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Study Design: This was a retrospective observational study.
Purpose: We identify risk factors, including physical and surgical factors, and comorbidities affecting cage retropulsion following 
posterior lumbar interbody fusion (PLIF).
Overview of Literature: Diffuse idiopathic skeletal hyperostosis (DISH) is considered a risk factor for reoperation after PLIF. We 
evaluated the effect of DISH on cage retropulsion into the spinal canal, which may require surgical revision for severe neurological 
disorders.
Methods: A total of 400 patients (175 men, 225 women) who underwent PLIF were observed for >1 year. Factors investigated includ-
ed the frequency of cage retropulsion and surgical revision. In addition, physical (age, sex, disease), surgical (fusion and PLIF levels, 
cage number, grade 2 osteotomy), and comorbid (DISH, existing vertebral fracture) factors were compared between patients with and 
without cage retropulsion. Factors related to surgical revision during the observation period were also considered.
Results: Cage retropulsion occurred in 15 patients and surgical revision was performed in 11. Revisions included the replacement 
of pedicle screws (PSs) with larger screws in all patients and supplementary implants in 10. Among the patients with cage retropul-
sion, the average PLIF level was 2.7, with DISH present in nine patients and existing vertebral fractures in six. Factors affecting cage 
retropulsion were diagnoses of osteoporotic vertebral fracture, multilevel fusion, single-cage insertion, grade 2 osteotomy, presence 
of DISH, and existing vertebral fracture. Multivariable analysis indicated that retropulsion of a fusion cage occurred significantly more 
frequently in patients with DISH and multilevel PLIF.
Conclusions: DISH and multilevel PLIF were significant risk factors affecting cage retropulsion. Revision surgery for cage retropul-
sion revealed PS loosening, suggesting that implant replacement was necessary to prevent repeat cage retropulsion after revision.
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Introduction

Posterior lumbar interbody fusion (PLIF) has been per-

formed for various clinical conditions, because widespread 
spinal canal decompression and intervertebral stability 
can be obtained simultaneously while restoring foraminal 
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height [1]. Recently, PLIF has been applied in pathological 
conditions to correct spinal deformities or during anterior 
column reconstruction for vertebral fractures [2,3]. As 
minimally invasive techniques advance, their indications 
have expanded to include multiple intervertebral lesions 
and surgery in elderly patients. Although many surgical 
outcomes have been reported to date, complications vary 
depending on when they occur postoperatively, and some 
patients occasionally require surgical revision. Specifically, 
these complications include instability due to interbody 
fusion loss and adjacent segment disease [4]. Cage retro-
pulsion into the spinal canal causing neurological disor-
ders is a serious implant-related complication.

Among patients with comorbidities, those with Parkin-
son’s disease suffer complications frequently during spinal 
surgery [5]. Also, patients with osteoporosis are more 
likely to undergo an implant-related reoperation [6]. Re-
cently, diffuse idiopathic skeletal hyperostosis (DISH) has 
attracted attention, because it can reduce intervertebral 
flexibility and affect perioperative complications [2]. We 
examined the factors affecting cage retropulsion following 
PLIF, including physical and surgery-related factors and 
comorbidities.

Materials and Methods

1. Patient population

A retrospective observational study was conducted in 
compliance with the tenets of the Declaration of Helsinki. 
The study was reviewed and approved by the Institutional 
Review Board for Clinical Research Ethics at Fujita Health 
University (IRB approval no., HM 19-123) and the re-
quirement for informed consent from some individual 
participants was omitted because of the retrospective de-
sign of this study . 

2. Inclusion and exclusion criteria

The inclusion criterion was patients with cage retropulsion 
into the spinal canal over the posterior margin of the ver-
tebral body. DISH was defined as >4 continuous ossifica-
tion vertebrae per the criteria of Resnick et al. [7]. Grade 
2 osteotomy with PLIF had been performed on applicable 
patients with segmental kyphosis or sagittal malalign-
ment. The indications for surgical revision owing to cage 
retropulsion were neurological disorders accompanied by 

clinical symptoms, such as back or leg pain. The exclusion 
criterion was grade 3 osteotomy or higher with PLIF.

3. Surgical technique

As usual, in these procedures, cranial laminectomy and 
partial facetectomy were performed first. Second, pedicle 
screws (PSs) were inserted and the PS-attached device 
was used to perform disc space distraction to prepare the 
disc, followed by disc space packing with autogenous lo-
cal bone. Finally, the cage was inserted and the PS systems 
were fixed. Grade 2 osteotomy was performed after PS 
insertion to prevent pedicle fracture. Generally, two cages 
were inserted in each disc space, except in patients with 
poor overall condition, in whom only one cage was insert-
ed. The implant material used for the cage was polyether 
ether ketone (PEEK) in all but nine cases. All cages were 
of the box or bullet type, and the lordosis angle was ≤6°.

4.   Patient demographics and surgical, radiological, and 
clinical examinations

All demographics and examination results were compared 
between the patients with and without cage retropulsion. 
Demographics, such as age, sex, diagnosis, fusion and 
PLIF levels, cage number, grade 2 osteotomy, presence of 
DISH, existing vertebral fracture, and revision surgery, 
were evaluated. In patients with cage retropulsion, clinical 
examinations, such as the frequency, period, level, Visual 
Analog Scale (VAS), surgical examinations for revision, 
and radiological examinations for osseous union at the 
cage retropulsion level, were evaluated.

Interbody fusion at the cage retropulsion level was as-
sessed by reconstruction computed tomography (CT) at 1 
year postoperatively. Sagittal and coronal CT was used to 
evaluate the fusion condition for the existence of consecu-
tive bone formation in multiple slices obtained around the 
cage.

5. Statistical analysis

All values are expressed as the mean±standard deviation. 
Statistical analyses were performed with respect to the 
presence of cage retropulsion. Continuous variables (age, 
fusion and PLIF levels, and VAS) were assessed using the 
Mann-Whitney U-test, and categorical variables (sex, cage 
number, DISH presence, grade 2 osteotomy, existing ver-
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tebral fracture, and revision surgery) were assessed using 
Fisher’s exact test. The variable (diagnosis) was assessed 
with the χ2 test. A p<0.05 was considered statistically sig-
nificant. Variables with statistically significant p-values on 
univariate analysis were analyzed by multivariable analy-
sis. Statistical analyses were performed with the JMP ver. 
14.2.0 software suite (SAS Institute Inc., Cary, NC, USA).

Results

1.   Patient demographics, and surgical and clinical out-
comes of all patients

The average age of the 175 men and 225 women was 67.7 
years. Diagnoses included lumbar canal stenosis (LCS) in 
142 patients, degenerative spondylolisthesis (DS) in 116, 
lumbar disc hernia in 52, degenerative lumbar scoliosis 
(DLS) in 41, isthmic spondylolisthesis in 20, degenerative 
kyphosis in 17, and osteoporotic vertebral fracture (OVF) 
in 12. The average fusion level was 2.1 and the average 
PLIF level was 1.8. A total of 30 patients received one 
cage and 370 received two cages. Grade 2 osteotomy was 
performed in 76 patients, with DISH present in 98, and 
existing vertebral fracture in 36. Surgical revision was per-
formed in 52 patients, including 22 with adjacent segment 
disease and 11 with cage retropulsion (Table 1).

2.   Patient demographics, and surgical, radiological, and 
clinical outcomes of patients with cage retropulsion

The frequency of cage retropulsion was 3.8% (15/400 pa-
tients), and it occurred at 15 of 707 (2.1%) intervertebral 
levels. The average age of the seven men and eight women 
was 72.7 years. Five patients had LCS, five had DS, three had 
OVF, and two had DLS. The average fusion level was 2.9, the 
average PLIF level was 2.7, and the average retropulsion pe-
riod was 16.1 days. Retropulsion levels were L4/5 in six pa-
tients, L5/S in five, L2/3 in three, and L3/4 in one. The VAS 
at 1 year postoperatively was 3.2 and 3.6 cm in the groups 
with and without revision surgery, respectively (the results 
were not significantly different) (Tables 2, 3).

3. Revision surgery

Eleven patients underwent surgical revision for cage ret-
ropulsion. Laboratory values, including the white blood 
cell count, C-reactive protein, and neutrophil levels were 

Table 1. Patient demographic data

Characteristic Value

Age (yr) 67.7±12.2

Sex

Men 175

Women 225

Diagnosis

Lumbar canal stenosis 142

Degenerative spondylolisthesis 116

Lumbar disc hernia 52

Degenerative lumbar scoliosis 41

Isthmic spondylolisthesis 20

Degenerative kyphosis 17

Osteoporotic vertebral fracture 12

Fusion level 2.1±1.3

1 167

2 132

3 62

4 19

5 8

≥6 12

Posterior lumbar interbody fusion level 1.8±0.9

1 187

2 137

3 60

4 14

5 2

No. of cages

1 30

2 370

Grade 2 osteotomy 76

Diffuse idiopathic skeletal hyperostosis presence 98

Existing vertebral fracture

Incident VF TL 0, ML 8

Prevalent VF TL 19, ML 12

Duplicate VF cases included 36

Revision surgery

Adjacent segment disease 22

Cage retropulsion 11

Infection 7

Implant failure 3

Hematoma 2

Additional vertebral fracture 2

Other 5

Values are presented as mean±standard deviation or number.
VF, vertebral fracture; TL, thoraco-lumbar; ML, middle-lower lumbar.
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Table 2. Characteristics of cage retropulsion patients

Age (yr) Sex Fusion level PLIF level Cage type Revision surgery VAS at 1 year postoperatively (cm) Retropulsion level/fusion

58 Man L2–S 4 PEEK + 3.5 L5/S/+

70 Man L4/5 1 PEEK − 4.1 L4/5/−

73 Man L2–5 3 PEEK + 3.7 L2/3/−

75 Man L3–S 3 PEEK + 2.5 L5/S/+

75 Man L2–iliac 4 PEEK + 2.8 L2/3/+

81 Man L4–S 2 PEEK + 2.0 L4/5/+

86 Man L4–S 2 PEEK + 3.8 L5/S/+

49 Woman L2–S 3 PEEK + 4.7 L5/S/+

53 Woman L4–S 2 PEEK − 3.1 L5/S/−

71 Woman L2–5 2 PEEK + 2.3 L4/5/+

72 Woman L1–4 3 PEEK + 2.6 L3/4/+

78 Woman L3–5 2 PEEK − 3.3 L4/5/+

79 Woman L2–iliac 4 PEEK + 4.3 L2/3/+

81 Woman L2–5 3 PEEK + 3.3 L4/5/+

89 Woman L2–5 3 PEEK − 3.7 L4/5/−

PLIF, posterior lumbar interbody fusion; VAS, Visual Analog Scale; PEEK, polyether ether ketone.

Table 3. Univariable and multivariable analysis of cage retropulsion patients versus non-cage retropulsion patients

Variable Cage retropulsion Non-cage retropulsion Univariable p-value Multivariable p-value

Age (yr) 72.7 67.6 0.11 -

Sex 0.81 -

Men 7 168

Women 8 217

Diagnosis 0.03a) 0.3436

Lumbar canal stenosis 5 137

Degenerative spondylolisthesis 5 111

Osteoporotic vertebral fracture 3 -

Lumbar disc hernia - 52

Degenerative lumbar scoliosis 2 39

Isthmic spondylolisthesis - 20

Degenerative kyphosis - 17

Osteoporotic vertebral fracture - 9

Fusion level 2.9 2.0 0.0098a) 0.2994

Posterior lumbar interbody fusion level 2.7 1.7 <0.0001a) 0.0157a)

No. of cages 0.0206a) 0.9707

1 4 26

2 11 359

Grade 2 osteotomy 6 70 0.0388a) 0.2378

Diffuse idiopathic skeletal hyperostosis presence 9 89 0.0011a) 0.0165a)

Existing vertebral fracture 6 30 <0.0001a) 0.1377

Revision surgery 11 41 <0.0001a) <0.0001a)

a)Statistically significant.
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lower at revision than after the initial surgery. The find-
ings at revision included PS loosening in all patients and 
pedicle fractures in three not present at the initial opera-
tion (Fig. 1), and PS set screw dislocation in one (Fig. 2). 
Clear pus effusion indicative of infection was not found 
intraoperatively in any patient. Revisions included the re-
placement of PSs with a larger screw and the insertion of 
the same cage as previously in all patients. Supplementary 
implants were inserted in 10 patients, including the addi-
tion of posterolateral lumbar fusion in five, iliac screws in 
four, and PLIF in one (Fig. 3). The average operative time 
was 111 minutes (range, 64–191 minutes), and the average 
blood volume loss was 245 mL (range, 50–730 mL). Peri-
operative complications, including neurological disorders 

and repeat cage retropulsion and infection, did not occur 
in any patient. Intervertebral bone fusion at the cage ret-
ropulsion level was noted in 10 patients.

4.   Patient demographics, and surgical and radiological 
outcomes of patients with and without cage retropul-
sion

On univariate analysis, the average age was 72.7 and 67.6 
years in patients with and without cage retropulsion, 
respectively (not significantly different). There was no 
significant difference between sexes. The diagnoses of pa-
tients with and without cage retropulsion, and with LCS, 
DS, OVF, and DLS, were significantly different (p=0.03), 
as were the average fusion (p=0.0098) and PLIF (p<0.0001) 
levels with and without cage retropulsion. Significant 
differences were seen among the groups with one and 
two cages placed (p=0.0206), and among those who un-
derwent grade 2 osteotomy (p=0.0388). The presence of 
DISH in the two groups and of existing vertebral fractures 
were also significantly different (p=0.0011 and p<0.0001, 
respectively). Revision was performed in 11 patients with 
cage retropulsion and in 41 without cage retropulsion 
(significantly different, p<0.0001).

On multivariable analysis, the PLIF level (p=0.0157), 
DISH presence (p=0.0165), and revision surgery (p<0.0001) 
were significantly different (Table 3).

Discussion

We identified risk factors affecting cage retropulsion fol-
lowing PLIF. Initially, in the PLIF procedure, an iliac bone 

Fig. 1. Cage retropulsion accompanied by pedicle fracture (arrow) 
on coronal computed tomography.

Fig. 2. Cage retropulsion accompanied with set screw dislocation 
(arrow) on lateral radiograph.

Fig. 3. (A) Cage retropulsion occurred at the L4/5 level on lateral radiograph. (B) 
Revision surgery performed for posterior lumbar interbody fusion between L5 
and S with an additional iliac screw on lateral radiograph.

A B
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autograft was transplanted only into the interbody space 
after posterior decompression. Therefore, pseudoarthrosis 
accompanied by retropulsion or collapse of the grafted 
bone was of great concern [4], and the combined use of 
cages [8] and PSs [1] was added to PLIF.

PLIF performed without PS results in a significantly 
greater incidence of cage retropulsion [9], and sometimes 
reoperation with additional PS fixation is required. Never-
theless, once interbody fusion is determined and the PS is 
removed, cage retropulsion can occur [10]. Cage retropul-
sion into the spinal canal can cause not only neurological 
disorders but also decreased lumbar lordosis, causing 
spinal canal or foraminal stenosis and interbody pseud-
arthrosis due to loss of correction. Therefore, recently, the 
use of PSs has become common in cases of PLIF.

Limited reports exist of cage retropulsion after lumbar 
interbody fusion combined with PS fixation [11-15] (Table 
4). Cage retropulsion was related to the physical factors 
of the L5/S level and intervertebral height [12]. In five of 
our six patients with cage retropulsion, in which the L5/S 
level was included in the caudal margin, cage retropulsion 
occurred at the L5/S level. In addition, in each patient 
with ≥3 fusion levels without iliac screw fixation, cage 
retropulsion occurred at the fixed end, particularly on the 
caudal side (seven of eight patients). Our results indicated 
that more caution is required when the L5/S level is at the 
caudal margin of the multilevel interbody fusion owing to 
cage retropulsion.

Factors reportedly related to surgery include multilevel 
fusion [12], the number of cages [16], and total facetec-
tomy [9], which are the same factors found in our study. 
Among the cases reported by Kimura et al. [12], the pa-
tients’ average age was 68.2 years and the average number 
of PLIF levels was 1.7. Of these cases, single-level PLIF 

accounted for more than half of those with cage retropul-
sion. The frequency was 0.8%, and approximately 70% of 
the diagnoses were of LCS. Compared to our study, their 
frequency rate was lower, but the average age, number of 
PLIF levels, and targeted diseases were different. In our 
study, cage retropulsion tended to occur after PLIF for 
OVFs. Our results are thought to be meaningful when 
evaluating complications in relatively older patients un-
dergoing multilevel PLIF.

Few studies exist on the association between comorbidi-
ties and cage retropulsion [14]. In our patients, DISH was 
a risk factor for cage retropulsion following PLIF. DISH 
is considered a risk factor for reoperation after interbody 
fusion [17]. However, to date, no reports have associated 
DISH with implant complications, to our knowledge. The 
association between DISH and cage retropulsion may be 
because of the concentration of stress from the long lever 
arm due to continuous ossification, which can influence 
the intervertebral space. Furthermore, unequal interver-
tebral pressure exerted by one cage, extensive decom-
pression accompanied by multilevel fusion, or posterior 
instability due to grade 2 osteotomy might also influence 
cage retropulsion. Based on a report of the involvement of 
sagittal movements of the spine in cage retropulsion [18], 
sagittal malalignment due to vertebral fracture can cause 
an increase in intervertebral pressure and might contrib-
ute to posterior cage retropulsion.

The bone mineral density contributes to pressure be-
tween the intervertebral bone graft and endplate [19]. 
However, the relationship between cage retropulsion and 
osteoporosis is considered weak [12,14,15]. In contrast, 
PS loosening was noted during all our reoperations for 
cage retropulsion, and as expected, the interbody pressure 
was diminished. Moreover, osteoporosis is involved in PS 

Table 4. Comparison of selected reports of cage retropulsion

Reference Age 
(yr)

Frequency 
(%) Diagnosis Revision 

surgery (%) Risk factor

Aoki et al. [11] (2010) NA 4/125 (2.8) DS 4 2/4 (50) Cage type; disc height

Kimura et al. [12] (2012) 68.2 9/1,070 (0.8) LCS 6; DLS 3 3/9 (33) Pear-shaped disk; disc height; disc ROM; multilevel fusions (L5/S)

Pan et al. [13] (2016) 45.6 8/667 (1.2) LCS 3; LDH 3; DLS 1 6/8 (75) Infection

Li et al. [14] (2017) 45.4 18/286 (6.3) DLS 7; LDH 6; LCS 5 NA Surgeons experience; cage type; spondylolisthesis

Lee et al. [15] (2018) 68.3 16/1,047 (1.5) LCS 9; DLS 5 0/16 (0) Low BMI; pear-shaped disc; pedicle screw loosening

This study 72.7 15/400 (3.8) LCS 5; DS 5; OVF 3; DLS 2 11/15 (73) DISH; multilevel PLIF

NA, not available; DS, degenerative spondylolisthesis; LCS, lumbar canal stenosis; DLS, degenerative lumbar scoliosis; ROM, range of motion; LDH, lumbar disc hernia; 
BMI, body mass index; OVF, osteoporotic vertebral fracture; DISH, diffuse idiopathic skeletal hyperostosis; PLIF, posterior lumbar interbody fusion.
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loosening, which reduces the interbody fusion rate fol-
lowing PLIF [20].

DISH tends to be associated with osteoporosis when it 
is accompanied by vertebral fractures [21]. The most fre-
quent cause of reoperation within 1 year was instrument 
failure [6]. In addition, reported risk factors of PS loosen-
ing include advanced age, low bone mineral density, and 
≥3 levels of fusion [22]. These results suggested that PSs are 
likely to loosen in the case of multilevel interbody fusion, 
especially in elderly people with vertebral fracture and 
DISH, and this may lead to a high risk of cage retropulsion.

At reoperation for cage retropulsion, an approach 
from the same incision is considered high risk because of 
concern for nerve injury caused by tissue adhesion [9]. 
However, when reoperation is performed via an anterior 
approach, complications, such as vascular injury, may 
occur. To date, detailed reports on reoperation for cage 
retropulsion have been limited [23].

Eleven of our patients underwent reoperation for cage 
retropulsion. In all approaches, we used the same posteri-
or incision, and the cage could be set up without intraop-
erative complications, such as nerve injury. We increased 
the size of the PSs in all patients and, although we set up 
the same cage as previously, there were no instances of re-
peat cage retropulsion after reoperation. There is a report 
that repeat reoperation for recurrent cage retropulsion 
was necessary to increase the size of the cage or PS when 
the same size of PS and cage was used at reoperation [24]. 
As a small cage size can be a risk factor for retropulsion 
[11,14], changing the size of either implant at reoperation 
is likely to be required. An additional implant was insert-
ed in all but one of our patients, which might have helped 
stabilize the cage retropulsion.

Interbody fusion was recognized after cage retropul-
sion in 10 of the 11 reoperated patients compared to only 
one of the four in whom reoperation was not performed. 
Therefore, in cases of cage retropulsion after PLIF, inter-
body fusion is expected to be difficult through the natural 
course of healing. On the other hand, regarding clinical 
outcomes, the VAS was not different between patients 
with and without reoperation.

Based on the results, reoperation is considered desir-
able for cases exhibiting favorable overall conditions if the 
complication of cage retropulsion occurs during the early 
postoperative period. Reoperation following PLIF was sig-
nificantly more likely to occur in patients with cage retro-
pulsion and, thus, its prevention is important. Aggressive 

treatment of osteoporosis may prevent PS loosening [25] 
and increase the osseous union rate of PLIF [26], which 
may reduce the risk of cage retropulsion. Performing 
multilevel PLIF may increase not only the risk of cage ret-
ropulsion but also surgical invasiveness. Recently, lateral 
interbody fusion (LIF) has become popular in surgery for 
adults with spinal deformities, as it is minimally invasive 
while resulting in satisfactory lumbar lordosis [27]. Fur-
thermore, because the posterior longitudinal ligament is 
not sacrificed during the LIF procedure, cage retropulsion 
into the spinal canal is less likely to occur. Therefore, the 
combination with LIF appears to be a useful option when 
performing multilevel interbody fusion.

Our study had some limitations. This was a single-
center, retrospective study. We did not examine the bone 
mineral density in patients with cage retropulsion. There-
fore, the effect of osteoporosis on PS loosening accompa-
nied by cage retropulsion was uncertain. As the follow-up 
periods varied widely, the frequency of adjacent segment 
disease, which is the most frequent cause of reoperation, 
could not be evaluated accurately. We did not examine 
tissue membrane cultures or pathology in the tract of a 
loosened PS or retropulsed cage. Therefore, the possibility 
of subclinical infection cannot be denied. We limited our 
selection of cage material primarily to PEEK and size to a 
lordosis angle ≤6°, and these factors may have contributed 
to cage retropulsion.

Conclusions

Cage retropulsion following PLIF occurred significantly 
frequently in the presence of DISH and multilevel fusion, 
particularly when multilevel PLIF was performed. Surgi-
cal revision was more frequent in patients with cage retro-
pulsion and was accompanied by PS loosening, suggesting 
that the replacement of the implant, particularly the PSs, 
was necessary to prevent repeated cage retropulsion after 
revision.
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