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Abstract
The purpose — to compare the effectiveness of Discover cervical disk arthroplasty (CDA) and 

anterior cervical discectomy with fusion (ACDF) in the surgical treatment of cervical intervertebral disk 
(IVD) degenerative disease. Study design — a meta-analysis of randomized clinical trials. Materials  
and Methods. Randomized clinical trials were conducted in the Pubmed, EMBASE, ELibrary and Cochrane 
Library databases published from 2008 to October 2018, which compared the results of Discover CDA 
and ACDF techniques in the surgical treatment of cervical IVD degenerative disease. For dichotomous 
variables, the relative risk and 95% confidence interval were calculated, standardized difference of mean 
values and their 95% confidence interval were used for continuous variables using the random effects 
model. Results. This meta-analysis included 9 randomized controlled clinical trials, including the results 
of surgical treatment of 513 patients with degenerative disease of the cervical IVD. In the CDA group, 
the operation time was significantly shorter, in contrast to the group of patients who underwent ACDF 
(p<0.0001). The values of blood loss (p = 0.89), levels of quality of life for patients according to the Neck 
Disability Index (NDI) (p = 0.22), severity of pain in the cervical spine (p = 0.50) and upper limbs on a visual 
analogue scale (VAS) (p = 0.16), as well as the prevalence of secondary surgical procedures (p = 0.68) and 
adverse events (p = 0.40) between the compared groups did not have significant differences. At the 
same time, significantly large values of the range of motion at the operated level were noted in the 
CDA group (p<0.00001). Conclusion. Discover CDA in comparison with ACDF has a significantly large 
values of range of motion at the operated level. At the same time, there were no statistically significant 
differences in the NDI scores, VAS pain scores in cervical spine and upper limbs, and the prevalence of 
secondary surgical procedures and adverse events between the compared groups of respondents were 
not identified.
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Introduction
Anterior interbody fusion (ACIF) is the 

golden standard in surgical treatment of 
patients with degenerative diseases of cer-
vical intervertebral discs (IVD). According 
to various authors ACIF is a highly efficient 
method allowing to level present clinical 
and neurological symptoms in patients 
with degenerative cervical IVDs [1, 2]. 
Nevertheless ACIF is associated with some 
adverse events like hypermobility, pseudar-
throsis, dysphagia and degeneration of ad-
jacent spinal motion segments [3]. At the 
end of the last century a method of total 
arthroplasty (TA) of cervical IVDs [4] was 
developed and introduced into the clinical 
practice.

Currently TA of cervical IVD is widespread 
in many neurosurgical clinics of the world 
[5]. Some researchers have the opinion that 
TA procedure has a high clinical efficiency in 
patients with degenerative diseases of cer-
vical IVDs, allows to maintain physiological 
range of motion in the operated segment 
and to prevent degeneration of adjacent seg-
ments [5, 6]. 

Global medical industry developed a va-
riety of prostheses for TA of cervical IVDs. 
Every prosthesis is featured by a special 
design, biomechanical parameters, implan-
tation technique, clinical and roentgeno-
logical efficiency. Some promising rand-
omized clinical studies were discovered 
during search through literature in the 
PubMed, EMBASE and eLibrary databases 
presenting outcomes of Discover prosthe-
sis (DePuy Spine, USA) application for TA in 
patients with degenerative diseases of cer-
vical IVDs [7–12]. The outcomes turn to be 
controversial to a large extent which stim-
ulated the authors to conduct the present 
meta-analysis. 

Purpose of the study — to compare the 
efficiency of TA by Discover prosthesis and 
anterior cervical interbody fusion (ACIF) in 

surgical treatment of degenerative diseases 
of cervical intervertebral discs (IVD).

Study design — meta-analysis of rand-
omized clinical studies which compare meth-
ods of TA by Discover prosthesis and anterior 
cervical interbody fusion (ACIF) in surgical 
treatment of degenerative diseases of cervi-
cal intervertebral discs (IVD).

Material and Methods
Strategy of search and selection  
of literature 

The authors performed search of rand-
omized clinical studies in PubMed, EMBASE, 
eLibrary and Cochrane Library databas-
es published in the period from 2008 to 
October 2018 where authors compare out-
comes of TA methods by Discover prosthesis 
and ACIF in surgical treatment of degenera-
tive diseases of cervical IVDs. Search of lit-
erature was conducted by two researchers. 
In case of disputes related to inclusion of 
studies into the meta-analysis the decision 
was made collectively by the whole group of 
authors. The search was done in accordance 
with international recommendations on 
preparing the systematic reviews and meta-
analysis PRISMA [13].

The first stage included the search of liter-
ature using keywords «Discover cervical disk 
arthroplasty», «Discover cervical total disk 
replacement», «anterior cervical discectomy 
and fusion», «cervical spine degeneration», 
«cervical intervertebral disk degeneration» 
in English-language systems; and similar 
combination of words in Russian — in the 
National Russian Electronic Library. The 
second stage included review of abstracts 
to exclude publications not corresponding 
to such criteria. The third stage included re-
view of full texts of publications to confirm 
correspondence to criteria and lists of refer-
ences to see if those contain relevant stud-
ies (Fig. 1). 
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Correspondence criteria
To compare efficiency of two mentioned 

surgical procedures the following corre-
spondence criteria were defined: 

1) included studies: randomized clini-
cal studies examining outcomes of TA by 
Discover prosthesis and ACIF in adult pa-
tients with degenerative diseases of cervical 
IVDs along with clinical and neurological 
symptoms (radiculoneuralgia, radiculoneu-
ritis, radiculopathy);

2) types of surgical procedures: studies 
comparing TA of cervical IVDs by Discover 
prosthesis and ACIF with various implants;

3) outcomes: studies analyzing clini-
cal and instrumental outcomes of described 
procedures; life quality of patients related 
to limitation of motions in cervical spine by 
NDI (Neck Disability Index); severity of pain 
syndrome in cervical spine and upper limbs 
on VAS scale; frequency of adverse events 
and degeneration of adjacent spine motion 
segments; as well as rate of revisions;

4) study design: randomized clinical stud-
ies with methodology quality evaluation no 
less than 3 on Jadad scale [14] were included 
into the analysis.

Valuation of risk of bias

Each study included into the meta-anal-
ysis was evaluated using a Risk of bias tool 
under Review Manager 5.3 software (The 
Nordic Cochrane Centre, The Cochrane 
Collaboration, 2014, Denmark) on the fol-
lowing parameters: 

1) data sequence generation; 

2) hiding of study data; 

3) use of blinding; 

4) incomplete list of obtained data; 

5) selective presenting of study outcomes; 

6) other bias (table 1). 

Total valuated risk of bias for all studies 
were distributed for “low”, “uncertain” and 
“high” (Fig. 2). 

Fig. 1. Flow chart showing search strategy

Studies identified by search in databases  
 (n = 33)

Studies after exclusion of duplicates  
(n = 16)

Studies that passed screening  

Publications with full text examined  
for correspondence to criteria (n = 14)

Studies included into the qualitative  
analysis (n = 6)

Studies included into the quantitative 
analysis (meta-analysis)  

(n = 6)

Excluded studies  
(n = 2)

Excluded full texts studies  
(n = 8):

1) prospective non-randomized study  
(n = 2);
2) data comparison is impossible  
(n = 1);
3) abstract of conference (n = 1);
4) needed data is not represented  
(n = 4)
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Table 1
Valuation of risk of bias for studies included into the meta-analysis
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Chen Y. et al., 2013 + ? ? + + +

Luo C. et al., 2015 + ? ? + + +

Rozankovic M. et al., 2017 ? ? ? + + +

Shi S. et al., 2016 ? ? ? + + +

Skeppholm M. et al., 2015 + + + + + +

Sun Q. et al., 2016 + ? ? + + +

+ — low risk; ? — uncertain risk.

Fig. 2. Risk of bias assessment for all included studies

Statistical data analysis

The authors calculated a relative risk 
(RR) and 95% confidence interval (CI) for 
dichotomized variable. Standardized differ-
ence of average values (SDA) and 95% con-
fidence interval (CI) with the random effects 
model (REM) was used for continuous vari-

able. Coefficient I2 was used for evaluation 
of heterogeneity. With I2 coefficient value 
less than 25% the studies were considered 
homogeneous, from 25 to 50% — low rate 
of heterogeneity, from 50 to 75% — moder-
ate heterogeneity, over 75% — high hetero-
geneity. Skewness of the study was analyzed 

Low risk                  Uncertain risk

Other parameters

Selective representation of study results

A partial list of study results 

The use of blinding procedure

The concealment of study results
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by plotting a funnel diagram and linear re-
gressive Egger’s test. Tree diagrams were 
plotted with Review Manager 5.3 software 
(The Nordic Cochrane Centre, The Cochrane 
Collaboration, 2014, Denmark). Differences 
were considered statistically significant  
with р≤0,05. 

Results 
Search of literature

Based on correspondence criteria the pre-
sent meta-analysis includes 6 randomized 
controlled clinical studies with outcomes of 
surgical treatment of 513 patients with de-
generative diseases of cervical IVDs. Overall 
characteristics of included studies are pre-
sent in table 2. 

All studies reflect the main clinical, in-
strumental and intraoperative parameters; 
contain information on application of an ar-
tificial Discover cervical IVD as well as cages 
and bone autografts for ACIF. 

Time of surgical procedure

Three randomized clinical studies pre-
sent information on time of operative 
procedures [10–12]. Cumulative analysis  
of obtained data indicates that in the group 
of TA for cervical IVDs the time of procedure 
was statistically significantly less as com-
pared to the group of patients who under-
went ACIF (SDA =-0.71, 95% CI: -1.07, -0.36, 
р<0.0001; I2 = 49%) (Fig. 3). 

Blood loss volume

The authors included three randomized 
clinical studies which compared volume 
of blood loss after TA procedure and ACIF 
[10–12]. Meta-analysis of studies outcomes 
demonstrated the absence of statistically 
significant differences in volumes of blood 
loss in compared procedures (SDA = -0.02, 
95% CI: -0.86, -0.20, р = 0.89; I2 = 87%)  
(Fig. 4).

Table 2
Overall characteristics of studies included into the meta-analysis

Study Year Country

N
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Number of 
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Average age, 
years

Gender (male/
female)
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m
on

th
sTA ACIF TA ACIF RA ACIF

Chen Y. et al. [7] 2013 China 1 16 16 43.2 46.5 9/7 8/8 24

Luo C. et al. [8] 2015 China 1 34 37 47.2 46.3 18/16 20/17 48

Rozankovic M. et al. [9] 2017 Croatia 1 51 50 41.3 41.9 25/26 25/25 24

Shi S. et al. [10] 2016 China 1 60 68 46.5 47.4 36/35 24/33 24

Skeppholm M. et al. [11] 2015 Sweden 2 81 70 45.3 46.7 40/41 33/37 24

Sun Q. et al. [12] 2016 China 2 14 16 46.7 48.1 9/5 11/6 32.4

TA — total arthroplasty of intervertebral disc; ACIF — anterior cervical interbody fusion.
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Fig. 3. Forest plot for operation time

Fig. 4. Forest plot for blood loss

Fig. 6. Forest plot for VAS neck pain score

Fig. 5. Forest plot for NDI score

Life quality according to NDI

All studies included into the meta-anal-
ysis present information on life quality of 
the patients by NDI after procedures of TA 
and ACIF. High values of patients’ life qual-
ity by NDI were verified in group of TA for 
cervical IVDs as well as in the group of pa-
tients who underwent ACIF (SDA = -0.33, 
95% CI: -0.86, 0.20, р = 0.22; I2 = 87%)  
(Fig. 5).

VAS pain severity in cervical  
spine

Information on pain syndrome severity by 
VAS in cervical spine and upper limbs after 
TA of cervical IVDs and ACIF was reported in 
three studies [8, 9, 12]. No statistically sig-
nificant differences in VAS pain severity val-
ues in cervical spine were observed between 
the groups (SDA = -0.37, 95% CI: -1.845, 0.70,  
р = 0.50; I2 = 95%) (Fig. 6).
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VAS pain severity in upper limbs

No statistically significant differenc-
es in VAS pain severity values in upper 
limbs were observed between the groups  
(SDA = -0.47, 95% CI: -1.12, 0,18, р = 0.16;  
I2 = 87%) (Fig. 7).

Range of motion in operated spine seg-
ment
Two perspective clinical studies present-

ed information on range of motion values in 
operated spinal segments in patients who 
underwent TA of cervical IVDs and ACIF [8, 
10]. Meta-analysis of studies evidently dem-
onstrated significantly larger values of range 
of motion in operated spinal segments in 
TA group (SDA = 5.28, 95% CI: 4.69, 5.88, 
р<0.00001; I2 = 0%) (Fig. 8). 

Revision procedures

Revision rates were present in three stud-
ies [8, 9, 11]. Cumulative analysis of outcomes 
of these studies demonstrated the statisti-
cally significant differences in prevalence 
of revisions between groups of TA and ACIF  
(RR = 0.69, 95% CI: 0.11, 4.14, р = 0.68;  
I2 = 68%) (Fig. 9).

Adverse events
Information on revision rates after TA 

and ACIF procedures was present in all 
studies included into meta-analysis [8–12].  
No significant differences were observed  
(RR = 0.80, 95% CI: 0.48, 1.34, р = 0.40;  
I2 = 39%) (Fig. 10).

Fig. 7. Forest plot for VAS arm pain score

Fig. 8. Forest plot for range of motion at operated level

Fig. 9. Forest plot for secondary surgery
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Fig. 10. Forest plot for adverse events

Discussion
Search of literature in databases revealed 

several meta-analyses comparing efficiency 
of TA and ACIF procedures in surgical treat-
ment for degenerative diseases of cervical 
IVDs. Thus, L. Xie et al in his work demon-
strated that TA is more efficient method for 
treatment of patients with degeneration of 
cervical IVD [15]. S. Zou et al [16] proved 
that TA method allows to obtain statisti-
cally significantly better clinical outcomes 
than ACIF in patients with two-level de-
generative disease of cervical IVD [16]. 
With that the authors of mentioned papers 
consider that clinical efficiency of TA for 
cervical IVDs in patients with degenerative 
disease of discs depend at large on type of 
the prosthesis. Undoubtedly each artificial 
IVD has peculiarities of design, geometry 
of its components and biomechanics. For 
this reason the research on comparison of 
efficiency of various prostheses remains 
one the most important tasks of the cur-
rent spine surgery. 

The present meta-analysis demonstrates 
that time of procedure during TA is statisti-
cally significantly less as compared to ACIF. 
This data contradicts previous research [17–
19]. Nevertheless some researchers consider 
that longer times of TA procedure can be 
due to specifics of implantation of artificial 
IVDs using many instruments in contrast to 
ACIF procedure. On the other hand use of 
implants during ACIF procedure also means 
use of additional instruments [20]. The au-

thors of the present meta-analysis would 
like to note that data obtained on time of 
operative procedure in compared groups 
of patients is not convincing while vari-
ous implantation techniques in included 
randomized studies and their high level of 
heterogeneity. 

Some authors demonstrated that ACIF 
procedure allows to gain statistically signifi-
cant improvement of patients’ quality of life 
by NDI as compared to TA [21, 22]. It’s worth 
noting that meta-analyses confirming sig-
nificant improvement of life quality by NDI 
in ACIF group had a series of methodologi-
cal disadvantages in the study design which 
doesn’t allow to objectively assess the out-
comes. According to the present meta-anal-
ysis no statistically significant differences in 
life quality by NDI were observed between 
the groups of patients. 

As is known one of the adverse events after 
ACIF is the degeneration of adjacent spinal 
motion segment [23]. R. Davis et al consider 
that after ACIF procedure the range of motion 
in the operated segment is sharply decreased 
which is compensated by a significant in-
crease in range of motion in adjacent spinal 
motion segments [24]. In contrast to ACIF 
the TA procedure allows to preserve normal 
biomechanics in the operated segment and 
the whole cervical spine, thus preventing de-
generation of adjacent segments [25]. S. Yin 
et al report that TA of cervical IVDs allows to 
preserve a physiological range of motion in 
operated segment which is confirmed by re-
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sults of the present meta-analysis. However 
for a more objective evaluation of the status 
of operated and adjacent spinal motion seg-
ments further research is needed to study bi-
omechanical and kinematic features of those 
segments. 

Conducted meta-analysis of prospective 
randomized studies did not reveal the dif-
ferences in rate of adverse events in stud-
ies groups of patients. The data obtained 
by the authors is consistent with results of 
meta-analysis of S. Lei et al [27], S. Yi et al 
[28] and M. Qi et al [29]. The most frequent 
adverse event in both groups of patients was 
dysphagia. 

Study limitations

The present meta-analysis has a series 
of disadvantages. Firstly, meta-analysis in-
cludes 6 prospective randomized clinical 
studies with minor number of respondents 
which had an impact on results of statisti-
cal data processing. Secondly, Major part 
of included studies had a short follow up 
period which significantly decreases valid-
ity of results. Lastly, only one randomized 
study had a low risk of bias on all param-
eters which also could impact the results of 
meta-analysis. 

Conclusion

The present meta-analysis evidently dem-
onstrated that procedure of TA for cervical 
IVDs by Discover prosthesis as compared 
to ACIF procedure provides for statistically 
significantly greater range of motion in the 
operated spinal motion segments. With that 
no statistically significant differences were 
observed in compared groups of respondents 
on values of life quality by NDI, pain sever-
ity by VAS in cervical spine and upper limbs, 
by revision rate and by frequency of adverse 
events. Undoubtedly we need further con-
ducting of meta-analysis which would in-
clude methodologically high-quality rand-
omized clinical studies with long term follow 

up of patients who underwent TA and ACIF 
of degenerative diseases of cervical interver-
tebral discs. 

References

1. Byval’tsev V.A., Sorokovikov V.A., Kalinin A.A., Belykh 
E.G. [Analysis of anterior cervical interbody fusion using 
plate cage PCB Evolution for a 2 year period]. Zhurnal 
“Voprosy neirokhirurgii” imeni N.N. Burdenko [Burdenko’s 
Journal of Neurosurgery]. 2013;77(1):37-54.

2. Klingler J.-H., Krüger M.T., Sircar R., Kogias E., Scholz 
C., Volz F. et al. PEEK cages versus PMMA spacers in an-
terior cervical discectomy: comparison of fusion, sub-
sidence, sagittal alignment, and clinical outcome with 
a minimum 1-year follow-up. ScientificWorldJournal. 
2014;2014:398396. DOI: 10.1155/2014/398396.

3. Guan L., Hai Y., Yang J.-C., Zhou L.-J., Chen X.-L. 
Anterior cervical discectomy and fusion may be more 
effective than anterior cervical corpectomy and fu-
sion for the treatment of cervical spondylotic my-
elopathy. BMC Musculoskelet Disord. 2015;16:29.  
DOI: 10.1186/s12891-015-0490-9.

4. Oh C.H., Kim D.Y., Ji G.Y., Kim Y.J., Yoon S.H., Hyun D. 
et al. Cervical arthroplasty for moderate to severe disc 
degeneration: clinical and radiological assessments af-
ter a minimum follow-up of 18 months: pfirrmann grade 
and cervical arthroplasty. Yonsei Med J. 2014;55(4):1072-
1079. DOI: 10.3349/ymj.2014.55.4.1072.

5. Byval’tsev V.A., Kalinin A.A., Stepanov I.A., 
Pestryakov  Yu.Ya., Shepelev  V.V. [Analysis of the re-
sults of total cervical disc arthroplasty using a M6-C 
prosthesis: a multicenter study]. Zhurnal “Voprosy nei-
rokhirurgii” imeni N.N. Burdenko [Burdenko’s Journal of 
Neurosurgery]. 2017;81(5):46-55. 

6. Maharaj M.M., Mobbs R.J., Hogan J., Zhao D.F., Rao P.J., 
Phan K. Anterior cervical disc arthroplasty (ACDA) versus 
anterior cervical discectomy and fusion (ACDF): a system-
atic review and meta-analysis. J Spine Surg.. 2015;1(1):72-
85. DOI: 10.3978/j.issn.2414-469X.2015.09.01.

7. Chen Y., Wang X., Lu X., Yang H., Chen D. 
Cervical disk arthroplasty versus ACDF for pre-
operative reducible kyphosis. Orthopedics. 2013; 
36(7):958-965. DOI: 10.3928/01477447-20130624-29.

8. Luo C., Qu X., Chen B., Peng Z.Y., Zou Y.G. Cervical 
disc arthroplasty versus cervical discectomy and fu-
sion for single-level cervical spondylosis: mid-term 
follow-up of a randomized controlled trial. Chin J 
Tissue Engin Res. 2015;19(9):1358-1364. 10.3969/j.
issn.2095-4344.2015.09.008.

9. Rožanković M., Marasanov S.M., Vukic M. Cervical disc 
replacement with discover versus fusion in a single 
level cervical disc disease: a prospective single center 
randomized trial with a minimum two-year follow-up. 
Clin Spine Surg. 2017;30(5):E515-E522. DOI: 10.1097/
BSD.0000000000000170.

Retr
ac

ted



R E V I E W S

TRaumaTology and oRThopEdIcS of RuSSIa2018;24(4)146

10. Shi S., Zheng S., Li X.F., Yang L.L., Liu Z.D., Yuan W. 
Comparison of 2 zero-profile implants in the treat-
ment of single-level cervical spondylotic myelopathy: 
a preliminary clinical study of cervical disc arthro-
plasty versus fusion. PLoS One. 2016;11(7):e0159761.  
DOI: 10.1371/journal.pone.0159761.

11. Skeppholm M., Lindgren L., Henriques T.,  
Vavruch L., Lofgren H., Olerud C. The Discover arti-
ficial disc replacement versus fusion in cervical ra-
diculopathy — a randomized controlled outcome trial 
with 2-year follow-up. Spine J. 2015;15(6):1284-1294.  
DOI: 10.1016/j.spinee.2015.02.039.

12. Sun Q., Lei S., Peijia L., Hanping Z., Hongwei H., 
Junsheng C., Jianmin L. A comparison of zero-
profile devices and artificial cervical disks in pa-
tients with 2 noncontiguous levels of cervical spon-
dylosis. Clinical spine surgery. 2016;29(2):Е61-66.  
DOI: 10.1097/BSD.0000000000000096.

13. Liberati A., Altman D.G., Tetzlaff J., Mulrow C., Gøtzsche 
P.C., Ioannidis J.P. et al. The PRISMA statement for re-
porting systematic reviews and meta-analyses of studies 
that evaluate health care interventions: explanation and 
elaboration. J Clin Epidemiol. 2009;62(10):e1-34. DOI: 
10.1016/j.jclinepi.2009.06.006.

14. Jadad A.R., Moore R.A., Carroll D., Jenkinson C.,  
Reynolds D.J., Gavaghan D.J., McQuay H.J. Assessing the 
quality of reports of randomized clinical trials: is blind-
ing necessary? Control Clin Trials. 1996;17(1):1-12.

15. Xie L., Liu M., Ding F., Li P., Ma D. Cervical disc ar-
throplasty (CDA) versus anterior cervical discec-
tomy and fusion (ACDF) in symptomatic cervi-
cal degenerative disc diseases (CDDDs): an updated 
meta-analysis of prospective randomized controlled 
trials (RCTs). SpringerPlus. 2016;5(1):1188.  
DOI: 10.1186/s40064-016-2851-8.

16. Zou S., Gao J., Xu B., Lu X., Han Y., Meng H. Anterior 
cervical discectomy and fusion (ACDF) versus cervical 
disc arthroplasty (CDA) for two contiguous levels cervi-
cal disc degenerative disease: a meta-analysis of rand-
omized controlled trials. Eur Spine J. 2017;26(4):985-997.  
DOI: 10.1007/s00586-016-4655-5. 

17. Hu Y., Lv G., Ren S., Johansen D. Mid- to long-term 
outcomes of cervical disc arthroplasty versus ante-
rior cervical discectomy and fusion for treatment of 
symptomatic cervical disc disease: a systematic review 
and meta-analysis of eight prospective randomized 
controlled trials. PLoS One. 2016;11(2):e0149312.  
DOI: 10.1371/journal.pone.0149312.

18. Wu A.-M., Xu H., Mullinix K.P., Jin H.M., Huang Z.Y., 
Lv Q.B. et al. Minimum 4-year outcomes of cervi-
cal total disc arthroplasty versus fusion: a meta-
analysis based on prospective randomized con-
trolled trials. Medicine (Baltimore). 2015;94(15):e665.  
DOI: 10.1097/MD.0000000000000665.

19. Rao M.J., Nie S.P., Xiao B.W., Zhang G.H., Gan X.R., Cao 
S.S. Cervical disc arthroplasty versus anterior cervical 

discectomy and fusion for treatment of symptomatic cer-
vical disc disease: a meta-analysis of randomized con-
trolled trials. Arch Orthop Trauma Surg. 2015;135(1):19-
28. DOI: 10.1007/s00402-014-2122-5.

20. Yang B., Li H., Zhang T., He X., Xu S. The incidence 
of adjacent segment degeneration after cervical 
disc arthroplasty (CDA): a meta analysis of rand-
omized controlled trials. PLoS One. 2012;7(4):e35032.  
DOI: 10.1371/journal.pone.0035032.

21. Hisey M.S., Bae H.W., Davis R.J., Gaede S., Hoffman 
G., Kim K.D. et al. Prospective, randomized com-
parison of cervical total disk replacement versus 
anterior cervical fusion: results at 48 months fol-
low-up. J Spinal Disord Tech. 2015;28(4):E237-243.  
DOI: 10.1097/BSD.0000000000000185.

22. Phillips F.M., Geisler F.H., Gilder K.M., Reah C., 
Howell K.M., McAfee P.C. Long-term outcomes of 
the US FDA IDE prospective, randomized controlled 
clinical trial comparing PCM cervical disc arthro-
plasty with anterior cervical discectomy and fu-
sion. Spine (Phila Pa 1976). 2015;40(10):674-683.  
DOI: 10.1097/BRS.0000000000000869.

23. Burkus J.K., Traynelis V.C., Haid R.W. Jr.,  
Mummaneni P.V. Clinical and radiographic analy-
sis of an artificial cervical disc: 7-year follow-up from 
the Prestige prospective randomized controlled clini-
cal trial: Clinical article. J Neurosurg Spine. 2014;21(4): 
516-528. DOI: 10.3171/2014.6.SPINE13996.

24. Davis R.J., Kim K.D., Hisey M.S., Hoffman G.A.,  
Bae H.W., Gaede S.E. et al. Cervical total disc replace-
ment with the Mobi-C cervical artificial disc compared 
with anterior discectomy and fusion for treatment of 
2-level symptomatic degenerative disc disease: a pro-
spective, randomized, controlled multicenter clinical tri-
al: clinical article. J Neurosurg Spine. 2013;19(5):532-545.  
DOI: 10.3171/2013.6.SPINE12527.

25. Nunley P.D., Jawahar A., Kerr E.J.3rd, Gordon C.J., 
Cavanaugh D.A., Birdsong E.M., et al. Factors affect-
ing the incidence of symptomatic adjacent-level dis-
ease in cervical spine after total disc arthroplasty: 
2- to 4-year follow-up of 3 prospective randomized 
trials. Spine (Phila Pa 1976). 2012;37(6):445-451.  
DOI: 10.1097/BRS.0b013e31822174b3.

26. Yin S., Yu X., Zhou S., Yin Z., Qiu Y. Is cervical disc 
arthroplasty superior to fusion for treatment of 
symptomatic cervical disc disease? A meta-analy-
sis. Clin Orthop Relat Res. 2013;471(6):1904-1919.  
DOI: 10.1007/s11999-013-2830-0.

27. Lei S., Ning G.-Z., Tang Y., Wang Z., Luo Z.-J., Zhou Y.  
Discover cervical disc arthroplasty versus anterior cervical 
discectomy and fusion in symptomatic cervical disc dis-
eases: A meta-analysis. PLoS One. 2017;12(3):e0174822. 
DOI: 10.1371/journal.pone.0174822.

28. Yi S., Kim K.N., Yang M.S., Yang J.W., Kim H., 
Ha Y. et al. Difference in occurrence of het-

Retr
ac

ted



R E V I E W S

147TRaumaTology and oRThopEdIcS of RuSSIa 2018;24(4) 

InfoRmaTIon abouT auThoRS:
Vadim A. Byvaltsev — Dr. Sci. (Med.), head of Neurosurgery and Innovative Medicine Department at Irkutsk 

State Medical University; chief of Neurosurgery in the JSC «Russian Railways»; head of Neurosurgical Center 
at Road Clinical Hospital at «Irkutsk-Passazhirskiy» Station; vice-president of Irkutsk Scientific Center of 
Surgery and Traumatology; professor of the Department of Traumatology, Orthopaedics and Neurosurgery, 
Irkutsk State Medical Academy of Continuing Education, Irkutsk, Russian Federation

Ivan A. Stepanov — postgraduate student, Irkutsk State Medical Academy of Continuing Education, Irkutsk, 
Russian Federation

Marat A. Aliyev — doctoral student, Irkutsk State Medical Academy of Continuing Education, Irkutsk, Russian 
Federation

Bakhyt M. Aglakov — postgraduate student, Irkutsk State Medical Academy of Continuing Education, Irkutsk, 
Russian Federation

Bobur R. Yussupov — postgraduate student, Irkutsk State Medical Academy of Continuing Education, Irkutsk, 
Russian Federation

Valerii V. Shepelev — doctoral student, Irkutsk State Medical Academy of Continuing Education, Irkutsk, 
Russian Federation

erotopic ossification according to prosthesis 
type in the cervical artificial disc replacement. 
Spine (Phila Pa 1976). 2010;35(16):1556-1561.  
DOI: 10.1097/BRS.0b013e3181c6526b.

29. Qi M., Chen H., Cao P., Tian Y., Yuan W. Incidence 
and risk factors analysis of heterotopic ossification 
after cervical disc replacement. Chin Med J (Engl). 
2014;127(22):3871-3875.

Retr
ac

ted




