
Original Article Ann Med Res 2024;31(12):967–973

Ann Med Res

Current issue list available at AnnMedRes

Annals of Medical Research
journal page: www.annalsmedres.org

The improvement rates in disc height and lordotic angle
following anterior cervical discectomy and fusion with disc
prosthesis

Yasin Gokturka,∗, Sule Gokturka, Ali Kocb, Kagan Kamasaka, Ahmet Payasc, Belgin Orald

aKayseri City Hospital, Department of Neurosurgery, Kayseri, Türkiye
bKayseri City Hospital, Department of Radiology, Kayseri, Türkiye
cAmasya University, Faculty of Medicine, Department of Anatomy, Amasya, Türkiye
dKayseri City Hospital, Department of Public and Occupational Diseases, Kayseri, Türkiye

ARTICLE INFO

Keywords:
Anterior cervical fusion
Cervical kyphosis
Cervical lordosis
Sagittal vertical axis
Cervical disc prosthesis

Received: Oct 31, 2024
Accepted: Dec 12, 2024
Available Online: 25.12.2024

DOI:
10.5455/annalsmedres.2024.10.232

Abstract

Aim: The objective of this study is to illustrate the impact of disc prosthesis instrumen-
tation in the intervertebral disc space following discectomy on cervical lordosis (CL) as
observed in radiographic images by measuring the Cobb angle and cervical disc height
taken before and after surgery. Furthermore, the study seeks to evaluate the functionality
of the disc prosthesis employed. The objective was to evaluate the functionality of the
surgical procedure and the type of disc prosthesis employed.
Materials and Methods: A total of 106 patients with cervical disc herniation who
underwent surgical intervention using cervical disc prostheses were included in the study.
Pre- and post-surgical lateral direct radiographic evaluations were obtained from each
patient. The following variables were recorded for evaluation: preoperative Cobb angles,
cervical disc height, surgical level, age, and gender.
Results: The most frequent site of cervical disc operation was the C5-6 level. There
was a significant increase in the cervical Cobb angle after surgery, as well as a significant
increase in postoperative disc height in comparison to preoperative values. The change in
Cobb angle and disc height was found to be statistically significant (p<0.05).
Conclusion: A variety of cervical interbody grafts are currently in use. The use of cer-
vical disc prostheses in cervical disc herniation surgery allows achieving optimum lordotic
angulation. There is a continued need for new studies to support our physical examination
findinds on the long-term clinical follow-up.

Copyright © 2024 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Cervical disc herniation (CDH) results from the displace-
ment of the nucleus pulposus into the spinal canal and
posteriorly. Disc herniation is frequently observed in the
lumbar region but it can also be seen in the cervical region.
The compression of the nucleus pulposus may either occur
towards the roots or the right and left canal. The severity
of compression determines whether the muscle that is in-
nervated is weakened, or where the pain and paresthesias
will radiate in the upper extremity.
CDH has a major impact on the social activities of adults.
Approximately 1 in 1,000 individuals may experience cer-
vical disc-related pain in middle-aged population which
results in considerable economic costs [1]. The size and
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position of the herniated disc, along with the compressed
nerves, can result in a wide range of symptoms [2]. The
treatment algorithm of the patients with CDH includes
medical therapy, physical therapy, and surgery. Depend-
ing on the severity and type of symptoms, surgical therapy
may become a viable option for patients who have not re-
sponded to conservative treatment [3].

Anterior cervical discectomy (ACD) and instrumented fu-
sion is the standard surgical therapy for cervical disc her-
niation [4]. In recent years, the development of versatile
biomaterials suitable for use in spinal surgery has led to
the increased utilization of cervical disc prostheses and cer-
vical cage instruments. These devices are designed to re-
duce the incidence of adjacent segment degeneration which
is an unavoidable consequence of the surgical intervention.
It offers a comfortable life to the patient by increasing the
range of motion (ROM) of the cervical vertebra. The sys-
tem allows for surgery to be performed under optimal con-
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ditions using the necessary materials, enabling individual
adjustments to dimensions.

Studies have shown that there is a decrease in the total
range of motion (ROM) of the operated cervical segment
over time following anterior cervical discectomy and fusion
(ACDF), while the ROM of the adjacent cervical spine in-
creases. Following ACDF, the stress peak on the adjacent
segments of the intervertebral disc and facet joint signif-
icantly increases, altering the shear stress on the intact
cervical vertebra. Consequently, this affects the adjacent
cervical segment. The incidence of symptomatic adjacent
segment disease after ACDF is approximately 25% [5].
However, the incidence of adjacent cervical spine disease
requiring re-surgery is even much lower [6].

Lim et al. [7] conducted a comparative analysis of the 30-
day outcomes following anterior cervical surgery, review-
ing 2352 elective cases of cervical spondylosis. They dis-
cussed the outcomes of discectomy and fusion, both with
and without instrumentation. The results demonstrated
that the 30-day outcomes were comparable between the
two cohorts, indicating that the additional instrumenta-
tion step did not significantly influence the occurrence
of postoperative complications in cervical spondylosis. It
was concluded that instrumentation could be safely per-
formed without concerns about postoperative complica-
tions. There are several techniques to measure cervical
lordosis. Among these measurements are the Harrison pos-
terior tangent, the Jackson physiological stress line and
the Cobb angle. The C2-C7 Cobb angle is the preferred
method to assess lordosis and kyphosis in cervical spine.
The Cobb angle is measured by drawing two parallel lines
extending through the inferior endplates of the C2 (upper-
most vertebra) and C7 (lowermost vertebra). The angle
at the intersection of these two lines is the Cobb angle,
which indicates the degree of lordosis of the cervical ver-
tebra [8]. Despite the alterations in the sagittal alignment
of the cervical region, the Lordotic angle (Cobb) ranges
between 20-35 degrees and is typically maintained in the
spine. Kyphosis is defined when the Cobb angle is less
than 0°, meaning a negative Cobb angle value indicates
the presence of kyphosis [9,10].

In this study, we aimed to evaluate the impact of disc
prosthesis instrumentation on intervertebral disc space fol-
lowing discectomy by measuring the Cobb angle to assess
cervical lordosis (CL) both preoperatively and postopera-
tively.

Materials and Methods

A retrospective study was conducted on patients who had
undergone surgery for the treatment of cervical disc herni-
ation and ACDF between January 2018 and March 2024.
Radiographic images obtained before and after the surgi-
cal procedures were analyzed by members of our team. We
included patients aged between 18 and 75 years who had
undergone surgery for cervical disc herniation in the study.
Patients with a history of trauma, tumors, myelopathy, or
spondylolisthesis due to neurological disease were excluded
from the study. A total of 106 patients who were oper-
ated on during the study period were included. The study
was approved by the local ethics committee (Kayseri City

Hospital Non-Invasive Clinical Research Ethics Commit-
tee, approval number: 21.02.2024-76397871). We strictly
adhered to the principles set forth in the 1975 Declaration
of Helsinki, as revised in 1983.

Determination of the surgical indication
The indications for surgery for cervical disc herniation in-
clude motor loss, long-standing tract disease, severe and
refractory radicular pain, worsening radicular pain and
symptoms despite at least three weeks of conservative
treatment, and changes observed on imaging studies. Pa-
tients with advanced spondylosis, discopathy due to cer-
vical trauma, a history of secondary cervical disease, and
those with anterior plate application were not treated sur-
gically.

Processing of images
Cervical lateral direct radiographs of the participants were
routinely obtained during the preoperative and postopera-
tive sixth week to evaluate the localization and function of
the prosthesis. The radiographic measurements, including
the Cobb angle and cervical disc height, were determined
directly from the X-rays with patients in a neutral posi-
tion by a radiologist with at least 10 years of experience
(Figures 1-4). Pre- and postoperative Cobb angles, cer-
vical disc height, the level of the operated cervical spine,
age, and gender of the patients were recorded.

Statistical analysis
The normal distribution of the continuous variables was
evaluated using the Shapiro-Wilk test. Descriptive statis-

Figure 1. Preoperative images showing cervical disc
height, sagittal direct radiograph.
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Figure 2. Postoperative image showing cervical disc
height, sagittal direct radiograph.

Figure 3. Preoperative images showing cervical lordotic
angle measurement on sagittal direct radiograph.

Figure 4. Postoperative. images showing cervical lor-
dotic angle measurement on sagittal direct radiograph.

tics included frequency, percentage, mean value, standard
deviation, median value, and the highest and lowest (min-
max) values. Continuous variables are expressed as mean
± standard deviation and median (range: minimum, max-
imum). Categorical variables are expressed as the number
of affected individuals and the percentage of the popula-
tion. The Wilcoxon test was used to evaluate the pres-
ence of differences in continuous variables between pre-
operative and postoperative measurements. The Mann-
Whitney U test was used for independent sample compar-
isons of the continuous variables. Any p-value less than
0.05 was considered statistically significant. All statistical
analyses were performed using the Statistical Package for
the Social Sciences version 22 (SPSS v 22) (IBM, USA).

Results
In total, 106 patients were included in the study. Fifty-
one (48.1%) patients were female, and 55 (51.9%) were
male. The average age of the patients was 50.43 ± 10.95
years (range: 28-79 years). The most frequently operated
cervical spine site was the C5-6 level (52.8%), with the
operation sites summarized in Table 1.
We compared the preoperative and postoperative lordotic
angles. The mean preoperative Cobb angle was 6.88 ±
9.13 mm (range: -12 to 29.10 mm), while the postoperative
Cobb angle was 10.26 ± 8.42 mm (range: -8 to 29.3 mm).
The Cobb angle showed a significant increase after surgery
(p<0.05). The average preoperative disc height was 5.06
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Table 1. Surgery of the site of cervical spine.

C2-3 C3-4 C4-5 C5-6 C6-7
n % n % n % n % n %

4 3.8 9 8.5 16 15.1 56 52.08 21 19.8

Table 2. Preoperative and postoperative change of Cobb angles and disc heights.

Patients who underwent surgery

Measurements Mean±SD Min/max Median Z p

Cobb angle preoperative 6.88±9.13 -12.00/29.10 7.05
-4.516 <0.001

Cobb angle postoperative 10.26±8.42 -8.00/29.30 11.05

Disc height preoperative 5.06±0.96 3.10/7.60 5.05
-8.897 <0.001

Disc height postoperative 6.82±0.94 4.60/9.50 6.90

*Wilcoxon Signed Ranks Test.

Table 3. Preoperative and postoperative change in cervical Cobb angles and disc heights according to gender of the
patients.

Patients who underwent surgery

Measurements in Females (n: 51) Mean±SD Min/max Median Z p

Cobb angle preoperative 5.24±8.64 -12.00/24.60 3.70
-4.363 <0.001

Cobb angle postoperative 10.93±8.39 -4.20/29.30 11.40
Disc height preoperative 4.79±0.89 3.20/6.70 4.90

-6.216 <0.001
Disc height postoperative 6.76±0.97 4.60/9.50 6.90

Measurements in Males (n:55) Mean±SD Min/max Median Z p

Cobb angle preoperative 8.40±9.38 -9.70/29.10 8.50
-1.759 0.079

Cobb angle postoperative 9.63±8.47 -8.00/29.00 10.60
Disc height preoperative 5.13±0.96 3.10/7.60 5.20

-6.395 <0.001
Disc height postoperative 6.89±0.91 4.80/8.70 7.00

*Wilcoxon Signed Ranks Test.

Table 4. Preoperative and postoperative Cobb angles and disc heights and their variation among different genders.

Preoperative and postoperative difference
Females Males

Mean±SD Min/max Median Mean±SD Min/max Median

Cobb angle
5.69±7.97 -8.50/27.70 4.10 1.23±5.26 -12.90/14.60 1.20

p: 0.003

Disc height
1.97±1.09 0.20/5.10 1.90 1.58±1.04 0.0/4.10 1.30

p: 0.063

*Mann Whitney U test.

± 0.96 cm, and the postoperative disc height was 6.82
± 0.94 cm. The disc height also increased significantly
postoperatively (p<0.05).

The data regarding the preoperative and postoperative
Cobb angles and disc heights are summarized in Table 2.

The changes in preoperative and postoperative Cobb an-
gles and disc height varied according to the gender of the
patients. There was no significant difference in the cervi-
cal Cobb angle before and after surgery in males (p>0.05).
However, the changes in disc height in males before and
after surgery were significant (p<0.05) (Table 3). The
change in Cobb angles in females from the preoperative to

the postoperative period was 3.38 ± 7.04 (range: -12.90 to
27.70), and this change was significantly higher in women
than men. The preoperative to postoperative change in
disc heights was 1.76 ± 1.08 (range: 0.00 to 5.10), and this
change was not significant in terms of gender (Table 4).

Discussion
Anterior cervical discectomy and fusion (ACDF) is one of
the most frequently performed surgical procedures on the
spine [11]. The objective of this procedure is to correct a
cervical kyphotic deformity and alleviate pain. This can
be achieved by using various in-body devices, including
cervical disc prostheses and cervical cage instruments.Our
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results demonstrated that the application of a cervical
disc prosthesis as a lordotic allograft supports the sagit-
tal anatomical contours of the spine and maintains disc
height.Our results showed that the application of the disc
prosthesis resulted in a positive increase and improvement
in the lordotic angle. The treatment of choice for cervical
disc herniation and radiculopathy is ACDF [12]. Simple
discectomy, or disc surgery without fusion, is still employed
in the treatment of cervical disc pathologies. However, the
remaining space may be susceptible to complications such
as segmental kyphosis and axial neck pain. The result-
ing segmental kyphosis causes collapse of the disc space,
restenosis in the foramen, and relapse of symptoms [13].
However, the interbody instrument applied in the early
period re-establishes the disc height, thereby resulting in
an improvement in the Cobb angle. This improvement is
especially prominent in females, as shown by the results
of our study. In a study by Zaidi et al. [14], the results
of radiographic evaluations conducted at six weeks post-
procedure in 48 patients who had undergone anterior cer-
vical discectomy and fusion were presented. They showed
a change of +2.37° and +1.53° in global and segmental
lordosis, respectively. In another study by Tacyıldız et
al. [15], it was shown that the anatomical features and
cervical sagittal alignment of the spine in textile workers
had significant deterioration in cervical lordosis. They em-
phasized that prolonged neck flexion during textile work
was a contributing factor to the prevalence of pain and
distorted Cobb C2-7 angles. They also used VAS scores
to support their findings [15]. ACDF is a highly effective
and safe surgical treatment option for degenerative cervi-
cal pathologies. Its use is associated with a high rate of
excellent clinical results when an interbody device is uti-
lized during surgery [16]. The initial report on the anterior
approach to the cervical spine was presented by Robinson
and Smith [12]. These devices are employed in the recon-
struction and restoration of cervical lordosis. In the early
years of this field, a straightforward approach was used
with fibula grafts, including iliac crest grafts and auto-
grafts, for cervical interbody fusion. The use of autografts
has been a standard practice for decades due to their su-
perior bone fusion capabilities compared to other options
[17]. In our study, a cervical disc prosthesis of appropriate
size for the patient was used in all cases. Grob et al. [18]
randomly divided their cohort into two groups: those with
(n=54) and without (n=53) axial pain. The cervical and
segmental axis angles did not statistically change among
different genders. They showed an increase in cervical lor-
dosis with age in female patients. In our study, there was
no improvement in Cobb angles in male patients before or
after surgery, but there was an improvement in disc dis-
tance. Multiple factors may play a causative role in our
observation, with the most important being the random se-
lection of our patients without evaluation regarding their
professions.

The primary objective of cervical spine disc replacement
is to preserve segmental flexibility. Pitzen et al. [19]
conducted a comprehensive examination of radiographic,
biomechanical, and morphological findings 12 weeks fol-
lowing the implantation of a cervical disc prosthesis. They
showed that segmental mobility is maintained for three

months following the procedure. The biomechanical struc-
ture of the cervical disc prosthesis allows the preservation
of movement and fusion following discectomy, providing
an advantage over previous techniques. In this study, the
focus was on the radiological parameters of the patients,
rather than the range of motion of the joints evaluated
by physical examination. Although a significant change in
disc height was observed in the postoperative plain radio-
graphs, this change was not statistically significant when
analyzed by gender. Richter et al. [20] evaluated the clin-
ical outcomes of anterior cervical fusion surgery using dy-
namic and non-dynamic cervical implants in patients with
cervical degenerative disorders. Their findings showed that
both procedures had comparable results. In the long term,
adjacent segment disease can be observed following ACDF
surgeries. Nevertheless, the documented fusion rates for
single-level ACDF procedures have not yet reached 100%.
Pitzen et al. [21] showed that the fusion rate is corre-
lated with implant complications, including screw shear,
screw fracture, and pseudarthrosis, which may be more
prevalent in patients with delayed fusion. These observa-
tions emphasize the paramount importance of early bone
fusion in ACDF. Rodway et al. [22] conducted a com-
parative analysis of two consecutive cohorts that under-
went cervical anterior discectomy and fusion surgery using
a composite allograft interbody spacer. They used two dis-
tinct allografts: i) one stored and frozen until the time of
surgery, and ii) the other preserved with glycerol and pro-
vided at room temperature. The similarity in fusion rates
observed in the short term indicated that both treatments
were comparable.
Cervical kyphosis can result in several adverse outcomes,
including spinal instability, spinal cord injury, and disabil-
ity. Correcting cervical kyphosis is a technically demand-
ing procedure, especially in severe cases. Lau et al. [23]
employed the anterior sequential interbody dilation tech-
nique for the treatment of cervical kyphosis, resulting in
an improvement of 24.7° in patients with severe preopera-
tive kyphosis, 17.8° in those with moderate kyphosis, and
10.1° in those with mild kyphosis. They also showed a
significant improvement in postoperative Cobb angle.
In addition to the measurement of the cervical lordotic an-
gle, the formation of fusion has been examined on numer-
ous occasions using a variety of techniques. In a prospec-
tive, multicenter study, Vanichkachorn et al. [24] placed
an interbody spacer, which was used in bone grafts in 31
patients who underwent single-level ACDF with PEEK in-
terbody spacer and complementary anterior fixation. A
high rate of fusion success was observed at a single verte-
bral level.
Following anterior cervical discectomy and fusion, the
most important indicator of patient satisfaction is the
rapid improvement of radicular symptoms. Axial pain
may persist in some patients, but to a lesser degree. The
dreaded complication of this condition is the abnormal
alignment and angulation of the cervical vertebrae after
surgery, which may lead to potential limitations in move-
ment that can develop after fusion. The postoperative
satisfaction rate was observed to be high in our patients,
underscoring the importance of correct surgical indication
in these cases.
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The natural lordotic angle of the cervical spine is altered
when degenerative changes develop. This phenomenon,
known as cervical kyphosis, causes compression of the
spinal cord, thereby impairing mobility in the cervical re-
gion [8]. The prostheses used in cervical disc herniation
surgery can help achieve optimal alignment and lordotic
angles.

Limitations

Although the sample size was 106, the use of a cervical
disc prosthesis in all patients increases the study’s speci-
ficity. The exclusion of a physical examination from the
study, coupled with the inclusion of only postoperative ra-
diographic evaluation at the 6th postoperative week, pre-
vented us from evaluating the extent of cervical mobility.
Therefore, the short follow-up period and lack of physi-
cal examination findings are the limitations of our study.
However, our results emphasize the need for further studies
investigating the changes in physical examination follow-
ing the application of disc prostheses.

Conclusion

In this concise yet potentially valuable study, we present
evidence showing that the cervical disc prosthesis signifi-
cantly improves radiographic outcomes after surgery inpa-
tients with disc herniation. Improvement in the cervical
lordotic angle prominent. There is a clear need for further
studies that support our findings with the evidence includ-
ing physical examination results and and prolonged follow
up periods.

Acknowledgements

Not applicable.

Data availability statement

Not applicable.

Financial support and sponsorship

No fundings.

Presentation

None.

Human ethics and consent to participate declarations

Not applicable (retrospective study).

Ethical approval

Ethical approval for this study (approval number:
21.02.2024-76397871 numbered) was provided by the Ethi-
cal Committee of Kayseri City Hospital Non-Invasive Clin-
ical Research.

Author contributions

Detailing the work; project preparation, data collection,
writing scientific papers, Exp.Dr. Şule Göktürk has con-
tributions. Exp.Dr. Yasin Göktürk contributed to the
collection of data and writing and proof reading the sci-
entific paper in the project. Assoc.Prof.Dr. Ali Koç con-
tributed to project with the preparation of radiographic
data, Assoc.Prof.Dr. Kagan Kamasak contributed to data
collection with his operated patients, PhD. Ahmet Payas
contributed with data related to anatomy and made the
proof read of manuscript, Exp.Dr. Belgin Oral contributed
to statistical analyses, preparing the tables and graphics.

References
1. Van Zundert J, Huntoon M, Patijn J, Lataster A, Mekhail N, et

al. Cervical radicular pain. Pain Pract 2010;10: 1–17.
2. Cloward RB. Cervical diskography. A contribution to the etiol-

ogy and mechanism of neck, shoulder and arm pain. Ann Surg.
1959;150:1052–1064.

3. Gebremariam L, Koes BW, Peul WC, Huisstede BM. Evalua-
tion of treatment effectiveness for the herniated cervical disc: a
systematic review. Spine (Phila Pa 1976) 2012;37:E109–118.

4. Chen S, Deng Y, Liu H et al. Cervical sagittal balance af-
ter consecutive three-level hybrid surgery versus anterior cer-
vical discectomy and fusion: radiological results from a single-
center experience. Journal of Orthopaedic Surgery and Research
2023;18:345.

5. Wang JC, McDonough PW, Endow K, Kanim LE, Delamarter
RB. The effect of cervical plating on single-leve anterior cervical
discectomy and fusion. J Spinal Disord 1999;12:467-71.

6. Xie JC, Hurlbert RJ. Discectomy versus discectomy with fusion
versus discectomy with fusion and instrumentation: a prospec-
tive randomized study. Neurosurgery 2007;61:107-117.

7. Lim S, Haider S, Zakaria H, Chang V. Comparison of 30-
day outcome following anterior cervical discectomy and fusion
with or without instrumentation for cervical spondylosis: A
review of 2352 elective cases. Surgical Neurology International
2019;10(246).

8. Martini ML, Neifert SN, Chapman EK, Mroz TE, Rasouli JJ.
Cervical spine alignment in the sagittal axis: a review of the best
validated measures in clinical practice. Global Spine J 2021; 11:
1307-12.

9. Kim B, Yoon do H, Ha Y, et al. Relationship between T1 slope
and loss of lordosis after laminoplasty in patients with cervical
ossification of the posterior longitudinal ligament. Spine J 2016;
16(2): 219–225.

10. Machino M, Yukawa Y, Hida T, et al. Cervical alignment and
range of motion after laminoplasty: radiographical data from
more than 500 cases with cervical spondylotic myelopathy and
a review of the literature. Spine 2012; 37(20): E1243–1250.

11. Gillis CC, Kaszuba MC, Traynelis VC. Cervical radiographic
parameters in 1- and 2-level anterior cervical discectomy and
fusion. J Neurosurg Spine. 2016 Oct;25(4):421-429.

12. Smith GW, Robinson RA: The treatment of certain cervical
spine disorders by anterior removal of the intervertebral disc and
interbody fusion. J Bone Joint Surg Am, 1958; 3: 607–24.

13. Erdoğan U, Ofluoğlu E. Anterior cervical discectomy and fusion.
TOTBİD Dergisi 2017; 16:313–319.

14. Zaidi SE, Venkatraman V, Sykes DAW, Albanese J, Erick-
son MM, Crutcher CL, Goodwin CR, Groff MW, Grossi P,
Than KD, Haglund MM, Abd-El-Barr MM. Clinical and Ra-
diographic Outcomes for Patients with Cervical Adjacent Seg-
ment Disease Treated with Anterior Cervical Discectomy and
Fusion with Integrated Interbody Spacers. World Neurosurg.
2023;Dec;180:e514-e522.

15. Taçyıldız AE, Apaydın AS, Akıncı C, Ucer M. Cervical sagit-
tal curvatures of workers in the textile industry. Ann Med Res
2023;30(10):1188–1190.

16. Wen Z, Lu T, Wang Y, Liang H, Gao Z, He X. Anterior Cervical
Corpectomy and Fusion and Anterior Cervical Discectomy and
Fusion Using Titanium Mesh Cages for Treatment of Degenera-
tive Cervical Pathologies: A Literature Review. Med Sci Monit,
2018; 24: 6398-6404.

972



Gokturk Y. et al. Original Article 2024;31(12):967–973

17. Malloy KM, Hilibrand AS: Autograft Versus allograft in degener-
ative cervical disease. Clin Orthop Relat Res, 2002; 394: 27–38.

18. Grob D, Frauenfelder H, Mannion AF. The association between
cervical spine curvature and neck pain. Eur Spine J 2007;16:669-
678.

19. Pitzen TR, Kettler A, Drumm J, Nabhan A, Steudel WI, Claes,
LWilke HJ. Cervical spine disc prosthesis: radiographic, biome-
chanical and morphological post mortal findings 12 weeks after
implantation. A retrieval example. Eur Spine J. 2007 Jul; 16(7):
1015–1020.

20. Richter H, Seule M, Hildebrandt G, Fournier JY. Dynamic Cer-
vical Implant versus Anterior Cervical Diskectomy and Fusion:
A Prospective Study of Clinical and Radiologic Outcome. J Neu-
rol Surg A Cent Eur Neurosurg 2016;77(4):300–7.

21. Pitzen TR, Chrobok J, Stulik J, et al. Implant complications, fu-
sion, loss of lordosis, and outcome after anterior cervical plating
with dynamic or rigid plates two-year results of a multi-centric.
Random Control Study Spine 2009;34:641–6.

22. Rodway I, Gander J. Comparison of Fusion Rates between
Glycerol-Preserved and Frozen Composite Allografts in Cervi-
cal Fusion. Int Sch Res Notices 2014 Oct 28:2014:960142.

23. Lau D, Ziewacz JE, Le H, Wadhwa R, Mummaneni PV.
A controlled anterior sequential interbody dilation technique
for correction of cervical kyphosis. J Neurosurg Spine. 2015
Sep;23(3):263-73.

24. Vanichkachorn J, Peppers T, Bullard D, Stanley SK, Linovitz
RJ, Ryaby JT. A prospective clinical and radiographic 12-month
outcome study of patients undergoing single-level anterior cervi-
cal discectomy and fusion for symptomatic cervical degenerative
disc disease utilizing a novel viable allogeneic, cancellous, bone
matrix (trinity evolution) with a comparison to historical con-
trols. Eur Spine J. 2016 Jul;25(7):2233-8.

973


