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ABSTRACT

Objective: To compare the radiological outcome and development of heterotopic ossification (HO) following single-segment ante-
rior cervical discectomy and fusion (ACDF) and cervical disc replacement (CDR) for cervical disc herniation and evaluate their
impact on surgical success.

Study Design: Descriptive comparative study.

Place and Duration of the Study: Neurosurgery Department at Bozyaka Education and Research Hospital, Izmir, Turkiye,
between January 2020 and June 2022.

Methodology: Patients aged 18-70 years with radicular neck pain unresponsive to conventional medical treatment and an MRI--
confirmed diagnosis were included. Patients with osteoporosis (OP) were excluded. Patients were randomised into two treatment
groups (ACDF and CDR) and stratified by age and symptom severity. Radiographic assessments and HO classification according to
McAfee were performed.

Results: Among the included patients, 56 underwent ACDF and 45 underwent CDR. The mean patient age was 48.29 = 9.530 and
41.84 + 7.239 years in the ACDF and CDR groups, respectively (p <0.001). The postoperative disc height increased in both groups.
The T1 slope was significantly higher preoperatively and in the early postoperative period in the CDR group than in the ACDF group
(p = 0.001). HO was graded as 1, 2, 3, and 4 in 28 (27.7%), 6 (5.9%), 7 (6.9%), and 4 (3%) patients, respectively.

Conclusion: ACDF and CDR provided similar improvements in radiological measurements and pain relief. Although both proce-
dures significantly enhanced the patient’s quality of life and disability scores, HO was more prevalent following CDR during long-
term follow-up.
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INTRODUCTION

Anterior cervical microdiscectomy, a surgical procedure for
cervical disc herniation-induced myelopathy and radiculo-
pathy, has beenthe cornerstone of spinal surgery and is known
for its successful outcomes.! The use of synthetic cages in
fusion surgery has been a significant advancement that offers
benefits such as accelerated fusion, reduced operative time,
andtheoptiontodistractwhennecessary.?However, theoccur-
rence of adjacent segment disease (ASD) after fusion, particu-
larly with cervical cages, has led to the exploration of alterna-
tivetechniques.
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Anterior cervical discectomy and fusion (ACDF) has been a
major surgical option for cervical disc herniation, providing
relief of the myelopathy- and radiculopathy-related symptoms.
However, with recentimprovements, cervical disc replacement
(CDR) is considered an alternative with the aim of maintaining
motionand reducing the rates of ASD. In spite of these advance-
ments, a comparison of the effectiveness and long-term
outcomes of ACDF and CDR remains unclear."?

CDR restores the height and alignment of the cervical disc,
which preserves mobility after discectomy and reducesthe load
on adjacent segments, thereby preventing ASD.’ The develop-
ment of artificial discs focuses on maintaining the physiological
range of motion (ROM) and increasing the disc height. Anotable
complication of disc replacement is heterotopic ossification
(HO), which is characterised by unintended bone formation
aroundthejoint.

Studies describing the occurrence of HO after surgery and its
effect on maintaining durable good results are lesser than
studies comparing the clinical outcome of ACDF and CDR. Thus,
this study, tried to bridge this gap by examining how often
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patients who have undergone ACDF develop HO, and whether it
affects the patient’s radiological parameters and quality of
life.** This study aimed to compare the cervical ROM and devel-
opment of HO after ACDF and CDR for the treatment of cervical
discherniation.

METHODOLOGY

Patients aged 18-70 years who presented to the Neurosurgery
Department of Bozyaka Education and Research Hospital,
between January 2020 and June 2022 with cervical pain radi-
ating to the arm and neck and who underwent single-segment
CDR or ACDF due to non-responsiveness to 3 weeks of medical
treatment were included in the study. The authors ensured a
homogeneous population of patients, only patients with
cervical radicular pain that was confirmed by magnetic reso-
nance imaging (MRI) were included in the study. The exclusion
criteria were multisegment discectomy, cervical spondylosis
with spondylotic myelopathy, traumatic disc herniation, and
previous cervical spine surgery. The exclusion criteria were
expanded toinclude patients with systemic diseases that affect
bone metabolism, such as osteoporosis, which could confound
postoperativeresults.

The following patient data were collected: Age, gender, symp-
toms, neurological status, MRIfindings, and surgical outcomes.*

The radiographic parameters assessed were Cobb’s angle,
heights of the anteriorand posteriordiscs, T1 slope, angle of the
fused segment, cervical tilt, and vertical axis of the sagittal
cervical alignment (Figure 1). These measurements were
obtained preoperatively, early in the postoperative period, and
three monthsandoneyearafterthesurgery.

FAigure 1: Parameters for sagittalﬂcervical alignment.

The patients were randomised into two groups, CDR and ACDF,
using a computer-generated random number table. Randomi-
sation was stratified on the basis of age and symptom severity
toensurethegroupswerebalanced.

The goal of ACDF is to increase the disc height, which could
affect the sagittal alignment of the neck. Disc height has been
implicated in the development of HO; however, its direct effect
remains unclear.” HO, a complication seen following prosthetic
surgeries such as hip and knee arthroplasty,® has beenincreas-
ingly reported following disc replacement surgeries. HO was
classified by McAfee in 2003,” and this classification was

adapted for HO in cervical surgery by Mehren et al.in 2005.HO
can result from trauma to the longus colli muscles or excessive
endplateremoval, which could lead tofusion (Tablel).”

Table I: Classification of heterotopic ossification (HO).”

Grade 0
Grade 1

Absence of HO

Presence of HO in front of vertebral body but not in the
anatomic disc space

Presence of HO in the disc space, possibly affecting the
prosthesis’s function

Bridging HO with prosthesis’s motion still preserved
Complete fusion of the segment with absence of motion in
flexion/extension

HO, Heterotopic ossification

Grade 2

Grade 3
Grade 4

Operative techniques for CDR and ACDF were standardised.
For CDR, a motion-preserving device was implanted after
discectomy. In ACDF, discectomy was followed by insertion of a
polyetheretherketone (PEEK) cage filled with autograft. All
surgeries were performed by the same team of experienced
surgeonstominimise variability in surgicaltechnique.

To control for potential confounders, all surgeries were
performed by the same surgeon, and postoperative evalua-
tions were performed by an independent investigator blinded
tothesurgicaltechniqueused.

Statistical analyses were performed using IBM SPSS V22.
Descriptive data were expressed as mean + standard devia-
tion, numeric data as median and range, and categorical data
as frequency and percentage. Repeated measures of ANOVA
and Friedman’s test were used for time-point comparisons, and
Bonferroni correction was used for multiple comparisons. The
differences between the ACDF and CDR groups were analysed
using Student's t-test or Mann-Whitney U test, and the categor-
ical variables were compared using Pearson’s Chi-square test.
Statistical significancewassetatp <0.05.

The sample size was calculated based on previous studies
reporting a 15% difference in the primary result of increased
disc height between the CDR and ACDF groups. Assuming an
alphaof p <0.05 and a power of 80%, a total of 120 patients (60
patients pergroup) wererequired.

RESULTS

Atotal of 101 patients underwent surgery for cervical disc herni-
ation. Of the 101 patients, 62 (61.3%) were women and 39
(38.6%) were men. The C3-C4, C4-C5, C5-C6, and C6-C7 levels
wereinvolvedin5(5%), 14 (13.9%),44 (43.6%),and 38 (37.6%)
patients, respectively. Among the included patients, 56
(55.4%) received polyetheretherketone cage (PC) and 45
(44.5%) received prosthesis (PR) after anterior cervical discec-
tomy, respectively. The mean ages of the patients who received
PCand PRwere48.29 +9.530and 41.84 + 7.239 years, respec-
tively; the difference in age was not statistically significant (p
<0.001a). The gender distribution was similar between the two
groups (p=0.329b).

There were no significant difference in the C2-C7 Cobb’s angles
between the different time points in the PC and PR groups (p =
0.169andp =0.780, respectively). The C2-C7 Cobb’s angle was

552

Journal of the College of Physicians and Surgeons Pakistan 2024, Vol. 34(05): 551-555



Comparison of the outcomes of anterior cervical discectomy and fusion and cervical disc replacement for cervical disc disease

statistically significantly higher 3 months after PR than after PC
(p = 0.036). However, long-term follow-up did not reveal any
significantdifferences betweenthetwo groups. Inthe PR group,
differences in the C2-C7 Cobb’s angle at different time points
were not statistically significant (p >0.05). Thus, neither ACDF
nor CDR caused a statistically significant difference inthe C2-C7
Cobb’sangle(Tablell).

Table II: Comparison of C2-C7 Cobb angle measurements and cervi-
cal tilt values of individuals in two groups.

PC (n = 56) PR (n = 45) p-value®

Preop Cobb 13.59 + 4.586 142 £6.086  0.569
Early Postop Cobb 12.62 £ 4.321 13.94 £5345 0.173
Postop 3 month Cobb 12.76 + 3.937 14.48 + 4183 0.036
Postop 1 Cobb, Cobb, Cobb, for the year Cobb 12.76 + 4.598 13.96 + 4.888  0.210
p° 0.169 0.780

Cervical tilt of preop 15.92 + 5.554 17.18 + 6.283  0.288
Early postop cervical tilt 15.18 £ 4.82 17.68 £5.001 0.013
Postop 3 month cervical tilt 15.62 + 4.459 16.53 + 5.08 0.340
Postop 1 cervical tilt year 14.92 + 5.972 16.7 + 4.801 0.107

p° 0.333 0.148

a: Student's t-test; mean + standard deviation. b: ANOVA test in repeated measurements;
mean * standard deviation. PR, Prosthesis; PC, Polyetheretherketone cage; Preop, Pre-
operative; Postop, Postoperative.

There was no significant difference in the cervical tilt between
the differenttime pointsinbothPCand PR groups (p=0.333and
p = 0.148, respectively). The cervical tilt was only statistically
significantly higher in the early postoperative period after PR
group than after PC (p = 0.013). However, long-term follow-up
did not reveal any significant differences (Table Il). Thus,
neither ACDF nor CDR caused a statistically significant differ-
enceinthecervicaltilt.

There was a statistically significant difference in disc height
between the different time points in both the PC and PR groups
(p<0.001andp <0.001, respectively). Furthermore, inboththe
groups, the preoperative disc height was lower than the height
at all postoperative time points. There was no difference in the
disc heights between the PCand PR groups at each time point (p
>0.05, Tablelll). Thus, the disc heightincreased following ACDF
aswellasCDR, and neithermethod was superiortothe other.

There was no difference in the fused segment angles between
the different time points in the PC group; however, the differ-
ence was significant in the PR group (p = 0.169 and p = 0.014,
respectively). The difference in the PR group was caused by
differences in the preoperative and 1-year postoperative fused
segment angles. Furthermore, the fused segment angles were
statistically significantly higher 3 months after PR than after PC
(p = 0.035). Thus, CDR produced a significant increase in the
fused segment angle and led to better physiological lordosis
than ACDF (Tablelll).

There was no difference in the T1 slope between different time
points in the PC group; however, there was a significant differ-
ence in the T1 between two time points in the PR group (p =
0.280 and p = 0.001, respectively). This difference in the PR
group was caused by the difference in T1 slope values between
before and 3 months after the operation. The T1 slope was
significantly higherin the PR group thanin the PC group at both
preoperative and early postoperative time points (p = 0.03 and
p = 0.043, respectively). Thus, CDR produced a significant
increase inthe T1 slope and led to better physiological lordosis
than ACDF (Tablelll).

Table Ill: Comparison of disk height, fused segmental angle, and
T1 slope values of individuals in two groups.

PC (n = 56) PR (n = 45) p-value®
Preop disk height 4.7 (1.8 - 6.5)** 43(2.1-6.1)"" 0.098
Early postop disk height? 5.9 (4.9-7.6) 6.1(5.1-8.6)" 0.293
Postop 3 month disk height3 5.9(3.4-8)" 6.1(5.1-8.1)" 0.261
Postop 1 year disk height* 6(3.4-78) 6.1(5.1-8.3)" 0.177
3 <0.001 <0.001
Pre-op fused segmental angle 3.3(0.6-13) 3.3(0.6-9.4) 0.361
Early postop fused segmental 3.3(0.6 -14.8) 3.3(0.8-8.6) 0.720
angle
Postop 3 month fused segmental 3(0.4-10.6) 3.8(1.1-9.4) 0.035
angle
Postop 1 Year fused segmental 3.2(0.7-11.8) 3.6 (0.6 -8.1) 0.105
angle
p° 0.127 0.014
Preop slope’ 16.4 (3.6-32.7) 22.2(5.8-32.9)° 0.037
Early postop slope’ 17.4 (7.5-32.8) 20.8 (8.1-31.7) 0.043
Postop 3 month slope’ 15.25 (7.9-33.6) 21.1(1.20-31.10)* 0.051
Postop 1 year slope* 15.95 (8.6-32.1) 20.9 (5.8-29.6) 0.115
° 0.280 0.001

a: Mann-Whitney U test; median (min-max). b: Friedman test; median (min-max). PR,
Prosthesis; PC, Polyetheretherketone cage; Preop, Preoperative; Postop, Postoperative.

a ‘ ' e b B g . C ‘ : d
Figure 2: Grade 3 and grade 4 heterotopic ossification (HO) at the end of
thefirstyear.

There was no statistically significant difference in the sagittal
vertical alignment (SVA) (C2-C7 sagittal vertical axis) between
the different time points in the PCand PR groups (p = 0.472 and
p = 0.891, respectively). Similarly, there was no significant
difference in the SVA between the PC and PR groups at each
time point (p>0.05).

There was a significant difference in the visual analogue scale
(VAS) scores between the different time points in both the PC
and PR groups (p <0.001 and p <0.001, respectively). The
preoperative VAS score was significantly higher than the VAS
score atall other postoperative time points. However, there was
nosignificantdifferenceinthe VAS score betweenthe PCand PR
groups at each time point. Thus, although both CDR and ACDF
effectivelyimproved the VAS scores, neitherwas superiortothe
other.

There was no significant difference in the neck disability index
(NDI) between the different time points in the PCand PR groups
(p=0.742and p = 0.275, respectively). Similarly, there was no
significant difference in the NDI between the PC and PR groups
ateachtimepoint.

There was no significant difference in the Japanese orthopaedic
association (JOA) score between the different time pointsin the
PCand PR groups (p=0.994 and p = 0.842, respectively). Simi-
larly, there was no significant difference in the JOA scores
betweenthePCand PR groupsateachtimepoint(p>0.05).

Inthe study, 28 (27.7%), 6 (5.9%), 7 (6.9%), and 4 (3%) patients
had grade 1, 2, 3, and 4 HO, respectively (Figure 2).
Furthermore, 17 (37.7%) of the 45 patients who underwent CDR
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developedsignificantHO atthe end of the first year. Because 11
of these patients developed severe HO by the end of the first
postoperative year, this number may increase with longer
follow-up, particularly among patients with higher grades.
Furthermore, CDR is likely to be less effective in maintaining
long-term mobility (Figure 2).

DISCUSSION

After the initiation of surgery management for cervical disc
herniation, initial discussions focused on fusion following ante-
rior cervical discectomy.’ Several studies have compared the
clinical, radiographic, and biomechanical outcomes of patients
undergoing ACDF and CDR.**** Some studies report that CDR
helps maintain cervical physiologic mobility, leading to better
clinical outcomes. However, other studies have claimed the
opposite. Thus, there is no clear consensus on this issue due to
the development of postoperative complications such as axial
pain, malalignment, ASD, and HO."

Cervical disc disease is most commonly observed in patients
aged 40-60 years, with no clear gender prevalence.” In this
study, the mean age of the patients in the PCand PR groups was
48.29 £9.530and 41.84 + 7.239 years, respectively; patients
in the fourth decade of life were the most commonly affected.
However, there was nodifferenceinthe genderdistribution.

Fusion materials, suchasbonegraftand PC, are frequently used
to increase the disc height and prevent loss of segmental and
global lordosis. However, in CDR, a PR is used to maintain
mobility. In this study, the global and segmental cervical
lordosis was normal in the PCand PR groups, whichis consistent
withthefindings of previous studies.*

The purpose of using PC and PR after anterior cervical discec-
tomy is to prevent segmental kyphosis and restore the normal
lordotic cervical alignment. Decreased anterior disc space
heightcancause segmental misalignmentandkyphoticangula-
tion.”*Thus, restoringthedisc heighthelps correctcervicalalign-
ment and relieve the compression on the nerve root. In this
study, the disc height was increased in both PC and PR groups,
with neither procedure proving tobe superior (Tablell).

Cervical disc prostheses are designed to restore cervical disc
space and ideal cervical lordosis as well as prevent fusion after
discectomy.'®Hilibrand et al. reported a relative incidence of 3%
of postoperative ASD per year.”” This study, found a lower
annualincidence, which may be attributed to the shorterfollow-
up period. Studies with a longer follow-up may report higher
rates.”®

CDR, as an alternative to ACDF, aims to preserve segmental
ROM and function and minimise the risk of adjacent segmental
degeneration.” However, the postoperative segmental ROM
often differs from the preoperative value, and it can decrease
shortly after the procedure.”® Factors that contribute to the
decrease in segmental ROM include limited preoperative ROM,
avoidance of forward bending during postoperative radiog-
raphy, and postoperative neck pain.”* Longer follow-up studies

have demonstrated a significantimprovementin postoperative
segmental ROM fromthe preoperative value.”

A previous study with a one-year follow-up® reported more
mobile segments than a study with a five-year follow-up, and
the rates of grade 4 HO were lesser after CDR than after ACDF.
Grade 4 HO bridges the disc space and limits segmental ROM.
Therefore, the increased segmental ROM following CDR may be
attributed tothe low prevalence of grade 4 HO. In this study, the
HO grade varied among patients, indicating the need for further
studies with longerfollow-ups.**

This study had several limitations, including its retrospective
nature, single-centric design, and short to medium-term follow-
up period. These aspects may affect the long-term applicability
andgeneralisability ofthe findings.

CONCLUSION

Both ACDF and CDR effectively improve cervical alignment, disc
height, and patient’s quality of life, and oneis not superiortothe
other. Although CDR better preserves ROM, both procedures
demonstrated an increase in HO rates over time, potentially
limiting segmental ROM during long-term follow-up. Nonethe-
less, CDR has the potential to maintain segmental ROM and
delaytheonsetofASD.
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