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Objective: The aim of this retrospective study is to compare results of single-level cervical disc arthroplasty (CDA) versus anterior cervical
discectomy and fusion (ACDF) in two different centers with short to mid-term follow-up.

Materials and Methods: Both surgical techniques were applied by 2 different surgeons and in 2 different centers. While ACDF was performed
by the surgeon in one clinic, CDA was performed by another surgeon in another clinic, in order to avoid surgical bias, and another surgeon
from a different clinic performed a statistical evaluation. Modified Japanese Orthopedic Association score (mJOA), Modic changes (MC), neck
disability index (NDI) and visual analogue scale (VAS), perioperative dysphagia, and the time to return work scores of the patients were
evaluated in the study.

Results: Seventy-one patients were included in the study. Thirty-two of them underwent ACDF with a median follow-up period of 15 months,
and 39 underwent CDA with a median follow-up period of 16 months. The median preoperative lost workdays were statistically significantly
higher in the ACDF group compared to the CDA group (p=0.009). Patients in the CDA group had statistically significantly more pain intensity
(p<0.001) and lower mJOA score before the surgery (p<0.001). Neck disability was significantly more severe in the ACDF group compared to
the CDA group according to the preoperative NDI score (p=0.014). Improvements in VAS and mJOA scores were significantly better in the CDA
group compared to the ACDF group (p=0.004 and p<0.001, respectively). The type 1 and type 2 MC were more frequent in the ACDF group than
the CDA group, preoperatively. There was a statistically significant difference in preoperative MC among the groups (p=0.010).

Conclusion: In our study, both surgical techniques achieved satisfactory results. However, due to the short-term nature of the study, MC could
not be evaluated and a definite opinion on this matter could not be reached.
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ABSTRACT

problem of the ACDF system has led to the development of
different CDA systems.

ACDF, which was first defined by Smith-Robinson and Cloward
in the 1950s, is an important method in the treatment of
cervical degenerative disease®. However, in the long term,
this method can cause adjacent segment degeneration or
instability. CDA has been developed as an alternative to ACDF
because it can provide intervertebral disc height and segment
activity, and has become a non-fusion method. The increase in
adjacent segment degeneration caused by ACDF is reduced by
CDA, which has been evaluated as ‘good” in clinical studies®9.

There is limited information in the literature regarding the
comparison of “short to mid-term” outcomes of these two
methods, which are frequently used in cervical pathologies. The

INTRODUCTION

Surgery has an important place in the treatment of degenerative
cervical conditions that do not respond to medical therapy
and cause progressive neurological dysfunction. Cervical disc
arthroplasty (CDA) has been developed as a safe and segmental
motion-preserving method against anterior cervical discectomy
and fusion (ACDF) method in the surgical treatment of cervical
radiculopathy and myelopathy caused by spondylosis and acute
disc herniation®. Although ACDF is accepted as the standard
treatment for cervical radiculopathy and myelopathy, there
are reservations regarding ACDF since increased motion and
intradiscal pressure in the fusion of adjacent levels causes
symptomatic adjacent-segment disc degeneration®3. This
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aim of this study is to compare clinically important outcomes
of single-level CDA versus ACDF at two different clinics in short
to mid-term follow-up.

MATERIALS AND METHODS

Ethical approval was obtained from Akdeniz University Faculty
of Medicine Clinical Research Ethic Committee (approval no:
KAEK-718, date: 13.10.2021).

In this retrospective study, the surgeries performed in two
different neurosurgery centers between December 2015 and
December 2019 were compared. Patients had C3-7 single-level
disc disorder. Before surgery, all patients had no response to
medical and physical therapy and rehabilitation treatments.
The surgical indications were evaluated according to soft
disc herniation, spondylotic disc, the occurence of cervical
spinal cord myelopathy or hyperintense signal and “the
anterior cervical surgical approach” was used in all patients.
Polyetheretherketone cage or disc prosthesis was applied for
fusion. Inclusion criteria were as follows: (1) subjects were
18 years old or greater and underwent surgical treatment
for symptomatic cervical disc disease; (2) the intervention
was ACDF and “mobile” CDA; (3) the study reported at least
one valid outcome which included NDI, neck and arm pain
assessments, neurological success,overall success,radiographic
evaluation, complications, and reoperation; (4) patients were
excluded if they had a multi-level disc disease, acute spinal
fracture, infection, tumor, osteoporosis, rheumatoid arthritis,
severe spondylosis, or more than one vertebral level requiring
treatment.

Modified Japanese Orthopedic Association score (mJOA),
Modic changes (MC), neck disability index (NDI) and visual
analogue scale (VAS), perioperative dysphagia, the time to
return work scores of the patients were evaluated in the
study. Postoperative surgical results were analyzed according
to Odom et al."”) criteria.

Radiological evaluations were made with plain and functional
radiographs before and after the operations. These evaluations
were used for the surgical choice and the follow-ups.
Measurements were taken from various perspectives: cervical
lordosis in the neutral position and in flexion and extension
cervical lordosis was measured between C2 and C7 according to
Cobb®. In the follow-up, new formation in anterior and posterior
of vertebral corpus and collapse in operation spacing (>2 mm)®
were evaluated. In flexion-extension position,>2° movement in
lateral radiography was accepted as pseudoarthrosis®%,

For preoperative and postoperative clinical evaluations NDI
and VAS, mJOA, preoperative M(C, and MC at the 8" month were
used.

Both surgical techniques were applied by two different
surgeons and different centers. While ACDF was performed by
surgeon A in one center, CDA was performed by surgeon B in
another center, in order to avoid surgical bias, another surgeon
C from a different center performed a statistical evaluation.

Statistical Analysis

Statistical analyses were performed using SPSS version 20
statistical package program (IBM Corp.in Armonk, NY). Shapiro-
Wilk and Kolmogorov-Smirnov tests were used to evaluate the
distribution of the numeric variables. Descriptive data were
presented as mean * standard deviation and median with
interquartile range for numerical variables, whereas frequency
and percentage were used for categorical variables. Pearson
chi-square test and Fisher’s exact test were used to compare
categorical variables, and the Mann-Whitney U test was
used to compare the non-normally distributed numeric data,
between two study groups. P<0.05 was considered statistically
significant.

RESULTS

This retrospective comparative study was carried out with
patients who underwent ACDF and CDA between December
2015 and December 2019. Demographics and preoperative
findings of the patients were shown in Table 1. Throughout
this period, 71 patients were included in the study. Thirty-two
of them underwent ACDF with a median follow-up period of
15 months, and 39 underwent CDA with a median follow-
up period of 16 months. The female to male ratio, age, and
prevalence of preoperative dysphagia were similar among
the groups. There was a statistically significant difference in
the distribution of the level-of-disc disorder between groups
(p=0.007),and C4-C5 level-of-disc disorder was more prevalent
in the ACDF group compared to the CDA group; however, the
most prevalent disc disorder was at the C5-C6 level in both two
groups. Radiculopathy and myelopathy were significantly more
prevalent in the CDA group, and radiculomyelopathy and neck
pain were more prevalent in the ACDF group (p=0006).

The median preoperative lost workdays were statistically
significantly higher in the ACDF group compared to the CDA
group (p=0.009). Patients in the CDA group had statistically
significantly more pain intensity (p<0.001) and lower mJOA
score before the surgery (p<0.001). Neck disability was
significantly more severe in the ACDF group compared to the
CDA group according to the preoperative NDI score (p=0.014)
(Table 1).

Improvements in VAS and mJOA scores were significantly better
in the CDA group compared to the ACDF group (p=0.004 and
p<0.001, respectively), notwithstanding the differences in
preoperative and postoperative NDI scores of the groups were
statistically similar (Table 2 and Figure 1).

The type 1 and type 2 MCwere more frequent in the ACDF group
than the CDA group, preoperatively. There was a statistically
significant difference in preoperative MC among the groups
(p=0.010); however, this difference was diminished in favor of
the ACDF group at the postoperative 8" month (Table 3).
Postoperative dysphonia as a complication of the surgery
occurred onlyin one patient who underwent ACDF.Besides, there
was no dysphonic patient in the CDA group, postoperatively,
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and this difference was not statistically significant. We found
that the CDA method was more successful in clinical outcomes
according to the postoperative 3 month Odom criteria
(p=0.002) (Table 4).

The time to return to work, which is the social indicator of
surgical success,was significantly longer in the CDA group with
a median of 20 days than the ACDF group with a median of 15
days (p=0.004) (Table 5 and Figure 2).

DISCUSSION

Dysphonia and dysphagia rates, which could be a clue to the
evaluation of our surgical technique, were compatible with
the literature®2, However, in some studies, dysphagia was

Table 1. Demographics and preoperative findings of the patients

turkish

found to be more common in ACDF groups due to excessive
retraction®, In our study, there was no statistically significant
difference between the two groups.

There are two surgical methods in the treatment of cervical
disc disease: ACDF and CDA. CDA emerged after ACDF claiming
to preserve movement and prevent adjacent segment disease.
The superiority of either method over the other has not been
demonstrated clearly. The most important disadvantage of
ACFD is that the motion segment is lost and fused. Therefore,
some authors emphasized that adjacent segment disease is
more common in patients treated with ACFD®4, It has been
suggested that CDA provides a physiological mechanism since
it maintains the disc level, provides better spinal dynamism and
reflects less stress on the disc distance®.

Characteristics (n=65) ACDF (n=32) CDA (n=39) p-value
Sex, (F/M) 13/19 19/20 0.495*
Age (year), median (IQR) 46.0 (42.0-49.5) 46.0 (40.0-52.0) 0.871*
Disc level, n (%) 0.007***
C3-C4 3(9.4) 0 (0.0)

C4-C5 19 (25.0) 2 (5.1)

C5-Cé 19 (40.6) 28 (71.8)

Ce-C7 19 (21.9) 9 (23.1)

Cc7-11 19 (3.1) 0 (0.0)

Indication for surgery, n (%) 0.006"**
Radiculopathy 17 (53.1) 30 (76.9)

Myelopathy 5 (15.6) 8 (20.5)

Radiculomyelopathy 6 (18.8) 0 (0.0

Neck pain 4 (12.5) 1(2.6)

Preoperative lost work days, median (IOR) 9.0 (7.0-30.0) 6.0 (4.0-15.0) 0.009**
Preoperative VAS score, median (IQR) 7.0 (6.0-7.8) 8.0 (7.0-8.0) <0.001**
Preoperative mJOA score, median (IQR) 13.0 (11.3-14.0) 16.0 (16.0-117.0) <0.001**
Preoperative NDI score, median (IQR) 32.5 (20.0-40.0) 22.0 (19.0-31.0) 0.014*
Follow-up period (month), median (IQR) 15.0 (13.0-18.0) 16.0 (12.0-19.0) 0.535*

*Pearson chi-square test was used, **Mann-Whitney U test was used, ***Fisher’s exact test was used.
F: Female, M: Male, IOR: Interquartile range, VAS: Visual analogue score, mJOA: Modified Japanese Orthopedic Association score, NDI: Neck disability
index, ACDF: Anterior cervical discectomy and fusion, CDA: Cervical disc arthroplasty
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Figure 1. Boxplots of the difference in preoperative and postoperative (a) VAS, (b) mJOA and (c) NDI scores

VAS: Visual analogue score, mJOA: Modified Japanese Orthopedic Association score, NDI: Neck disability index
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In a meta-analysis, no difference was found between the two
surgical methods in NDI and pain scores®®. The results of our
study were parallel to studies comparing the short-term results
of CDA with ACDF®4. However, VAS and mJOA scores were
relatively better than the CDA group, while NDI scores were
the same.
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Figure 2. Boxplots of the time to return to work in days among the
study groups

ACDF: Anterior cervical discectomy and fusion

Cervical degenerative disease is a chronic active process that
can manifest itself with radiculopathy and myelopathy®”. Since
it is the most active cervical region, cervical degeneration
is most commonly seen at C5/6(®. Repeated loads or neck
activities cause mechanical strain on the endplate and disc
regions of the cervical spine. MC, degenerative changes to
vertebral endplate and subchondral bone marrow that can be
detected by magnetic resonance imaging (MRI), are strongly
associated with degenerative disc disease®. Therefore, MC are
also seen most frequently at C5/619,

In this study, we also evaluated MC between the two surgical
methods. In this study,the MCin our preoperative ACDF patient
group (10/32, 31.25%) were greater than the CDA group (3/39,
7%). However, MC in the CDA group increased in postoperative
follow-up (9/39, 23%), and the difference with the ACDF group
(16/32,50%) lost its significance.

Cervical MC was first described by Peterson et al.?V as the
signal change in the vertebral endplate and subchondral bone
marrow in MRI. In subsequent studies, the incidence of MC in
the cervical region was reported to be between 3-40%@22),
Peterson et al.?Y found that the most common change was type
1; however, in many studies, type 2 MC was found to be the
most frequent change®.

MC are considered to be chronic inflammatory changes®?.
Inflammatory factors such as interleukin, prostaglandin E2, PGP
9.5, and tumour necrosis factor have been found in MC?®%, The

Table 2. Difference in preoperative and postoperative VAS, mJOA and NDI scores

Scale ACDF (n=32) CDA (n=39) p*
. . Mean £ SD 5.5%0.9 6.3£2.93 0.004
Difference in VAS :
Median (IOR) 5.5 (5.0-6.0) 6.0 (6.0-7.0)
. . Mean £ SD -3.8+-14 -1.3+-0.7 <0.001
Difference in mJOA ;
Median (IOR) -3.0 (-4.0/-3.0) -1.0 (-2.0/-1.0)
. . Mean £ SD 21.3+12.3 20.4£7.4 0.619
Difference in NDI -
Median (IQR) 23.5 (7.0-30.0) 19.0 (15.0-27.0)

* Mann-Whitney U test was used.

SD: Standard deviation, IQR: Interquartile range, VAS: Visual analogue score, mJOA: Modified Japanese Orthopedic Association score, NDI: Neck disability
index, ACDF: Anterior cervical discectomy and fusion, CDA: Cervical disc arthroplasty

Table 3. Comparison of preoperative and postoperative Modic changes among study groups

ACDF (n=32) CDA (n=39)
n % n % p*
Absent 22 68.8 36 923 0.010
. . Type 1 6 18.8 0 0.0
Preoperative Modic changes
Type 2 12.5 3 7.7
Type 3 0 0.0 0 0.0
Absent 16 50.0 30 76.9 0.065
. . Type 1 9 28.1 4 10.3
Postoperative Modic changes at 8" month
Type 2 18.8 12.8
Type 3 31 0 0.0

*Fisher’s exact test was used

ACDF: Anterior cervical discectomy and fusion, CDA: Cervical disc arthroplasty
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Table 4. Comparison of the presence of postoperative dysphonia and postoperative Odom Criteria among study groups
ACDF (n=32) CDA (n=39)
n % n % p*
. . Absent 31 96.9 39 100.0 0.451

Postoperative dysphonia

Present 1 3.1 0 0.0

Poor 3.1 0 0.0 0.002

) o Fair 7 219 0 0.0

Postoperative Odom Criteria

Good 15 46.9 18 46.2

Excellent 9 28.1 21 53.8
*Fisher’s exact test was used.
ACDF: Anterior cervical discectomy and fusion, CDA: Cervical disc arthroplasty
Table 5. Comparison of the time to return work among the study groups

ACDF (n=32) CDA (n=39) p*
. Mean £ SD 15.7%3.5 21.0£7.7 0.004
Time to return work (day) :
Median (IOR) 15.0 (14.0-17.5) 20.0 (15.0-27.0)

*Mann-Whitney U test was used.

ACDF: Anterior cervical discectomy and fusion, CDA: Cervical disc arthroplasty, SD: Standard deviation, IOR: Interquartile range

natural course of MC starts as type 1 and progresses towards
type 3. In this respect, although it resembles a chronic active
inflammation, its cause is not fully explained. Although some
studies have suggested that inflammation may be caused by
anaerobic infection®), this hypothesis has been rejected in
other studies®?®. This has led to the view that CDA, used as a
segmental motion-preserving method, cannot prevent MC only
by preserving segmental motion, and MC must have their own
internal dynamics.

Our study has several limitations. First, we had a small number
of patients. Second, the follow-up time was short to evaluate
the long-term effects of the two methods. To address these
limitations, randomized controlled studies with higher patient
numbers and long-term follow-up are needed. Both surgical
techniques were applied by two different surgeons and different
centers, so which might have an effect of surgeon binded bias.
This bias resolved by the third blinded surgeon who evaluated
statistical results.

CONCLUSION

We found that standard ACDF and CDA treatments of cervical
disc disease causing radiculopathy and myelopathy reached
postoperative pain goals. However, we believe that MC have
unique internal dynamics rather than an effect of the surgical
technique. the comparison of clinically important secondary
outcomes of CDA versus ACDF at two different centers in short
to mid-term follow-up also showed beneficial results.
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