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ABSTRACT

AIM: To investigate the efficacy and safety of the self-locking stand-alone cage used from opposite approach for the treatment of 
adjacent segment disease (ASD) after an anterior cervical corpectomy and fusion (ACCF).   
MATERIAL and METHODS: In this study, we retrospectively analyzed the clinical data of 8 cases of ACCF in the treatment of ASD 
cervical spondylopathy. All patients received self-locking stand-alone cage treatment. At different time points, the clinical status 
was evaluated using the Japan Orthopedic Association (JOA) score, JOA recovery rate (RR), and Neck Disability index (NDI) score. 
X-ray measurements included C2-C7 Cobb angle, fusion segment angle (FSA), cervical vertebral bow depth (VBP), and height of 
surgical segment (HOS). Statistical imaging parameters of sagittal cervical spine. Bone graft fusion in all self-locking stand-alone 
cage segments was evaluated.
RESULTS: All operations were successfully completed, and no infection, epidural hematoma, or rupture of the dura mater were 
observed in all patients. Compared with pre-operation, the JOA and NDI scores at 3 months and at the last follow-up were 
significantly improved (p<0.05). The JOA recovery rate between the final follow-up and preoperatively was 64.8±5.2%. One patient 
had dysphagia postoperatively, but was resolved after 3 months. Three months after surgery, the sagittal radiographic outcomes 
improved significantly and were well maintained during the final follow-up. 
CONCLUSION: The self-locking stand-alone cage is a reliable and effective method used from the opposite approach for the 
treatment of ASD after ACCF in terms of JOA and NDI scores. The cervical alignment correction is considered satisfactory.
KEYWORDS: Cervical spondylosis, Anterior cervical corpectomy and fusion (ACCF), Adjacent segment disease (ASD), Imaging 
parameters, Reoperation, Outcomes, Dysphagia

ABBREVIATIONS: ASD: Adjacent segment disease, ACCF: Anterior cervical corpectomy and fusion, JOA: Japanese Orthopedic 
Association, RR: Recovery rate, NDI: Neck Disability Index, FSA: Fusion segmental angle, HOS: Height of operation segment,         
VBP: Vertebral bow depth, MRI: Magnetic resonance imaging 
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fusion (ACCF) and anterior cervical discectomy and fusion 
(ACDF) as anterior approaches in the past years (29,37). 
ACCF provides improved visualization over ACDF in removing 
osteophytes and ossified posterior longitudinal ligament 
(32,35).

█   INTRODUCTION

Cervical spondylotic myelopathy (CSM) is a common 
cervical spine pathology (6,16), which have been widely 
surgically treated with anterior cervical corpectomy and 
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ACCF achieved satisfactory clinical outcomes during the 
short-term follow-up. In the long-term follow-up, the degener-
ative changes at the adjacent level were recorded and the clin-
ical effect was not satisfactory (21,22). Some scholars define 
the correlation between the development of adjacent segment 
disease (ASD) as radiculopathy or myelopathy and the new 
imaging evidence of degenerative changes at a level adjacent 
to the previous cervical joint replacement (14). Compared with 
ACDF, the incidence of ASD after ACCF is higher, some of the 
risk factors include general condition and patient’s lifestyle, 
surgical fusion segment, and type of bone graft fusion (13,15).

In patients with ASD after ACCF, if patients have symptoms 
including sensory and motor disturbances that affected their 
daily life and conservative treatment is ineffective, surgery is 
required (10,26). If surgeon chose to revise the original incision, 
due to scar, the operative anatomy is unclear, the incidence 
of soft tissue injury is higher, and the replacement of plates 
or screws can cause loosened internal fixation; therefore, 
surgeons should try their best to choose the most effective, 
less complicated, and low-bundled payment treatment. It is a 
good choice to perform surgery from the opposite approach. 
Based on this consideration, we conducted a retrospective 
study of patients with cervical spondylotic myelopathy treated 
with ACCF and were followed up for at least 1 year. This study 
aimed to assess the clinical and radiological results of the self-
locking stand-alone cage used from the opposite approach 
for the treatment of ASD after ACCF.

█   MATERIAL and METHODS
Patient Population

This study was approved by the Ethics Committee of The 
Tianjin Union Medical Center, and all patients were informed 
about this study and signed informed consent. Eight patients 
underwent ACCF revision for ASD between January 2016 and 
December 2018. All patients did not show signs of adjacent 
segment degeneration during the first surgery (including 
imaging degeneration or clinical symptoms of adjacent 
segments). 

All patients had new radiculopathy or myelopathy symptoms 
and new imaging evidence of degenerative changes. 
No symptom improvement was noted after 6 months of 
conservative treatment.

Exclusion criteria are listed below: (1) continuous retro-
vertebral compressive pathologies at two or more adjacent 
vertebral levels; (2) spinal cord compression due to posterior 
bony pathology (such as ossification of ligamentum flavum); 
(3) developmental stenosis; (4) spine trauma, congenital 
deformity, tumor spinal pathologies, and chronic systemic 
illnesses such as rheumatoid arthritis and neurodegenerative 
diseases; and (5) ASD that needed to be decompressed using 
a posterior approach.

Surgical Procedure

Operations were performed in supine position by the same 
experienced spine surgeon at a single institution. Under 
general anesthesia, all patients were managed with cervical 
anterior Smith-Robinson incision in opposite approach (total 
left-sided anterior approach) compared to the last surgery. 
The microscope was used in all patients during the procedure. 
The posterior longitudinal ligament and osteophytes were 
removed using a rongeurs or a drill, establishing adequate 
exposure and decompression of the dura mater and nerve 
root origins. After a sufficient decompression, the adjacent 
vertebral endplates were scraped to remove the cartilage. The 
bony endplate was preserved to prevent cage subsidence. 
A self-locking stand-alone cage (ROI-C, Zimmer Biomet, 
Austin, TX, USA, Figure 1A-D) packed with allogeneic bone 
(pharmaceutical group investment limited corporation, 
Hangzhou, China) were then implanted into the intervertebral 
space. In addition, cervical anchoring clips were placed into 
the vertebra through the anterior part of the stand-alone cage 
to ensure primary stabilization, and if the plate or screw in 
the last surgery was blocked, at least one anchoring clip was 
placed. Patients were encouraged to exercise as tolerated 
immediately after the operation with a soft collar. The collar 
was applied within the first 3 months postoperatively.

Clinical Evaluation

Data collected included age, sex, body mass index, comor-
bidity, smoking, bone density, operated levels, operative 
details, ACCF segment, and ROI-C segment. During the fol-
low-up, the Japanese Orthopedic Association (JOA) scoring 
system was used to assess the neurological status (34). The 
JOA recovery rate (RR) was assessed using the rationale by 
Hirabayashi et al. (11). The Neck Disability Index (NDI) scor-
ing system was used to evaluate neck function (24). The inci-
dence of dysphagia was calculated using the Bazaz grading 
system (2). 

Figure 1: The self-locking 
stand-alone PEEK cage (ROI-C) 
consisted of an interbody spacer 
and two anchoring clips. A) The 
interbody spacer. B) Anchoring 
clips. C) Anterior view. D) Lateral 
view.
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Radiological Evaluation

All patients underwent standard cervical radiography 
preoperatively, 3 months postoperatively, and at the last 
follow-up. The C2–C7 Cobb angle segmental angle, fusion 
segment angle (FSA), and height of operation segment (HOS) 
were measured, and Borden’s method was used to measure 
the cervical vertebral bow depth (VBP) (Figure 2A-D) (7). 
Bony fusion was defined as the absence of a radiolucent gap 
between the endplate and the graft, must be less than 2° 
between the extension and flexion radiographs (23).

Statistical Analysis

All analyses were performed using the SPSS for Windows 
version 19.0 (SPSS Inc., Chicago, IL, USA). The mean and 
standard deviation were determined for quantitative data. 
Independent sample t-tests were performed for intergroup 
comparisons, and paired t-test was used to compare pre- 
and postoperative data. P-values of less than 0.05 were 
considered statistically significant.

█   RESULTS
Eight patients with ASD who underwent ACCF were identified. 
All surgeries were successfully performed, and no infection, 
epidural hematoma, and cerebrospinal fluid leakage were 
observed in all cases. The mean duration of post-operation 
follow-up was 16.5 ± 4.5 months. None of the patients were 
lost to follow-up. No patients underwent reoperation. The 
mean operative time was 75.6 ± 18.7, and the mean blood 
loos and postoperative hospital stay were 25.5 ± 20.5 and 
2.5 ± 1.5, respectively (Table I). Corpectomy was performed 
during the last ACCF surgery at C4 levels in 3 patients and 
C5 levels in 5 patients. The ROI-C segment was at C4/C5 
levels in 3 patients and C6/C7 levels in 5 patients. All patients 
underwent X-ray examination 6 months postoperatively, and 
satisfactory fusion was observed in ROI-C segments. 

The JOA score increased from 8.2 ± 1.5 preoperatively to 
12.3 ± 0.9 at 3 months postoperatively (p<0.05) and was 13.6 
± 1.5 at the final follow-up. The JOA recovery rate between 

the final follow-up and preoperatively was 64.8 ± 5.2%. 
Similarly, the NDI score significantly decreased from 17.9 ± 
3.5 preoperatively to 13.7 ± 5.5 at 3 months postoperatively 
(p<0.05) and was 12.2 ± 6.3 at the final follow-up. Dysphagia 
was not found at the final follow-up (Table II). 

The cervical curvature, FSA, HOS, and VBP were significantly 
improved at 3 months postoperatively. At the final follow-up, 
values were well maintained at 15.5 ± 6.2, 4.8 ± 5.9, 7.1 ± 
2.5, and 10.1 ± 8.3, respectively, which were not significantly 
different than the values obtained at 3 months postoperatively 
(Table III). 

This is a typical case of a 40-year-old male patient admitted 
to the hospital who was diagnosed with radiculopathy. He 
underwent ACCF 5 years ago. The symptoms of left upper 
extremity pain and numbness worsen over 3 months. The pre- 
and postoperative imaging data are shown in Figures 3A-C, 
4A-D.

█   DISCUSSION
CSM is a common degenerative disease. It caused severe 
dysfunction that requires surgery in some patients, especially 
for those with massive osteophytes or ossification of the 
posterior ligmentum. ACCF with anterior plate fixation has 
become the most frequently used surgical option that can 
directly alleviate decompression, provide satisfactory clinical 
outcomes in the JOA score and recovery rate. Along with the 
gradual development of ACCF surgery, several surgeons found 
that ASD after ACCF surgery may lead to new neurological 
dysfunction, which may further lead to revision surgery. 
A previous study showed the cause of ASD after anterior 
cervical fusion is very complicated, and Wang considered 
the age of <50 years during the operation and developmental 
canal stenosis were risk factors for ASD after ACDF (27).

Zhao evaluated ASD after an anterior cervical decompression 
and fusion on X-ray and MRI and concluded that development 
of cervical canal stenosis and greater disc impingement may 
be risk factors (39). Once the conservative treatment of ASD 

Figure 2: Methods of measuring cervical radiographic parameters. A) Cervical curvature is the angle between the perpendicular line 
of the inferior endplate of the C2 and C7 vertebrae. B) FSA is the angle between the perpendicular line of the superior end plate of 
the cranial fusion vertebrae and the inferior endplate of the caudal fusion vertebrae. C) HOS is the height of the operation segment, 
measured as the distance between the midpoint of the upper endplate and the midpoint of the lower endplate. D) A line was drawn 
between the upper edge of the posterior odontoid process and the posterior and lower edge of the C7 vertebra, connecting the posterior 
margin of the vertebrae to the arc. VBP is the vertical distance from the arc top to the front line.
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or titanium mesh cage is used to fill and apply the anterior 
plate system, and satisfactory results can be achieved after 
surgery. Zhang et al. used the finite element analyze the screw 
sagittal angle (SSA) effect on ASD after ACCF, and found that 
with the increase of SSA, the stress on the end plate of the 
adjacent cervical segment decreased (38). Increasing SSA 
during surgery has an important role in reducing the incidence 
of ASD. Li et al. evaluate the effectiveness and safety of ACDF, 
ACCF, cervical total disc replacement (CTDR), and hybrid sur-
gery (HS) in the treatment of CSM. CTDR and ACCF have the 
lowest incidence of ASD (18).

ROI-C is likely to provide immediate stability and prevent 
plate-related complications with a “zero-profile” structure 
and is a popular system with the advantages of being simple 
and compact. In a previous study, ACDF with ROI-C achieved 
effective clinical treatment for patients with CSM or cervical 
spondylotic radiculopathy, and the patient had similar or 
better outcomes compared to ACDF with anterior plating (3). 
Zhang et al. compared the ACDF with ROI-C and laminoplasty 
for multilevel CSM, and the clinical efficacy is similar; however, 
it may lead to decreased range of motion (36). In our study, 
revision surgery can also get less blood loss, shorter hospital 
stays, and improved sagittal balance. Basques et al. compared 
the outcomes between the initial ACDF and the revised ACDF 
and found that revision surgery can lead to undesirable 
consequences including thromboembolism, infection of the 
surgical site, and re-hospitalization (1). Simple and effective 
surgical treatments are significant for revision ACDF surgery. 
Based on previous literature and our surgical experience, the 
ROI-C was used to treat patients with ASD after ACCF, and 
the clinical efficacy was safe and effective.

is ineffective choosing the proper type of surgery for ASD has 
aroused the attention of spinal surgeons. Shen used anterior 
cervical discectomy and fusion (ACDF) for revision surgery 
(17). If the adjacent segment of the initial operation level 
needs to be re-operated, the anterior approach is used for 
revision surgery through the right skin incision, the PEEK cage 

Table I: Preoperative and Operative Details of Patients 

Factor Total (n=8)

Preoperative details

Age (yrs)* 51.9 ± 6.5

Sex, no. of patients (% male) 4 (50) 

Body mass index (kg/m2)* 32.6 ± .5

Comorbidity, no. of patients (%) 

Hypertension 2 (25) 

Diabetes 2 (25)

Heart disease 1 (12.5)

COPD 1 (12.5)

Smoking, no. of patients (%)

None 3 (37.5)

Quit 5 (63.5)

Current 0 (0)

Diagnosis, (%)

Radiculopathy 5 (62.5)

Myelopathy 2 (25)

Radiculopathy+ Myelopathy 1 (12.5)

Operation time before last ACCF surgery 
(months)* 60.5 ± 15.5

Bone density -1.5 ± 1.2

Mean preop neck VAS score (range 0–10)* 4.6 ± 2.1

Mean preop cervical Cobb angle (°)* 1.2 ± 16.7

Cervical levels (no. of patients) C3-4 (3)

C4-5 (2)

C5-6 (3)

Operative details

Operative time(minutes)* 75.6 ± 18.7

Blood loss (mL) * 25.5 ± 20.5

Hospital stay after surgery (days) * 2.5 ± 1.5

Follow-up time (months) * 16.5 ± 4.5

COPD: Chronic obstructive pulmonary disease; OPLL: Ossification of 
posterior longitudinal ligament.
* Values expressed as the mean ± standard deviation.

Table II: Clinical Evaluation 

Factor Total (n=8)

JOA scores*

Preoperative 8.2 ± 1.5

Postoperative 3 months 12.3 ± 0.9

Final follow-up 13.6 ± 1.5

JOA RR (%)* 64.8 ± 5.2

NDI scores * 

Preoperative 17.9 ± 3.5

Postoperative 3 months 13.7 ± 5.5

Final follow-up 12.2 ± 6.3

Dysphagia rate (%)

Postoperative 2 weeks 12.5

Postoperative 3 months 0

Final follow-up 0

JOA scores and NDI datas post operation compare with preoperation: 
p<0.05
* Values expressed as the mean ± standard deviation.
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segment. However, it may increase the risk of esophageal or 
tracheal injury, nerve injury, and dysphagia. In addition, this 
process leads to longer operation time and higher fixation 
loose rate (21). Other surgeons choose to perform posterior 
cervical surgery such as single-door laminoplasty or Key-Hole 
surgery to treat ASD after ACCF. This treatment prevents the 

Some surgeons were accustomed to use original surgical 
incision, perform decompression, and fusion in ASD segment 
after removing the screws and plate, then placed the longer 
plate across the original ACCF and ASD segments. This 
procedure can directly alleviate decompression, effectively 
restore the cervical curvature, and rebuild the stability of ASD 

Table III: Radiological Evaluation 

Cervical curvature C2-C7 Cobb angle (°) FSA (°) HOS mm) VBP (mm)

Preoperation 13.5 ± 6.8 2.6 ± 4.6 5.9 ± 1.5 8.1 ± 7.4 

3 months after operation 15.3 ± 5.7 4.7 ± 5.6 7.1 ± 1.8 9.8 ± 6.8

Final follow-up 15.5 ± 6.2 4.8 ± 5.9 7.1 ± 2.5 10.1 ± 8.3

Every datas post operation compare with preoperation: p<0.05
Values expressed as the mean ± standard deviation.

Figure 4: Postoperative imaging examination. A) X-ray imaging showed satisfactory position of ROI-C at 3 days postoperatively. B) 
X-ray imaging showed the position of ROI-C was well maintained and the curvature of cervical was improved at 1 year postoperatively. 
C, D) MRI showed satisfactory decompression at the ASD segment. MRI: Magnetic resonance imaging.

Figure 3: Preoperative imaging examination. A) X-RAY showed decreased physiological bending of the cervical vertebrae. B,C) MRI 
showed ASD at the inferior ACCF segment, and the dura mater was compressed by the herniate disc. MRI: magnetic resonance imaging.

A B C
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(33).The dysphagia symptom after anterior cervical surgery is 
commonly characterized by the plate thickness and adhesions 
attached to the esophagus in the early follow-up period 
(28,31). In our study, no dysphagia symptom was recorded 
before the ASD surgery: 1 patient had dysphagia symptom 
2 weeks postoperatively, and no dysphagia symptom was 
recorded at the final follow-up. To consider the advantages of 
the incision design and the zero-profile design of the ROI-C, 
we need a smaller range of surgical exposure, leading to mild 
esophageal traction, to prevent mechanical irritation of the 
esophagus and other prevertebral soft tissues.

The limitations of this study are largely related to the small 
sample size because ROI-C has only been used in the recent 
years and the number of patients with ASD after ACCF surgery 
is limited. According to the study design, patients with multi-
segment ASD and severe osteoporosis were not included in 
the study; however, these factors may have implications in 
observing the fusion effects of ROI-C. Lastly, all patients in 
this study were operated on at a single institution by a single 
surgeon, and although the patients selected can reduce the 
research bias, the generalizability may be limited. Further 
multicenter prospective randomized studies with larger patient 
samples are needed to confirm the results.

Hsu et al. pretreated female Long-Evans rats with dioxin or 
vehicle for 6 weeks, and the results showed that cigarette 
smoking can inhibit bone healing and forms pseudarthrosis 
(12). Glassman et al. studied the relationship between spinal 
fusion and quitting smoking, the nonunion rate for nonsmokers, 
smokers, and patients who quit smoking postoperatively was 
14.2%, 26.5%, and 17.1%, respectively (8). They concluded 
that postoperative smoking cessation can help reverse the 
impact of cigarette smoking. Five patients quit smoking 
postoperatively in our study, and all the patients achieved 
fusion at 6 months postoperatively. The results indicate the 
importance of no smoking and smoking cessation on the 
perioperative spinal fusion.

█  CONCLUSION
In conclusion, the self-locking stand-alone cage is a reliable 
and effective method used from opposite approach for 
the treatment of ASD after ACCF. Clinical outcomes were 
satisfactory in terms of JOA and NDI scores. Clinical results 
showed high fusion rates and low rates of dysphagia. The 
curvature of the cervical spine and intervertebral height was 
effectively improved or maintained during the follow-up period. 
The operation is relatively simple with less soft tissue damage 
and reduced complications related to long plate revision.
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risk of complication mentioned above, which may be caused 
by the anterior cervical approach surgery. Conversely, due 
to indirect decompression, it may not lead to satisfactory 
clinical outcomes, and complications in the posterior cervical 
approach surgery may possibly occur (4). We combined the 
advantage of anterior and posterior cervical surgery and 
designed a simple, safe, and effective treatment for ASD 
after ACCF. In our study, disc compression or osteophytes 
were directly relieved using a microscope, because the self-
locking design of ROI-C can simplify the surgical procedure, 
eliminate the need for screw drilling, and tapping. The titanium 
plate need not be removed, the ROI-C is placed directly in 
the adjacent segment, which can shorten the operation time 
and prevent bleeding as compared to the conventional ACDF 
operation (19).

Compared with the primary anterior cervical surgery, revision 
procedures are associated with higher costs, unplanned 
return to the operating room and complications. The operative 
time and readmission rates also significantly increase (20). 
The design of the surgical incision has special significance 
for the revision surgery, to avoid the original incision, obtain 
a clearer anatomy, and reduced risk of soft tissue injury. The 
primary advantage of anterior cervical surgery is the ability 
to reduce the injury risk to the laryngeal nerve and recurrent 
laryngeal nerve and esophageal wound infections. We placed 
the ROI-C using the opposite site approach, and none of 
the complications mentioned occurred in postoperatively, 
indicating the opposite site approach has obvious advantage 
in the revision surgery. 

The cervical alignment provides postural strength by force 
distribution. Restoration of intervertebral height and cervical 
lordosis can effectively avoid complications such as post-
operative cage subsidence, nonunion, and neck and shoul-
der pain (9). Villavicencio et al. considered that maintaining 
a consistent segmental sagittal alignment or increasing seg-
mental lordosis was very important during the surgery, which 
can significantly improve the clinical outcomes (25). However, 
Xie and Hurlbert suggested that patient selection and surgical 
decompression were the key factors in achieving desirable 
clinical efficacy after ACDF, and cervical alignment partially 
influences clinical outcomes (30). According to our study, ad-
equate decompression of the spinal cord and nerve root was 
achieved with the help of a microscope during the surgery. 
The bony endplate was preserved as much as possible before 
placing the interbody, suitable cages to reduce the tendency 
toward kyphosis and provide satisfactory stability (5). When 
the cervical curvature, FSA, HOS, and VBP were 13.5 ± 6.8, 
2.6 ± 4.6, 5.9 ± 1.5, and 8.1 ± 7.4, respectively, and were well 
maintained at 15.5 ± 6.2, 4.8 ± 5.9, 7.1 ± 2.5, and 10.1 ± 8.3, 
respectively, at the final follow-up, the radiological evaluation 
improved significantly (p<0.05).

Female gender, younger patients, and increased operating 
time were associated with increased rates of dysphagia in the 
early postoperative period, and longer-term dysphagia seems 
to be more associated with pre-existing medical comorbidities 
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