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Objective: To compare the cervical sagittal balance parameters and clinical efficacy of three fusion devices after short-segment
anterior cervical discectomy and fusion.

Patients and Methods: Retrospectively analyzed 516 patients with cervical spondylosis who underwent surgery at our hospital from
May 2013 to May 2019. All patients had complete data and were divided into three groups according to the selected fusion cage. Neck
and upper limb pain were assessed by the visual analog scale (VAS) score. Neurological function was evaluated by the modified
Japanese Orthopedics Society (mJOA) score. Also, the curvature of the cervical spine and the occurrence of dysphagia were observed.
Results: There were no significant differences in the general information, thoracic inlet angle, T1 slope, or surgical data among the
groups (p>0.05). There were significant differences in the scores between pre- and postoperatively in the different groups (p<0.05).
There were no significant differences in the C2-C7 Cobb angle or C2-C7 sagittal vertebral axis before the operation among the groups
(»>0.05). There was a significant difference in the correction and loss of correction among the groups postoperatively and on follow-up
(»>0.05). Dysphagia was less likely in the Zero-P VA fusion group than in the other two groups.

Conclusion: Different fusion instruments can relieve the symptoms. In the Prodisc-C Vivo group, no significant improvement in
cervical sagittal balance was achieved. A good effect on improving sagittal balance was observed in both the Zero-P VA fusion and
Skyline anterior cervical titanium plate groups, but a better effect on preventing dysphagia was observed in the Zero-PVA fusion
group.

Keywords: retrospective analyze, cervical spondylosis, anterior cervical discectomy and fusion, cervical sagittal balance parameters,
fusion devices

Introduction

Cervical spondylosis, as a common degenerative cervical vertebra disease in middle-aged and elderly people, can result in
the stimulation or compression of adjacent spinal cord tissue, blood vessels, nerves, etc., to produce neck shoulder activity
limitations, soreness, numbness, weakness, hyperalgesia, paresthesia, four limbs and other clinical symptoms, seriously
impacting the patient’s quality of life.! Anterior cervical discectomy and fusion (ACDF) can adequately resolve the
compression of spinal nerve roots, adjust the height of the intervertebral space and restore the physiological curvature of
cervical vertebrae and is a classic surgical method for the treatment of cervical spondylosis.” Whether using a traditional
anterior cervical titanium plate as an implant, an artificial cervical disc fusion device, or the currently popular Zero-P VA
anterior cervical interbody fusion and fixation system, all equipment has its own advantages and disadvantages.’> However,
there has been little research on changes in short-segment cervical sagittal balance parameter changes after such procedures
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until now. In this paper, sagittal balance parameters after ACDF with three fixed materials were evaluated to identify the
optimal method for the surgical treatment of short-segment cervical spondylosis for patients to achieve improved cervical
function, sagittal balance after forward degeneration of adjacent vertebral bodies, and balance of the whole spine.

Patients and Methods
Subjects

This study retrospectively analyzed a total of 516 patients with short-segment cervical spondylosis who underwent
ACDF surgery at our hospital from May 2013 to May 2019. All patients had complete preoperative and follow-up
imaging data and were divided into three groups according to the selected fusion cage, patients were given detailed pre-
operative communication based on Chinese Health Insurance policy and their need for cervical mobility. Patients were
then divided into groups according to which type of fusion device they chose, including 182 cases in the Skyline anterior
cervical titanium plate group, 163 cases in the Prodisc-C Vivo artificial cervical disc group and 171 cases in the Zero-P
VA anterior cervical interbody fusion and fixation system group. All procedures were performed by one surgeon
(Tongwei Chu). The protocol was approved by the Medical Ethics Committee of the Second Affiliated Hospital Army
Military Medical University. We obey the principles of the 1983 Declaration of Helsinki. And all patients had obtained
sufficient informed consent and signed an informed consent form.

Research Methods

Inclusion Criteria

(D Obvious nerve root and/or spinal symptoms, such as neck and shoulder discomfort, paresthesia, radiating upper limb
pain, gait instability, and walking difficulties, as well as imaging features conforming to the diagnostic features of
cervical spondylosis; (2) short-segment (<3 segments) cervical spondylosis; 3) inefficacy of conservative treatment, with
indications for surgery; and (4) age between 18 and 75 years.

Exclusion Criteria

(D A history of severe cervical trauma and surgery; (2) poor general physical condition or absolute contraindication to
surgery such as cervical vertebra tumor, cervical vertebra space infection and so on; (3) concomitant demyelinating
disease, Guillain-Barre syndrome or other neurological disease; (4) concomitant mental disease or inability to cooperate;
(8 preoperative complications, such as dysphagia; and (6) incomplete clinical and follow-up data.

Observation Indexes
(D Statistical analysis of patient age, sex, body mass index (BMI), operation time, intraoperative blood loss and other
basic information was performed. The Bazaz dysphagia score was evaluated at the last postoperative follow-up.

(@ Functional recovery of all patients was evaluated preoperatively and postoperatively. Neck and upper limb pain
were assessed by the visual analog scale (VAS) score. Neurological function was evaluated preoperatively and post-
operatively using the modified Japanese Orthopedic Society (mJOA) score.

(3 Imaging observation was performed. Anteroposterior and lateral images of the cervical vertebrac were taken
preoperatively, postoperatively and at the final follow-up, and the cervical curvature, fusion apparatus location, and bone
graft fusion were observed. The sagittal balance of the cervical spine was evaluated by the C2-C7 Cobb angle (the angle
between the vertical line of the lower endplate of C2 and the vertical line of the lower endplate of C7), C2-C7 sagittal
vertebral axis (SVA, the horizontal distance between the geometric central plumb line of the C2 vertebral body and the
posterior angle of the upper endplate of C7), thoracic inlet angle (TIA, the angle between the T1 midline and the T1
midpoint to the upper of the sternal border), and T1 slope (T1S, the angle between the upper edge of T1 and the
horizontal plane). All X-rays are standard standing films, taken by a professional radiologist. (Figure 1).
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Figure | The sagittal balance of the cervical spine was evaluated by the C2-C7 Cobb angle (the angle between the vertical line of the lower endplate of C2 and the vertical
line of the lower endplate of C7), C2-C7 sagittal vertebral axis (SVA, the horizontal distance between the geometric central plumb line of the C2 vertebral body and the
posterior angle of the upper endplate of C7), thoracic inlet angle (TIA, the angle between the T| midline and the T| midpoint to the upper of the sternal border), and T|
slope (TIS, the angle between the upper edge of T1 and the horizontal plane).

Statistical Methods

SPSS 21 was used for statistical analysis. Measurement data are presented as the mean =+ standard deviation or median
(interquartile range) and were analyzed by ANOVA or the rank-sum test. The measurement data are expressed as the
number of cases and were analyzed by the chi-square test. P<0.05 was considered statistically significant.

Results

Comparison of Basic Patient Information Among the Groups

According to the selected fusion cage, the patients were divided into three groups: the Skyline anterior cervical titanium
plate group (n=182), the Prodisc-C Vivo artificial cervical disc group (n=163), and the Zero-P VA anterior cervical
interbody fusion and fixation system group (n=171). ACDF was performed in all three groups. There were no statistically
significant differences in sex, age or BMI among the three groups (p>0.05), and the baseline conditions of the three
groups were basically the same (Table 1).

Comparison of Operative Information Among the Groups
There was no significant difference in the operation time or blood loss among the different fusion segments groups
(»>0.05) (Table 2).
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Table | Comparison of General Data Among the Three Groups

Group Cases Sex Age BMI
Skyline 182 107/75 51.43+10.32 23.16+2.55
Prodisc-C Vivo 163 78/85 51.14+9.49 23.74+2.61
Zero-P VA 171 98/73 53.13x11.07 23.30+1.63
FIX? 5.160 1.358 2914
P 0.160 0.255 0.055

Table 2 Comparison of Operation Time and Blood Loss Among the Three

Groups
Group Time/Segment Bleeding/Segment
Skyline 68.75 (50, 100) 50 (25, 75)
Prodisc-C Vivo 70 (53.75, 100) 50 (25, 100)
Zero-P VA 70 (50, 95) 50 (27.5, 72.5)
z 1.282 0.291
P 0.527 0.782

Comparison of mJOA and VAS Scores Among the Three Groups

The mJOA and VAS scores in each group were compared, and there was no statistical significance either before or after
surgery (p>0.05). However, the postoperative scores of each group were significantly different from those before the
operation (p<0.05) (Table 3).

Comparison of C2-C7 Cobb Angle and C2-C7 SVA Among the Different Groups
There were no significant differences in the C2-C7 Cobb angle or C2-C7 SVA among the groups before surgery (p>0.05).

A significant difference was observed in the correction and loss of correction among the groups postoperatively and on
follow-up (p<0.05). Within these groups, greater correction was clearly achieved in the low-notch Zero-P VA group than
in the Skyline and Prodisc-C Vivo groups. Meanwhile, the loss of correction in these groups showed obvious differences;
the values in the Zero-P VA and Skyline groups were smaller than that in the artificial disc group. Among all the groups,
the Zero-P VA group showed the best correction. At the last follow-up, the Zero-P VA and Skyline groups showed
significantly less loss of correction than the Prodisc-C Vivo group. The C2-C7 SVA and C2-C7 Cobb angle showed
similar trends, and the greatest C2-C7 SVA correction was achieved in the Zero-P VA group among all the groups. The
loss of C2-C7 SVA correction was similar in the Skyline and Zero-P VA groups and better than that in the Prodisc-C
Vivo group (Tables 4 and 5).

Table 3 Comparison of mJOA and VAS Scores Among the Three Groups

Group Cases Preoperative mJOA Score Preoperative VAS Score
Preoperative Postoperative Preoperative Postoperative

Skyline 182 10 (8, 12) 14 (13, 16)* 4(4,5) 2 (1, 2%

Prodisc-C Vivo 163 10 (8, 12) 15 (13, 16)* 44, 5) 2 (1, 2)*

Zero-P VA 171 10 (8, 13) 15 (14, 16)* 4(4,5) 2 (1, 2%

F 1.537 2.055 0.202 2.365

P 0.464 0.358 0.904 0.307

Note: Compared with before treatment, *p<0.05.
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Table 4 Comparison of C2-C7 Cobb Angle (°) Among the Three Groups Before and After the Operation and at the Last Follow-Up

Group Cases Preoperative Postoperative Correct Follow-Up Loss
Skyline 182 7.79 (2.35, 13.78) 16.78 (11.95,21.41) | 7.12 (0.81, 1459) | 11.21 (6.65, 16.50) 4.95 (4.01, 5.98)
Prodisc-C Vivo 163 6.70 (4, 12.31) 13 (9.63, 18.87) 6.27 (4.52, 7.99) 3.56 (—0.34, 8.31) 10.2 (4.14, 14.49)
Zero-P VA 171 8.76 (3, 15.1) 17.90 (14.36, 23.25) | 7.82 (2.18, 15.93) | 13.29 (8.74, 17.78) 5.12 (3.98, 6.04)
z 7.285 31.947 7.078 145.648 61.332
P 0.063 0.000 0.029 0.000 0.000

Table 5 Comparison of SVA (mm) Among the Three Groups Before and After Surgery and at the Last Follow-Up

Group Cases Preoperative Postoperative Correct Follow-Up Loss

Skyline 182 19.63 (13.63, 24.1) 10.86 (6.69, 16.56) | 7.03 (1.07, 13.18) | 12.87 (8.49, 18.44) 2.11 (1.56, 2.58)
Prodisc-C Vivo | 163 16.22 (12.8, 22.75) 12.26 (7.19, 21.48) | 4.73 (1.44, 8.09) 16.59 (11.42, 25.95) | 4.27 (3.4, 5.16)
Zero-P VA 171 17.85 (12.94, 23.06) | 10.87 (5.88, 15.35) | 7.18 (0.82, 12.63) | 12.62 (8.07, 17.1) 1.96 (1.44, 2.35)
z 3.589 12.958 17.331 25.380 232.123

P 0.308 0.005 0.001 0.000 0.000

Comparison of the TIA and T1S Among the Different Groups
The TIA and T1S were compared among the groups at three time points, ie, before surgery, after surgery and at the last
follow-up, with no significant differences (p>0.05) (Table 6).

Occurrence of Dysphagia in Different Fusion Cage Groups

In the Zero-P VA interbody fusion group, 9 patients had mild dysphagia and 1 had moderate dysphagia; dysphagia was

more common in the other two groups (Table 7).

Typical Case in the Skyline Group
The patient was diagnosed with cervical spondylosis. (A/B/C) Anterolateral view of the cervical spine preoperatively,

postoperatively, and at the last follow-up. Before the surgery, the patient had a smaller C2-C7 Cobb angle and a larger
C2-C7 SVA. After the operation, the C2-C7 Cobb angle and the C2-C7 SVA were restored immediately, and pain and

Table 6 Comparison of Inclination the TIA and TIS Before Surgery, After Surgery and During Follow-Up

Group Cases TIA TIS
Preoperative | Postoperative | Follow-Up Preoperative | Postoperative | Follow-Up
Skyline 182 72.88+10.12 70.31£8.61 68.55+9.21 24.42+6.67 24.10£5.61 23.32+5.43
Prodisc-C Vivo | 163 73.49£10.11 71.00+8.17 70.58+10.13 | 23.90+6.99 24.19+6.16 23.85+6.53
Zero-P VA 171 74.67+9.49 70.79+8.50 69.96+9.39 25.60+6.96 25.28+5.75 24.72+6.06
F 0.302 0.460 2.066 2.704 2.170 2418
P 0.739 0.632 0.128 0.068 0.115 0.090
Table 7 Comparison of Dysphagia Symptoms Among the Three Groups
Group Cases Bazaz Dysphagia Score
No Light Medium Serious

Skyline 182 156 23 3 0

Prodisc-C Vivo 163 138 20 3 2

Zero-P VA 171 161 9 | 0
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neurological symptoms were significantly relieved. Meanwhile, slight loss of C2-C7 Cobb angle and C2-C7 SVA correct
was observed at the last follow-up (Figure 2).

Typical Case in the Prodisc-C Vivo Group

The patient was diagnosed with cervical spondylosis. (A/B/C) Anterolateral view of the cervical spine preoperatively,
postoperatively, and at the last follow-up. While there was no significant change in the sagittal balance of the cervical
spine between before and after the operation, the neurological symptoms and pain were mitigated postoperatively
(Figure 3).

Typical Case in the Zero-P VA Group

The patient was diagnosed with cervical spondylotic radiculopathy. (A/B/C) Anterolateral view of the cervical spine
preoperatively, postoperatively, and at the last follow-up. The preoperative SVA was large, and the postoperative SVA
was significantly reduced. There was no significant change in other normal cervical spine parameters after the operation,
and the cervical sagittal curvature was maintained over the long term (Figure 4).

Discussion

ACDF was first proposed by Smith and Robinson in 1955 and has become the gold standard for the treatment of
cervical spondylosis due to its satisfactory efficacy.* To avoid the complications of autologous bone grafting, various
interbody fusion cages have been gradually applied in ACDF as an alternative to autologous bone grafting.
A traditional anterior titanium plate combined with an interbody fusion device can significantly improve the rate of
implant subsidence, significantly reduce the incidence of secondary kyphosis, and reduce the impact on adjacent
segments.” Such plates can also improve the curvature of the cervical spine, provide immediate cervical stability
during placement of the interbody bone graft, and significantly increase the interbody fusion rate.>® However, the
combination of a titanium plate and cage can cause postoperative symptoms such as dysphagia and foreign body
sensation, which affect quality of life. Therefore, an improved anterior cervical approach and bridge-shaped locking
fusion method were developed. While providing sufficient stability, it avoids friction with surrounding soft tissues and

Figure 2 Typical case in the Skyline group. The patient was diagnosed with cervical spondylosis. (A—C) Anterolateral view of the cervical spine preoperatively,
postoperatively, and at the last follow-up. Before the surgery, the patient had a smaller C2-C7 Cobb angle and a larger C2-C7 SVA. After the operation, the C2-C7
Cobb angle and the C2-C7 SVA were restored immediately, and pain and neurological symptoms were significantly relieved. Meanwhile, slight loss of C2-C7 Cobb angle and
C2-C7 SVA correct was observed at the last follow-up.

3242 s International Journal of General Medicine 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Wei et al

Figure 3 Typical case in the Prodisc-C Vivo group. The patient was diagnosed with cervical spondylosis. (A—C) Anterolateral view of the cervical spine preoperatively,
postoperatively, and at the last follow-up. While there was no significant change in the sagittal balance of the cervical spine between before and after the operation, the
neurological symptoms and pain were mitigated postoperatively.

Figure 4 Typical case in the Zero-P VA group. The patient was diagnosed with cervical spondylotic radiculopathy. (A—C) Anterolateral view of the cervical spine
preoperatively, postoperatively, and at the last follow-up. The preoperative SVA was large, and the postoperative SVA was significantly reduced. There was no significant
change in other normal cervical spine parameters after the operation, and the cervical sagittal curvature was maintained over the long term.

reduces the incidence of postoperative foreign body sensation and swallowing disorders.” At the same time, artificial
disc replacement can retain the mobility of the replaced segment relative to that after ACDF and does not cause
increased stress in adjacent segments after cervical fusion.® This approach can retain the overall range of motion
(ROM) of the cervical spine and the ROM of replaced segments, and patients have a greater chance of obtaining good
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segmental ROM in the long term postoperatively.” Some studies have also demonstrated that artificial disc replace-
ment can delay the rate of degeneration of other vertebral segments in patients.'® In conclusion, all kinds of fusion
devices have unique advantages, but there has been little research on the sagittal balance of the cervical spine after
ACDF.

In this study, we investigated the effects of different fusion devices on the postoperative sagittal balance parameters of
the cervical spine. Regarding basic patient information, there were no significant differences in sex, age or BMI among
patients in different groups, and the baseline characteristics of patients in each group were consistent and comparable.
The operation time and the amount of blood loss were analyzed, and there were no statistically significant differences
among the groups (»p>0.05). The VAS pain score and 17 points of the Japanese Orthopaedic Society (mJOA) score were
used to further analyze the three groups, and there were no significant differences in the two scores before surgery among
the three groups (p>0.05), but the scores in the three groups were significantly improved postoperatively compared with
preoperatively, indicating that the three surgical methods can all relieve compression of the spinal cord or nerve root and
relieve symptoms, which is similar to the results of previous studies.'''® Thus, the normal physiological curve of the
cervical spine needs to be studied, especially in patients with cervical spondylosis. Improvement in cervical sagittal
balance after surgery is accompanied by a reduction in neck pain'* Physiological lordosis is also closely related to
degeneration of the cervical spine and affects the stability of the ligamentum flavum and the posterior longitudinal
ligament.'> The present study shows that the C2-C7 Cobb angle in all three groups was significantly increased and that
the C2-C7 SVA was decreased after surgery compared with that before surgery, indicating that correction of the cervical
curvature of the operative segment could to achieved to some degree, which is consistent with a study by Alhashash.'®
We also found a significant difference in the C2-C7 Cobb angle correction among the three groups (p<0.05). The
correction was clearly greater in the Zero-P VA group than in the Skyline and Prodisc-C Vivo groups, indicating that the
Zero-P VA device could be more conducive to restoring the cervical curvature of the operative segment than the other
devices. We also noted that at the last follow-up, there was a significant difference in the loss of correction among these
groups (p<0.05), as the value was smaller in the Zero-P VA and Skyline groups than in the artificial disc group.
Regarding the C2-C7 SVA, significant differences in the correction and loss of correction were observed among the three
groups (p<0.05). The greatest correction was achieved in the Zero-P VA group. The loss of C2-C7 SVA correction was
similar in the Skyline and Zero-P VA groups and better than that in the Prodisc-C Vivo group. In summary, the Zero-P
VA and Skyline devices can provide great correction after ACDF with relatively little loss of correction on long-term
follow-up. The sagittal balance of the cervical spine is influenced by the C2-C7 Cobb and C2-C7 SVA; additionally, the
TIA and T1S can also affect the curvature of the cervical vertebrae. Cervical lordosis is influenced by thoracic kyphosis;
thus, the TIA and T1S have also been introduced to evaluate the stability of the cervical spine.'” Recent research has
suggested that a high T1S is a potential risk factor for the development of MC due to impaired sagittal balance, especially
in the C5-C6 cervical segment.18 Therefore, in this study, we performed further analysis of the preoperative, post-
operative and follow-up TIA and T1S. The TIA and TI1S in the groups showed no significant differences (p>0.05) at any
time point. We believe this proves that for individuals, these two indicators are basically constant. Furthermore, our
procedure does not directly affect the T1 vertebral body, so the effect on the TIA and T1S is negligible. Regarding
postoperative complications, difficulty swallowing is conspicuous. Dysphagia is a frequent complication after ACDF.
Although dysphagia usually improves over 6 months, it remains a significant and persistent problem for some patients. '’
We therefore performed a long-term follow-up study of patients with postoperative dysphagia. There were 9 cases of
mild dysphagia and 1 case of medium dysphagia in the Zero-P VA group, showing that dysphagia was less likely to occur
in the Zero-P VA group than in the other two groups. We believe that these results can be explained by the Zero-P VA
device providing better resistance to forward flexion, extension and lateral flexion and easily restoring the curvature of
the cervical spine.”” The Skyline device has the same mechanism, but because the thickness and length of the Skyline
titanium plate are inferior to those of the Zero-P VA device, dysphagia is more common with the Skyline device. This is
consistent with a previous report that use of the Zero-P VA device avoided friction with surrounding soft tissues and
reduced the rate of postoperative foreign body sensation and dysphagia®' >*. Additionally, we noted that the rate of
dysphagia was similar in the Prodisc-C Vivo and Skyline groups, which is not consistent with previous studies.** As far
as the Prodisc-C Vivo device is concerned, this device can maintain the adjacent-segment ROM and can reduce the
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incidence of radiographic adjacent-level changes in patients undergoing ACDF,”* so we hold that this device cannot
restore the physiological curvature of the cervical spine very well and may result in greater loss of correction over the
long term, which may be one of the causes of dysphagia, along with displacement of the prosthesis and collapse of the
intervertebral space after artificial disc replacement as other possible factors. However, the data in this study are
insufficient to analyze this phenomenon, so the analysis of a large number of medical records is still needed to identify
the reasons for this situation.

Although some significant conclusions can be drawn from this study, there are still some limitations. This was
a single-center study with a limited amount of data and a nonuniform follow-up duration. Long-term follow-up is needed
for further analysis and comparison of the long-term changes in the sagittal balance among the three groups after surgery.

Conclusion

In conclusion, different fusion instruments can all provide a good surgical effect, restore the curvature of the cervical
spine and correct kyphosis to some degree. However, the Prodisc-C Vivo group showed the least improvement in the
cervical sagittal balance, with greater long-term loss of correction than the other two groups. Both the Zero-PVA fusion
device and the Skyline anterior cervical titanium plate effectively improved sagittal balance, with little loss of correction
on long-term follow-up, but because of the characteristics of the Zero-PVA fusion device, it caused less postoperative
dysphagia than the other devices.
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