the strength of
associations between various factors and the occurrence
of cage retropulsion. We hypothesized that among various
risk factors, loosening of posterior instrumentation and
a disc shape were significantly associated with the occur-
rence of cage retropulsion after LIF. Therefore, this study
aimed to determine the strength of associations between
cage retropulsion and its related factors.

Materials and Methods

1. Demographic data

This study was approved by the Institutional Review
Board of Gyeongsang National University Hospital
(GNUH IRB no., 2017-02-007). From January 2006 to
June 2016, 1,047 patients with lumbar degenerative disc
disease who underwent PLIF or TLIF at our institution
were retrospectively enrolled. The inclusion criteria were
(1) patients aged >20 years, (2) those who underwent in-
terbody fusion with posterior instrumentation for treating
degenerative lumbar disease, and (3) availability of pre-
and postoperative radiographs and medical records. The
exclusion criteria were (1) patients who underwent inter-
body fusion surgery using stand-alone cage; (2) those who
underwent interbody fusion using an expandable cage or
allo-strut bone graft; (3) those who underwent anterior,
direct lateral, or oblique lateral interbody fusion; and (4)
those whose medical records were unavailable because of
death, loss of follow-up, or absence of data. Finally, 744
patients (1,229 disc levels) were included. Of the 744 pa-
tients, 307 were males and 437 were females; their mean
age, weight, height, and body mass index (BMI) were
64.419.6 years, 61.1+10.6 kg, 158.749.2 cm, and 24.2+3.4
kg/m?, respectively. The patients were followed up for
31.1 months (range, 1-129 months) postoperatively. Data
such as smoking habits, presence of osteoporosis (T score
on dual-energy X-ray absorptiometry), and symptoms
after surgery were reviewed using medical records. The
included patients were then classified into two groups:
the cage retropulsion group and the no cage retropulsion
group. The demographic characteristics of each group are
summarized in Table 1.

2. Radiological evaluation

Pre- and postoperative radiographs were obtained and
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Table 1. Demographic data of the patients who underwent posterior lumbar interbody fusion

Characteristic

Age (yr) 68.3+7.8
Sex

Male 10

Female 6
Weight (kg) 59.8+11.5
Height (cm) 162.3+10.4
Body mass index (kg/m?) 22.8+2.8
Smoking 1
Osteoporosis 0
Follow-up (mo) 32.1£17.9

Cage retropulsion (N=16)

No cage retropulsion (N=728) p-value

64.3+9.6 0.104
0.081

297

431
61.2+10.6 0.616
158.649.2 0.245
24.3+3.4 0.090
127 0.331
75 0.392
31.0+28.6 0.882

Values are presented as meansstandard deviation or number.

Fig. 1. Lateral lumbar radiographs showing the serial order of cage retropulsion after lumbar interbody fusion. (A) Postoperative day 1, (B) postop-
erative 1 month, (C) postoperative 6 months, and (D) postoperative 18 months.

evaluated using a Picture Archiving and Communica-
tions System. Cage retropulsion of the fusion cage was
defined as the movement of the posterior margin of the
cage beyond the posterior margin of either adjacent ver-
tebral body (Fig. 1). Using AP and lateral simple radio-
graphs, various factors such as fusion level, number of
fusion segments, lumbar curvature, single- or multilevel
fusion, presence of screw loosening, and cage type (poly-
ether-ether-ketone [PEEK] or titanium) were evaluated
(Table 2). In addition, disc shape (not pear-shaped or
pear-shaped) (Fig. 2), presence of listhesis, degree of disc

distraction, preoperative Cobb’s angle at AP view, pre-
and postoperative anterior disc height (ADH), PDH,
and mean disc height (MDH) were measured in the two
groups (Table 3). On the basis of a previous study’s defini-
tion [15], “pear-shaped disc” was defined as a disc with
a convex surface in the posterior halves of the superior
and inferior endplates with a concave surface in the an-
terior halves. MDH was calculated as the mean value of
ADH and PDH (Fig. 3). The degree of disc distraction
was investigated by assessing the differences in preopera-
tive MDH and postoperative day 1 MDH using lateral
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Table 2. Radiologic evaluation of the included patients

Cage retropulsion
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No cage retropulsion

Fusion level
L1-L2 0
L2-13 1
[3-14 1
L4-15 12
L5-S1 2
Fusion segments 1.740.8
Curvature
Lordosis M
Straight 3
Kyphosis 2
Multi-level fusion
Single 8
Multiple (>2) 8
Screw loosening 6
Cage type
Poly-ether-ether-ketone 5
Titanium 11

0.268

20

87

275

577

254
1.70.8 0.859
0.081

Ly

262

25
0.853

381

347
18 <0.001
0.933

391

822

Values are presented as number or mean+standard deviation.

- aa; '&

Fig. 2. Simple radiograph of a pear-shaped disc at the L4-L5 disc
level. The disc with a convex surface in the posterior halves of the
superior and inferior end plates and a concave surface in the anterior
halves is shown.

radiographs. To reduce the magnification of measurement
errors, the measured disc height values were normalized
using the sagittal diameter of the vertebral body between
the midpoints of the anterior and posterior surface.

3. Statistical analysis

Differences between the two groups with regard to patient
characteristics, fusion level, number of fusion segments,
lumbar curvature, number of multilevel fusions, presence
of screw loosening, and cage type were analyzed. In addi-
tion, differences between the two groups with respect to
disc shape; presence of listhesis; pre- and postoperative
ADH, PDH, and MDH; degree of disc distraction; and
preoperative Cobb’s angle at AP view were evaluated. The
reliability of measurements was assessed by examining the
intra- or interobserver correlation coefficient. Two expe-
rienced orthopedic surgeons independently evaluated all
measurements. Parameters were measured twice with a
4-week interval between measurements by each surgeon.
Independent t-tests were used for the comparison of nu-
merical variables, and chi-square or Fisher’s exact test was
used for the comparison of categorical variables. The asso-



Risk Factors for Cage Retropulsion [k} I

Table 3. Radiologic evaluation of the disc space preparation

Cage retropulsion (N=16)

Disc shape

No pear-shaped 10
Pear-shaped 6
Listhesis 6
Preoperative ADH (mm) 16.3+4.2
Preoperative PDH (mm) 9.5+2.6
Preoperative MDH (mm) 12.9+2.8
Postoperative ADH (mm) 16.1+4.1
Postoperative PDH (mm) 12.0+35
Postoperative MDH (mm) 14.5+2.1
Disc distraction (mm) 16+2.4
Preoperative Cobb’s angle at anteroposterior view (°) 24424

No cage retropulsion (N=1,213)  p-value
<0.001
1159
54
10 0.149
15.3+4.0 0.333
8.9+4.1 0.592
12.1+3.2 0.346
16.2+43.9 0.915
10.2+3.0 0.020
13.242.8 0.072
1.143.3 0.543
2.5+2.5 0.950

Values are presented as number or mean+standard deviation.
ADH, anterior disc height; PDH, posterior disc height; MDH, mean disc height

Fig. 3. Measurement of pre- and postoperative disc heights in the
lumbar lateral view. The mean disc height was calculated as (a+h)/2. a,
anterior disc height; b, posterior disc height; ¢, sagittal diameter of the
vertebral body measured between the midpoints of the anterior and
posterior surfaces.

ciations of cage retropulsion with various risk factors were
evaluated by calculating the odds ratios (ORs) and 95%
confidence intervals (Cls) using multiple logistic regres-

sion analysis. First, univariate logistic regression analyses
were performed for all variables, followed by multiple
logistic regression analysis using only variables with p-
values of <0.2, which were obtained from the univariate
analyses. A multivariate logistic regression analysis was
performed after assessing multicollinearity using the vari-
ance inflation factor (VIF) and conditional index. Vari-
ables with VIF of <10 and a conditional index of <10 were
considered to indicate the absence of multicollinearity
[22]. The Hosmer-Lemeshow test was used to determine
the goodness of fit for the multivariate logistic regression
model. All analyses were performed using the PASW
SPSS software program ver. 18.0 (SPSS Inc., Chicago, IL,
USA). Statistical significance was set at p-values of <0.05.
The significance of the Hosmer-Lemeshow test was set at
p-values of >0.05.

Results
1. Study populations

The intra- and interobserver reliabilities of measurements
were 0.902 and 0.884, respectively. The reliability of mea-
surements was relatively high in this study. Of 1,229 disc
levels, 16 cases (1.3%, 10 men and 6 women) had cage ret-
ropulsion, and the mean onset time of cage retropulsion
was 8.3 months (range, 1-48 months). The average age
of the patients was 68.3+7.8 years. Although 355 patients
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Table 4. Characteristics of the patients who developed cage retropulsion (N=16)

Case (A;]r? Sex Diagnosis Fll;ilgln F;J;[:c;n i Flf::;gm |o§(s:;i\?rl19 CI(?n;cgr;e Symptom after CR
1 69 M DSL L4-15 PLIF L4/L5  PEEK Bilateral No 2 No

2 76 F SS L4-15 PLIF L4/L5  PEEK Bilateral No 5 LBP with radiculopathy
3 63 M SS L4-15 PLIF L4/L5  PEEK Bilateral No 48 No

4 66 M SS L4-15 PLIF L4/L5  PEEK Bilateral Yes 1 LBP without radiculopathy
5 70 F DSL [3-15 PLIF L4/L5  PEEK Bilateral Yes 2 No

6 78 F SS [4-§1 TLIF L4/L5  PEEK Bilateral Yes 1 No

7 69 M DSL [3-S1 PLIF L5/S1  Titanium Bilateral Yes 3 LBP

8 Al M DS [3-S1 PLIF L5/S1  Titanium Bilateral Yes 1 No

9 77 M SS [4-S1 TLIF L4/L5  PEEK Bilateral Yes 1 Radiculopathy

10 73 M DSL L4-15 PLIF L4/L5  Titanium Bilateral No 48 LBP

1 Al M SS [2-14 PLIF L2/L3  Titanium Bilateral No 1 LOM, L/E weakness

12 52 M SS [3-14 PLIF L3/L4  PEEK Bilateral No 7 No

13 69 F SS [2-15 PLIF L4/L5  PEEK Bilateral No 2 Radiculopathy

14 54 F DDD [3-L5 PLIF L4/L5  Titanium Bilateral No 2 No

15 59 F DSL L4-15 PLIF L4/L5  PEEK Bilateral No 1 No

16 75 M SS L4-15 PLIF L4/L5  PEEK Bilateral No 7 No

CR, cage retropulsion; M, male; F, female; DSL, degenerative spondylolisthesis; PLIF, posterior lumbar interbody fusion; PEEK, poly-ether-ether-ke-
tone; SS, spinal stenosis; LBP. lower back pain; TLIF, transforaminal lumbar interbody fusion; DS, degenerative scoliosis; LOM, limitation of motion;

L/E, lower extremity; DDD, degenerative disc disease.

underwent multilevel spinal fusion, there was no case of
cage retropulsion simultaneously with >2 segments in a
single patient. Demographic data such as age, sex, weight,
height, BMI, smoking habits, presence of osteoporosis,
and duration of follow-up were not significantly different
between the two groups. Among 16 patients with cage
retropulsion, the diagnoses for these patients included de-
generative spondylolisthesis (n=>5), lumbar spinal stenosis
(n=9), lumbar degenerative scoliosis (n=1), and degenera-
tive disc disease (n=1). Fusion segments included L1-L2
(1 of 88 patients, 1.1%), L3-14 (1 of 276 patients, 0.4%),
L4-L5 (12 of 589 patients, 2.0%), and L5-S1 (2 of 256 pa-
tients, 0.8%). The mean fusion level was 1.7+0.8 segments
in these patients. Eight patients underwent single-level
fusion, and eight patients underwent multilevel spinal fu-
sion. Cages with posterior retropulsion were divided into
PEEK (5 levels) and titanium (11 levels). Among the 16
patients with cage retropulsion, nine had no symptoms,
six had lower back pain and/or radiculopathy, and one
had motion limitations with lower extremity weakness.
Although seven patients had clinical symptoms, none
required a revision surgery. The detailed characteristics
of the patients with cage retropulsion are summarized in

Table 4.

2. Radiological evaluations

Cage retropulsion was detected at a mean period of 8.3
months (range, 1-48 months) after surgery. Of the 16
patients, nine had no symptoms and seven had lower
back pain and/or radiculopathy (Table 4). However, seven
symptomatic patients could tolerate their symptoms with-
out requiring a revision surgery. Six of the 16 patients had
screw loosening, which was significantly (p<0.001) associ-
ated with the presence of cage retropulsion. Among the 16
patients with cage retropulsion, six had pear-shaped discs,
which were also significantly (p<0.001) associated with
cage retropulsion. Although six patients had spinal listhe-
sis on preoperative radiographs, the presence of listhesis
was not associated with cage retropulsion.

To evaluate the influence of disc height, pre- and post-
operative ADH, PDH, and MDH; degree of disc distrac-
tion; and Cobb’s angle at AP view were compared between
the migrated and non-migrated levels. The results showed
that preoperative ADH, PDH, and MDH; postoperative
ADH and MDH; degree of disc distraction; and Cobb’s
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Table 5. Strengths of associations between various factors and cage retropulsion in the multivariate analyses

Variable Multivariate analysis p-value
Low body mass index (kg/m?) 0.875(0.771-0.994) 0.040
Screw loosening 27.400 (7.818-96.033) <0.001
Pear-shaped disc 9.158 (2.455-34.160) 0.001

Values are presented as odds ratio (95% confidence interval).

angle at AP view were not significantly different between
the two groups. However, postoperative PDH was signifi-
cantly (p=0.020) associated with cage retropulsion.

3. Multivariate analysis of risk factor for cage retropulsion

Regarding the multicollinearity evaluation among the
significant variables determined by the univariate analy-
ses, VIFs of all variables with p-values of <0.2 were <10.
Thus, all variables with p-values of <0.2 were included in
the multivariate logistic regression analysis. The p-value
of the Hosmer-Lemeshow test was 0.626, which indicated
a good fit of data. In univariate analyses, variables with a
p-value of <0.2 included age, sex, BMI, lumbar curvature,
disc shape, presence of listhesis, postoperative PDH, post-
operative MDH, and presence of screw loosening. Using
these factors, multivariate analysis was performed and
showed that only low BMI (OR, 0.875; 95% CI, 0.771-
0.994; p=0.040), presence of screw loosening (OR, 27.400;
95% CI, 7.818-96.033; p<0.001), and pear-shaped disc
(OR, 9.158; 95% ClI, 2.455-34.160; p=0.001) were signifi-
cantly associated with cage retropulsion (Table 5).

Discussion

In this study, risk factors for cage retropulsion after LIF
surgery were assessed by retrospectively analyzing clinical
data. Previous studies on cage retropulsion have shown
that the incidence of cage retropulsion ranged from 0.8%
to 25% [15,17,21]. Although the definition of cage retro-
pulsion and study population was somewhat different in
each study, our result (1.3%) was consistent with that of
previous studies. Based on the multivariate analysis, the
most important finding of this study was that low BMI,
loosening of posterior instrumentation, and disc shape
were significantly associated with cage retropulsion after
LIE a finding that supported our study hypothesis.

In previous studies, various risk factors associated
with cage retropulsion after interbody fusion have been

reported. Kimura et al. [15] reported that cage retropul-
sion developed within 2 months after surgery in all cases.
They identified the following risk factors: (1) involvement
of L5/S1, (2) pear-shaped disc space, (3) wide disc space
with instability, and (4) multilevel fusion surgery. To avoid
the complication of cage retropulsion, they recommended
the use of expandable cages. In addition, Abbushi et al. [21]
reported that cage positioning and cage type influenced
cage retropulsion. In particular, the medio-medial cage
position and closed box cages appeared to be associated
with higher cage retropulsion rates. Aoki et al. [16] sug-
gested that a bullet-shaped cage, higher PDH, presence of
scoliotic curvature, and undersized fusion cages were pos-
sible risk factors for cage retropulsion. Although we did
not perform analysis using all variables identified or sug-
gested in previous studies because of insufficient data, we
included as many factors as possible. We then performed
multivariate analysis to determine the risk factors for cage
retropulsion in our study. Our results also support those
of previous studies.

Both univariate and multivariate analyses revealed that
screw loosening of the posterior instrumentation was sig-
nificantly associated with the occurrence of cage retropul-
sion. Some studies have revealed that the lack of posterior
screw fixation was a main risk factor for cage retropulsion
[20,23]. In settings with a lack of posterior instrumenta-
tion, cage retropulsion can occur because of spinal flex-
ion forces, which leads to mechanical failure and inter-
segmental nonunion. Furthermore, a posteriorly migrated
cage can compress the dural sac or spinal nerve root,
leading to unsatisfactory clinical outcomes. In the same
context, Brodke et al. [18] and Lund et al. [19] biome-
chanically assessed the initial stability of PLIF alone and
with additional posterior fixation. Both studies suggested
the importance of additional posterior instrumentation
for preventing cage retropulsion. Applying posterior in-
strumentation and markedly increasing stiffness in axial
compression can reduce the posterior bending force, par-
ticularly flexion-extension torque. Although it is unclear
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which factor between cage retropulsion and posterior in-
strumentation loosening precedes the other and because
10 of 16 patients with cage retropulsion did not present
with loosening in posterior instrumentation, we assumed
that insufficient posterior fixation leads to residual spinal
instability, possibly causing posterior screw loosening and
cage retropulsion. Thus, firm posterior instrumentation is
critical for preventing cage retropulsion, which can lead to
mechanical spinal failures.

In this study, the disc shape was classified into two
groups on the basis of the study of Kimura et al. [15]:
pear-shaped and non-pear-shaped discs. Regardless of
the fused disc level, a pear-shaped disc was significantly
associated with a higher incidence of cage retropulsion.
Because a pear-shaped disc does not tend to make con-
tact with all four corners of the cage in the sagittal plane,
it may lead to instability between the endplate and cage.
Although we could not investigate the cage size, Pan et
al. [17] reported that the use of an undersized cage was
potentially a risk factor for cage retropulsion. This mecha-
nism might be associated with inadequate contact be-
tween the endplate and cage because the two studies men-
tioned above demonstrated that uneven stress generated
by the cage and vertebral endplate could lead to instability.
In addition, cage instability can be caused by excessive
PDH distraction, which is a significant factor in univari-
ate analysis. Although it was not a significant factor in
our multivariate analysis, excessive PDH distraction may
cause inadequate contact between the cage and vertebral
endplate, possibly leading to cage retropulsion because
of segmental instability; thus, PDH distraction could
act as an independent risk factor for cage retropulsion.
Therefore, when surgeons perform endplate preparation
in patients with pear-shaped discs, meticulous endplate
decortications are required to avoid cage retropulsion.
Furthermore, an adequate cage size with sufficient axial
compression is required for firm interbody fusion.

Our analysis showed that low BMI was also associated
with cage retropulsion. In other words, patients with a
higher BMI had a lower incidence of cage retropulsion.
No previous study has reported that low BMI acted as a
risk factor for cage retropulsion. A higher BMI might be
associated with a higher axial compression force in the
vertebral body. Aoki et al. [24] suggested that adequate
compression needs to be applied during screw fixation
to prevent cage migration. Pan et al. [17] suggested that
bilateral pedicle screw fixation for PLIF procedure is more
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beneficial than unilateral pedicle screw fixation. In similar
ways, a higher BMI might have contributed to the increase
in axial compression between the cage and vertebral body.
Thus, a higher BMI might act as a protective factor against
cage retropulsion. To investigate this possibility, a well-
controlled large-scale study is required.

Among the 16 patients with cage retropulsion, nine had
no symptoms, six had lower back pain and/or radiculopa-
thy, and one had motion limitation with lower extremity
weakness. Although seven patients had clinical symp-
toms, none of these patients required a revision surgery.
In previous studies, the incidence of a revision surgery
for cage retropulsion has been reported to range from
33.3% to 75.0% [15,17]. Revision surgery for cage retro-
pulsion is technically challenging. Because of scar tissues
and fibrosis of soft tissues, cage removal is a complicated
procedure and can potentially increase postoperative pain
and the probability of neurological deficits [24]. Pan et
al. [17] suggested that a revision surgery is essential for
patients with neurological deficits, whereas conservative
treatment is recommended for asymptomatic patients.
However, on the basis of our own and previous results, we
do not believe that cage retropulsion will necessarily show
clinical symptoms, and a revision surgery may not always
be required. In contrast to the opinions of Pan et al. [17],
neurological symptoms are not absolute indications for a
surgery. Thus, for patients with tolerable symptoms, con-
servative treatment should be considered as a treatment
option.

The average onset time of cage retropulsion was rela-
tively early. In previous studies, the average onset time was
reported to be 2.75, <2, or <3 months [15-17]. Conversely,
we found that the mean onset time of cage retropulsion
was 8.3 months (range, 1-48 months). However, our study
had some errors. Among the 16 patients with cage ret-
ropulsion, two were lost to follow-up. Because these two
patients visited our institution again at 48 months after
cage retropulsion was observed the first time, the onset
time of cage retropulsion was unclear for these two pa-
tients. Hence, when we used the data of the remaining 14
patients, we found that the mean onset time of cage ret-
ropulsion was 2.6 months (range, 1-7 month), which was
consistent with the results of previous studies. The current
study and previous studies showed that cage retropulsion
had an early onset time, implying that the occurrence of
cage retropulsion might be closely associated with techni-
cal errors when initially attempting to achieve spinal sta-
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bility. To prevent this type of complication, stable fixation
for interbody fusion is essential.

Our study had some limitations. First, this was a ret-
rospective study. In addition, many cases were excluded
because of insufficient data descriptions, which may have
caused a selection bias. Second, a relatively small number
of cage retropulsion cases were included in this analysis
because of the low incidence, making it difficult to draw
many meaningful conclusions. Third, different risk factors
such as surgical techniques (PLIF or TLIF), cage position,
cage type, and cage size that may have affected cage ret-
ropulsion were not considered in this study, which might
have limited the conclusions. Although this was not a ran-
domized, prospective, or case-controlled design, this was
the first study to consider multifactorial risk factors for
cage retropulsion after LIE In the future, large-scale pro-
spective studies that control for such independent factors
through high-quality medical research are required.

Conclusions

In conclusion, this study demonstrated that low BMI,
loosening of posterior instrumentation, and pear-shaped
disc were associated with cage retropulsion after LIF.
Therefore, when surgeons perform LIF with a cage, strong
consideration should be given to applying skillful surgical
techniques to achieve firm fixation to prevent cage retro-
pulsion, particularly in non-obese patients.
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