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Abstract
Aim: Anterior cervical discectomy and fusion (ACDF) and cervical disc prosthesis (CDP) methods, which are applied after anterior cervical discectomy, aim 
to preserve disc space height and cervical alignment. The aim of this study was to investigate the effect of both methods on cervical lordosis and adjacent 
segment degeneration.
Material and Methods: Forty-four patients who underwent anterior cervical discectomy between 2019 and 2020 were included in the study. Patients operated 
on for reasons other than disc herniation or cervical spinal canal narrowing, patients operated on at more than one level, and patients without access to 
necessary radiological imaging data were not included in the study. Preoperative-postoperative changes in cervical lordosis angle and adjacent segment 
degenerations were examined.
Results: The preoperative-postoperative change in cervical lordosis angle was −4.1 degrees in the ACDF group and −0.1 degrees in the CDP group (p < 0.001). 
It was found that preoperative-postoperative upper segment degeneration grades increased in 61.9% of patients in the ACDF group and 8.7% of patients in 
the CDP group (p < 0.001). It was found that preoperative and postoperative lower segment degeneration grades increased in 47.6% of patients in the ACDF 
group and 8.7% of patients in the CDP group (p < 0.004).
Discussion: The results obtained in the present study showed that the CDP method was superior to the ACDF method in terms of cervical lordosis angle change 
and adjacent segment degeneration. 
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Introduction
Anterior cervical discectomy is a surgical method aimed at 
reducing nerve compression, preserving disc space height, 
and maintaining cervical alignment. The Anterior cervical 
discectomy and fusion (ACDF)  method, first introduced by 
Smith and Robinson in 1958, has been widely acknowledged 
as the gold standard for degenerative cervical disc disease 
[1]. Studies and patient follow-ups over time have shown that 
the ACDF method increases the range of motion in adjacent 
segments by restricting motion in the operated segment [2, 3]. 
Although it is not clear whether the adjacent segment disease 
seen after cervical discectomy is a natural process or is related 
to changes in range of motion, the cervical disc prosthesis 
(CDP)  method has been employed with this consideration in 
mind. The method, initially described by Fernström, aims to 
maintain mobility by employing a disc replacement that allows 
movement in multiple directions and aims to fulfill the role of 
the disc [4].
In addition to adjacent segment degeneration and disease, the 
effect of the two methods on cervical sagittal alignment is also 
being questioned. In spinal surgery, there has been a significant 
focus on sagittal balance in recent years. It is well-known 
that pathologies occurring in areas with significant mobility, 
particularly in the lumbar and cervical regions, can influence 
each other [5]. Decreased cervical lordosis is associated with 
neck pain severity and aggravates the course of myelopathy [6]. 
Studies comparing ACDF and CDP methods have investigated 
a cervical range of motion and lordosis angles, yielding varying 
results. In this study, we aimed to retrospectively examine 
patients who underwent ACDF and CDP methods, evaluating 
the effects of the methods on cervical lordosis and adjacent 
segment degeneration over a three-year follow-up period.

Material and Methods
The study was designed as a retrospective cohort study. Forty-
four patients over the age of 18 who underwent anterior cervical 
discectomy between 2019 and 2020 in the Neurosurgery Clinics 
of Health Sciences University Dışkapı Yıldırım Beyazıt Training 
and Research Hospital and Şanlıurfa Training and Research 
Hospital were included in the study. Of the 44 patients included 
in the study, 32 were female and 12 were male. The mean age 
of the patients was 45.4 years. The mean age of patients who 
underwent CDP was 44, and the mean age of ACDF patients 
was 47. The exclusion criteria included patients who underwent 
anterior cervical discectomy operations for reasons other than 
disc herniation or cervical spinal canal narrowing and had 
anterior cervical discectomy operations at more than one level. 
The preoperative and postoperative 3rd year imaging results of 

the patients were reviewed through the hospital database and 
patients whose preoperative and postoperative status could 
not be examined with appropriate imaging methods were not 
included in the study. The same surgical technique was utilized 
in both clinics, and following anterior cervical discectomy, two 
methods were used to complete the surgeries: blade cage or 
cervical disc prosthesis. The dimensions of the material to be 
used were decided by examining preoperative cervical two-
way radiographs. The blade peek cages used are standard 
peek cages that do not allow movement, with a locking knife 
mechanism, a toothed surface and X-ray visible markers. 
(Figure 1) All disc prostheses used are made of titanium alloy 
and allow ±8° flexion/extension, ±8° lateral bending and ±5° 
rotation (Figure 2).
The cervical lordosis angle of the patients was measured by the 
Cobb method as the angle between the lines passing through 
the C2 lower end and C7 upper end plate. For the adjacent 
segment angle, the angle between the lines passing through 
the upper vertebral lower end and lower vertebral upper end 
plate adjacent to the discectomized vertebrae was measured. 
For these measurements, lateral radiographs in which the upper 
and lower end plates of the C1-7 vertebrae could be observed 
were used in all patients.
The grading system of Suzuki et al. was used to classify 
adjacent segment degeneration (Table 1). In this grading 
system, magnetic resonance imaging (MRI) was used as the 
basis and grading was based on disc height, nucleus density 
and structure, nucleus-annulus separation, and presence or 
absence of disc herniation/bulging. Using preoperative and 
postoperative 3rd year MRI examinations of the patients, the 
degree of degeneration was documented and the changes 
between these periods were recorded.
Ethical Approval
The study was approved by the medical research ethics 
committee of Harran University (Date: 2023-12-25, No: 
HRÜ/23.24.30). Due to the retrospective design of the study, 
informed consent was not required.

Results
A total of 44 patients were included in the study. Of the 
patients, 21 (47.7%) underwent the ACDF method and 23 
(52.3%) underwent the CDP method. Of the patients operated 
with the ACDF method, 13 (61.9%) were female and 8 (38.1%) 
were male, while 19 (82.6%) of the patients operated with the 
CDP method were female and 4 (17.4%) were male. The mean 
age was 47 years in the ACDF group and 44 years in the CDP 
group. In the ACDF group, 57.1% of the patients (n=12) were 
operated at the C6-7 level, while 52.2% of the patients (n = 12) 

Table 1. Cervical disc degeneration grading system

Disk height Nucleus density/structure Nucleus/Annulus separation Bulging/ Herniation

Grade 0 Normal Hyperintense and homogeneous Net No

Grade 1 Normal Hyperintense and heterogeneous or reduced intensity Clear or not No

Grade 2 Normal/Slightly decreased Hypointense Not clear Yes

Grade 3 Decreased Hypointense Not clear Yes

*Hyperintensity is defined as intensity similar to cerebrospinal fluid and/or bone marrow; decreased signal intensity is defined as intensity lower than bone marrow
*A slight decrease in disc height is defined as less than 30% decrease in normal disc height, while a decrease is defined as more than 30% decrease in normal disc height
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were operated at the C5-6 level in the CDP group.
The preoperative-postoperative change in cervical lordosis 
angle was −4.1 degrees in the ACDF group and −0.1 degrees 
in the CDP group (p < 0.001). In preoperative-postoperative 
measurements of adjacent segments, the difference was −1.6 
± 2.1 degrees in the ACDF group and −1.0 ± 1.2 degrees in 
the CDP group (p 0.213) (Table 2). When ACDF and CDP groups 
were evaluated within themselves, cervical lordosis angles in 
the ACDF group were measured as 14.9 (12.1–17.6) degrees 
preoperatively and 10.1 (6.1–12.6) degrees postoperatively 
(p < 0.001). In the CDP group, adjacent segment angles were 
measured as 7.4 ± 3.4 degrees preoperatively and 6.4 ± 3.3 
degrees postoperatively (p = 0.001) (Table 2).
In the ACDF group, among six patients with preoperative 
Grade 1 degeneration at the upper level, the degeneration level 
remained unchanged in one patient, Grade 2 degeneration was 
observed in three patients (50.0%), and Grade 3 degeneration 
was observed in two patients (33.3%). In 61.5% (n = 8) of 
patients who initially had Grade 2 degeneration (n = 13), 
Grade 3 degeneration was observed. Among 10 patients 
with preoperative Grade 1 degeneration at the lower level, 
degeneration progressed to Grade 2 in seven patients, while no 

progression was detected in three patients. Among 9 patients 
with Grade 2 degeneration at the lower level, degeneration 
progressed to Grade 3 in three patients (p = 0.007).
In the CDP group, only two of the 13 patients with Grade 
1 degeneration at the upper level progressed to Grade 2 
degeneration and no progression to Grade 3 was observed in 
patients with Grade 2 degeneration (p = 0.500). Two of the 
four patients with Grade 1 degeneration at the lower level 
progressed to Grade 2 degeneration, while no changes were 
detected in patients with Grade 2 and Grade 3 degeneration 
(p = 0.157). 
When the two groups were compared, upper segment 
preoperative-postoperative degeneration grades increased 
in 61.9% of patients in the ACDF group and 8.7% in the CDP 
group (p < 0.001). Lower segment preoperative-postoperative 
degeneration grades increased in 47.6% of patients in the 
ACDF group and 8.7% in the CDP group (p < 0.004) (Table 3).
Statistical analyses were performed using SPSS 29.0 program. 
P < 0.05 was accepted as statistically significant in all analyses. 
Chi-square and Fisher’s exact tests were used to compare 
independent categorical variables, and the variables were 
presented in numbers and percentages. The conformity of 

Table 2. Comparison of lordosis and adjacent segment angle measurements of patients. Change in preoperative and postoperative 
lordosis and adjacent segment angles of patients according to groups

Table 3. Degeneration levels of the patients included in the study according to the groups

Degeneration
ACDF CDP

p

n % n %

Upper segment preop

1 6 28,6 13 56,5

-2 13 61,9 10 43,5

3 2 9,5 0 0

Upper segment postop

1 1 4,8 11 47,8

<0,00112 8 38,1 12 52,2

3 12 57,1 0 0

Lower segment preop

1 10 47,6 6 26,1

-2 9 42,9 15 65,2

3 2 9,5 2 8,7

Lower segment postop

1 3 14,3 4 17,4

-2 13 61,9 17 73,9

3 5 23,8 2 8,7

Upper degeneration difference  (preop-postop)
No difference 8 38,1 21 91,3

<0,0011
Increase 13 61,9 2 8,7

Lower degeneration difference (preop-postop)
No difference 11 52,4 21 91,3

0,0041
Increase 10 47,6 2 8,7

- The number of patients was not sufficient for chi-square analysis
1 Chi-square analysis was used

ACDF CDP p Preop Postop p

Lordosis preop 15,1±6,8 11,6±6,0 0,072 ACDF Lordosis 15,1 (12,1–17,6) 10,1 (6,1–12,6) <0,0011

Lordosis postop 10,1 (6,1–12,6) 11,4 (6,8–15,6) 0,3972 Adjacent segment 8,8±2,6 7,2±2,1 0,0022

Lordosis difference −4,1 (-5,4–2,8) -0,1 (-2,3–1,1) <0,0012 CDP Lordosis 11,6 (7,9–14,8) 11,4 (6,8 –15,6) 0,6611

Adjacent preop 8,8±2,6 7,4±3,4 0,128 Adjacent segment 7,4±3,4 6,4±3,3 0,0012

Adjacent postop 7,2±2,1 6,4±3,3 0,356

Adjacent difference −1,6±2,1 −1,0±1,2 0,213

1 T-test was used.
2 Mann-Whitney U test was used
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independent continuous variables to normal distribution was 
evaluated by the Shapiro-Wilk test. Student’s t-test was used 
to compare normally distributed continuous variables between 
groups and the values were presented as mean and standard 
deviation. Mann-Whitney U test was used to compare non-
normally distributed continuous variables between the groups 
and the values were presented as median and 25 and 75 
percentile values. In the dependent analyses, McNemar’s test 
was used for categorical variables, and either the Wilcoxon 
signed-rank test or the dependent samples t-test was used for 
continuous variables according to the normality of distribution. 

Discussion
For over 60 years, the ACDF method has been safely applied in 
patients with cervical disc herniation. However, increased range 
of motion in adjacent segments, increased intradiscal pressure, 
and consequently, the development of degeneration and 
adjacent segment disease have brought the CDP method into 
prominence, which has been increasingly used in the last decade 
[7]. The fundamental idea of the CDP method is to provide 
mobility in the operated segment [8]. In the present study, 
23 patients operated with the CDP method and 21 patients 
operated with the ACDF method were analyzed. In the ACDF 
group, 57.1% of the patients (n = 12) were operated at the C6-7 
level, while in the CDP group, 52.2% of the patients (n = 12) 
were operated at the C5-6 level. In studies focusing on ranges 
of motion, significant differences in sagittal balance and range 
of motion were not observed in surgeries performed at the C5-6 
and C6-7 levels. It was reported that for a difference to occur, 
a significantly larger number of patients would be required 
[9, 10]. In the present study, we focused on three parameters 
during postoperative follow-ups: changes in cervical lordosis 
angle, changes in adjacent segment angles, and changes in the 
degree of degeneration in adjacent segments. 
Studies on the ACDF method have shown that this technique, 
when applied to a specific segment, terminates mobility in 
that segment, consequently increasing the range of motion 
in adjacent segments. In studies focusing on lordosis, short-
term follow-ups have shown lordosis loss compared to the 
CDP method, while limited studies with long-term follow-up 
reported contradictory results. Donki et al. conducted a study on 
the sagittal alignment following anterior cervical discectomy, 
where they observed differences in cervical alignment in the 
early stages after CDP or ACDF methods. However, their one-
year follow-up did not reveal any significant differences [11].
Anakwenze et al. found that there was no significant difference 
in total cervical lordosis angle between CDP and ACDF methods 
at one-year follow-up [12]. Pandey et al. found the preoperative 
lordosis angles to be 15.55 ± 2.48 and 15.30 ± 2.14 degrees 
in the CDP and ACDF groups, respectively, and 16.1 ± 2.3 and 
14.98 ± 1.74 degrees in the TDR and ACDF groups, respectively, 
at 12 months postoperative follow-up. They found a significant 
difference between the two groups in terms of lordosis angle 
during the follow-up period (p > 0.05).[7] Eliseev et al. measured 
cervical lordosis angles preoperatively and at 12 months 
postoperatively, and reported the angles as 6.9 [−12.2; 2.1] 
and −14.4 [−17.3; −12.2] in the ACDF method and 5.4 [−3.78; 
10.6] and −8.7 [−9.5; 4.9] in the CDP method, respectively (p < 
0.001).[9] In the present study, the preoperative-postoperative 
change in cervical lordosis angles was −4.1 degrees in the 
ACDF group and −0.1 degrees in the CDP group (p < 0.001). 
When ACDF and CDP groups were evaluated within themselves, 
preoperative and postoperative cervical lordosis angles were 
15.1 (12.1–17.6) and 10.1 (6.1–12.6) degrees in ACDF group 
and 11.6 (7.9–14.8) and 11.4 (6.8–15.6) degrees in CDP group 
(p < 0.001). Even though different results were observed in one-
year follow-ups, our study demonstrated that after a three-year 
follow-up, there was greater cervical lordosis loss in the ACDF 
method.
Studies conducted on adjacent segments have shown that there 

Figure 1. Lateral cervical radiograph of a patient who 
underwent C5-6 anterior cervical discectomy and ACDF

Figure 2. Lateral cervical radiograph of a patient who 
underwent C5-6 anterior cervical discectomy and CDP
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is more loss of lordosis and range of motion in the CDP method 
compared to the ACDF method [9, 10, 12]. Since the present 
study was conducted retrospectively, we did not focus on range 
of motion in order to maintain the sample size. Instead, we 
statistically examined the change in adjacent segment lordosis 
angle, considering its potential contribution to the literature. 
In the present study, preoperative and postoperative adjacent 
segment lordosis angles were measured as 8.8 ± 2.6 and 7.2 ± 
2.1 degrees in the ACDF group (p = 0.002) and 7.4 ± 3.4 and 6.4 
± 3.3 degrees in the CDP group (p = 0.001), respectively. The 
change in the CDP group was statistically significant.
The CDP method preserves motion at the operated segment and 
reduces stress on adjacent segments, theoretically resulting 
in a lower incidence of adjacent segment degeneration and 
disease. The opposite is true with the ACDF method. While 
this is theoretically the case, many studies have attempted to 
determine whether this is true in practice. Yan et al. showed 
that adjacent segment degeneration was less common in the 
CDP method compared to the ACDF method.[13] Dong et al. and 
Luo et al. conducted meta-analyses that showed substantially 
lower adjacent segment degeneration in the CDP method 
compared to the ACDF method.[14, 15] In the present study, we 
used the cervical disc degeneration grading system described 
by Suzuki et al. and examined MRI findings. In addition, changes 
in degeneration grades in the upper and lower segments in the 
ACDF and CDP groups were also examined separately. When the 
two groups were compared, it was found that upper segment 
preoperative-postoperative degeneration grades increased in 
61.9% of patients in the ACDF group and in 8.7% of patients 
in the CDP group (p < 0.001). It was found that preoperative-
postoperative lower segment degeneration grades increased in 
47.6% of patients in the ACDF group and 8.7% of patients in 
the CDP group (p < 0.004). This may be attributed to the fact 
that the operations were mostly performed at the C5-6 and 
C6-7 levels and the lower range of motion at the lower levels.
The results obtained in the present study are important as 
both cervical lordosis and adjacent segment degeneration 
were examined over a 3-year follow-up period. However, the 
retrospective study design, the fact that not all patients could 
be reached in this respect that follow-up imaging could not be 
performed in all patients, and that imaging studies could not be 
performed in the same time interval constitute the limitations 
of this study. 
Conclusion
Two commonly used methods were compared in the present 
study and the changes in adjacent segment and cervical lordosis 
angles were examined over a long-term follow-up period. The 
results showed that the CDP method was superior to the ACDF 
method in terms of cervical lordosis and adjacent segment 
degeneration. These results can contribute to the literature 
considering the long follow-up period and the variables 
analyzed. However, further prospective studies with long-term 
follow-up are needed.
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