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	 Background:	 There are numerous reports on cage subsidence after ACDF; however, few studies have identified its risk fac-
tors. The current study aimed to identify risk factors for cage subsidence after ACDF using the PEEK cage packed 
with local autobone implant with plate and provides evidence for surgical decision-making.

	 Material/Methods:	 We retrospectively reviewed 77 patients with OPLL who underwent 1/2-level ACDF using the PEEK cage packed 
with local autobone implant with plate from March 2013 to December 2015. Implant subsidence was defined 
as the decrease in interbody height at the final follow-up compared to that measured on the first postopera-
tive day ³2 mm. Intervertebral fusion was evaluated on the basis of no motion across the fusion site and the 
presence of trabeculae between bone and implant in the X-rays. Multivariate logistic regression analysis was 
used to identify the risk factors for cage subsidence.

	 Results:	 In comparing the end-plate removal group with the end-plate preservation group, we found that the fusion rate 
(removal group, 35.90%; preservation group, 10.50%) and the change of IH (P=0.011) were significantly differ-
ent during the first 6 weeks after surgery. Advanced age (OR=1.34, 95% CI=1.04–1.24, P=0.004), end-plate re-
moval (OR=11.84, 95% CI=2.91–48.28, P=0.001), and nonunion within 6 weeks after surgery (OR=22.67, 95% 
CI=2.36–217.67, P=0.007) played an important role in predicting cage subsidence.

	 Conclusions:	 These findings suggest that advanced age, end-plate removal, and nonunion within 6 weeks after surgery are 
risk factors for the cage subsidence after ACDF using the PEEK cage packed with local autobone implant with 
plate in patients with OPLL.
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Background

Cervical spondylosis is a chronic degenerative process of the 
cervical spine, which is generally caused by the disc hernia-
tion, bone spur formation, and ossified ligament [1]. Previous 
studies showed that cervical spondylosis was closely related to 
age [1–3]. However, based on clinical imaging data, we found 
the prevalence of cervical spondylosis tended to be higher in 
younger patients. Cervical ossification of posterior longitudi-
nal ligament (OPLL) is recognized as an important cause of 
cervical spondylosis [4]. When conservative treatment fails, 
surgery is considered. The approaches include anterior, pos-
terior, and posterior-anterior surgery. Anterior cervical discec-
tomy and fusion (ACDF) procedure is theoretically feasible to 
use in treating cervical massive OPLL [4,5]. Cage subsidence 
is a postoperative complication after ACDF surgery. Previous 
studies reported that the incidence of cage subsidence varied 
significantly [6,7]. The decrease of the foraminal volume, cer-
vical spine instability, and loss of segmental lordosis resulting 
from cage subsidence can lead to adjacent segment degen-
eration, which is a concern [8–10]. Nevertheless, few studies 
have identified the risk factors for cage subsidence, and such 
factors could influence surgical programs. The mission of this 
study was to identify the risk factors of cage subsidence in 
patients with OPLL after ACDF procedure and to provide evi-
dence for surgical decision-making.

Material and Methods

This study was approved by the Institutional Ethics Board of the 
3rd Hospital of Hebei Medical University and the methods were 

carried out in accordance with approved guidelines. Since this 
was a retrospective study, informed consent was not required.

A total of 77 patients with single-level or 2-level cervical OPLL 
who underwent ACDF surgery were enrolled in this study 
from March 2013 to December 2015 at the Department of 
Spine Surgery. The inclusion criteria were: 1) diagnosis of 
cervical spondylosis myelopathy caused by OPLL (Figure 1); 
2) high-signal intensity of the spinal cord on T2-weighted mag-
netic resonance imaging (MRI); 3) the lesion does not exceed 2 
segments; 4) the OPLL can be removed directly by the anterior 
approach; and 5) ³24-month follow-up period. The exclusion 
criteria were: 1) spinal tumors or infectious spondylitis; 2) pa-
tients who have had cervical surgery; and 3) incomplete imag-
ing data. The enrolled patients included 38 men and 39 wom-
en and the average age at surgery was 58.1 years. The mean 
follow-up period was 33.4 months (range, 24 to 57 months). 
All patients in our department were recommended to be re-
viewed at 6 weeks and 6 months after surgery and then an-
nually at the outpatient clinic. Patients received plain radio-
graphs to assess the fusion condition on the first postoperative 
day and at each follow-up visit. The degree of postoperative 
symptom recovery was assessed by comparison of preopera-
tive and postoperative Japanese Orthopedic Association score 
(JOA) and the Neck Disability Index score (NDI)

Radiological evaluation

We collected histories from all patients. Physical examina-
tion, plain radiographs in anterior-posterior and lateral views, 
computed tomography (CT), and MRI were conventionally 
performed. The decrease of the interbody height at the final 

A B C D

Figure 1. �A 54-year-old female patient complained of numbness of both hands and difficulty walking for 2 years. Plain radiological 
examination (A) and preoperative CT image showed a hill-shaped OPLL from C4 to C5 ³50% (B, C). MRI demonstrated spinal 
cord compression at C4/5 (D).
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follow-up compared to that measured on the first postopera-
tive day ³2 mm was defined as cage subsidence [11]. Interbody 
height (IH) was measured by lateral radiograph as the distance 
between the middle points of the superior end-plate of the up-
per vertebral body and the inferior end-plate of the lower ver-
tebral body (Figure 2A). Intervertebral fusion was evaluated on 
the basis of no motion across the fusion site on the flexion-
extension lateral radiographs and the presence of trabeculae 
between the bone and the implant in the X-rays. The cervical 
sagittal curvature was defined as the angle between the up-
per end-plate of C2 and the lower end-plate of C7. Cobb angle 
was measured between the upper and lower end-plate that 
were most inclined on standing lateral X-rays.

Surgical technique

The ACDF procedure involved a right transverse incision. An 
optimal cage was prepared after removal of the end-plate (in-
cluding cartilage and cortical bone), degenerative intervertebral 
disc, and the ossified posterior longitudinal ligament. During 
the operation, the endplates were removed with a curette 
or burr to enlarge the space of operation and to obtain ade-
quate decompression (Figure 2B). For original stabilization, a 
laboratory cage was used to select the appropriate cage size. 
The polyetheretherketone (PEEK) cage packed with local au-
tobone was implanted into the intervertebral space. The an-
terior margin of the cage was consistent with the anterior 
edge of the vertebra. Then, a titanium plate was fixed to the 

vertebral body with proper screws. All patients were recom-
mended to stay in bed for 1 day and to wear a cervical collar 
for 3 weeks after surgery.

Statistical analysis

SPSS software (version 21.0; SPSS Inc., Chicago, IL, USA) was 
used for statistical analysis. Quantitative date among the differ-
ent groups were assessed by the t test or the Mann–Whitney U 
test, as appropriate. When statistically significant differences 
occurred, we performed multiple comparisons. Factors with 
P-value <0.05 in univariate analysis were selected into the mul-
tivariate logistic model. Multivariate logistic regression analysis 
was performed to identify the risk factors for early cage sub-
sidence. Adjusted 95% confidence intervals (CIs), odds ratios 
(ORs), and P-values are presented with their respective predic-
tors. P-values <0.05 were considered statistically significant.

Results

At T1, statistically significant differences could be discovered. 
The fusion rate of end-plate preservation group and end-plate 
removal group was 4 patients (10.5%) and 14 patients (35.9%), 
respectively; the fusion rate in the single-segment group and 
in the 2-segment group was 13 patients (28.90%) and 5 pa-
tients (15.6%), respectively. At T2, the result showed that the 
difference of fusion rate was narrowing. Fusion rate was 100% 

Figure 2. �The IH was measured by lateral radiograph as the distance between the middle points of the superior end-plate of the upper 
vertebral body and the inferior end-plate of the lower vertebral body (A); A total of 2–3 mm was removed, including cartilage 
and cortical bone (B).

A B
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in every group at the final follow-up. This dynamic change in-
dicated that cage subsidence occurred in the course of inter-
vertebral fusion (Table 1). The cage subsidence was statisti-
cally significant from T0 to the T1 (P=0.011) in the end-plate 
preservation group (1.35±0.58) and in the end-plate remov-
al group (2.32±1.48). Cage subsidence in the fusion group 
and nonunion group at 6 weeks after surgery was 1.36±0.85 
and 1.99±1.29, respectively, which was statistically significant 
(P<0.05). However, there was no significant difference from 
T1 to T3(P>0.05) in the change of cage subsidence (Table 2).

Compared the group of cage subsidence <2 mm with the group 
of cage subsidence ³2 mm, there were statistically significant 
differences, which included higher average age (P=0.002) and 
end-plate removal (P=0.01) and nonunion at the first 6 weeks 
after surgery (P=0.03) (Table 3). In multivariate logistic re-
gression analysis, age (OR=1.34, 95% CI=1.04–1.24, P=0.004), 
end-plate removal (OR=11.84, 95% CI=2.91–48.28, P=0.001), 
and nonunion within 6 weeks after surgery (OR=22.67, 95% 
CI=2.36–217.67, P=0.007) were independently associated with 
implant subsidence (Table 4).

The final follow-up JOA scores and NDI scores of each group 
were higher than the corresponding scores preoperatively 
(P<0.001). This demonstrated that the postoperative symp-
toms of patients were significantly improved. However, the JOA 
scores and the NDI scores were not significantly different be-
tween the end-plate preservation group and end-plate remov-
al group at the final follow-up (P>0.05), and the same results 
were found for single or double segments as well (Table 5).

Discussion

Traditionally, surgical intervention is recommended when 
patients are diagnosed with OPLL showing high sign on 

T2-weighted magnetic resonance imaging (MRI) at the narrow-
est level of the spinal cord. However, the optimal approach for 
cervical myelopathy caused by OPLL is controversial. The pos-
terior approach can generate an indirect decompression re-
sulting from the posterior float of the spinal cord, which is saf-
er than the anterior approach, but it restricts the recovery of 
damaged nerves to a certain extent [12–14]. The risk of post-
operative disease progression, failure to correct cervical ky-
phosis, and poor consequences in K-line negative patients are 
the disadvantages of posterior surgery [15].

The ACDF can remove an ossified ligament that compress-
es spinal cord directly to obtain better outcomes for patients 
with hill-shaped ossification or occupying ratio ³60% [16]. In 
spite of increased technical difficulty and higher complication 
rates, anterior surgery is related to good outcomes when OPLL 
occupies >50% to 60% of the canal [17]. The decision to use 

T1 T2 T3

Number Percentage Number Percentage Number Percentage

End-plate

Preservation 4 10.50% 33 86.80% 38 100%

Removal 14 35.90% 38 97.40% 39 100%

Segment

Single 13 28.90% 43 95.60% 45 100%

Two 5 15.60% 28 87.50% 32 100%

Total 18 23.40% 71 92.20% 77 100%

Table 1. Fusion rate at different time points after surgery.

T1 stands for 6 weeks after surgery; T2 stands for 6 months after surgery; T3 stands for final follow-up.

From T0 to T1 From T1 to T3

End-plate

	 Preservation 	 1.35±0.58 	 0.49±0.56

	 Removal 	 2.32±1.48 	 0.6±0.71

P-value 0.011 0.529

Fusion

	 Yes 	 1.36±0.85 	 0.42±0.3

	 No 	 1.99±1.29 	 0.59±0.71

P-value 0.046 0.246

Table 2. �The effect of end-plate and early fusion on the change 
of IH.

T0 stands for the first postoperative day; T1 stands for 6 weeks 
after surgery; T3 stands for final follow-up. IH – interbody height.
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Variable Subsidence <2 mm (n=54) Subsidence ³2 mm (n=23) P-value

Age at surgery (years) 	 56.1±7.5 	 62.8±7.6 0.002

Sex 0.502

	 Male 28 10

	 Female 26 13

BMI (kg m–2) 	 25.3±3.1 	 24.6±4.3 0.409

Hemorrhage during operation (ml) 	 263±149.3 	 302.2±179.3 0.323

Fusion rate at 6 weeks after surgery 17 (31.5%) 1 (4.3%) 0.03

Preoperative C2–C7 Cobb 	 12.38±9.2 	 11.84±10.0 0.815

Postoperative C2–C7 Cobb 	 12.31±6.44 	 14.52±7.2 0.189

End-plate 0.01

	 Preservation 32 6

	 Removal 22 17

	 Segment 0.778

	 Single 31 14

	 Two 23 9

Duration of symptoms (months) 	 10.9±3.7 	 10.7±5.1 0.85

Smoking 0.103

	 Yes 25 6

	 No 29 17

Table 3. Comparison of patient characteristics between the subsidence <2 mm group and ³2 mm group.

BMI – body mass index.

Variable Odds radio 95% confidence interval P-value

Age at surgery(years) 1.34 1.04–1.24 0.004

End-plate removal 11.84 2.91–48.28 0.001

Nonunion within 6 weeks after surgery 22.67 2.36–217.67 0.007

Table 4. Risk factors for the cage subsidence: multiple logistic regression analysis.

JOA score NDI score

Preoperative Final follow-up Preoperative Final follow-up

End-plate

	 Preservation 	 8.47±1.61 	 14.21±1.68* 	 24.95±5.18 	 7.18±3.38*

	 Removal 	 9.12±1.74 	 14.05±1.32* 	 24.67±5.29 	 6.3±2.36*

	 P-value 0.093 0.326 0.87 0.265

Segment

	 Single 	 8.79±1.80 	 14.14±1.47* 	 25.69±5.43 	 6.98±2.89*

	 Two 	 8.81±1.56 	 14.11±1.55* 	 23.57±4.68 	 6.41±2.98*

	 P-value 0.950 0.992 0.141 0.287

Table 5. Evaluation of the end-plate and segment for outcome by JOA and NDI.

* Contrastive study between preoperative and final follow-up P<0.001
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either the anterior or posterior approach mainly depends on 
the number of levels (1–2 levels, anterior; more than 2 levels, 
posterior) in our department. In this study, we selected pa-
tients who underwent anterior surgery due to localized OPLL, 
which consisted of a single lesion referring to 1 vertebral lev-
el or interspace.

Some studies have shown that the occurrence of cage subsid-
ence was associated with various factors, including the size 
and contact surface ratio of cage and bone density [18,19]. 
However, Suh et al. [20] reported that substrate density and 
footprint area contribute to cage subsidence. In addition, 
Marino [21] found that the thickness of the resected end-plate 
also had a significant impact on cage subsidence after poste-
rior lumbar interbody fusion. Hakało et al. [22] reported that 
there are 2 stages in the process of subsidence: an original 
stage and a final one. The rapid increase of subsidence took 
place in the original stage. The last stage of the subsidence is 
relatively long and ends in a clinical environment when inter-
body bone fusion is performed and new bone is formed [23]. 
Similarly, our results showed that the duration of cage subsid-
ence could be short, which is attributable to the intervertebral 
fusion. Nevertheless, the association between cage subsidence 
and clinical outcome is controversial. Recent studies found that 
there were no statistically significant differences between cage 
subsidence and clinical outcome. The hardware failure may be 
attributable to excessive subsidence [24]. Young et al. [25] re-
ported that there were no statistically significant differences 
between cage subsidence and clinical outcome. Similarly, our 
study indicated that removal of the end-plate and the number 
of involved segments did not significantly affect postopera-
tive recovery according to the JOA scores and the NDI scores, 
which indirectly supports this view as well.

The effect of the end-plate on interbody fusion is unclear. 
Park et al. [26] reported that destruction of the cartilage end-
plate is an important factor increasing subsidence after ACDF 
with a stand-alone cage. In our study, compared with the end-
plate preservation group, patients with end-plate removal had 
higher fusion rates (35.90%) but also had higher occurrence 
of cage subsidence (2.32±1.48) in the first 6 weeks after sur-
gery. However, this difference narrowed significantly at the fi-
nal follow-up. Therefore, the close association between cage 
subsidence and end-plate removal only found in the early post-
operative period. From our perspective, end-plate removal ac-
celerated cage subsidence and early postoperative fusion hin-
ders cage subsidence. Patient sex, BMI, duration of symptoms, 
hemorrhage during operation, number of involved segments, 
postoperative Cobb angle, and smoking status were not iden-
tified as predictors in this study.

In the present multivariate logistic regression analysis, non-
union within 6 weeks after surgery and advanced age was risk 

factors of cage subsidence, in addition to end-plate removal. 
However, Yang et al. [27] found that differences in the incidence 
of cage subsidence were not statistically significant between 
the nonunion and union groups. Our results showed that non-
union within 6 weeks after surgery is an important predictor 
of cage subsidence, but nonunion from 6 weeks after surgery 
to the last follow-up did not greatly affect cage subsidence. 
The different results were due to Yang’s focus on the distinc-
tion between immediate postoperative and final follow-up. In 
fact, his results are consistent with ours. Jeong et al. [26] found 
that subsidence is a risk factor of nonunion. We believe that 
nonunion within 6 weeks after surgery and cage subsidence 
are mutually causative and affect each other.

Although Jeong did not explicitly state that advanced age is 
a risk factor for subsidence, he stated that surgeons should 
evaluate bone mineral density in all patients before surgery 
to predict the risk of cage subsidence [26]. Multivariate logis-
tic analysis demonstrated that advanced age was a risk fac-
tor in our study. This may be because the normal physiologi-
cal curvature of the cervical spine of the elderly has changed, 
which led to long-term abnormal stress and caused cage sub-
sidence. In addition, osteoporosis associated with the normal 
ageing process and increased risk of underlying poor nutrition 
also have negative influences on cage subsidence. Hence, sur-
geons should counsel the elderly to have good nutrition and 
to treat minimize osteoporosis after surgery to prevent cage 
subsidence.

There were a series of limitations that needed to be consid-
ered regarding our study. Firstly, it was a single-center study 
and the number of cervical spondylosis with OPLL was limited, 
so the findings cannot be generalized beyond the studied cas-
es. Secondly, we achieved a minimum follow-up of 24 months, 
which is a distinct drawback of this study; the present find-
ings cannot be interpreted as long-term results. Finally, fusion 
rates might be overestimated because our study evaluated fu-
sion by simple X-ray. Due to these limitations, our findings re-
quire further validation in studies with larger patient samples 
and longer follow-up.

Conclusions

In a relatively small sample of patients with OPLL, risk factors 
for cage subsidence after ACDF using the PEEK cage packed 
with local autobone implant with plate were advanced age, 
end-plate removal, and nonunion within 6 weeks after surgery. 
Because cage subsidence can trigger complications, even the 
failure of hardware, a better understanding of the significance 
of risk factors can help surgeons develop more effective and 
appropriate surgical schemes.
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