
Name of Journal: World Journal of Clinical Cases
Manuscript NO: 55580
Manuscript Type: CASE REPORT

[bookmark: _Hlk46257973][bookmark: _Hlk46258072][bookmark: OLE_LINK39]Surgical strategy used in multilevel cervical disc replacement and cervical hybrid surgery: Four case reports

[bookmark: OLE_LINK40]Wang XF et al. Surgical strategy in multilevel cervical spine surgery

Xiao-Fei Wang, Yang Meng, Hao Liu, Ying Hong, Bei-Yu Wang

Xiao-Fei Wang, Yang Meng, Hao Liu, Bei-Yu Wang, Department of Orthopaedic Surgery, West China Hospital, Sichuan University, Chengdu 610041, Sichuan Province, China

Ying Hong, Department of Operation Room, West China Hospital, Sichuan University, Chengdu 610041, Sichuan Province, China

Author contributions: Wang XF contributed to manuscript drafting; Meng Y and Wang BY interpreted the imaging findings; Liu H was the patients’ surgeon; Liu H and Hong Y were responsible for the revision of the manuscript for important intellectual content; all authors issued final approval for the version to be submitted.

Corresponding author: Hao Liu, MD, PhD, Director, Professor, Research Fellow, Department of Orthopaedic Surgery, West China Hospital, Sichuan University, No. 37, Guoxue Lane, Wuhou District, Chengdu 610041, Sichuan Province, China. dr.liuhao6304@yahoo.com

Received: March 25, 2020
Revised: July 18, 2020
Accepted: July 30, 2020 
Published online: 

Abstract
BACKGROUND
Multilevel artificial cervical disc replacement and anterior hybrid surgery have been introduced as reliable treatments for multilevel cervical degenerative disc disease. Surgical techniques are important for resolving patients’ symptoms and maintaining the normal functioning of cervical implants. However, the use of inappropriate surgical strategies could lead to complications such as implant migration and neurological deficit. In this paper, we summarize our surgical strategies used in multilevel cervical disc replacement and hybrid surgery into five major notes.

CASE SUMMARY
We share the key notes and our surgical procedures in the form of four typical case presentations. All patients were diagnosed with cervical degenerative disc disease with myelopathy or radiculopathy and needed multilevel cervical spine surgery. The first case demonstrated that index levels indicating the presence of highly serious spinal cord compression required a prioritized decompression. The second case demonstrated that the disc replacement should be performed before fusion in cervical hybrid surgery. The third and forth cases demonstrated that a top-down implantation sequence was needed in continuous two-level cervical disc replacement. The symptoms of all patients were significantly relieved after surgery.

[bookmark: OLE_LINK6][bookmark: OLE_LINK7]CONCLUSION
We hope that our surgical strategies can help improve the performance and outcomes of multilevel cervical spine surgery.
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INTRODUCTION
Multilevel cervical degenerative disc disease, a growing public health concern, is defined as two or more segments of the cervical spine that begin to degenerate, causing significant cervical disability and a loss of productivity. Anterior cervical discectomy and fusion (ACDF) is a classic treatment for multilevel cervical spondylosis, although it has some limitations involving the pseudarthrosis and degeneration of adjacent segments[1,2]. In recent decades, with the development of nonfusion surgery, the efficacy and safety of using artificial cervical disc replacement (CDR) for single-level or multilevel cervical degenerative disc diseases has been demonstrated by several prospective studies from the United States Food and Drug Administration and by some meta-analyses[3–8]. In contrast to ACDF, CDR has the advantages of preserving the segmental range of motion (ROM) at a surgical level, preventing the acceleration of degeneration in adjacent segments, and avoiding complications such as nonunion or pseudoarthrodesis[9,10]. It has been reported that for two-level cervical spondylosis, two-level CDR has the same effects as two-level ACDF for the recovery of neurological function, and it even has superior results when assessed in terms of scales such as the Neck Disability Index score[11,12]. As a relatively new type of surgery, anterior hybrid surgery (HS) incorporates CDR and fusion procedures at different levels in one stage to treat multilevel cervical degenerative disc disease, and this procedure is gaining increasing attention. This method provides the most suitable treatment according to the characteristics of the disease at each level and is aimed at preserving segmental motion, avoiding long-segment fusions, and maintaining sagittal alignment and stability[13,14].
The challenges of these surgical techniques may be one of the most important reasons to discourage surgeons from using CDR or HS in multilevel cervical degenerative disc disease. In our surgical experience, the use of an inappropriate implantation sequence may lead to the migration of a previously inserted artificial disc during continuous two-level CDR[15]. In addition, many tapping processes are needed during CDR; therefore, the use of an inappropriate implantation sequence may also lead to the aggravation of spinal cord compression or the loosening of the inserted prosthesis. To perfectly maintain the normal functioning of cervical implants and to obtain satisfactory outcomes, we need to make a detailed plan for each surgical step and to perform surgery in a rational sequence. Any small imperfection in the surgical strategies of multilevel CDR and HS can cause unnecessary complications.
In this paper, we summarize our surgical strategies used in multilevel CDR and HS into five major notes, and we share the notes and our surgical procedure in the form of four typical case presentations. We hope that our strategies can help improve the performance and outcomes for multilevel CDR and HS. We also discuss the most suitable surgical procedures for these surgeries.

Surgical strategies used in multilevel CDR and HS
We have performed more than 800 CDR and 300 HS procedures in the past 15 years (all surgeries were performed by the same senior surgeon, H.L.). This experience allowed us to generate rational implantation strategies for multilevel CDR and HS. The safety profile and clinical outcomes of multilevel cervical spine surgery have been reported by our team before[16–18].
[bookmark: OLE_LINK3][bookmark: OLE_LINK56][bookmark: OLE_LINK55]Spinal compression is usually highly severe in patients with multilevel cervical degenerative disc disease, and many tapping processes are needed during CDR; theoretically, if we do not decompress the index levels completely, the compression can be aggravated by the tapping procedure during implantation of the artificial disc. In addition, redundant tapping processes may affect the stability of the inserted implant or prosthesis by generating vibrations. Therefore, we suggest that two general principles of the strategies are necessary: First, the aggravation of spinal cord compression should be carefully avoided during manipulations; and second, the stability of the inserted prosthesis should not be influenced. To achieve these two general principles, five notes require attention.
[bookmark: _Hlk46300470][bookmark: OLE_LINK58][bookmark: OLE_LINK57]First, for multilevel CDR or HS, decompression of the disc spaces and preparation of the endplates of all surgical segments should be carried out before the implants are inserted. Second, an appropriately sized implant trail or a rail punch should be used to maintain the intervertebral disc height before implantation of the prosthesis. Third, index levels indicating highly serious spinal cord compression require that decompression be prioritized. Fourth, for HS, CDR should be performed before cervical fusion surgeries such as ACDF and anterior cervical corpectomy decompression and fusion (ACCF). Finally, for surgeries including continuous two-level CDR, the rasping, drilling, and cutting processes of both surgical segments should be performed before artificial disc implantation, and the implantation of an artificial disc is a priority at upper index levels.
Details of the surgical procedures are stated below in the form of four typical case presentations.

CASE PRESENTATION
The patients in the four cases were diagnosed with cervical degenerative disc disease. Surgical treatments were necessary for all patients to relieve their symptoms.

Chief complaints
Case 1 (index levels indicating the presence of highly serious spinal cord compression requiring that decompression be prioritized): Neck pain and numbness of both upper limbs for 8 mo.

Case 2 (performance of disc replacement before fusion surgeries in HS): Numbness in both upper limbs for 1 year.

Case 3 (following a top-down implantation sequence in continuous two-level CDR): Neck pain and weakness of the right upper limb for 6 mo.

Case 4 (migration of an already inserted artificial disc during continuous two-level CDR due to the use of an inappropriate implantation sequence): Numbness of the left upper limb for 10 mo.

History of present illness
Case 1: This is a 54-year-old man who presented with neck pain and numbness of both upper limbs for 8 mo. He saw a doctor for conservative treatment 6 wk ago. However, his symptoms did not relieve.

Case 2: This is a 51-year-old woman who presented with numbness in both upper limbs for 1 year. The symptoms did not relieve after 4 wk of conservative treatment outside our hospital.

Case 3: A 41-year-old woman complained of neck pain and weakness of the right upper limb for 6 mo. The symptoms did not relieve after 3 mo of conservative treatment outside our hospital.

Case 4: A 45-year-old woman complained of numbness of the left upper limb for 10 mo. The numbness progressively aggravated and she experienced weakness in the left and right upper limbs for 6 mo.

History of past illness
Case 1: No abnormalities.

Case 2: Upon physical examination, the muscle strength of the right upper limb was found to be decreased.

Case 3: Upon physical examination, the muscle strength of the right arm was found to be decreased.

Case 4: No abnormalities.

Personal and family history
No abnormalities.

Physical examination
[bookmark: _Hlk505022719]Case 1: Upon examination, sensation was decreased in both upper limbs, as was muscle strength.

Case 4: Upon examination, the muscle strength of both upper limbs was found to be decreased.

Laboratory examinations
The preoperative laboratory examinations reveal no abnormalities.

Imaging examinations
Case 1: A lateral radiograph showed a straightened cervical alignment, but this returned during flexion-extension movement. The disc height and ROM at C4/5 were reserved. A computed tomography (CT) scan showed severe osteophytes at the posterior border of C5/6 and C6/7 that needed extensive decompression. Magnetic resonance imaging (MRI) revealed cervical disc herniation at C4/5 and C6/7, and intervertebral foramen stenosis existed at C5/6 and C6/7 (Figure 1).

Case 2: The radiographs revealed that the intervertebral disc height was preserved at C4/5, C5/6, and C6/7, while the ROM at C5/6 was obviously decreased. A CT scan revealed large numbers of osteophytes at the posterior-inferior border of C5 and C6, which needed a wide range of removal. MRI showed multilevel spinal cord compression at C4/5, C5/6, and C6/7, and compression at C4/5 was caused by cervical disc herniation (Figure 2).

Case 3: Lateral radiographs showed that the intervertebral disc height at C5/6 and C6/7 was not obviously decreased, and the cervical alignment showed lordosis. The ROM at C5/6 and C6/7 was preserved. Spinal compression was mainly caused by disc herniation, and the facet joints were normal (Figure 3).

Case 4: Lateral radiographs showed that the ROM at C4/5 and C5/6 was preserved, and a CT scan showed that the reduction of the intervertebral disc height at both levels was < 30%. An MRI scan revealed soft disc herniation at the C4/5 and C5/6 levels (Figure 4).

FINAL DIAGNOSIS
Case 1
C4/5 cervical disc herniation; C5/6 and C6/7 cervical spondylosis.

Case 2
C4/5 cervical disc herniation; C5/6 and C6/7 cervical spondylosis.

Case 3
C5/6 and C6/7 cervical disc herniation.

Case 4
C4/5 and C5/6 cervical disc herniation.

TREATMENT
Case 1
We chose to perform ACCF at C6 to completely remove the osteophytes. The C4/5 segment underwent CDR to preserve ROM and avoid complications that may be caused by long segment fusion.

Surgical procedure (Figure 5): Because the compression at C5/6 and C6/7 was highly severe, decompression of the lower segment had to be completed first. The C6 vertebral body was cut, and the osteophytes at the posteroinferior border of C5 and at the posterosuperior border of C7 were burred away. The intervertebral foramen at C5/6 and C6/7 was decompressed. Decompression and endplate preparation were performed at C4/5. The artificial disc was implanted following a standard procedure at C4/5 (Figure 5A-D). After implanting an appropriate titanium mesh, ACCF was completed following a standard surgical process (Figure 5E and F).

Case 2
We performed CDR at C4/5 using a Prestige-LP artificial disc and multilevel ACDF at C5/6 and C6/7 using the Zero-P system (Depuy Synthes Companies, United States).

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Surgical procedure (Figure 6): Decompression and endplate preparation were performed in a reasonable sequence. Index levels indicating highly serious spinal cord compression required that decompression be prioritized. An appropriately sized implant trail was used to maintain the disc space. The implant trail at C5/6 and C6/7 was reserved when preparing the disc space at C4/5 (Figure 6A and B). The implantation of an artificial disc at C4/5 was finished following a standard procedure (Figure 6C and D). Zero-P systems were implanted at C5/6 and C6/7. Lateral and anterior-posterior radiographs were recorded to verify that the prostheses were in a good position (Figure 6E and D).

Case 3
The patient underwent two-level CDR at C5/6 and C6/7 using the Prestige-LP artificial disc to preserve ROM at both index levels.

Surgical procedure (Figure 7): Decompression was performed at the C5/6 and C6/7 disc spaces. Appropriately sized implant trials were used to confirm the disc spaces (Figure 7A). Rasping, drilling, and cutting were performed at C5/6 following the standard procedures. During this process, the implant trial at C6/7 was reserved to maintain the intervertebral disc height (Figure 7B and C). Rasping, drilling, and cutting were also performed at C6/7 following the standard procedures. During this process, the rail punch at C5/6 was reserved to maintain the intervertebral disc height (Figure 7D-F). The artificial discs were implanted following a top-down sequence. First, the rail punch at C5/6 was removed, and an appropriately sized artificial disc was implanted; second, the rail punch at C6/7 was removed, and an appropriately sized artificial disc was implanted (Figure 7G and H).

Case 4
The examination findings revealed that the patient was able to undergo two-level CDR at C4/5 and C5/6 using the Prestige-LP artificial disc. During the implantation of the second artificial disc, the upper tab of the previously inserted artificial disc at C5/6 migrated forward due to the use of an inappropriate implantation sequence.
We followed a standard process to finish the decompression and the implant size selection procedure at C4/5 and C5/6, respectively. Then, we finished rasping, drilling, cutting, and disc implantation at C5/6 following a standard process (Figure 8A). A lateral radiograph revealed that the artificial disc at C5/6 was in a good position. We then started to address the C4/5-disc space. After the rasping procedure, the upper tab of the C5/6 artificial disc migrated forward (Figure 8B), and the upper tab continued to migrate during the drilling, cutting, and implantation of an artificial disc at C4/5 (Figure 8C-E). To test whether the artificial discs and index segments were unstable, we recorded flexion-extension intra-operative radiographs and found that the migration of the artificial disc at C5/6 was not aggravated during flexion and extension. For this reason, we tapped the upper tab at C5/6 back to the correct position (Figure 8F).

OUTCOME AND FOLLOW-UP
Case 1
Complete decompression was performed in this patient; therefore, the symptoms were significantly relieved after surgery.

Case 2
Complete decompression was performed in this patient; therefore, the patient obviously recovered.

Case 3
After surgery, the patient’s symptoms were significantly relieved. Both prostheses were stable, and the ROMs at C5/6 and C6/7 were maintained during the long-term follow-up.

Case 4
One week after surgery, we did not find migration of the artificial disc at C5/6. We tracked the patient for 8 years. Migration of the upper tab at C5/6 appeared 1 mo after surgery, but the migration did not progress over the next 8 years[15].

DISCUSSION
Compared with multilevel fusion surgeries, multilevel CDR and HS avoid limitations including the loss of ROM and the acceleration of adjacent segment degeneration. In addition, cervical HS is an individualized treatment option for multilevel cervical degenerative disc disease based on the degenerative features of each segment. While there are several technical challenges to performing multilevel CDR and HS, these approaches can be optimal options for properly indicated individuals. In this paper, we share our surgical strategies used in multilevel CDR and HS and sum up the main points as follows:
Note 1: For multilevel CDR or HS, decompression of the disc spaces and preparation of the endplates of all surgical segments should be carried out before the implants are inserted.
Note 2: An appropriately sized implant trail or a rail punch should be used to maintain the intervertebral disc height before implantation of the prosthesis.
Note 3: Index levels indicating highly serious spinal cord compression require that decompression be prioritized.
Note 4: For HS, CDR should be performed before cervical fusion surgeries such as ACDF and anterior cervical corpectomy decompression and fusion.
Note 5: For surgeries including continuous two-level CDR, the rasping, drilling, and cutting processes of both surgical segments should be performed before artificial disc implantation, and the implantation of an artificial disc is a priority at upper index levels.
By presenting four typical cases, we discuss the main processes used in different kinds of surgery in detail.

Lessons learned from case 1
In case 1, we first decompressed the C5-7 segments, which showed more serious compression, as mentioned in note 3. Some evidence suggests that the intense manipulation involved can lead to undesirable damage to the spinal cord during surgery[19–21]. Additionally, as we described earlier, spinal cord compression is usually more serious for multilevel cervical spondylosis. These findings indicate that spine surgery requires elaborate and gentle manipulation, especially during multilevel anterior cervical surgeries. Moreover, many tapping processes are performed during CDR; therefore, in cases where spinal cord compression is aggravated and causes unwanted damage during the tapping procedure, an index level with highly serious spinal cord compression requires prioritized decompression.

Lessons learned from case 2
This is a typical case demonstrating our implantation strategies used in multilevel cervical HS. We first performed decompression and endplate preparation for all segments before implantation, as described in note 1. This helps to avoid too much manipulation with fluoroscopy.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]When we dealt with one of the surgical segments, other surgical disc spaces were maintained with an appropriately sized implant trail, as described in note 2. This could contribute to the stability of the index segments during implantation. For example, after removing the intervertebral disc at C5/6, the mainly connected part of the C5 and C6 vertebrae did not exist. Therefore, the integral cervical spine was broken into two relatively independent parts, and the ROM of the C5 vertebra relative to the C6 vertebra increased. By reserving the implant trail at the C5/6 level, the cervical spine became whole again, and the relative motion of the C5 vertebra was limited. If we had not reserved the implant trail at C5/6, the C5 vertebra would rock with the tapping processes during rasping, drilling, cutting, and implanting, and this condition does not favor the CDR procedures. Some surgeons consider the distraction of the disc to be easier if the trail is not inserted while operating the next level. However, the implantation of Prestige-LP does not require a “distraction-compression” process.
In multilevel cervical HS, we perform CDR before fusion surgeries, as described in note 4. As mentioned earlier, CDR requires many tapping processes. The vibration generated by excessive tapping processes causes the fusion cage or the screws to loosen if CDR is performed last. For this reason, a reduction in the number of tapping processes is needed to ensure the stability of the implants that have been inserted, and it is better to perform CDR before fusion surgeries.

Lessons learned from case 3
In this case of continuous two-level CDR, we reserved an implant trail or rail punch in one of the disc spaces to maintain the intervertebral disc height when dealing with the other disc space, as described in note 2.
The principles of performing continuous two-level CDR are listed in note 5. We first finished the rasping, drilling, and cutting processes at both levels before artifact implantation. If we performed rasping, drilling, and cutting at C5/6 after the implantation of the artificial disc at C4/5, the primary stability of the inserted artificial disc might have been affected by the impact force and vibration generated by those tapping processes. In addition, we implanted the artificial disc at C4/5 (the upper segment) primarily; otherwise, if we followed a bottom-up implantation sequence, the already inserted prosthesis at C5/6 (the lower segment) would migrate when implanting the prosthesis at C4/5 (the upper segment), as that occurring in case 4.

Lessons learned from case 4
The migration of a previously inserted artificial disc is related to the design philosophy of the Prestige-LP cervical disc. The Prestige-LP disc is designed with a ball and trough structure, with the ball on the upper tab and the trough on the lower tab. Furthermore, the ball on the upper tab is located towards the back (Figure 9). This unique structure allows the upper tab of the Prestige-LP cervical disc to move transversely relative to the lower tab, as the forward displacement is longer, and there is little backward transverse displacement (Figure 9A-C).
In case 4, we followed a bottom-up sequence and first inserted a prosthesis at C5/6; then, we started working with the disc space at C4/5. Therefore, the C5 vertebral body and the inserted prosthesis at C5/6 were subjected to many redundant tapping processes. Every tapping process generated an impact force that allowed the C5 vertebra as well as the upper tab of the prosthesis at C5/6 to move backward (Figure 10A and B). As described previously, the upper tab of the Prestige-LP cervical disc could barely move backward relative to the lower tab; consequently, when the C5 vertebral body continued to move backward with the impact force while the upper tab remained unmoved, a shearing force was generated between the C5 vertebral body and the upper tab of the prosthesis at C5/6 (Figure 10B). For this reason, the upper tab of the previously inserted prosthesis at C5/6 migrated forward. Conversely, if we had followed a top-down sequence and first inserted a prosthesis at C4/5 and then at C5/6, the migration of the previously inserted prosthesis at C4/5 would not have occurred (Figure 10C and D). The explanation for this is that if we subsequently insert a prosthesis at C5/6, the C5 vertebral body as well as the lower tab of the prosthesis at C4/5 will be affected by the impact of the tapping processes (Figure 10C). Considering that the upper tab was able to move forward relative to the lower tab, the lower tab at C4/5 would have moved backward together with the C5 vertebral body, which is different from the situation in case 4. The anterior border of the socket on the lower tab at C4/5 would not continue to contact the ball on the upper tab, so the transverse movement of the lower tab at C4/5 could not be blocked. Therefore, the shearing force between the C5 vertebral body and the lower tab at C4/5 would not be generated, and migration of the prosthesis would not occur (Figure 10D).

Limitations
A major limitation of this study is that we did not report the cumulative incidence of the effectiveness and of the complications of these procedures. Another limitation is that we did not compare our surgical techniques with other procedures. Future study should address these issues.

CONCLUSION
The use of an inappropriate implantation sequence in multilevel cervical spine surgery may lead to complications such as the migration of a previously inserted artificial disc, the aggravation of spinal cord compression, and the loosening of implants. We verified the rationality and safety of our strategies by performing many surgeries and by carefully analyzing each case. We hope that our surgical strategies can help improve the performance and outcomes of multilevel cervical spine surgery. We believe that meticulous attention to surgical procedures can help surgeons improve the performance of multilevel cervical disc replacement and hybrid surgery.
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Figure Legends
[image: ]
Figure 1 Computed tomography images of case 1. A-C: Lateral radiographs showing a straightened cervical alignment that returned during flexion-extension movement. The range of motion at C4/5, C5/6, and C6/7 was 11.3°, 14.53°, and 1.28°, respectively; D: Computed tomography image showing large numbers of osteophytes at the posterior border of C5/6 and C6/7; E: Magnetic resonance imaging revealed cervical disc herniation at C4/5 and C6/7.
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Figure 2 Computed tomography images of case 2. A and B: Lateral radiographs taken before surgery revealed that the range of motion at C5/6 was decreased (2.57°), while the range of motion at C4/5 and C6/7 was 9.34° and 6.05°, respectively. The intervertebral disc height at C4/5 was preserved; C: Large numbers of osteophytes were revealed at the posterior-inferior border of C5 and C6; D: Magnetic resonance imaging indicated spinal cord compression at C4/5, C5/6, and C6/7, and compression at C4/5 was caused by disc herniation.
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Figure 3 Spinal compression was mainly caused by disc herniation, and the facet joints were normal. A-C: Range of motion at C5/6 and C6/7 was 11.93° and 11.28°, respectively, and the intervertebral disc height at both levels was slightly decreased; D and E: There was no obvious degeneration of the facet joints; F: Magnetic resonance imaging revealed soft disc herniation at C5/6 and C6/7.


[image: ]
[bookmark: OLE_LINK13][bookmark: OLE_LINK12]Figure 4 Computed tomography images of case 4. A-C: Range of motion at C4/5 and C5/6 was 10.63° and 9.93°, respectively, and the intervertebral disc height at both levels was slightly decreased; D and E: There was no obvious degeneration of the facet joints; F: Magnetic resonance imaging revealed soft disc herniation at C4/5 and C5/6.
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Figure 5 The surgical procedure used for the hybrid surgery combining cervical disc replacement with anterior cervical corpectomy decompression and fusion in case 1. A: The decompression at C5/6 and C6/7 was performed first, and then the decompression and endplate preparation were finished at C4/5. The C4/5 disc space was inserted with an appropriate sized implant trial; B and C: The drilling and cutting processes were performed following the standard procedure; D: An appropriately sized artificial disc was inserted at C4/5; E: Anterior cervical corpectomy decompression and fusion was completed at C5-7 level; F: Lateral radiograph was taken to confirm the implants in good position.
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[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Figure 6 The surgical procedure of the hybrid surgery combining cervical disc replacement with ACDF in case 2. A: Decompression and endplate preparation were performed at C4/5, C5/6, and C6/7. Cervical disc replacement was performed before anterior cervical discectomy and fusion; B-D: Drilling, cutting, and implanting processes of cervical disc replacement were performed. The C5/6 and C6/7 disc spaces were supported by implant trails; E: Anterior cervical discectomy and fusion was performed at C5/6 and C6/7; F: Lateral radiograph was taken to confirm the implants in good position.
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Figure 7 The surgical procedure of continuous two-level cervical disc replacement in case 3. A: The disc space was maintained with appropriately sized implant trails; B and C: Rasping, drilling, and cutting were performed at C5/6, and the implant trail at C6/7 was reserved; D-F: Rasping, drilling, and cutting were performed at C6/7, and the implant trail at C5/6 was reserved; G and H: Artificial discs were implanted at C5/6 and C6/7 following a top-down sequence.
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Figure 8 The surgical procedure of continuous two-level cervical disc replacement, which followed a bottom-up sequence in case 4. A-E: The upper tab of the prosthesis at C5/6 migrated forward during preparation of the disc space at C4/5. The degree of anterior migration of the artificial disc at C5/6 is denoted with dashed lines; F: We tapped the migrated tab back to the correct position.
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Figure 9 The position of the upper tab relative to the lower tab (denoted with dashed lines) of Prestige-LP in flexion (A), neutral position (B), and extension (C). The Prestige-LP cervical disc was designed with a ball and socket structure, with the ball to the rear of the upper tab and the socket on the lower tab. This design allowed the prosthesis to move transversely; the forward displacement was larger, and the prosthesis could move only slightly backward.


[image: ]
Figure 10 The mechanism underlying the condition occurring in case 4. A: The impact force generated by tapping processes allowed the C5 vertebra as well as the upper tab at C5/6 to move backward; B: While the posterior border of the ball continued to contact the posterior border of the socket at C5/6, the backward movement of the upper tab at C5/6 was restricted due to the design of the prosthesis. Therefore, a shearing force was generated between the C5 vertebral body and the upper tab at C5/6. Affected by this shearing force, the upper tab at C5/6 finally migrated forward; C and D: If we inserted the prosthesis using a top-down sequence, the anterior border of the socket on the lower tab at C4/5 would barely contact the ball on the upper tab at C4/5. Therefore, no shearing force would be generated between the lower tab at C4/5 and the C5 vertebral body, and the prosthesis would not migrate.
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