
358 www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Neurologia i Neurochirurgia Polska
Polish Journal of Neurology and Neurosurgery

2019, Volume 53, no. 5, pages: 358–362
DOI: 10.5603/ PJNNS.a2019.0040

Copyright © 2019 Polish Neurological Society 
ISSN 0028–3843

RESEARCH PAPER

Address for correspondence: Grzegorz Turek, Department of Neurosurgery, Brodno Masovian Hospital, Warsaw, Poland, e-mail: turek.grz@gmail.com

Biomechanical evaluation of single- and multi-level anterior 
cervical discectomy and fusion with polyetheretherketone  

cages: radiological and clinical outcomes

Gabriela Zapolska1, Michał Kwiatkowski2, Grzegorz Turek3, Zenon Mariak4, Adam Hermanowicz5

 1Department of Paediatric Radiology, Medical University of Bialystok, Bialystok, Poland 
2Department of Paediatric Orthopaedics, Medical University of Bialystok, Bialystok, Poland 

3Department of Neurosurgery, Brodno Masovian Hospital, Warsaw, Poland 
4Department of Neurosurgery, Medical University of Bialystok, Bialystok, Poland 

5Department of Paediatric Surgery and Urology, Medical University of Bialystok, Bialystok, Poland

ABSTRACT

Objective. The aim of this study was to analyse the outcomes of single- and multi-level anterior cervical discectomy and fusion (ACDF) 
with standalone polyetheretherketone (PEEK) cages, with particular emphasis on the risk of secondary adjacent segment disease.

Materials and methods. This retrospective study included 30 patients with single- or multi-level cervical disc herniation. 
Before the ACDF, and one year thereafter, the patients underwent clinical and radiological evaluation including determination 
of cervical pain severity with a numerical rating scale (NRS), and a survey with a Polish adaptation of the neck disability index 
questionnaire (NDI-PL). Biomechanical parameters of the cervical spine were determined using the Cobb method.

Results. One year after ACDF, all patients had achieved complete fusions, and 97% showed a significant reduction of pain severity. 
Also, a significant decrease in all NDI-PL indices was observed. A significant decrease in overall cervical spine mobility coexisted 
with a significant increase in the mobility of the segment above the one operated upon and a non-significant decrease in the mo-
bility of the segment below. No statistically significant change was found in the intervertebral disc space height (IVH) above and be-
low the operated segment, and no evidence of degeneration within the segments adjacent to the operated one was documented.

Conclusion. One- and two-level ACDF with standalone PEEK cages provided high fusion rates. Surgical spondylosis contributed 
to a reduction of spinal mobility despite the hypermobility in adjacent spinal segments. No degeneration in adjacent spinal 
segments was documented within a year of ACDF, and the treatment seemed to improve patients’ quality of life.

Key words: adjacent segment degeneration, adjacent segment disease, anterior cervical discectomy with fusion, cervical  
myelopathy, cervical radiculopathy, PEEK cages 
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Introduction

Anterior cervical discectomy and fusion (ACDF) is a well-
-known form of surgical intervention in symptomatic cervical 
spondylosis. ACDF includes removal of the migrated disc 
(discectomy), decompression of neural structures within the 
spinal canal, and stabilisation of the interbody implant at the 
operated level. Adjacent segment disease (ASD) has become 
an important issue in patients with single- or multi-level 

cervical disc disease who undergo the ACDF procedure. ASD 
is defined as new degenerative changes in spinal segments 
adjacent to the previously operated one(s), associated with 
related symptoms [1].

Theoretically, the development of surgical techniques for 
interbody fusion with preservation of spinal mobility should 
contribute to a lower incidence of ASD. The ACDF-imposed 
alterations of spinal biomechanics may accelerate degenera-
tive changes within adjacent segments of the cervical spine; 
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however, the exact pathomechanism of this process is still 
not completely understood [2]. Patients after ACDF showed 
radiographic evidence of various degenerative changes wit-
hin adjacent spinal segments, which may pose a substantial 
diagnostic and therapeutic challenge. Although ACDF results 
in the attenuation of clinical symptoms, it is also associated 
with decreased spinal mobility, greater mechanical overload, 
and accelerated degeneration of adjacent segments, which 
may produce new clinical symptoms such as radiculopathy, 
myelopathy, stenosis and instability [3, 4].

In this paper, we present radiological and clinical outcomes 
of single- and multi-level ACDFs with polyetheretherketone 
(PEEK) implants, with particular emphasis on the risk of 
secondary ASD.

Materials and methods

The retrospective study included 30 consecutive patients 
with single- or multi-level cervical disc herniation who be-
tween January and December 2013 underwent ACDF using 
a standard Cloward procedure with standalone PEEK cages 
at the Department of Neurosurgery, Medical University of 
Bialystok, Poland. Three patients were excluded from the 
analysis because of a history of systemic diseases (rheumatoid 
arthritis - one patient, osteoporosis – two patients).

The protocol of the study was approved by the Local 
Bioethics Committee at the Medical University of Bialystok 
(decision no. R-I-002/40/2013).

The study patients presented with single- or multi-level 
cervical spine disease (C3 to C7). Only those patients with 
cervical radiculopathy, myelopathy with neurological deficits 
or without, and spondylosis diagnosed based on MRI, were 
included in the analysis. Patients with physical deformities, 
infections, metabolic bone diseases or tumours were excluded.

Before the ACDF, and 12 months post-procedure, all 
participants of the study were subjected to a comprehensive 
clinical and radiological evaluation. The clinical evaluation 
consisted of history taking, physical and neurological exami-
nation, assessment of pain severity with a numerical rating 
scale (NRS) and a survey with a Polish adaptation of the neck 
disability index questionnaire (NDI-PL).

Spinal radiographs (anterior-posterior, lateral and flexion-
-extension) were obtained preoperatively and one year after 
the ACDF. Functional parameters of the cervical spine were 
determined based on Cobb angle measurement, a method 
used routinely to calculate the spinal curvature angles. Ove-
rall mobility of cervical spine and segmental mobility in the 
operated and adjacent segments determined prior to the 
ACDF were compared with respective parameters obtained 
12 months post-procedure. The measurement methodology 
is set out in Figure 1.

Intervertebral disc space height (IVH) was measured 
for the operated segment and adjacent segments. Moreover, 
fusion (subsidence, antero-posterior implant displacement) 

and reconstruction of the intervertebral disc space height 
were evaluated. Fusion was defined as the lack of translucency 
around the PEEK cage, the presence of adhesion mass-fusion 
bone between the vertebral bodies, and the absence of motion 
between the spinous processes on flexion-extension radiograp-
hs. An interspinous distance ≥2 mm on functional radiographs 
was defined as non-fusion [5]. Cervical alignment was deter-
mined as the angle formed by the imaginary lines tangent to 
the posterior edges of C2 and C7. Subsidence was defined as 
the loss of height in the operated segment(s) on lateral radio-
graphs, >3 mm and >5 mm for one- and two-level procedures, 
respectively [6, 7]. Intervertebral disc space height (IVH) was 
defined as the mean value of the anterior and posterior height 
of the disc, expressed in millimetres. 

The follow-up radiographs were screened for ASD by two 
independent observers blinded to the clinical outcomes. ASD 
was defined by the presence of at least one of the following: 
calcification of the anterior longitudinal ligament; narrowing 
of the disc space with or without posterior osteophytes; and/
or formation of a new anterior osteocyte or enlargement of 
a preexisting osteophyte [8].

Statistical analysis
The results were analysed with a Statistica 10.0 package 

from StatSoft. Statistical characteristics of the study variables 
were presented as means, their standard deviations, medians, 
minimum and maximum values. NDI-PL scores were com-
pared using the Wilcoxon test, and mobility of the spinal 
segments with the non-parametric Kruskal-Wallis test. The 
significance of intragroup differences in overall and segmental 
spinal mobility was verified with the Wilcoxon test and the 
significance of intergroup differences in the spinal mobility 
with the non-parametric Mann-Whitney U-test. The threshold 
of statistical significance for all tests was set at p < 0.05.

Results

The study included 16 men (53.3%) and 14 women (46.7%) 
with a mean age of 56 years (range 27–67 years). All data was 
collected retrospectively. Mean duration of follow-up was 
12 months. Four patients achieved fusion at C3/C4, another 
four at C4/C5, 19 at C5/C6, and 14 at C6/C7. No patients 
required additional surgery for recurrent symptoms.

Up to 97% of the patients who underwent ACDF repor-
ted a significant decrease in pain severity expressed on NRS. 
Furthermore, a statistically significant decrease in all NDI-PL 
indices (i.e. pain intensity, personal care, lifting, reading, hea-
daches, concentration, work, driving, sleeping, and recreation) 
was documented, along with a significant improvement in daily 
functional activity. The first pre-op measurement amounted 
to c. 47% of disability, the last amounted to c. 15%, defining 
minimal disability.

Fusion rates for C2–C7 at three and 12 months post-
-procedure were 95.7% and 100%, respectively. No subsidence 
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of vertebral bodies on the PEEK implant was observed at the 
operated level. At the end of the follow-up period, a statisti-
cally significant decrease in overall cervical spine mobility 
(C2–C7) was observed, along with a significant increase in 
the mobility of the segment located above the operated one, 
and a non-significant decrease in the mobility of the segment 
located below. No statistically significant change was found in 
the IVH above and below the operated segment. No evidence 
of degeneration within the segments adjacent to the operated 
one was documented during the follow-up period, and none of 
the patients required repeated ACDF for the adjacent segments 
12 months after the primary procedure.

Discussion

Although ACDF is an effective method for the treatment 
of degenerative cervical disease, it can also result in overload 
and hypermobility of adjacent spinal segments [3]. Based on 
a systematic review of the literature, Sugawara [9] concluded 
that 2–36% of patients subjected to ACDF may develop symp-
tomatic degenerative changes in adjacent spinal segments 
within 10 years of the procedure, which in 6–19% of cases may 
require further surgical treatment. In two studies with a mini-
mum three-year follow-up [10], the incidence of radiological 
adjacent segment pathologies (RASP), such as heterotrophic 
calcification of the anterior longitudinal ligament and narro-
wing of the disc space with or without posterior osteophytes, 

exceeded 30%, and 10.5% of patients after cervical spine 
surgeries showed evidence of heterotrophic calcification. This 
can cause a secondary lack of flexibility within the previously 
operated segment of cervical spine. According to Mehren et al. 
and Heidecke et al., heterotrophic calcifications may be found 
in up to 29% of patients, whereas Tortolani et al. reported them 
as a rare and late complication of cervical surgeries [11–13]. 

In our present study, patients subjected to ACDF did not 
show any evidence of degenerative changes such as hetero-
trophic calcifications within one year of the procedure. The 
lack of symptomatic ASD in our series was probably associated 
with the fact that the patients were followed-up for a shorter 
period than the participants in previous, larger studies [14]. 
Our follow-up was short, limited to one year only. This repre-
sents a major limitation of our study. However, we continue 
to follow this cohort, and we hope that additional data will be 
available in the future.    

The aetiology of ASD is complex, and no single cause or 
risk factor for this pathology have been identified thus far. ASD 
may be a consequence of a preexisting disease, physiological 
age-related degenerative process, hypermobility in adjacent 
spinal segments, changes in intradiscal pressure, anatomi-
cal anomalies or sagittal misalignment [15]. According to 
Lawrence et al. [16], the risk factors for ASD after cervical 
fusion surgery included age < 60 years, fusion adjacent to C5-
C6 and/or C6-C7, preexisting disc herniation, and/or dural 
compression secondary to spinal stenosis. In turn, Katsuura et 

Figure 1. Measurement of spinal mobility: (A) ROM for C2–C7, (B) ROM for the segment located above the operated one, (C) ROM for the 
segment located below the operated one, (D) ROM for the operated segment. All ROM values determined based on Cobb angle measure-
ment, on archival radiographs from the Department of Neurosurgery, Medical University of Bialystok

A D
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al. [17] found a direct correlation between symptomatic ASD 
and the loss of lordotic curvature in the sagittal cervical spine. 
Published opinions vary about the contribution of surgical 
technique or operative management to the incidence of ASD. 
Song et al. [18] found no association between the incidence of 
clinical ASD and the number of fused segments. Hilibrand et 
al. [1] followed up 374 patients who underwent 409 cervical 
fusion procedures over a 20-year period. Approximately 25% 
of the patients developed symptomatic ASD within 10 years 
of the procedure, with an annual incidence rate of 2.9%. The 
incidence of ASD was shown to be higher after C5–C6 and 
C6–C7 fusions. According to some authors, the risk of ASD 
within an adjacent segment after a single-level fusion is higher 
in patients with CT-myelography or MRI evidence of preexis-
ting degenerative changes [19]. 

Other key factors implicated in ASD are altered biomecha-
nics and mobility of adjacent spinal segments, resulting from 
inappropriate cervical alignment. Biomechanical changes in 
adjacent segments after the fusion, such as altered range of 
motion or intradiscal pressure, have been reported by several 
authors [10, 18]. However, in our present study, the hypermo-
bility of the adjacent spinal segment above the operated one 
did not exert an effect on the incidence of ASD within one year 
of ACDF, and we did not find statistically significant changes 
in IVH above and below the operated segment.

Also, the effect of soft tissue disruption on the biome-
chanics of adjacent spinal segments should be considered as 
a  factor predisposing to ASD. Some previous studies found 
an association between the ossification of adjacent spinal 
segments in patients implanted with anterior cervical plates 
who eventually developed ASD. Park et al. [20] measured the 
distance between the intervertebral disc and the metal plate 
implanted during ACDF with plate fixation and found no 
association between this parameter and the risk of secondary 
ASD. We cannot comment on this observation as no plate 
fixation was used in our patients.

In previous studies, ACDF provided good or excellent 
outcomes in 70–90% of patients with cervical radiculopathy, 
primarily due to the decompression of the neural structures 
[21]. Bohlman et al. [22] found a correlation between the lack 
of fusion and the incidence of postoperative neck pain. In our 
present study, the lack of subsidence and the presence of stable 
intervertebral spondylosis observed in all patients during the 
final control visit turned out to be associated with a signifi-
cant attenuation of pain. No patients developed symptomatic 
pseudarthrosis that required a secondary surgery. 

These findings imply that the implantation of PEEK cages 
is a safe procedure resulting in high fusion rates and good 
clinical and radiological outcomes.

Published evidence suggests that the appropriate alig-
nment of sagittal cervical spine might be associated with 
better quality of life after ACDF. According to some authors, 
the reconstruction of IVH is of lesser importance. However, 
worse cervical alignment has been shown to correlate with 

poorer outcomes with regards to neck and arm pain, as well as 
with a higher likelihood of repeated surgical procedure. This 
implies that preservation of cervical lordosis is an important 
determinant of ACDF outcomes. Lordotic alignment contri-
butes to better mobility and functioning of cervical spine. In 
turn, sagittal misalignment has been demonstrated to be as-
sociated with cervical instability, pain, and even unfavourable 
functional outcomes [23]. Attenuation of pain is without doubt 
a key determinant of the quality of life. Similarly to previous 
studies, our experiment demonstrated that ACDF contributed 
to a considerable improvement in the quality of life determi-
ned with NRS scores and the NDI-PL questionnaire. Thus, 
the outcomes of the treatment were not impeded by either 
a decrease in spinal mobility or a hypermobility of the spinal 
segment located above the operated one.

In this study, we analysed spinal biomechanics with a fun-
ctional X-ray, using a routine, albeit highly reliable, Cobb 
method. Dvorak et al. [24] analysed functional radiographs 
from 64 patients with disorders of cervical spine. The patients 
were divided into three groups, i.e. cervical degeneration, radi-
culopathy, and cervical trauma, which were then compared to 
healthy controls so as to identify pathological patterns of motion. 
Tęsiorowski et al. [25] compared cervical mobility at three, six 
and 12 months post-surgery with normal cervical mobility of 
people aged 40-50. The analysis of functional radiographs de-
monstrated an evident local kyphotic deformity on lateral views.

Conclusions

One- and two-level ACDF with standalone PEEK cages 
provided high fusion rates. Spondylosis at one or two levels 
contributed to a  reduction of spinal mobility despite the 
hypermobility in adjacent spinal segments. No degenerative 
changes in adjacent spinal segments were documented within 
a year of ACDF. Restoring IVH at the operated level seems to 
be less important from the perspective of functional outcome. 
ACDF improved the quality of life in patients with single- or 
multi-level cervical disc herniation.
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