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Abstract

Library databases published from 2008 to October 2018,
and ACDF techniques in the surgical treatment of cervical a
variables, the relative risk and 95% confidence interval w, a ed, standardized difference of mean
values and their 95% confidence interval were used forficontigiotls variables using the random effects

model. Results. This meta-analysis included 9 rand Qaai 0 lled clinical trials, including the results
of surgical treatment of 513 patients with degengfat 1Sease of the cervical IVD. In the CDA group,
the operation time was significantly shorter, i the group of patients who underwent ACDF

(p<0.0001). The values of blood loss (p =
Disability Index (NDI) (p = 0.22), severity
analogue scale (VAS) (p=0.16), as wel

evel uality of life for patients according to the Neck
he cervical spine (p =0.50) and upper limbs on a visual
ence of secondary surgical procedures (p = 0.68) and

a d groups did not have significant differences. At the
same time, 51gn1f1cantly larg ; ﬂ' range of motion at the operated level were noted in the
CDA group (p<0.00001). ; DW#ver CDA in comparison with ACDF has a significantly large
values of range of motio 0 ed level. At the same time, there were no statistically significant
differences in the NDI scoréS@VAS pain scores in cervical spine and upper limbs, and the prevalence of
secondary surgical procedures\@pd 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

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 andg Cochrane Library databas-
es published the period from 2008 to
October 201§ Qe authors compare out-
hglls by Discover prosthesis
and AC ﬁ gical treatment of degenera-

st cervical IVDs. Search of lit-

s conducted by two researchers.
cas® of disputes related to inclusion of
into the meta-analysis the decision

range of motion in the operated segme i
and to prevent degeneration of adjacent ge- made collectively by the whole group of

ments [5, 6].

Global medical industry develo AR-
riety of prostheses for TA of cegpm S.
Every prosthesis is featyred @‘pecial
design, biomechanical et plan-
tation technique, cli A oentgeno-
logical efficiency. Som&gpromising 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

thors. 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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Studies identified by search in databases
(n=133)

A

Studies after exclusion of duplicates
(n=16)

Y

Studies that passed screening [

Excluded studies
(n=12)

A

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

'

Studies included into the qualitative
analysis (n = 6)

ICorrespondenceX Screening Ildentiﬁcation)

N YN Y Y Yy

Excluded full texts studies
(n=28):

1) prospective non-randomized study
(n=12);
2) data comparison is impossible
(n=1);
3) abstract of conference (n = 1);
4) needed data is not represented

Inclusion

N

¢ (n=4)
Studies included into the quantitative
analysis (meta-analysis)
(n=6)
Fig. 1. Flow chart showing search strategy
) st esign: randomized clinical stud-

Correspondence criteria

To compare efficiency of two mentioned
surgical procedures the following cor
spondence criteria were defined:

1) included studies: randomize@gcli
cal studies examining outcome

Discover prosthesis and ACIF i pa-
tients with degenerativeg vical
IVDs along with clini ological

symptoms (radiculoneurd¥@la, 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;

methodology quality evaluation no
than 3 on Jadad scale [14] were included
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).
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Table 1
Valuation of risk of bias for studies included into the meta-analysis
Bias parameters
[T
(@]
o 00
15 e =
. S S £, <
Studies > o0 2 i) g
& = = = 8 g E 9
< 2 B o & g5 g
(S %} =} = o (=P ©
=Re) = = 25 = 5
g = o o a 2 O Q
I %’3 S g .5 5> —
[ S_:-’ = o i) )
® o =] a S8 = B S
S b0 = 5 E=hrS! %o o
ChenY.etal., 2013 + ? ? + + +
Luo C.etal., 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.
Other parameters |
Selective representation of studyxes |
A partial list of stughgres |
The us ocegre
The 0 results
data generation e
0% 25% 50% 75% 100%
Low risk I 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 12 was used for evaluation
of heterogeneity. With 12 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
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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 p<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,
p<0.0001; 12 = 49%) (Fig. 3).

Blood loss volume

The authors included three randomized
clinical studies which compared volume
of blood loss #8ger TA procedure and ACIF
sis of studies outcomes
Bsence of statistically
significa es in volumes of blood
loss ar®d procedures (SDA = -0.02,
95%& 7 -0.20, p = 0.89; 12 = 87%)

)

(F

Table 2
Overall characteristics qf siglilie uded into the meta-analysis
Number of Average age, | Gender (male/
patients years female)

<] -

E 5

2. z

Study S S

- =
- TA | ACIF | TA | ACIF | RA | ACIF % v
S & <
E% £5
zZ & B E
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 46.5 474 | 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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TA nuc Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Shi 2016 79.2 8.2 60 86.5 6.9 B8 398% -0.96 [1.33,-0.60] —a—
Skeppholm 2015 122 43 76 141 38 67 431% -0.46 [-0.80,-0.13] ——
Sun 2016 98.57 28.31 14 120,31 2747 16 171% -0.76 [1.51,-0.01] — ]
Total (95% CI) 150 151 100.0% -0.71[-1.07, -0.36] -
Heterogeneity: Tau®= 0.05; Chi*= 3.92, df= 2 (P = 0.14); F= 49% 5_2 51 3 15
Test for overall effect: Z= 3.94 (P = 0.0001) TA MWc

Fig. 3. Forest plot for operation time

TA Mnwc Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Shi 20186 78.4 142 60 771 145 68  426% 0.09 [-0.26, 0.44]
Skeppholm 2015 212 159 76 218 178 67  47.6% -0.04 [-0.36, 0.29]
Sun 2016 13071 51.51 14 15718 76.81 16 9.8% -0.39[1.11,0.34]
Total (95% CI) 150 151 100.0% -0.02 [-0.24, 0.21]
Heterogeneity: Tau®=0.00; Chi*=1.39, df= 2 (P = 0.50); F= 0% 5_2 51 1 15
Test for overall effect Z=0.14 (P =0.89) TA MWEC

Fig. 4. Forest plot for blood loss

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 fq
cervical IVDs as well as in the group of

VAS pain
spine

% in cervical

ioM on pain syndrome severity by
al spine and upper limbs after
cal IVDs and ACIF was reported in
udies [8, 9, 12]. No statistically sig-
ificant differences in VAS pain severity val-

tients who underwent ACIF (SDA = #.33 s in cervical spine were observed between
95% CI: -0.86, 0.20, p = 0.22; %)  the groups (SDA=-0.37,95% CI:-1.845,0.70,
(Fig. 5). p =0.50; 12 = 95%) (Fig. 6).
TA Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SJ otal Weight IV, Random, 95% CI IV, Random, 95% CI

Chen 2013 165 6.2 43 16 147% -0.32 [1.02, 0.38] —

Luo 2015 131 241 . 3.9 3 171% -0.44 [-0.91, 0.03] i

Rozankovic 2017 116 4.44 468 5498 50 17.3% -1.62 [-1.97,-1.08) ————

Shi 2016 577 1.24 66 1.3 B8 18.2% 0.09 [-0.26, 0.43] I

Skeppholm 20148 391 202 76 401 184 67 18.3% -0.05 [-0.38, 0.28] T

Sun 2016 357 094 14 325 083 16 14.4% 0.33 [-0.38, 1.06] L

Total (95% CI) 251 254 100.0% -0.33 [-0.86, 0.20] -q—

Heterogeneity: Tau®= 0.37; Chi®= 39.30, df= 5 {P < 0.00001); F= 87% %_2 51 b 1%

Test for overall effect Z=1.23(P=0.22) TA MWeC

Fig. 5. Forest plot for NDI score

TA rnuc Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Luo 2015 ng 03 34 08 o1 37 329% 0.45[-0.02,0.92]

Rozankovic 2017 236 0.75 51 346 0.68 a0 331% -1.52[1.97,-1.08) —%—

Skeppholm 20158 274 273 TE 286 248 B7  34.0% -0.05[-0.37,0.28]

Total (95% CI) 161 154 100.0% -0.37 [-1.45, 0.70]

Heterogeneity: Tau®= 0.86; Chi*= 41.03, df= 2 (P < 0.00001); F=95% 5_2 *1 b 1*

Test for averall effect: Z= 0.68 (P = 0.50) TA MWeC

Fig. 6. Forest plot for VAS neck pain score
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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, p = 0.16;
12 = 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,
p<0.00001; 12 = 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, p = 0.68;
12 = 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, p = 0.40;
12 =39%) (Fig.

TA nuic Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI
Luo 2015 0e 03 34 09 02 37 32.0% — &
Rozankovic 2017 1.7 0.76 51 242 057 a0 331% —
Skeppholm 2014 207 231 76 203 257 67  34.9% —
Total (95% CI) 161 154 100.0, e
Heterogeneity: Tau®= 0.29; Chi*=15.83, df= 2 (P = 0.0004); F= 87 5_2 51 3 1* 25
Test for overall effect Z=1.41 (P =0.16) TA MWe

Fig. 7. Forest plot for VAS arm pain score

TA n Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Luo 20158 65 1.4 T 352% 5.28 [4.28, 6.29] ——
Shi 2016 7.91 1.86 68 64.8% 5.20 [4.54, 6.03] -
Total (95% CI) 94 105 100.0% 5.28 [4.69, 5.88] ’
Heterogeneity: Tau®= 0.00; Chi*=0.00, df=1 (P =1.00);, F= 0% 54 %2 5 é ji
Test for overall effect: Z=17.31 (P = 0.00001) TA MWC
Fig. 8. Forest plot for range of motion at operated level
TA nwc Risk Ratio Risk Ratio
Study or Subgroup  BEvents Total BEvents Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Luo 2014 2 34 g 37 38.8% 0.24 [0.06, 1.04] — &
Rozankovic 2017 0 a1 1 50 19.8% 0.33[0.01, 7.84] .
Skeppholm 2015 g a1 3 70 41.4% 2.59[0.73,9.20] T—
Total (95% Cl) 166 157 100.0% 0.69 [0.11, 4.14] =
Total events 11 13
Heterogeneity: Tau = 1.62; Chi*=6.18, df=2 (P =0.05);, F= 68% 'D.D1 051 1'D 1EID'
Test for overall effect: £=0.41 (P = 0.68) TA MOWC
Fig. 9. Forest plot for secondary surgery
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TA nic Risk Ratio Risk Ratio
Study or Subgroup  Bvents Total Events Total Weight M-H, Random, 95% CIl M-H, Random, 95% CI
Luo 2014 3] 34 g 37 19.8% 0.73[0.29,1.82] S
Rozankavic 2017 4 a1 1 50  5.2% 3.92[0.45, 33.89]
Shi2016 13 60 11 68 26.2% 1.34 [0.65, 2.76) N o
Skeppholm 2015 16 a1 25 70 34.0% 0.55[0.32, 0.95) ——
Sun 2016 3 14 7 16 14.7% 0.49[0.16,1.54] B T
Total (95% CI) 240 241 100.0% 0.80[0.48, 1.34] <
Total events 42 53
Heterogeneity: Tau*=0.13; Chi*= 6.54, df=4 (P = 0.16); F= 39% I I f |
Test for overall effect: £=0.85 (P = 0.40) LAt Ly TA MNWC 1[] (i

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 d
generative disease of cervical IVD
With that the authors of mentio
consider that clinical efficiency A
cervical IVDs in patients with e e
disease of discs depend ar n Bype of
the prosthesis. Undo ea tificial
IVD has peculiarities geometry
of its components and M§gmechanics. For
this reason the research oY 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
[VDs 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-

er

thors of the present meta-analysis would
like to note that data obtained on time of
operative procedure in compared groups
of patients iggnot convincing while vari-
ous implantg techniques in included
and their high level of

s to gain statistically signifi-
vement of patients’ quality of life
NDPas compared to TA [21, 22]. It’s worth

0 that meta-analyses confirming sig-
icant improvement of life quality by NDI

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-

144 2018;24(4)
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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 u
period which significantly decreases valg
ity of results. Lastly, only one ran d
study had a low risk of bias on all

eters which also could impact t Jia_ji

meta-analysis.

Conclusion

The present meta-analysis@vidently 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.
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