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ABSTRACT

Introduction: After almost a decade of employing the concept of intervertebral disc removal complemented by 
vertebral fusion as a therapeutic technique for herniated cervical discs, Anterior Cervical Discectomy and Fusion 
(ACDF) became the standard gold treatment of a spectrum of cervical diseases such as compressive myelopathy/
radiculopathy, disc herniation, and trauma. There is no discrepancy regarding the technique of ACDF in terms of using 
a standalone cage with an integrated spacer system or plating. This study reports 20 cases that underwent ACDF with 
standalone cage-plate and their radiological outcomes. Methods: A total of 20 patients who underwent single or two-
level ACDF with standalone cage-plate for radiculopathy or myelopathy between May 2017 and February 2019 at a 
tertiary University Hospital have retrospectively reported in this study. The patient’s demographics and radiological 
outcomes, including disc height, segmental lordotic angle, and global lordotic angle, were reported for each case pre-
operatively, immediately postoperatively, and at 12-month follow-up. As per protocol, all patients were on Calcium 
and Vitamin D for nine months after the procedure. Results: All cases had an excellent fusion rate at 12 months of 
follow-up. None of the cases we reported has faced subsidence. According to Odom’s criteria, the surgical outcome 
has been reported as excellent for all patients at 12 months of follow-up. Conclusion: ACDF with a standalone cage-
plate system has shown excellent fusion, clinical and radiological outcomes with no subsidence and pseudoarthrosis 
in short term.
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Abbreviations: ACDF: Anterior Cervical Discectomy and Fusion, PEEK: Poly Ether Ether Ketone, IRB: Institutional 
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INTRODUCTION

Adverse drug reaction can be defined as, “An appreciably harmful or unpleasant reaction, resulting from an intervention 
After almost a decade of employing the concept of intervertebral disc removal complemented by vertebral fusion as a 
therapeutic technique for herniated cervical discs, Anterior Cervical Discectomy and Fusion (ACDF) became the gold 
standard treatment of a spectrum of cervical diseases such as compressive myelopathy/radiculopathy, disc herniation, 
and trauma. They were initially innovated in the 1950s by Smith and Robinson [1]. There has been a consensus in the 
literature regarding the technique of ACDF in terms of using a standalone cage with an integrated spacer system or 
plating [2].

There have been multiple types of cages and systems reported in the literature for the ACDF technique with its pros 
and cons. Those various systems vary from metal, plastic, and ceramic cages. Even though the lack of data supporting 
the choice of cage materials, plastic cages made from Polyetheretherketone (PEEK) have become a popular method 
for stabilizing the disc space after ACDF [3].

Recently there has been an increase in the usage of standalone Polyetheretherketone (PEEK) cages [4]. It is due to its 
low modulus of elasticity which closely resembles bone. Furthermore, they are radiolucent and help to observe the 
fusion across the instrumented level more accurately. Jun Cho, et al. reported no clinical outcome differences between 
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those operated with standalone PEEK cages and zero profile devices [3]. 

There are many conflicts in the literature regarding single and multilevel ACDF with plating and without plating. 
Although, most of the authors report no differences in the clinical outcomes between the two procedures [5,6]. 
While, some were concerned that ACDF with standalone cage was associated with subsidence, pseudoarthrosis, and 
misalignment specifically [5,7,8]. Other studies have shown that cage-assisted ACDF without plating was associated 
with a lower complication rate and shorter hospital stay [9,10]. 

Our study aims to report the effectiveness of ACDF with standalone cage-plate, their radiological and clinical outcomes 
in terms of improved disc height, global lordotic angle, and segmental lordotic angle.

MATERIAL AND METHODS

Study Duration

The study duration is two years and it is conducted from May 2017 till May 2019.

Study Method

It’s a retrospective study.

Study Sample (N) 

Twenty patients were included who fulfilled the inclusion criteria.

Study Settings 

The study is being conducted at King Saud University, Orthopedic surgery department.

Inclusion Criteria

Our inclusion criteria were cervical disc degeneration along with radiculopathy or myelopathy or a combination of 
both, and all of them must have undergone ACDF with a standalone cage plate system.

Exclusion Criteria 

We excluded all those operated on for other cervical diseases such as infection, trauma, tumor, or deformity.

Institutional Review Board (IRB) Approval 

The Institutional Review Board (IRB) approved the study at King Khalid University Hospital, King Saud University, 
Saudi Arabia, with the IRB number KSU-IRB 017E.

We reviewed retrospectively thirty-nine patients who underwent cervical spine surgery during May 2017 and May 
2019 and included them in the study. Twenty patients met the criteria for our research, which was single or double-
level ACDF with standalone cage-plate. 

All involved patients were treated and followed up at King Khalid University Hospital. The data concerning each 
patient included age, gender, smoking status, the indication of surgery, levels involved, intra-operative time, estimated 
blood loss, length of hospital stay, and radiological outcomes including disc height, global lordotic angle, and segmental 
lordotic angle on standing lateral X-ray pre-operatively, immediate postoperatively, and at 12 months follow up. 
As per protocol, all patients were on Calcium and Vitamin D for nine months after the procedure. The flexion and 
extension imaging was performed at the final follow-up.

Disc height was measured by the length between the midpoints of two adjacent vertebrae; global and segmental 
lordotic angle was measured by the Cobb method [11]. Before treatment, any patient who initially had kyphosis had 
recorded global and lordotic angles with negative (-). Screw loosening was marked as a radiolucent line surrounding 
the implant >1 mm in width known as a halo sign [12]. Fusion was applied as a standard definition by observing 
bridging bone between adjacent vertebral endplates of the involved segments [13-18]. 

Surgical Technique

All surgeries were performed under general anesthesia. All the surgeries were performed through a left-sided skin 
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incision in line with a skin crease at the desired level. After identification of the carotid pulsation, blunt dissection 
was performed to approach the prevertebral fascia. After the prevertebral facia’s penetration, the appropriate level 
was confirmed under the image intensifier, followed by subperiosteal elevation of longus colli muscles and standard 
discectomy. After preparing the endplates, the suitable size cage is selected using a trail cage, and then the final cage 
was inserted and secured. Before closure, hemostasis was secured. No drains were used for any patient. The wound 
was thoroughly irrigated with 0.9% normal saline. Wound closure was performed with vicryl and monocryl. Finally, 
the antiseptic dressing was applied. Postoperatively all the patients were given rigid cervical collars until six weeks. 
For all the patients, there were not any intraoperative complications. Postoperative cervical spine X-rays were done 
(Figure 1).

 

Figure 1 Immediate postoperative radiographs in AP and Lateral view in figures A and B respectively

All the patients were seen in our clinic at three months, and one year after the surgery. Cervical spine X-rays were done 
at three months (Figure 2) and one year (Figure 3) and calculations were made for disc height to record subsidence.

 
Figure 2 Radiographs taken at three months follow up in AP and Lateral view in figures A and B respectively
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Figure 3 Radiographs taken at one year follow up in AP and Lateral view in figures A and B respectively

RESULTS

The analysis was conducted using Statistical Package for the Social Science (SPSS) software, version 23 (SPSS Inc., 
Chicago, Illinois, USA) is used for data entry and analysis.

Table 1 list all the patient’s demographic characteristics, while Table 2 shows the indications, radiological outcomes 
at pre-op, immediate post-op, and 12 months post-op for each case. 

Table 1 Characteristics of patients included in this study

No. Age Gender Smoking Status Segments Intraoperative Time 
(Min)

Estimated Blood 
Loss (ml)

Length Of Hospital 
Stay (Days)

1 42 Female Non-Smoker C5/6, C6/7 165 >150 5
2 68 Male Non-Smoker C5/6, C6/7 209 8 1
3 42 Male Smoker C5/6 96 7 2
4 56 Male Smoker C5/6, C6/7 129 50 4
5 66 Male Smoker C4/5, C5/6 195 200 3
6 54 Female Non-Smoker C5/6 178 6 4
7 72 Male Smoker C4/5 146 100 4
8 56 Female Non-Smoker C5/6 107 50 3
9 71 Male Smoker C4-5 102 15 8
10 52 Female Non-Smoker C5-C6-C6-C7 159 15 4
11 34 Male Non-Smoker C5-6 77 5 2
12 40 Male Non-Smoker C5-6 74 7 5
13 39 Female Non-Smoker C5-6 72 5 2
14 59 Male Non-Smoker C3-4 74 6 3
15 54 Female Non-Smoker C5-6 76 7 2
16 29 Male Non-Smoker C5-6/C6-7 84 11 2
17 44 Female Non-Smoker C5-6/C6-7 82 9 2
18 43 Female Non-Smoker C5-6 73 8 2
19 53 Male Non-Smoker C5-6 78 14 3
20 58 Male Non-Smoker C5-6 69 6 2
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Table 2 Indication, Radiological outcome pre-op, post-op, and 12 months post-op for each case

Sr. 
No. Indication of Surgery

Preop Radiology/Clinical 
outcome

Postop Radiology/Clinical 
outcome

12 months postop 
Radiology/Clinical outcome

Disc 
height 
(mm)

GLA (1) 
(degrees)

SLA (2) 
(degrees)

Disc 
height 
(mm)

GLA 
(degrees)

SLA 
(degrees)

Disc 
height 
(mm)

GLA 
(degrees)

SLA 
(degrees)

1 Cervical 
stenosis+radiculopathy

C5-6: 
4.33

7.1° 0.8°
C5-6: 6.77

14.6° 16.2°

C5-6: 
6.93

20.8° 15.4°
C6-7: 
4.62 C6-7: 7.02 C6-7: 

7.02

2 Cervical stenosis and 
myelopathy

C5-6: 
2.37

10.6° 6.4°
C5-6: 5.56

18.4° 11.4°

C5-6: 
2.83

11.3° 5.2°
C6-7: 
4.69 C6-7: 6.11 C6-7: 

5.55

3 Degenerative 
disc+myelomalacia

C5-6: 
5.59 31° 1° C5-6: 6.98 25.5° 4.1° C5-6: 

5.48 37° 7.5°

4 Cervical spinal+Myelopathy

C5-6: 
3.88

17.7° 1.6°
C5-6: 5.97

21.6° 8.9°

C5-6: 
5.65

19.03° 8.4°
C6-7: 
3.77 C6-7: 6.94 C6-7: 

6.56

5 Cervical stenosis+radiculop
athy+myelopathy

C4-
5:3.79

9.7° 3.2°
C4-5:6.63

23.5° 16.7°

C4-
5:6.58

24.6° 12.9°
C5-

6:3.48 C5-6:6.98 C5-
6:6.93

6 Cervical 
stenosis+radiculopathy C5-6: 3.6 2.4° 7.9° C5-6: 6.68 3.9° 12° C5-6: 

6.68 15° 12°

7 Cervical 
stenosis+radiculopathy

C4-5: 
5.94 10.2° 3° C4-5: 7.82 11.7° 12° C4-5: 

5.51 19° 9.3°

8 Cervical myelopathy C5-6: 
5.93 10.2° 7.5° C5-6: 5.85 6.2° 3.9° C5-6: 

5.68 3° 5.7°

9
Cervical stenosis 
(brown-Sequard 

syndrome)+myelomalacia
C4-5: 7.9 20.9° 5.4° C4-5: 7.58 16.5° 5.1° C4-5: 

7.58 25.8° 5°

10 Cervical 
stenosis+myelopathy

C5-6: 
1.81

4.1° 0.6°
C5-6: 6.57

9.4° 9°

C5-6: 
6.58

8.6° 2.1°
C6-7: 
3.64 C6-7: 6.57 C6-7: 

2.65

11
Cervical 

stenosis+myelomalacia 
(radiculopathy)

C5-6: 3.9 3.6° 1.6° C5-6: 5.9 11.7° 8.5° C5-6: 
5.9 12.4° 8.5°

12 Radiculopathy+myelopathy C5-6: 3.7 7° 0.5° C5-6: 7 20° 14.1° C5-6: 7 25° 14.1°

13 Cervical myelopathy C4-5: 2.9 -1° -2.1° C4-5: 4.9 11° 9° C4-5: 
4.9 12.1° 9°

14 Cervical myelopathy C3-4: 3.9 14.9° -3.6° C3-4: 6.8 15.4 ° -1.4° C3-4: 
6.8 18.9° -1.4°

15 Cervical radiculopathy C5-6: 3.8 20.5° 0.9° C5-6: 5.9 28.4 ° 11.1° C5-6: 
5.6 28.1° 11°

16 Cervical radiculopathy
C5-6: 3.7

25.1° 16°
C5-6: 5.9

12.8° 23°

C5-6: 
5.9

26.2° 23.1°
C6-7: 4.5 C6-7: 6.9 C6-7: 

6.9

17 Cervical radiculopathy
C5-6: 2.9

7.1° 4°
C5-6: 6.1

16.2° 19.9°

C5-6: 
6.1

19.7° 19.9°
C6-7: 3.2 C6-7: 6.1 C6-7: 

6.1
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18 Cervical radiculopathy C5-6: 1.4 5.6° -1.5° C5-6: 5.9 8.2° 7.5° C5-6: 
5.9 15.8° 7.8°

19 Cord 
compression+radiculopathy C5-6: 2.9 17.3° -2.6° C5-6: 6.9 25.3° 10.3° C5-6: 

6.9 27.1° 10.3°

20 Cervical 
stenosis+radiculopathy C5-6: 4.1 16.6° 2.1° C5-6: 7.1 21.4° 11.5° C5-6: 

7.1 24.2° 11.3 °

Legend: 1-Global Lordotic Angle, 2-Segmental Lordotic Angle.

The median pre-operative disc height was 3.8 with an interquartile range of 1.7, and the 12-months postoperative final 
disc height was 6 with an interquartile range of 1.3. The median pre-operative global lordotic angle was 10.2 with an 
interquartile range of 12, and the 12-months postoperative final global lordotic angle was 20.25 with an interquartile 
range of 8.89. The median pre-operative segmental lordotic angle was 1.85 with an interquartile range of 4.9, and the 
median 12-month postoperative final segmental lordotic angle was 9.8 with an interquartile range of 6.15 (Table 3, 
Table 4, and Table 5). 

Table 3 Median and Interquartile range of pre-operative, immediate post-operative, and 12-months post-operative disc 
height

Pre-operative disc height Immediate post-op disc height 12 months post-op disc height
Median 3.8 6.6 6

IQR 1.7 1 1.3

Table 4 Median and Interquartile range of pre-operative, immediate post-operative, and 12-months post-operative global 
lordotic angle

Pre-op Global Lordotic Angle Post-op Global Lordotic Angle 12-months post-op Global Lordotic Angle

Median 10.2 6.35 20.25

IQR 12 10.95 11.55

Table 5 Median and Interquartile range of pre-operative, immediate post-operative, and 12-months post-operative 
segmental lordotic angle

Pre-op Segmental Lordotic Angle Post-op Segmental Lordotic Angle 12-months post-op Segmental 
Lordotic Angle

Median 1.85 11.25 9.8

IQR 4.9 6.37 6.15

We want to report further that none of our patients developed hoarseness of voice after surgery. Although that wasn’t 
the variable under research, that was an additional finding.

DISCUSSION

Even though ACDF has been associated with high osseous fusion rates, pseudarthrosis is still a significant complication. 
Given that there is a lack of standard criteria for determining fusion, pseudarthrosis rates after ACDF vary widely 
[19]. Nevertheless, has reported the percentage of pseudarthrosis to be 2.6%, with a reduction of pseudarthrosis rate 
when using autograft fusion compared to allograft fusion [19]. It has also been found that patients who underwent 
ACDF with a standalone cage had a higher pseudarthrosis rate than the patients who underwent the same procedure 
in addition to plate fixation [20]. 

However, in Hwang SL, et al. study patients who underwent titanium cage assisted-ACDF had long-term stabilization, 
increased lordosis, increased segmental height, and increased foraminal size in comparison to patients who underwent 
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the same procedure in addition to plate fixation [9]. Moreover, the cage-only group patients had a lower complication 
rate and shorter hospital stays. 

Furthermore, fusion rates were reported variably as well. In a study, both cage and plate use resulted in a higher fusion 
rate [20]. On the other hand, Kaiser MG, et al. reported fusion rates for one- and two-level ACDF with anterior fixation 
was 96% and 91%, respectively, compared to 90% and 72% for one- and two-level ACDF without anterior fixation 
[21].

The unsettlement of the adverse effects and reduced biomechanical stability of interbody cages was reported in the 
literature [22]. Goel first described a modification by discussing bicortical and tricortical screws integrated with the 
cage in 1997 [23]. The technique’s idea was to position the screws in an oblique matter to engross the body’s anterior 
cortex, traverse the cortices, and adjoin the disc space to enhance stabilization [24]. 

We, therefore; reported 20 cases of which an ACDF with coalition integrated plate and spacer system was the surgeon’s 
method of choice, and we observed radiological outcomes in terms of disc height, global lordotic angle, and segmental 
height at three different time intervals which are pre-operatively, immediately postoperatively, and at 12 months 
post-operation as seen in Table 2 previously. According to the subsidence definition found in the literature, which is 
a decrease in disc height more than 3 mm from the immediate postoperative image until the 12 months postoperative 
image, none of the cases we reported has faced subsidence [25]. Similarly, a study with the same method used said 
80% of their subjects had some degree of implant subsidence, yet none of their patients had subsidence >2 mm or 
collapse of any segment [26]. 

We operated on all the patients through the left-sided incision; there is enough data to support the left-sided approach 
based on its benefits, especially avoidance of the injury to the recurrent laryngeal nerve. We want to report further 
that none of our patients develop a change in voice after surgery. Although that wasn’t the variable under research, 
that was an additional finding. The Left-sided approach followers believe that the recurrent laryngeal nerves follow 
an inconsistent course in the lower neck and increase the risk of Recurrent Laryngeal Nerve Palsy (RLNP) [27]. On 
the other hand, proponents of the right-sided approach confirmed that the right-sided method is technically easier for 
right-handed surgeons. There is a high incidence of right-sided RLNP because most of the data are from left-sided 
surgeries [28,29]. Recently, Johnson, et al. showed in their work that there is no increased risk associated with either 
approach [30]. In another series by Justin M. Haller, and his colleagues reported that superior to C7-T1, both RLNs 
had similar anatomic courses and received equal protection via soft-tissue [31]. So, they supposed there was not a 
side-to-side difference. The selection of side for ACDF is based chiefly on the surgeon’s preference unless there is a 
specific, compelling indication to advocate one approach over another. All of our patients reported complete resolution 
of symptoms and were satisfied with the surgical outcome at 12 months follow-up. According to Odom’s criteria of 
surgical outcomes, all patients were graded excellent [32].

Limitation

Shortcomings of this study may include a small sample size. We suggest that the method of ACDF and its sequelae 
needs to be observed on larger sample sizes to give a more definitive answer on the pros and cons of ACDF with a 
standalone cage-plate system.

CONCLUSION

In conclusion, ACDF with a standalone cage-plate system has shown excellent fusion, clinical and radiological 
outcomes with no subsidence and pseudoarthrosis in short term.
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