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Purpose: The aim of this study was to explore short-term radiological findings after contiguous two-level ACDF with Zero-P VA
devices.

Methods: Patients who underwent contiguous two-level anterior cervical discectomy and fusion (ACDF) from C3 to C7 with a Zero-
P VA system were followed. Cervical anteroposterior and lateral X-rays and functional outcomes were assessed 3 months after surgery.
Results: Overall, 34.9% of patients had prosthesis subsidence and 74.6% screw loosening. Up to 46.8% of the patients with screw
loosening also experienced prosthesis subsidence compared with 0 patients without screw loosening (p=0.0005). The screw-loosening
rate was 91.7% in patients with poor positioning of the screw/cage and 70.6% in patients without poor positioning of the screw/cage,
but no statistical difference was found between the groups (p=0.267). The subsidence rate was 50% in patients with poor positioning of
the screw/cage and 31.4% in patients without poor positioning of the screw/cage, but no statistical difference was found between the
groups (p=0.314). VAS scores of patients with prosthesis subsidence were much higher than those without (p=0.031), but this
difference was not found for patients with or without screw loosening (p=0.116). The NDI scale was much higher in patients
regradless of screw loosening or subsidence.

Conclusion: Screw loosening and prosthesis subsidence happen frequently after contiguous two-level ACDF with Zero-P VA. Screw
loosening seems to be the only risk factor for prosthesis subsidence.
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Introduction
Anterior cervical discectomy and fusion (ACDF) is widely recognized as the gold standard for operation of patients with
cervical disc disease.'> An anterior cervical cage with plate construct (CP) is widely used in ACDF due to its outstanding
clinical outcomes, excellent stability, high fusion rate, and satisfactory reconstruction and maintenance of segmental
lordosis.>* However, there are some unavoidable complications like dysphagia and tracheoesophageal injury because of
the thickness of the plate.’ A stand-alone cage has also been developed to avoid these soft-tissue compression—related
complications, but the weaknesses of low fusion rate, high subsidence rate, and difficulty in reconstructing/maintaining
cervical lordosis have limited its application.®

Accordingly, a zero-profile device (Zero-P) was developed with the advantages of both the CP and stand-alone cage,
but avoiding their disadvantages, affording stability, but no soft-tissue compression—related complications. Many studies
have reported satisfactory outcomes using the Zero-P system,” with lower rates of complications and competitive
clinical and radiological outcomes compared to CP. The old version of the Zero-P system is designed with four screws to
fix the two proximal vertebral bodies, demonstrating mechanical properties comparable to the CP system.'® This version
of the Zero-P device also has some shortcomings, most importantly the difficulty in placing the screws, especially for
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contiguous two-level ACDF. It is too difficult to place four screws in a single small cervical vertebral body. Thus, the
Zero-P system was modified to a new version (Zero-P VA [zero-profile variable angle], DePuy Synthes, Switzerland)
with only two screws.'"!' However, controversy continues about the biomechanical stability of this new version, as well
as its influence on fusion rate, subsidence risk, and clinical outcomes, especially for multilevel ACDF. Few studies on the
risks of prosthesis subsidence after contiguous two-level ACDF with the Zero-P VA system has been performed. Here,
we aimed to explore short-term radiological findings after contiguous two-level ACDF with the Zero-P VA device.

Methods

Patient Population

The study followed patients who underwent contiguous two-level ACDF from C3 to C7 for degenerative cervical disc
disease with the Zero-P VA system from August 2018 to July 2022 at Ruijin Hospital. Patients suffering from symptoms
of radiculopathy and/or myelopathy and had failed with at least 6 months of conservative treatments were included in the
study. All the patients were diagnosed according to clinical manifestations, physical examinations, and radiological
findings by at least two experienced spine specialists. The operation indications and plan were also decided by at least
two spine experts, and any discordance was solved by discussion. Exclusion criteria were prior cervical operation,
follow-up <3 months, radiological parameters that could not be measured, additional posterior instrumentation after
ACDF, or infection, tumor, or fracture. The study was approved by the Ethics Committee of Ruijin Hospital. Written
informed consent was obtained from all participants.

Surgical Procedure

All surgical procedures were performed by senior spinal surgeons in our department with a standard right-sided Smith—
Robinson approach after the induction of general anesthesia. First, thorough decompression and removal of degenerated
disc tissue, posterior longitudinal ligament, and osteophytes were performed. After prepararation of the endplates,
a suitable Zero-P VA implant (DePuy Synthes Spine, USA) filled with autogenous bone graft was inserted into the
intervertebral space. Two locking head screws were screwed into place, and finally, anteroposterior and lateral fluor-
oscopies were performed to confirm the positioning of the implants. The second segment was handled with the same
procedures.

Postsurgery Rehabilitation

All patients underwent the same rehabilitation program. The patients were allowed to engage in outdoor activities
under the protection of a cervical collar for 4 weeks. The patients were allowed back to daily life (school or work) 1
month after surgery. Functional exercise of the scapular muscles started at 2 weeks after surgery, but exercise of the neck
muscles was not allowed until radiological fusion of the surgical segments (at least 12 weeks after surgery).

Follow-Up Evaluation

Plain X-rays, computed tomography, and magnetic resonance imaging were performed prior to operation for all patients
to determine the diagnosis and surgery strategies. All patients received cervical anteroposterior and lateral plain
radiography once the drainage tube was removed (about 1 or 2 days after surgery). After 3 months, the patients were
asked to undergo another cervical anteroposterior and lateral plain radiograph to evaluate the implant status and other
parameters. Functional outcome evaluations, including visual analogue scale (VAS) and neck disability index (NDI)
scores were also collected during follow-up.

The segmental cervical angle (Cobb S) was evaluated between lines drawn parallel to the upper endplate of the most cranial
vertebra and the lower endplate of the most caudal vertebra at the surgical level. The segmental cervical angle was measured
immediately after surgery and 3 months postoperatively. The value of change in segmental cervical angle over time was
calculated. Screw loosening was defined as a radiolucent zone of minimal thickness of >1 mm surrounding the screw on
radiography and/or the “double halo” sign (Figure 1).'* The prosthesis subsidence was defined by calculating the distance from
the superior endplate of the upper vertebral body to the inferior endplate of the lower vertebral body at the level of the operation
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Figure | Having failed with 7 months of conservative treatment, a 76-year-old man suffering from C5-Cé and C6—C7 degenerative cervical spondylosis was treated with
C5-C7 ACDF with the Zero-P VA system. The X-ray after 12 weeks demonstrated loosening of the C5-Cé downward screw (“double halo” sign, black arrow). Prosthesis
subsidence did not occur in C5-C6, but did in C6—C7 without screw loosening (white arrow).

from the anterior and posterior borders of the vertebral bodies. As all included patients received contiguous two-level ACDF, the
prosthesis subsidence was defined as a decline of more than 4 mm (three vertebra) between the images obtained immediately
after surgery and at 3 months postsurgery (Figure 2).13 Poor positioning of the prosthesis was defined as screw implanted into
the disc, endplate cutting, screw degree less than 27°, or cage—endplate contact surface less than two-thirds of the cage.

Statistical Analysis

The Statistical Package for Social Sciences (SPSS version 16.0, Inc., Chicago, Illinois, USA) for Windows was used for
statistical analysis. The clinical data are presented as means = SD and were compared using Student’s t-test.
Demographic data and radiological results were assessed with w? tests. Stratified analysis was performed to determine
the risk factors for screw loosening and cage subsidence, e.g., age, sex, and the position of the screw/cage. p<0.05 was
considered a statistically significant difference.

Results
A total of 148 patients who received contiguous two-level ACDF at our hospital were enrolled in this study, then 85 were
excluded for reasons like no follow-up of 12 weeks or no measurable anteroposterior/lateral plain radiograph available.

Figure 2 Having failed with 6 months of conservative treatment, a 62-year-old woman suffering from C4-C5 and C5-Cé degenerative cervical spondylosis was treated with
C4-C6 ACDF with three Zero-P VA system. The X-ray after 12 weeks demonstrated loosening of the C5—Cé upward screw (black arrow) and prosthesis subsidence in C5-
C6 (white arrow).
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Thus, a total of 63 patients were finally included — 29 men and 34 women. The mean age was 57.9+10.8 (range 31-79)
years. The average period between diagnosis and operation was 6.6 months.

There were 22 patients with prosthesis subsidence (34.9%) and 47 with screw loosening (74.6%), both rather high
compared with published data on the CP system. The mean segmental Cobb angles were 15.6°+7.0° immediately after
surgery and 11.2°£8.2° at 12 weeks postsurgery. The average difference in Cobb S between immediately postsurgery and
12 weeks postsurgery was 4.4°+4.5°. For patients with screw loosening, the average difference in Cobb S was 5.4°+4.5°,
much higher than the non-loosening cases (0.9°+2.2°; p=0.0009). For patients with prosthesis subsidence, the average
difference in Cobb S was 7.9°+5.2°, also much higher than the non-subsidence cases (2.5°+2.6°; p<0.0001). Therefore,
both screw loosening and prosthesis subsidence are related to the loss of sagittal lordosis (Table 1).

We further investigated if the screw-loosening rate and subsidence risk were affected by sex or age. The loosening
rate was 69.0% in men and 79.4% in women, with no significant difference (p=0.394). The average age in the non-
loosening group was 55.3 years and in the loosening group 58.8 years, with no significant difference either (p=0.267).
The subsidence rate was 31.0% in men and 38.2% in women, with no significant difference (p=0.604). The average age
was 56.3 years in the non-subsidence group and 60.8 years in the subsidence group, with no significant difference
(p=0.116). Therefore, age and sex are related to the incidence of screw loosening or prosthesis subsidence.

Regarding the doubts about the stability of the Zero-P system, we also set out to determine if poor positioning of the
screw/cage or just a stability defect in the Zero-P VA system were related to the screw-loosening, prosthesis-subsidence,
and Cobb S angle-loss risks. Overall, poor positioning of the screw/cage rate amounted to 19%. The screw-loosening rate
was 91.7% in patients with poor positioning of the screw/cage and 70.6% in patients with good positioning of the screw/
cage, with no significant difference between the groups (p=0.267). The subsidence rate was 50% in patients with poor
positioning of the screw/cage and 31.4% in patients without poor positioning of the screw/cage, with no significant
difference between the groups (p=0.314). Therefore, the position of the screw/cage has no relationship with the incidence
of screw loosening or prosthesis subsidence either. Most importantly, up to 46.8% of the patients with screw loosening
also had prosthesis subsidence compared with 0 patients without screw loosening having prosthesis subsidence
(»=0.0005), which means that cage subsidence may be directly related to screw loosening (Table 2).

Furthermore, we explored if screw loosening and prosthesis subsidence were related to clinical outcomes. VAS and
NDI scores were measured 3 months after surgery. We found that VAS scores of patients with prosthesis subsidence was
much higher than those without (p=0.031), but this difference was not found for patients with or without screw loosening
(p=0.116). NDI scores were much higher in patients regardless of screw loosening or subsidence. This means that both
screw loosening and prosthesis subsidence can affect clinical outcomes after surgery (Table 3).

Discussion

Prosthesis subsidence mostly occurs in the anterior part of the segment, thus resulting in loss of segmental lordosis and
even kyphosis, which may induce degeneration in the adjacent segment or recurrence of symptoms like radiculopathy or
myelopathy. A stable fixation is needed for reconstruction of the segment and to avoid prosthesis subsidence, especially
for multilevel fusion, as long-segment fusion is an independent risk factor for prosthesis subsidence. For the Zero-P VA
system or other anchored cage, controversy continues regarding the questionable segmental stability provided and its
fixation strength in multilevel ACDF. For example, some studies have reported a higher incidence of subsidence of

Table | Influence of screw loosening and prosthesis subsidence on segmental Cobb angle

Average difference in Cobb S from immediately after surgery to 12 weeks postsurgery (degrees)
Patients with screw loosening Patients without screw loosening p

54145 0.9£2.2 0.0009
Patients with prosthesis subsidence Patients with prosthesis subsidence p

2.5%2.6 79452 <0.0001
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Table 2 Analysis of risk factors for subsidence

Screw loosening | p Subsidence risk | p
Sex Male 20 (69.0%) 0.394 | 9 (31.0%) 0.604
Female 27 (79.4%) 13 (38.2%)
Age With | Without | 0.2674 | With | Without | 0.116
58.8 55.3 60.8 56.3
Position of the screw/cage | Poor (12 cases, 19%) | 91.7% 0.267 50.0% 0314
Good (51 cases, 81%) | 70.6% 31.4%
Screw loosening With 46.8% 0.0005
Without 0

Table 3 Influence of screw loosening and prosthesis subsidence on clinical

outcomes
Screw loosening P Subsidence risk P
VAS | With Without 0.116 | With Without 0.023
3413 23£1.0 3.9+1.3 2.7%1.1
NDI | With Without 0.031 | With Without <0.001
38.2%%10.3% | 16.3%%7.9% 44.7%%12.5% | 23.5%+8.6%

anchored cages than the CP system,'*'> but other studies did not confirm this finding.'® '® An important fact is that most
of the previous studies depended on single-level cases. Few studies of two contiguous levels or more have been reported,
and those multisegment cases were more sensitive to minor changes in stability. More importantly, most of these studies
used the old Zero-P system with four screws, but nowadays, the new Zero-P VA system with only two screws is more
widely used. Does the so-called similar or minor difference of the stability provided by the two Zero-P versions influence
the fixation effect of the two contiguous segments? No such studies have been performed.

The reported rates of subsidence range from 0 to 42.5% with the use of different interbody-fusion devices after
ACDF."?* Further research has been performed looking at different numbers of surgical segments or different implants.
Shiban et al demonstrated that subsidence rates varied from 25% for one-level to 27% for two-level and 15% for three-
level stand-alone PEEK ACDF cage procedures.”> Ng et al noted that for 31 patients undergoing two-level stand-alone
PEEK ACDF, the subsidence rate was 22.5%, but it did not negatively impact JOA scores or fusion rates.”® Nakanishi
et al further found subsidence in 11 (17.7%) of 62 cases, which was moderate in 14.5%, but severe in 3.2% of cases in
single- to two-level stand-alone titanium-coatedPEEK cage procedures.”’ Previous studies also compared the sub-
sidence rates of different implants and most importantly the CP and Zero-P systems, but controversial results were found.
Dhir et al report that subsidence happened in all cases of Zero-P implantation. In another study, the subsidence incidence
of Zero-P VA cage was 56% at 12 months after the surgery.”® In a meta-analysis comparing seven different implants, the
CP group presented the lowest incidence of subsidence, significantly lower than that in the Zero-P group.?’ On the
contrary, Guo et al found that the incidence of screw loosening in the Zero-P group (3.66%) was significantly lower than
that in the PC group (15.43%).” Many studies have found no statistically significant difference between Zero-P and PC
groups based on postoperative fusion cage subsidence rate.” Here, we demonstrated that 74.6% two-level ACDF with
Zero-P VA patients experienced screw loosening, and up to 46.8% of those (34.9% of total patients) also had prosthesis
subsidence.
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It is important to figure out why the screw-loosening and subsidence rates are so high in two-level ACDF with the
Zero-P VA system. In this study, we found that screw-loosening and subsidence rates had no relationship with sex, age,
or the position of the screw. Prosthesis subsidence represents a breaking through of intervertebral disc replacement into
the trabecular bone of adjacent vertebral bodies with a consecutive decrease in the height of intervertebral space and thus
loss of sagittal lordosis. Few studies depending on two-level ACDF with Zero-P are available, but investigations into
implant subsidence after single-level ACDF are a research hotspot. Multiple risk factors, including bone quality, extent of
preoperative intervertebral space distraction, poor positioning, material, size of the implant, awful vertebral endplate
treatment, and implant fixated by means of a ventral plate,'*>°>* have been reported. We firstly investigated the role of
bone quality, especially osteoporosis. It is better to use BMD as an indicator of bone quality, but unfortunately there are
insufficient data on BMD. As such, sex and age were selected instead due to their close relationship with bone quality.
However, no relationship was found in the present study. A reason is that in this study, all patients were strictly selected,
i.e., mostly young patients (few old patients with normal BMD) with no osteoporosis and no severe instability. Thus,
bone quality was good across the patients and could not be responsible for the loosening and subsidence. Also, all the
surgeons in this study were experienced spine specialists, so surgical procedures like prosthesis implantation and
vertebral endplate treatment were performed well. As a reult, surgical procedure—related risks of prosthesis subsidence
were negligible, and the statistical analysis also found that screw-loosening/subsidence rates had no relationship with the
position of the screw. Consequently, it seems a stability defect in the Zero-P VA system may be the reason for screw
loosening and subsidence in two-level ACDF.

The Zero-P VA system consists of a stand-alone cage and two variable-angle screws. The fixation strength and
immediate stability of the implant are somewhat questionable, especially for multilevel cases or adjacent ACDF of
a fused segment. The screw-loosening rate was very high (74.6%) and up to 46.8% of the patients with screw loosening
also had prosthesis subsidence. The high incidence of screw loosening indicated the high instability of the segments.
A stability defect in the Zero-P VA system may be the chief culprit, e.g., the absence of a locking mechanism for the
screws, the limited bonding strength of the plate and cage sections, and weak fixation strength due to the limited number
of the screws.

There are some limitations of the present study. First of these is the small sample and study design. Randomized
controlled trials with larger samples are more suitable and provide higher levels of evidence. Also, setting a control group
based on the CP system would have made the study stronger. Secondly, X-rays were used for follow-up evaluation,
perhaps biasing measurement of the parameters, so computed tomography scan would be preferable. Also, a long-term
follow-up is needed to explore the final subsidence and fusion rates. Thirdly, no biomechanical analysis was conducted,
so the conclusion that a stability defect in the Zero-P VA system may be the chief culprit was just a supposition. Finally,
there were insufficient clinical outcomes and a short follow-up period. The effect of screw loosening and prosthesis
subsidence should be much clearer and thus guide applications in the clinic.

Conclusion
Screw loosening and prosthesis subsidence happen frequently after contiguous two-level ACDF with the Zero-P VA.
Screw loosening seems to be the only risk factor for prosthesis subsidence.
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This study was performed in line with the principles of the Declaration of Helsinki. Approval was granted by the Ethics
Committee of Ruijin Hospital. Written informed consent was obtained from all participants.

Consent to Publish

The authors affirm that human research participants provided informed consent for publication of the images.

Disclosure
The authors declare that they have no conflicts of interest.

218 htps: Orthopedic Research and Reviews 2025:17



Zhang et al

References

—_

w

W

o]

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

—_

22.

23.

24.

25.

26.

217.

28.

29.

. Fraser JF, Hartl R. Anterior approaches to fusion of the cervical spine: a metaanalysis of fusion rates. J Neurosurg Spine. 2007;6(4):298-303.

doi:10.3171/spi.2007.6.4.2
Xu H, Liu Z, Yang Y, Miao J, Wang B, Yang C. Biomechanical comparison of different surgical strategies for skip-level cervical degenerative disc
disease: a finite element study. Spine. 2024;49(16):E262-E271. doi:10.1097/BRS.0000000000005050

. Song KJ, Taghavi CE, Lee KB, Song JH, Eun JP. The efficacy of plate construct augmentation versus cage alone in anterior cervical fusion. Spine.

2009;34(26):2886-2892. doi:10.1097/BRS.0b013e3181b64f2c

. Gong Y, Zhuo H, Zhou Z, et al. Zero-profile implant system versus novel plate systems after ACDF for comparison of sagittal balance parameters

and clinical efficacy analysis. J Orthopaedic Surg Res. 2024;19(1):363. doi:10.1186/s13018-024-04857-y

. Erwood MS, Walters BC, Connolly TM, et al. Voice and swallowing outcomes following reoperative anterior cervical discectomy and fusion with a

2-team surgical approach. J Neurosurg Spine. 2018;28(2):140-148. doi:10.3171/2017.5.SPINE161104
Thorell W, Cooper J, Hellbusch L, Leibrock L. The long-term clinical outcome of patients undergoing anterior cervical discectomy with and
without intervertebral bone graft placement. Neurosurgery. 1998;43(2):268-273. discussion 273-264. doi:10.1097/00006123-199808000-00050

. Guo Z, Wu X, Yang S, et al. Anterior cervical discectomy and fusion using zero-P system for treatment of cervical spondylosis: a meta-analysis.

Pain Res Manag. 2021;2021:3960553. doi:10.1155/2021/3960553

. Barbagallo GM, Romano D, Certo F, Milone P, Albanese V. Zero-P: a new zero-profile cage-plate device for single and multilevel ACDF. A single

institution series with four years maximum follow-up and review of the literature on zero-profile devices. Eur Spine J. 2013;22 Suppl 6(Suppl 6):
S868-878. doi:10.1007/s00586-013-3005-0

. Kahaer A, Chen R, Maitusong M, Mijiti P, Rexiti P. Zero-profile implant versus conventional cage-plate construct in anterior cervical discectomy

and fusion for the treatment of single-level degenerative cervical spondylosis: a systematic review and meta-analysis. J Orthopaedic Surg Res.
2022;17(1):506. doi:10.1186/s13018-022-03387-9

Scholz M, Reyes PM, Schleicher P, et al. A new stand-alone cervical anterior interbody fusion device: biomechanical comparison with established
anterior cervical fixation devices. Spine. 2009;34(2):156-160. doi:10.1097/BRS.0b013e31818{f9c4

. Wei Z, Zhang Y, Yang S, et al. Retrospective analysis of sagittal balance parameters and clinical efficacy after short-segment anterior cervical spine

surgery with different fusion devices. Int J General Med. 2022;15:3237-3246. doi:10.2147/1IGM.S340877

Zou D, Muheremu A, Sun Z, Zhong W, Jiang S, Li W. Computed tomography Hounsfield unit-based prediction of pedicle screw loosening after
surgery for degenerative lumbar spine disease. J Neurosurg Spine. 2020;32(5):716-721. doi:10.3171/2019.11.SPINE19868

Klimo P, Peelle MW. Use of polyetheretherketone spacer and recombinant human bone morphogenetic protein-2 in the cervical spine:
a radiographic analysis. Spine J. 2009;9(12):959-966. doi:10.1016/j.spinee.2009.05.008

Zhu D, Zhang D, Liu B, Li C, Zhu J. Can self-locking cages offer the same clinical outcomes as anterior cage-with-plate fixation for 3-level anterior
cervical discectomy and fusion (ACDF) in mid-term follow-up? Med Sci Monitor. 2019;25:547-557. doi:10.12659/MSM.911234

Lu VM, Mobbs RJ, Fang B, Phan K. Clinical outcomes of locking stand-alone cage versus anterior plate construct in two-level anterior cervical
discectomy and fusion: a systematic review and meta-analysis. Eur Spine J. 2019;28(1):199-208. doi:10.1007/s00586-018-5811-x

Nemoto O, Kitada A, Naitou S, Tachibana A, Ito Y, Fujikawa A. Stand-alone anchored cage versus cage with plating for single-level anterior
cervical discectomy and fusion: a prospective, randomized, controlled study with a 2-year follow-up. European J Orthopaedic Surg Traumatol.
2015;25 Suppl 1(S1):S127-134. doi:10.1007/s00590-014-1547-4

Zhang D, Liu B, Zhu J, et al. Comparison of clinical and radiologic outcomes between self-locking stand-alone cage and cage with anterior plate for
multilevel anterior cervical discectomy and fusion: a meta-analysis. World Neurosurg. 2019;125:e117—-e131. doi:10.1016/j.wneu.2018.12.218
Shen Y, Du W, Wang LF, Dong Z, Wang F. Comparison of zero-profile device versus plate-and-cage implant in the treatment of symptomatic
adjacent segment disease after anterior cervical discectomy and fusion: a minimum 2-year follow-up study. World Neurosurg. 2018;115:226—€232.
doi:10.1016/j.wneu.2018.04.019

Lu Y, Bao W, Wang Z, et al. Comparison of the clinical effects of zero-profile anchored spacer (ROI-C) and conventional cage-plate construct for
the treatment of noncontiguous bilevel of cervical degenerative disc disease (CDDD): a minimum 2-year follow-up. Medicine. 2018;97(5):¢9808.
doi:10.1097/MD.0000000000009808

Shi S, Liu ZD, Li XF, Qian L, Zhong GB, Chen FJ. Comparison of plate-cage construct and stand-alone anchored spacer in the surgical treatment of
three-level cervical spondylotic myelopathy: a preliminary clinical study. Spine J. 2015;15(9):1973-1980. doi:10.1016/j.spinee.2015.04.024

. Lonjon N, Favreul E, Huppert J, Lioret E, Delhaye M, Mraidi R. Clinical and radiological outcomes of a cervical cage with integrated fixation.

Medicine. 2019;98(3):¢14097. doi:10.1097/MD.0000000000014097

Noordhoek I, Koning MT, Jacobs WCH, Vleggeert-Lankamp CLA. Incidence and clinical relevance of cage subsidence in anterior cervical
discectomy and fusion: a systematic review. Acta Neurochir. 2018;160(4):873-880. doi:10.1007/s00701-018-3490-3

Weber MH, Fortin M, Shen J, et al. Graft subsidence and revision rates following anterior cervical corpectomy: a clinical study comparing different
interbody cages. Clinical Spine Surgery. 2017;30(9):E1239-E1245. doi:10.1097/BSD.0000000000000428

Yson SC, Sembrano JN, Santos ER. Comparison of allograft and polyetheretherketone (PEEK) cage subsidence rates in anterior cervical
discectomy and fusion (ACDF). J Clin Neurosci. 2017;38:118-121. doi:10.1016/j.jocn.2016.12.037

Shiban E, Gapon K, Wostrack M, Meyer B, Lehmberg J. Clinical and radiological outcome after anterior cervical discectomy and fusion with
stand-alone empty polyetheretherketone (PEEK) cages. Acta Neurochir. 2016;158(2):349-355. doi:10.1007/s00701-015-2630-2

Ng EP, Yip AS, Wan KH, et al. Stand-alone cervical cages in 2-level anterior interbody fusion in cervical spondylotic myelopathy: results from
a minimum 2-year follow-up. Asian Spine J. 2019;13(2):225-232. doi:10.31616/asj.2018.0193

Nakanishi Y, Naito K, Yamagata T, et al. Safety of anterior cervical discectomy and fusion using titanium-coated polyetheretherketone stand-alone
cages: multicenter prospective study of incidence of cage subsidence. J Clin Neurosci. 2020;74:47-54. doi:10.1016/j.jocn.2020.01.056

Opsenak R, Hanko M, Snopko P, Varga K, Kolarovszki B. Subsidence of anchored cage after anterior cervical discectomy. Bratis/ Lek Listy.
2019;120(5):356-361. doi:10.4149/BLL_2019 058

XulJ,HeY, LiY, et al. Incidence of subsidence of seven intervertebral devices in anterior cervical discectomy and fusion: a network meta-analysis.
World Neurosurg. 2020;141:479-489¢474. doi:10.1016/j.wneu.2020.03.130

Orthopedic Research and Reviews 2025:17 hetps: 219


https://doi.org/10.3171/spi.2007.6.4.2
https://doi.org/10.1097/BRS.0000000000005050
https://doi.org/10.1097/BRS.0b013e3181b64f2c
https://doi.org/10.1186/s13018-024-04857-y
https://doi.org/10.3171/2017.5.SPINE161104
https://doi.org/10.1097/00006123-199808000-00050
https://doi.org/10.1155/2021/3960553
https://doi.org/10.1007/s00586-013-3005-0
https://doi.org/10.1186/s13018-022-03387-9
https://doi.org/10.1097/BRS.0b013e31818ff9c4
https://doi.org/10.2147/IJGM.S340877
https://doi.org/10.3171/2019.11.SPINE19868
https://doi.org/10.1016/j.spinee.2009.05.008
https://doi.org/10.12659/MSM.911234
https://doi.org/10.1007/s00586-018-5811-x
https://doi.org/10.1007/s00590-014-1547-4
https://doi.org/10.1016/j.wneu.2018.12.218
https://doi.org/10.1016/j.wneu.2018.04.019
https://doi.org/10.1097/MD.0000000000009808
https://doi.org/10.1016/j.spinee.2015.04.024
https://doi.org/10.1097/MD.0000000000014097
https://doi.org/10.1007/s00701-018-3490-3
https://doi.org/10.1097/BSD.0000000000000428
https://doi.org/10.1016/j.jocn.2016.12.037
https://doi.org/10.1007/s00701-015-2630-2
https://doi.org/10.31616/asj.2018.0193
https://doi.org/10.1016/j.jocn.2020.01.056
https://doi.org/10.4149/BLL_2019_058
https://doi.org/10.1016/j.wneu.2020.03.130

Zhang et al

30. LiJ, Li Y, Kong F, Zhang D, Zhang Y, Shen Y. Adjacent segment degeneration after single-level anterior cervical decompression and fusion: disc
space distraction and its impact on clinical outcomes. J Clin Neurosci. 2015;22(3):566-569. doi:10.1016/j.jocn.2014.08.019

31. Nagaraja S, Palepu V, Peck JH, Helgeson MD. Impact of screw location and endplate preparation on pullout strength for anterior plates and
integrated fixation cages. Spine J. 2015;15(11):2425-2432. doi:10.1016/j.spinee.2015.07.454

32. Seo DK, Kim MK, Choi SJ, et al. Can an anchored cage be substituted for an anterior cervical plate and screw for single-level anterior cervical
fusion surgery?: prediction of poor candidates through a review of early clinical and radiologic outcomes. Clinical Spine Surg. 2017;30(9):E1289—
E1297. doi:10.1097/BSD.0000000000000457

33. Zhang B, Li S, Miao D, Zhao C, Wang L. Risk factors of cage subsidence in patients with ossification of posterior longitudinal ligament (OPLL)
after anterior cervical discectomy and fusion. Med Sci Monitor. 2018;24:4753-4759. doi:10.12659/MSM.910964

Orthopedic Research and Reviews Dovepress

Taylor & Francis Group
Publish your work in this journal

Orthopedic Research and Reviews is an international, peer-reviewed, open access journal that focusing on the patho-physiology of the
musculoskeletal system, trauma, surgery and other corrective interventions to restore mobility and function. Advances in new technologies,
materials, techniques and pharmacological agents are particularly welcome. The manuscript management system is completely online and

includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: https://www.dovepress.com/orthopedic-research-and-reviews-journal

. Orthopedic Research and Reviews 2025:17
220 X inO P


https://doi.org/10.1016/j.jocn.2014.08.019
https://doi.org/10.1016/j.spinee.2015.07.454
https://doi.org/10.1097/BSD.0000000000000457
https://doi.org/10.12659/MSM.910964
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Patient Population
	Surgical Procedure
	Postsurgery Rehabilitation
	Follow-Up Evaluation
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Ethics Approval
	Consent to Publish
	Disclosure

