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Anterior Cervical Discectomy and Fusion with Polyetheretherketone
Cage or Anterior Cervical Plate: A Comparative Evaluation of Short-term
Outcomes

Vikramaditya Rai', Vipin Sharma', Lokesh Thakur', Mukesh Kumar”

Learning Point of the Article:
Both stand-alone PEEK cages and anterior cervical plating provide comparable short-term clinical outcomes in ACDFE. However, the
choice of implant should be guided by patient-specific factors, as PEEK cages offer reduced operative morbidity but may be associated with
a higher risk of subsidence and loss of lordosis.

Introduction: Anterior cervical discectomy and fusion (ACDF) is a widely used procedure for treating cervical spondylotic myelopathy and
radiculopathy. While anterior cervical plating (ACP) is the traditional method to ensure stability and fusion, it may be associated with increased
dysphagia, adjacent segment degeneration, and hardware complications. Stand-alone polyetheretherketone (PEEK) cages offer a potential
alternative with reduced operative morbidity. However, comparative evidence regarding their short-term clinical and radiological outcomes
remains limited. The objective of this study was to compare the short-term clinical and radiological outcomes of ACDF performed using stand-
alone PEEK cages versus conventional ACP.

Materials and Methods: Current prospective comparative study encompassed 29 patients with cervical radiculopathy or radiculomyelopathy
at C3-C7levels. Group A (n = 14) underwent ACDF with standalone PEEK cage, while Group B (n = 15) underwent conventional ACDF with
ACP. Clinical outcomes were determined by employing Visual Analog Scale (VAS) scores, neck pain disability index (NPDI), blood loss,
operation time, Odom’s criteria, and post-operative dysphagia. Radiological outcomes included fusion rates, cervical Cobb’s lordosis, and cage
subsidence, assessed at 1, 3,and 6 months post-surgery.

Results: Both groups exhibited significant post-surgical improvements in NPDI and VAS scores (P < 0.0S), with no notable intergroup
differences (P > 0.05). Group A exhibited shorter operation times and less blood loss (P < 0.05). Dysphagia, fusion rates, and surgical outcomes
were similar between the groups (P > 0.05). However, Group A exhibited relatively greater cage subsidence, cervical lordosis, loss of disc height,
aswellasfused segmentangle (P < 0.05).

Conclusion: ACDF with stand-alone PEEK cages demonstrated clinical outcomes comparable to ACDF with ACP fixation but showed higher
rates of post-operative complications, includingloss of cervical lordosis and cage subsidence.

Keywords: Anterior cervical discectomy and fusion, polyetheretherketone cage, anterior cervical discectomy and fusion, anterior cervical
plating, cervical radiculopathy, cervical myelopathy, standalone cage, fusion rate, dysphagia, cervicallordosis.

Introduction bony union, restore cervical lordosis, and decompress the spinal
Anterior cervical discectomy and fusion (ACDF) aims to achieve €OT d as well as nerve roots. Conventionally, surgeons have
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Figure 1: Anterior cervical discectomy and fusion: Intraoperative for cage
placement.

utilized anterior cervical plating (ACP) to provide immediate
rigid fixation and improve arthrodesis rates [1,2]. However,
plating has potential drawbacks, including hardware
complications, increased risk of adjacent segment
degeneration, and higher incidence of dysphagia and
dysphonia, particularly in multilevel procedures [ 3,4,5,6,7].

To address these concerns, self-locking cage systems have been
developed as an alternative to conventional plating. These
standalone devices aim to provide similar biomechanical

stability while reducing soft-tissue manipulation and anterior
bulk [8,9]. Various materials, including titanium, carbon, and
polyetheretherketone (PEEK), are used in these cage designs.

The predominant drawback associated with standalone cage
implementation is the increased frequency of non-union,
implant subsidence, diminished cervical lordosis, and
pseudarthrosis development [10,11,12]. A recent meta-
analysis of 10 randomized controlled trials encompassing 779
patients reported that ACDF with stand-alone spacers
outperformed conventional instrumentation in terms of
estimated blood loss, total post-operative complications,
dysphagia rates, and adjacent segment disease (ASD) [13].
Moreover, conclusive evidence was absent regarding the
superior intermediate-term efficacy of standalone cages versus
ACP constructsin ACDF procedures [ 14].

Despite numerous studies comparing standalone cages to
plated ACDF constructs, a consensus on the superiority of one
technique over the other has not been reached. Current
investigation aimed to enhance current body of evidence by
evaluating and comparing clinical and radiological outcomes of
ACDF performed with standalone PEEK cages versus the
traditional technique involving ACP.

Materials and Methods
Patientselection

This prospective comparative study was conducted at a tertiary
care hospital between June 2023 and June 2024. Ethical
approval for the study was obtained from the Institutional

Figure 2: (a) Cervical Cobb’s lordosis measurement: Determined by the angle formed between the upper endplate of C2 and the lower endplate of C7 in the

neutral position (lines a and b). (b) Fused segment angle measurement: Calculated as the angle formed between the upper endplate of the superior vertebral
body and the lower endplate of the inferior vertebral bodyin the neutral position (lines cand d). (c) Disc height measurement: The average of the anterior disc

heightand posterior discheights.
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Figure 3: The clinical outcomes: Visual Analog Scale neck pain, and neck pain disability index scores at post-operative 1, 3, and 6 months follow-up.

Ethics Committee of Dr. Rajendra Prasad Government Medical
College, Kangra, Himachal Pradesh, India, on May 15, 2023
(IEC approval number: IEC/022/2023).

The sample size was based on consecutive enrollment of all
eligible patients undergoing single- or two-level ACDF during
the study period. Given the exploratory and comparative nature
of the study, no formal pre-study sample size calculation was
performed, and all patients meeting the inclusion criteria were
included to minimize selection bias. A total of 29 patients
between the ages of 37 and 60 years who underwent single- or
two-level ACDF were included. Inclusion criteria
encompassed: (1) Clinical signs and symptoms of cervical
spondylotic myelopathy or cervical radiculopathy
unresponsive to conservative treatment, (2) Age between 18
and 65 years, (3) Disc herniation confirmed by magnetic
resonance imaging (MRI) or computed tomography (CT)
demonstrating nerve root or spinal cord compression, and (4)
Involvement of one or two contiguous disc levels from C3-C4
to C6-C7. Exclusion criteria included cervical spine fractures,
prior cervical surgery, and involvement of three or more levels,
predominant posterior pathology, infection, neoplasm, and
refusal to provide consent.

After obtaining ethical approval and informed consent from all
the individual participants, enrolled patients underwent clinical
examination, radiography, and MRI. They were randomized
into two groups: Group A, comprising 14patients (12 males; 2
females) with age 50.07 + 9.92 years (range 38-63) underwent
ACDF with stand-alone PEEK cage and Group B, consisting of
15patients (8 males; 7 females) with age 48.87 + 11.36 years
(range 36-61) underwent conventional ACDF with ACP.

achieved for all participants, with no significant demographic
disparitiesidentified between study groups (Table 1).

Surgical technique/devices

Surgeries were conducted using Smith-Robinson cervical
fusion technique [2 ], with the patient, under general anesthesia,
positioned supine on the operating table, and a small roll placed
under the interscapular region. The ACDF with ACP involves a
meticulous approach to the cervical spine through an anterior
incision. After careful dissection and exposure of the
appropriate level, confirmed radiographically, a complete
discectomy was performed. The endplates were meticulously
prepared, preserving the subchondral bone while removing all
cartilaginous material. A tricortical iliac crest autograft was
harvested and precisely fitted to the intervertebral space,
ensuring proper depth and alignment. For aminotomy,
osteophyte removal was performed as necessary. The graft was

Comparison of Cobb's angle (degree) -
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Mean follow-up time in Group A was 6.5 7.2 months, and in Figure 4: Comparison of trend of Cobb’s angle (degree) at different times of
Group B was 7.2 + 8.7 months. Complete follow-up was follow-up.
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Table 1: Baseline characteristics of the study population

Variable!| (Age (Years) Gender Foll.ow-up Levels (.)peratifm Blood loss
(Male/Female) time (C3-C5/C6—C7) time (Min) (mL)
GroupA | 50.07£9.92 12-Feb 6.5£7.2 08-Jun 103.5£27.2 | 132.7431.6
Group B |48.87+11.36 08-Jul 7.248.7 07-Aug 128.4432.3 | 157.2+39.3
P-value 0.764 0.109 0.638 0.532 0.017 0.015
then placed, recessed slightly from the anterior vertebral cortex.
An ACP was applied to enhance stability. Intraoperative  Qutcome measures

radiographs confirmed proper positioning of the graft and
hardware before closure. Postoperatively, patients were
immobilized in Philadelphiahard cervical collars for 3 months.

The ACDF with a standalone PEEK cage followed a similar
initial approach and exposure. After confirming the correct
operative level radiographically, a thorough discectomy was
conducted encompassing removal of posterior longitudinal
ligament, any compressive disc material, and osteophytes. The
endplates underwent preparation through curettage and
rasping techniques. The appropriate cage size was determined
using trial spacers. The chosen PEEK cage was packed with
autologous cancellous bone graft and meticulously positioned
within the intervertebral space (Fig. 1). Fluoroscopic imaging
was employed to confirm appropriate device placement. With
plating technique, patients were prescribed Philadelphia hard
cervical collar for 3months postoperatively, followed by neck
range of motion (ROM) physiotherapy. Follow-up evaluations
are conducted at 1, 3, and 6 months post-surgery to assess
healing and functional outcomes. Patients were discharged
between the 3rd and Sth post-operative days.

Clinical and radiological follow-ups were carried outat 1, 3,and
6 months post-surgery. Spinal alignment, as well as fusion
status, was determined by employing anteroposterior as well as
lateral radiographs. Fusion was described as the presence of
bridging trabecular bone between endplates, lack of implant
failure signs, and <50% radiolucency surrounding cage.
Cervical lordotic curvature was assessed through Cobb angle
determination from the C2 to C7 inferior endplate landmarks
(Fig. 2).

Primary outcome measures included VAS scores for neck and
shoulder pain, handgrip strength, muscle power, neck pain
disability index (NPDI), neck ROM, Swallowing Quality of
Life Questionnaire (SWAL-QoL) score, Cervical Spine
Functional Score (CSFS), arthrodesis, Odom’s criteria, as well
as cervicallordosis correction. Secondary outcomes encompass
dysphagia, implant subsidence or displacement, fusion rates,
and complications. Intraoperative and post-operative data were
also collected.

Statistical Analysis

Categorical variables were indicated as numbers
and percentages, while quantitative data were
expressed as mean * standard deviations and
medians with interquartile ranges (25th-75th
percentiles). Data normality was evaluated by
employing Shapiro-Wilk test. Non-parametric
tests were utilized for non-normally distributed
data. For quantitative variables, we applied
Mann-Whitney test for non-normally distributed
data along with the independent t-test for
normally distributed data. Qualitative variables
were analyzed by employing the Chi-square test,
while Fisher’s exact test was utilized when
expected cell values were found to be <S. Data

entry was done by employing Microsoft Excel,

Figure 5: Radiograph on post-operative 6 months showing fusion in conventional plate anterior 4n, q final analyses were done by employing IBM

cervical discectomy and fusion and standalone polyetheretherketone cage.

Statistical Package for the Social Sciences
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was 2 (range 0-6) compared to 2 (range
1-7) for the PEEK cage group. By 6
months, both groups had a median score
of 0, indicating substantial pain reduction
in both groups. Similarly, VAS scores for
shoulder pain demonstrated insignificant

differences among groups at any follow-up
(P>0.05). Median scores at 1 month were
2 for both groups, reducing to 0 for both

groups at 3 and 6 months.

Muscle power improved in both groups
over time, with insignificant differences

observed among 2 groups at any follow-up
(P>0.05). Mean muscle power at 1 month

Table 2: Results of surgery according to Odom’s criteria
Clinical Outcome Group A Group B Description
All pre-operative symptoms resolved,
Excellent 7 12 and abnormal findings showed
improvement.
Good 7 3 Slight persistence of pre-operative
symptoms.
Notable relief of certain pre-operative
Fair 0 0 symptoms, while others ren'lamed
unchanged or showed minor
improvement.
Poor 0 0 Symptoms and signs remained the
same or worsened.
P-value 0.128

was 3.67 £ 1.0S for the plating group and
3.71 £0.91 for the PEEK cage group. By 6

Statistics version-25.0 (Chicago, USA). For all analyses, P <
0.05 was considered statistically significant.

Results
Clinical outcome assessment

In Group A, eight patients underwent C3-CS fusion and six
underwent C6-C7 fusion by employing standalone PEEK
cages. In Group B, seven patients had C3-CS fusion and eight
had C6-C7 fusion with use of an ACP, with insignificant
differences observed between groups. Neither group
experienced perioperative complications such as cerebrospinal
fluid leakage, cage migration, hematoma, wound infection, or
plate-related issues. Group A had a shorter operative time
(103.5 + 27.2 min) and less blood loss (132.7 + 31.6 mL)
compared to Group B (128.4 + 32.3 min; 157.2 + 39.3 mL),
with both differences being statistically significant (P < 0.05)
(Table 1). Mild dysphagia was reported by four patients in
Group A and 6 in Group B within 24 h post-surgery. Among
these, three patients in Group A and 4 in Group B recovered
within 2 weeks, while remaining one patientin Group Aand 2 in
Group B resolved spontaneously by 1 month postoperatively.
At final follow-up, none of the patients in either group
experienced dysphagia, and there was insignificant difference in
dysphagia rates between the groups at any time point. Surgical
outcomes, as assessed by Odom’s criteria, demonstrated
insignificant differences among groups (Table 2).

Functional outcomes

We assessed various parameters at 1, 3, and 6 months
postoperatively (Fig. 2). VAS for neck pain demonstrated
insignificant differences among two groups at any time point (P
>0.05). At 1 month, the median VAS score for the plating group

months, these values had increased to 4.53
*0.92 and 4.64 + 0.84, respectively. The NPDI scores showed
progressive improvement in both groups, with insignificant
differences between them at any time point (P > 0.05) (Fig. 3).
At 1 month, the median NPDI score for the plating group was
28 (range 20-90) compared to 34 (range 20-92) for the PEEK
cage group. By 6 months, these had reduced to 18 (range 9-63)
and 18 (range 13-71), respectively.

The SWAL-QoL scores improved over time in both groups,
with insignificant differences between them (P > 0.05). Mean
scores at 1 month were 29.47 + 8.78 for the plating group and
28.43 + 8.82 for the PEEK cage group. At the 6-month mark,
these values declined to 13.27 £ 6.35 and 13.29 £ 4.97,
respectively, suggesting enhanced swallowing function in both
groups.

Neck flexion, extension, and rotation were assessed at each
follow-up. For neck flexion, the percentage of patients having a
normal range rose from 73.33% at 1 month to 80% at 6 months
in the plating group, and from 57.14% to 85.71% in the PEEK
cage group. Similar improvements were observed for neck
extension. Interestingly, all patients in both groups
demonstrated normal left and right cervical rotation at all
follow-ups. Insignificant differences were observed between
groups forany of these parameters (P > 0.05).

Handgrip strength showed gradual improvement in both
groups. For the left hand, the percentage of patients with normal
grip strength increased from 86.67% at 1 month to 86.67% at 6
months in the plating group, and from 78.57% to 85.71% in the
PEEK cage group. For the right hand, these percentages were
80-80% for the plating group and 64.29-71.43% for the PEEK
cage group. Group outcomes were comparable, with
statistically insignificant variation (P > 0.05).

CSES percentage decreased over time in both groups,
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Table 3: Review of previous studies comparing stand-alone cage and conventional plate fixation (at
the end of 6 months follow-up)

Clinical and radiological outcomes (group A vs. group B)

Study Level 9 : :
NPDI VAS O(?om. S Fusion rate  Subsidence
criteria (%) (%)
Vaishnav et al . 1 No significant | Group A >
[15] difference Group B
>
Zavraset al . ) Worse for plate | Group A ) 90.0 vs. 90.0 | 4.0vs. 0.0
[16] group Group B
No significant| No significant
Lanetal . [30] ! ) difference difference ) ]
Kim and Kim No significant
[27] 1 - - difference 97.9vs.97.9 [13.0vs. 18.0
Nemotoet al . No significant| No significant
1 - : . 1.0 vs. 95.0 [16.0vs. 13.
[24] difference difference 91.0vs.95.0 1 16.0vs. 13.0
Noheral.[28]| 1 | Nosignificant i Nosignificant | o5 ' 940 [13.0vs. 37.0
difference difference
No significant
Heetal [29] | 1 © Sighicall i i 100.0 vs. 100.0| 9.6 vs. 9.0
difference
VAS: Visual Analog Scale, NPDI: Neck pain disability index

indicating functional improvement. At 1 month, the median
CSFES was 30.7% for the plating group and 11.05% for the PEEK
cage group. At 6-month follow-up, these rates had decreased to
14.2% and 3%, respectively. Nevertheless, the observed
differences did not achieve statistical significance (P > 0.05).

Odom’s criteria showed progressive improvement in both
groups. At 1 month, 53.33% of patients in the plating group and
42.86% in the PEEK cage group had good or excellent
outcomes. At 6 months, fusion rates reached 100% in both the
plating group and the PEEK cage group. Insignificant
differences were found between groups at any follow-up (P >
0.05).

Radiographic outcomes

We assessed implant positioning, Cobb’s angle, and fusion
status at several time points post-operatively. Throughout the 6-
month follow-up period, no instances of implant
malpositioning or subsidence were observed in either group.
This suggests that both techniques provided stable implant
positioning over the study period. Cervical lordosis was
evaluated using Cobb angle measurements (Fig. 4).

Preoperatively, the mean Cobb’s angle was 18.29 * 6.32° for
Group A and 16.73 * 6.43° for Group B. At 1 month
postoperatively, both groups demonstrated a significant rise in
Cobb’s angle compared to pre-operative values (P < 0.0 for
both groups). Mean Cobb’s angle rose to 24.07 + 2.05° in the
plating group and 24.29 + 1.9° in the PEEK cage group. This
improvement in cervical lordosis was maintained at 3 and 6
months postoperatively, with insignificant changes found after
I-month mark. Importantly, there were insignificant
differences in Cobb’s angle among two groups at any post-
operative time point (P = 0.768 at 1, 3, and 6 months). This
suggests that both techniques were equally effective in
improving and maintaining cervicallordosis.

Fusion status was assessed at 6 months postoperatively (Fig. 5).
In the ACP group, 13 out of 15 patients (86.67%) achieved
arthrodesis, while in the PEEK cage group, 12 out of 14 patients
(85.71%) achieved fusion. Statistically insignificant differences
in fusion rates among the two groups (P = 1.00) were observed.
Number of patients who did not achieve fusion by 6 months was
small and comparable between groups: 2 patients (13.33%) in
the plating group and 2 patients (14.29%) in the PEEK cage

group.
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Complications

At 1 month post-surgery, 11 out of 15 patients in the ACP group
and 9 out of 14 in the PEEK Cage group reported no
complications. Bone graft site pain affected two patients in each
group, while eczema due to cervical collar use was observed in 2
ACP patients and 3 PEEK Cage patients. These differences
were statistically insignificant (P = 0.857, Fisher’s exact test). By
3 months, complications had notably decreased. Only one
patient in each group reported persistent bone graft site pain,
and eczema cases resolved completely. The differences
remained statistically insignificant (P = 1, Fisher’s exact test). At
the 6-month follow-up, all 29 patients across both groups
reported no complications, indicating similar and favorable
long-term outcomes for both groups.

Discussion

Various surgical techniques are available for ACDEF, with iliac
bone autografts commonly used. One common concern with
these grafts is morbidity at the donor site. As a result, interbody
fusion using cage fixation has become a popular alternative.
Many studies have compared outcomes between cage-only
fixation and conventional plate fixation (Table 3), with most
reporting no significant differences in clinical outcomes.
Nevertheless, research by Vaishnav et al. [15] and Zavras et al.
[16] showed significantly better VAS scores in the plate fixation
group for single-level ACDEF. These differences may be linked to
factors such as changes in cervical lordosis due to cage
subsidence [17,18,19] or increased posterior cervical tension
from pseudoarthrosis.

Although certain studies have not demonstrated a clear link
between subsidence and clinical outcomes, Lee et al. observed
that increased subsidence was linked to less favorable results
[20]. Earlier research comparing fusion rates, subsidence, and
kyphosis suggested that cage-only fixation was linked to lower
fusion rates but higher rates of subsidence and kyphosis.
Notably, the success of fusion decreased with an increasing
number of surgical levels [10,19,21]. These findings suggest
that cage-only constructs may offer less stable vertebral fixation
than conventional plate fixation [22,23].

In this study, we compared clinical and radiological outcomes
between single- and two-level ACDF using PEEK cages versus
conventional anterior plate fixation. Our results revealed
significant differencesin bloodloss and operation time, with the
cage group showing lower values, consistent with outcomes by
Zavras et al. [ 16] and Nemoto et al. [24]. In contrast, Son et al.
[25] reported higher blood loss with conventional plate
fixation. Although stand-alone cages have demonstrated
comparable clinical outcomes to plate fixation in multi-level

procedures, differences in blood loss and operation time remain
debated [3,8,26]. The reduced blood loss in the cage fixation
group may be attributed to less extensive preparation required
for the anterior vertebral surface.

Both surgical approaches in our study showed similar
improvements in symptoms and structural integrity. Significant
improvements in NDI and VAS scores were observed in both
groups, with substantial restoration of cervical lordosis and
favorable surgical efficacy. No significant differences were
found in fusion rates, subsidence rates, physical function, or
post-operative complications, supporting the findings of Zavras
etal.[16],Kimetal.[27],Nohetal.[28],and Heetal.[29].

Regarding swallowing outcomes, SWAL-QoL scores enhanced
in both groups over time, with insignificant differences at the
final follow-up. These outcomes align with those of Nemoto et
al.,, who similarly reported insignificant differences in dysphagia
rates among groups [24]. In contrast, Zavras etal. [ 16] reported
poorer swallowing outcomes in the plate group at both 6 weeks
and 6 months, whereas Lan et al. [30] found alower rate of post-
operative dysphagia in cage group. He et al. [29] also found
differences in dysphagia rates at 1 and 3 months, though these
differences diminished by 12 months.

In their studies on ACDF with plate versus PEEK cage in
degenerative cervical myelopathy, Zavras et al. [16] and
Nemoto et al. [24] concluded that both approaches were
effective for managing single- and two-level cervical
spondylotic myelopathy. Plate patients reported worse swallow
function, but cage-plate construct had better post-operative
cervical spine alignment and stability [16,24]. Zhu et al.
similarly reported that stand-alone cages demonstrated safety
and efficacy in multilevel spinal procedures, but the
conventional plate fixation was good for patients requiring
more post-operative stability and improved cervical alignment
[31].

There are limitations to the current investigation, such as a small
sample size, which limits our ability for confirming statistical
equivalence among groups, particularly for long-term
outcomes such as ASD and arthrodesis rates. This limitation
may also explain the minimal changes in physical component
scores observed beyond 6 months postoperatively, despite no
significant intergroup differences. In addition, some loss to
follow-up, especially with radiographic data, and the study’s
relatively short duration of 6 months may not capture potential
long-term differences between the two techniques.

Conclusion

Current investigation found that both ACDF with stand-alone
PEEK cages and conventional ACDF with ACP are equally
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effective and safe surgical options for treating degenerative
cervical spine conditions. The choice between these two
methods should depend on patient-specific factors and surgeon
preference, as both offer similar outcomes concerning fusion
rates, functional recovery, pain relief, and complication rates.
Future investigation with larger sample sizes and longer follow-
up periods is required for confirming these outcomes and
evaluate potential long-term differences among two
approaches.

Clinical Message

ACDF using either stand-alone PEEK cages or ACP yields
comparable short-term clinical outcomes. Stand-alone cages reduce
operative time and blood loss but may predispose to greater cage
subsidence and loss of lordosis. The choice of technique should
therefore be individualized based on patient profile and surgeon
preference.
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