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Objective: Cervical myelopathy (CM) describes the compressive cervical spinal cord state,  
often accompanied by serious clinical condition, by herniated disc or hypertrophied spurs 
or ligament. Anterior cervical discectomy and fusion (ACDF) has been frequently employed 
as conventional surgical solution for this CM despite its inherent biomechanical handicap. 
Alternatively, an artificial disc replacement (ADR) preserves cervical motion while still de-
compressing the spinal canal and neural foramen. This analysis elaborated to clarify the po-
tential benefits of ADR application to CM over ACDF from the conglomerated results of the 
past references.
Methods: A literature search was performed using MEDLINE, Embase, Cochrane review, 
and KMbase databases from the studies published until March 2023. Six studies (3 random-
ized controlled study [RCTs] and 3 non-RCTs) were included in a qualitative and quantita-
tive synthesis. Data were extracted and analyzed using a random effects model to obtain ef-
fect size and its statistical significance. Quality assessment and evidence level were estab-
lished in accordance with the GRADE (Grading of Recommendations Assessment, Devel-
opment and Evaluation) methodology.
Results: Among 6 studies, 2 studies showed that ADR group achieved significantly better 
clinical improvement than the ACDF group, while the rest 4 studies revealed no significant 
difference. A meta-analysis showed better clinical outcomes with or without statistical sig-
nificance. The level of evidence was low because of inconsistency and imprecision.
Conclusion: ADR was superior or at least, not inferior to ACDF in terms of functional re-
covery. However, its application to the CM patients is merely empowered with weak 
strength due to low level of evidence.
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INTRODUCTION

Cervical myelopathy (CM) is a condition where the cervical 

spinal cord is compressed either ventrally by herniated disc or 
dorsally by hypertrophied bony structures or ligament, fre-
quently yielding the serious clinical manifestations ranging 
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from neck and/or arm pain, functional deficits limited to upper 
limb involvement even to lower limb functional impairment 
including gait disturbance.1-3 Conservative managements are 
frequently fraught with failure during its treatment, subse-
quently requesting an early, surgically decompressive manage-
ment when the patients manifest excessive intractable pain or 
progressive neurological deficits.

Anterior cervical discectomy and fusion (ACDF) has been 
playing its role as an effective solution for CM.4,5 It might pro-
vide the sufficient decompression as well as the solid stabiliza-
tion to the affected cervical segment. However,  few concerns 
that relate to its inherent potency such as fusing the mobile spi-
nal segment as well as incurring subsequent adjacent segment 
degeneration (ASD)6,7 have brought up the artificial disc replace-
ment (ADR) as an alternative. The ADR might offer both the 
mechanical advantage of segmental motion preservation with 
consequent stress reduction at the adjacent levels while fulfill-
ing the sufficient cervical cord decompression as during the 
ACDF.8-10 But there have been some concerns whether this mo-
bile ADR can yield compatible clinical outcome and eventually 
be a substitute to ACDF in the treatment of CM. Past references 
have noticed the existence of disparities in the application of 
ADR versus ACDF in terms of the socioeconomic aspect, that 
the subjects with greater median income or the possession of 
the private insurance preferred ADR.11 They also manifested 
the elaborations to minimize its application during the surgical 
treatment of multilevel CM by overlapping with laminoplasty.12 
Taking into account that the majority of the CM subjects are 
tend to be senile, deformed populations with already progressed 
facet degeneration as well as decreased cervical lordosis from 
even spontaneous fusion, ACDF still comprises as a general sur-
gical solution for CM over ADR.13

There have been a few clinical studies that compare clinical 
results between ADR and ACDF in the CM treatment. Hereby, 
we conducted systemic review with meta-analysis by synthesiz-
ing published articles regarding this topic to clarify the clinical 
benefits of ADR over the ACDF and further to investigate its 
potential as a substitute to ACDF for the CM management.

MATERIALS AND METHODS

1. Study Selection Criteria
The authors have recruited articles described in Korean or 

English language that have primarily met the following criteria: 
patients aged from 18 to 70 years old, clinical manifestation of 
CM with no significant improvement or even aggravation after 

conservative treatment, and the confirmative diagnosis of 1 or 
2 levels of mechanical cervical cord compression by computed 
tomography (CT) or magnetic resonance imaging (MRI). Ex-
clusion criteria were a previous history of cervical spinal sur-
gery, severe osteoporosis, cervical kyphosis, foraminal stenosis, 
severe facet joint spondylosis, cervical radiculopathy, ossifica-
tion of the posterior longitudinal ligament, inflammatory cervi-
cal cord diseases, tumor, or infectious disease. Among the stud-
ies fulfilling these criteria, those that have included the contents 
regarding the clinical outcome after the ADR or ACDF and 
have provided the comparative results between the 2 surgical 
methods were finally selected.

 
2. Database Search and Study Extraction

The MEDLINE (PubMed), Embase, Cochrane review, and 
KMbase databases were searched for articles published until 
March 2023. We established individual search terms in each 
database’s search engine (Supplementary Material). The search 
was not restricted to randomized controlled study (RCT) and 
was extended to original articles, including non-RCT. The deci-
sion for an article selection was primarily based on the title and 
abstract review, followed by full-text screening. The study screen-
ing and data extraction were independently performed by the 2 
reviewers, and any discrepancies were resolved by discussion 
between the 2 reviewers or with the entire research group. Flow 
chart demonstrating the process of study selection was illustrat-
ed in Fig. 1.

3. Data Collection
Reference data such as the diagnosis and number of subjects 

in each surgical method group (ADR and ACDF groups), clini-
cal evaluation tools, follow-up period, and comparative results 
of the clinical outcomes were extracted from the selected arti-
cles. Dichotomous variables such as the number of patients 
with pain and functional scores or adverse events were extract-
ed for the estimation of relative risk ratio. Continuous variables 
such as mean and standard deviation of clinical scores were ex-
tracted for the estimation of mean differences. If the standard 
deviations were not reported, they were calculated from confi-
dence interval (CI), mean, and the number of patients.

4.  Quality Assessment of Selected Studies, Establishment of 
Level of Evidence, and Strength of Recommendation
Quality assessment of each study and level of evidence was 

established in accordance with the Grading of Recommenda-
tions Assessment, Development and Evaluation (GRADE) 
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methodology.14,15 The bias assessment for each RCT was con-
ducted by method of risk of bias (ROB), which consisted of 7 
domains: random sequence generation, allocation sequence 
concealment, blinding of participants and personnel, blinding 
of outcome assessment, incomplete outcome data, selective re-
porting, and other biases.16 The bias for each non-RCT was as-
sessed with Risk of Bias Assessment tool for Nonrandomized 
Study (RoBANs); domains were selection of participants, con-
founding variables, measurement of intervention (exposure), 
blinding of outcome assessment, incomplete outcome data, and 
selective reporting.17 All the domains were evaluated as “low 
risk,” “high risk,” or “unclear.” These evaluations were per-
formed by 2 independent reviewers and disagreements were 
resolved by discussion between 2 reviewers or with the entire 
research group.

Based on the comprehensive evaluation of inconsistency, in-
directness, imprecision and publication bias in addition to ROB 
in all studies, the evidence level was determined as high, mod-
erate, low, or very low grade. Besides, the strength of recom-
mendation was determined as strong or weak by comprehen-

sively assessing not only evidence level, but also other factors 
such as benefits, risks, burdens, and possibly cost.18 The level of 
evidence and strength of recommendation were determined by 
discussion involving the entire research group.

5. Meta-analysis
Review Manager software (RevMan ver. 5.4; Cochrane Col-

laboration, Oxford, UK) was used for meta-analysis to compare 
clinical outcome between the ADR and the ACDF group. Tests 
of heterogeneity were performed using I2 statistics. The param-
eter with I2 values of p< 0.05, which was considered to have sig-
nificantly high degree of heterogeneity, was additionally vali-
dated by subgroup analysis or sensitivity analysis. A random ef-
fects model was applied to obtain effect size and its statistical 
significance because it was assumed that the subjects and meth-
ods of the included studies performed by independent re-
searchers could not be entirely equivalent and, therefore, could 
not have a common effect size. A probability of p < 0.05 was 
considered statistically significant. The results were expressed 
as mean difference and 95% CI for continuous outcome data 

Fig. 1. Flow diagram of study selection.
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and in the form of relative risk ratio and 95% CI for dichoto-
mous outcome data.

RESULTS

1. Search Results
Our database search has initially recruited 139 articles. After 

the exclusion of the 27 duplicates, 112 potentially eligible arti-
cles have remained. After the title and abstract screening, 59 ar-
ticles were excluded due to the lack of the inclusion criteria ful-
fillment. Thus, the remaining 53 articles were retrieved for full-
text analysis, of which 47 were subsequently excluded because 
of the irrelevance to the scheme of this analysis.

Ultimately, 3 RCTs and 3 non-RCTs were included in this 
study (Fig. 1).19-24 The pain intensity was measured in the se-
lected studies using Numerical Rating Scale or visual analogue 
scale. The functional measurement tool used in the selected 
studies was the Neck Disability Index (NDI). Japanese Ortho-
paedic Association score (JOA), and 36-item Short Form health 
survey (SF-36). Odom criteria were used to evaluate the degree 
of patients’ satisfaction for treatment, which was divided into 4 
grades including excellent, good, fair and poor grades. Excel-
lent or good grade was regarded as satisfactory response. The 
follow-up period was variable across the studies ranging from 3 
weeks to 7 years.

2. Quality Assessment
The ROB of all selected studies was illustrated in Fig. 2 (A: 

RCT, B: non-RCT). Three RCTs were assessed as unclear risk in 
random sequence generation domain because they did not de-
scribe the sequence generation process.19,22,24 The most frequent-
ly biased domain was blinding of outcome assessment, in which 
all 3 RCTs were rated as high risk or unclear because one RCT 
assessed the patients by nonblind staff,19 and the other 2 studies 
did not clarified whether the clinical evaluation was conducted 
by assessor who was blind or not involved in the process of pa-
tients selection and treatment.22,24 Sixteen domains among 21 
(76.2%) were rated as low risk, thus, the overall ROB was con-
sidered low (Fig. 2A). Of 3 non-RCTs, one study was rated as 
high risk in selection of participants domain because they com-
pared the group consisting of the patients recruited during dif-
ferent period.21 All 3 non-RCTs did not reveal whether clinical 
outcome was evaluated by the staff blind to treatment and thus 
were rated as unclear risk.20,21,23 Of 18 domains across all studies, 
13 domains (72.2%) were determined as low risk; thus, the over-
all ROB was considered low (Fig. 2B). A discrepancy between 
reviewers was found in 6 of total 39 domains (15.4%) at first. 
After the discussion, all the discrepancies were resolved.

3. Clinical Outcome Analysis
All included studies have disclosed significant improvement 

of clinical results after 2 types of surgery. Among the 3 RCTs ul-

Fig. 2. Quality assessment for extracted studies. (A) Risk of bias for randomized controlled study. (B) Risk of Bias Assessment 
tool for Nonrandomized Study for nonrandomized study. Green color, low risk of bias; red color, high risk; white color, unclear 
risk of bias.
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timately selected, 1 study showed that the ADR group achieved 
significant better clinical improvement than the ACDF group,19 
while the other 2 studies revealed no significant difference be-
tween the 2 groups.22,24 Of 3 non-RCTs, 1 study found better 
clinical results in the ADR group than the ACDF group,20 
whereas the other 2 studies found no significant different clini-
cal outcomes between the 2 groups.21,23 Comprehensively, ADR 
was superior or at least noninferior surgical method to obtain 
favorable clinical outcomes in the patients with CM (Table 1).

4. Meta-analysis
Meta-analysis was mainly performed in terms of surgical 

time (minutes), blood loss (mL), number of reoperations, range 
of motion (ROM) of surgical level, functional scores, and pa-
tients’ satisfaction score, sufficiently provided for analysis across 
the studies. The study by Riew et al.22 divided the ADR group 
into Prestige ST and Bryan group according to prosthesis type 
and compared them with the 2 ACDF group respectively. Thus, 
2 comparisons were extracted and analyzed respectively in this 
meta-analysis. Ultimately 6 studies and 7 comparisons were in-
cluded in meta-analysis. Because the data regarding pain score 

was not provided sufficiently for a proper meta-analysis perfor-
mance, this analysis was performed mainly as to the functional 
improvement after surgery. Since the preoperative baseline 
NDIs and JOAs were not consistent across the selected studies, 
the changes of mean and standard deviation between baseline 
and follow-up period was obtained and analyzed.

5. Surgical Time
Seven comparisons from 6 studies provided continuous data 

of surgical time for the analysis of effect size by the mean differ-
ence.19-24 The overall mean difference was estimated as 13.74 
(95% CI, 0.71–26.76), which meant that ACDF required longer 
surgical time with statistical significance (p= 0.04). A high de-
gree of heterogeneity was revealed (I2 = 93%) (p < 0.01) (Fig. 
3A). Sensitivity test revealed no specific study to significantly 
contribute to overall heterogeneity.

6. Blood Loss
Seven comparisons from 6 studies provided continuous data 

of blood loss for the analysis of effect size by the mean differ-
ence.19-24 The overall mean difference was estimated as -18.44 

Table 1. Evidence table

Study Design Intervention Evaluation Results

Riew et al.22 

(2008)
RCT N = 106 ADR (N = 59,  

Prestige ST, N=47, Bryan)
N = 93 ACDF

NDI, SF-36, neck and arm pain 
score at 6 weeks, 3, 6, 12, and  
24 months

Both groups had significant improvement 
following surgery, which was not  
significantly different between the groups.

Cheng et al.19 
(2011)

RCT N = 41 ADR (Bryan)
N = 42 ACDF

Modified Odom’s criteria, JOA 
scale, SF-36, and NDI at 3 years

The ADR group scored significantly better 
in JOA scale, SF-36, and NDI than the 
ACDF.

Chen et al.24 

(2019)
RCT N = 30 ADR (Bryan)

N = 30 ACDF
NDI, VAS, JOA scale, and  

Odom’s criteria at 2 weeks, 3 
months, 1 year, and 3 years

There were no significant differences in 
VAS, JOA, NDI, and satisfactory rates of 
Odom criteria between the 2 groups  
before or after the operation.

Ding et al.20 

(2013)
Retrospective  

comparative 
study

N = 37 ADR (N = 25,  
Prestige ST, N=12, Bryan)

N = 39 ACDF

SF-36 for PCS and MCS, JOA 
scale, NDI, Nurick grade at 1 
week, 3 months, 6 months, 12 
months, and 24 months

The ADR group achieved significant  
improvement in NDI, SF-36 for PCS and 
MCS than the ACDF group. Both group 
showed the significant improvement in 
JOA scale and Nurick grade, which was 
no significant difference between both 
groups.

Gornet et al.21 
(2018)

Retrospective  
comparative 
study

N = 59 ADR (Prestige ST)
N = 51 ACDF

NDI, neck & arm pain, SF-36, 
neurological status, at 2 and  
7 years

No significant differences in clinical  
outcomes were found between the  
2 groups.

Shi et al.23  
(2016)

Prospective  
cohort study

N = 60 ADR (Discover)
N = 68 ACDF

JOA scale and NDI until  
24 months

Both treatments significantly improved all 
clinical parameters without statistically 
relevant differences between both groups.

ADR, artificial disc replacement; ACDF, anterior cervical discectomy and fusion; NDI, Neck Disability Index; SF-36, 36-item Short Form 
health survey; JOA, Japanese Orthopaedic Association; VAS, visual analogue scale; PCS, physical composite score; MCS, mental composite 
score.
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Fig. 3. Forest plot of comparison. (A) Mean difference of surgical time. (B) Mean difference of blood loss (upper: subgroup analy-
sis [< 100 mL vs. ≥ 100-mL blood loss], lower: total analysis). (C) Relative risk of reoperation. (D) Mean difference of range of mo-
tion (ROM) at surgical level (upper: total analysis, lower: sensitivity analysis after exclusion of the study of Ding et al.). Bryan, arti-
ficial disc replacement with Bryan prosthesis; Prestige ST, artificial disc replacement with Prestige ST; ADR, artificial disc replace-
ment; ACDF, anterior cervical discectomy and fusion; SD, standard deviation; CI, confidence interval; df, degrees of freedom.
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(95% CI, -42.79 to 5.9), meaning blood loss was smaller in ADR 
than ACDF, but without statistical significance (p = 0.14). A 
high degree of heterogeneity was revealed (I2 = 95%) (p< 0.01) 
(Fig. 3B).

Subgroup analysis was conducted after division of the studies 
into 2 subgroups depending on whether blood loss was 100 mL 
or more and less than 100 mL. In the subgroup of 100 mL or 
more of blood loss,19,24 the mean difference was estimated as 
-70.25 (95% CI, -111.5 to -29.0), meaning blood loss was sig-
nificantly smaller in ADR than ACDF (p< 0.01). But high de-
gree of heterogeneity was also found, although its degree was 
somewhat decreased by subgroup analysis (I2 = 89%) (p< 0.01). 
In the subgroup of less than 100 mL of blood loss,20-23 the mean 
difference was estimated as 2.28 (95% CI, -9.45 to 14.01), mean-
ing blood loss was smaller in ACDF than ADR without statisti-
cal significance (p= 0.70). But high degree of heterogeneity was 
also observed despite its decrease after subgroup analysis (I2 =  
64%) (p= 0.02) (Fig. 3B).

7. Reoperation
Four comparisons from 3 studies provided the dichotomous 

data for measurement of effect size by relative risk ratio about 
reoperation rate.21,22 This suggested that a smaller number of re-
operations were observed in ADR than ACDF with estimated 
risk ratio of 0.55 (95% CI, 0.29–1.05) without statistical signifi-
cance (p= 0.07). No heterogeneity was found (I2 = 0%) (p= 0.45) 
(Fig. 3C).

8. ROM at Surgical Level
Three studies were available in the analysis of effect size by 

the mean difference for ROM at surgical level.19,20,23 The esti-
mated overall mean difference was calculated as 8.91 (95% CI, 
5.82–12.01), which favored ADR with statistical significance 
(p< 0.01). The degree of heterogeneity was significant (I2 = 99%) 
(p< 0.01).

Sensitivity test without Ding et al.’s study revealed the low de-
gree of heterogeneity (I2 = 0%) (p= 0.76), which indicated that 
Ding et al.’s study significantly contributed to heterogeneity of 
ROM at surgical level. After removal of this study, the estimated 
overall mean difference was calculated as 6.81 (95% CI, 6.65–
6.96), which revealed also favor of ADR with statistical signifi-
cance (p< 0.01) (Fig. 3D).

9. NDI at 3 Months
Five comparisons from 4 studies presented continuous data of 

NDI improvement at 3 months and were available in the analysis 

of effect size by the mean difference.20,22-24 The overall mean dif-
ference was estimated as -3.52 (95% CI, -6.80 to -0.23), favoring 
ADR, and this was the degree of statistical significance (p= 0.04). 
A high degree of heterogeneity was revealed (I2 = 82%) (p< 0.01) 
(Fig. 4A). Sensitivity test revealed no specific study to signifi-
cantly contribute to overall heterogeneity.

10. NDI at 6 Months
Three comparisons from 2 studies were available in the anal-

ysis of effect size by the mean difference for NDI improvement 
at 6 months.20,22 The estimated overall mean difference was cal-
culated as -6.36 (95% CI, -12.26 to 0.46), which favored ADR 
with statistical significance (p= 0.03). The degree of heteroge-
neity was not significant (I2 = 61%) (p= 0.08) (Fig. 4B).

 
11. NDI at 12 Months

Four comparisons from 3 studies were available in the mea-
surement of effect size by the mean difference of successful NDI 
improvement at 12 months.20,22,24 The estimated overall mean 
difference was calculated as -5.27 (95% CI, -9.79 to 0.75), which 
meant significant superiority of ADR over ACDF (p = 0.02). 
The degree of heterogeneity was significantly high (I2 = 74%) 
(p< 0.01).

Sensitivity test excluding Chen et al.’s study revealed the low 
degree of heterogeneity (I2 = 37%) (p = 0.20), which indicated 
that this study significantly contributed to heterogeneity of NDI 
at 12 months. After removal of this study, the estimated overall 
mean difference was calculated as -7.18 (95% CI, -11.72 to 
-2.64), which empowered the significant superiority of ADR 
over the ACDF (p< 0.01) (Fig. 4C).

12. NDI at 24 Months
Five comparative data from 4 studies provided the value of 

-5.26 (95% CI, -10.56 to 0.03), the effect size measured by the 
mean difference, which showed trends toward ADR without 
statistical significance (p = 0.05).20-23 Significant heterogeneity 
was found (I2 = 89%) (p< 0.01).

Sensitivity test excluding Shi et al.’s study revealed the low de-
gree of heterogeneity (I2 = 43%) (p= 0.15), which indicated that 
this study significantly contributed to heterogeneity of NDI at 
24 months. The analysis after excluding this study obtained the 
statistical significance with the estimated overall mean differ-
ence of -7.09 (95% CI, -11.11 to -3.08), which favor ADR (p<  
0.01) (Fig. 4D).
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Fig. 4. Forest plot of comparison. (A) Mean difference of Neck Disability Score (NDI) change between the baseline and 3 months. 
(B) Mean difference of NDI change between the baseline and 6 months. (C) Mean difference of NDI change between the baseline 
and 12 months (upper: total analysis, lower: sensitivity analysis after exclusion of the study of Chen et al.). (D) Mean difference of 
NDI change between the baseline and 24 months (upper: total analysis, lower: sensitivity analysis after exclusion of the study of Shi 
et al.). Bryan, artificial disc replacement with Bryan prosthesis; Prestige ST, artificial disc replacement with Prestige ST; ADR, arti-
ficial disc replacement; ACDF, anterior cervical discectomy and fusion; SD, standard deviation; CI, confidence interval; df, degrees 
of freedom.

A

B

C

D



Artificial Disc Replacement for Cervical MyelopathyLee JH, et al.

https://doi.org/10.14245/ns.2346498.249  www.e-neurospine.org  1055

13. JOA at 3 Months
Two studies presented the continuous data for measurement 

of effect size by mean difference about JOA improvement at 3 
months.23,24 The data showed no significance between ADR and 
ACDF with an estimated mean difference of 0.15 (95% CI, 
-0.27 to 0.57), despite slight supportiveness for ADR (p= 0.48). 
No heterogeneity was observed (I2 = 0%) (p= 0.63) (Fig. 5A).

14. JOA at 12 Months
Two studies were available in the measurement of effect size 

by mean difference of JOA improvement at 12 months.20,24 This 
analysis showed slightly favorable trends toward ADR with an 
estimated mean difference of 0.34 (95% CI, -0.78 to 1.46), but 
without statistical significance (p= 0.55). No significant hetero-
geneity was observed (I2 = 67%) (p= 0.08) (Fig. 5B).

15. JOA at 24 Months
Two studies provided the value of 0.23 (95% CI, -0.18 to 0.64), 

the effect size measured by the mean difference, which slightly 
favored ADR without statistical significance (p= 0.28).20,23 No 
significant heterogeneity was found (I2 = 0%) (p = 0.67) (Fig. 
5C).

16. Patients’ Satisfaction at 3 Years
Two studies provided the dichotomous data for measurement 

of effect size by relative risk ratio about JOA improvement at 3 
years, which slightly favored ACDF with estimated risk ratio of 
1.06 (95% CI, 0.91–1.23) without statistical significance (p =  
0.47).19,24 No significant heterogeneity was found (I2 = 66%) 
(p= 0.09) (Fig. 5D).

Fig. 5. Forest plot of comparison. (A) Mean difference of Japanese Orthopedic Association scale (JOA) change between the base-
line and 3 months. (B) Mean difference of JOA change between the baseline and 12 months. (C) Mean difference of JOA change 
between the baseline and 24 months. (D) Relative risk ratio of patients’ satisfaction at 3 years. ADR, artificial disc replacement; 
ACDF, anterior cervical discectomy and fusion; SD, standard deviation; CI, confidence interval; df, degrees of freedom.

A

B

C

D
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17. Level of Evidence and Strength of Recommendation
The ROB was considered to be low (not-problematic or not 

serious) as previously mentioned. Directness was not consid-
ered as problematic because all included studies have directly 
compared ADR with ACDF. Publication bias was not assessed 
because fewer than 10 studies were included during each meta-
analysis. The consistency was validated to be problematic due 
to clinical heterogeneity across the selected studies and statisti-
cal heterogeneity revealed by I2 of some categories of meta-
analysis. The degree of precision was also regarded as problem-
atic or serious due to the small number of patients in the select-
ed studies. Ultimately, evidence level determined by GRADE 
system is evaluated to be low.

Overall, synthetic results of selected studies and meta-analy-
sis showed superior or at least, not inferior clinical outcomes of 
ADR over ACDF mainly in terms of the functional improve-
ment during the treatment of CM. Although ADR might be 
costlier or demands more sophisticated surgical details, it might 
be superior over ACDF for the sake of cervical ROM preserva-
tion as well as ASD prevention in addition to the clinical bene-
fits found in meta-analysis.

After all of these analyses and considerations, the authors 
have concluded that ADR could be recommended over ACDF 
for the surgical treatment of the patients with CM with weak 
strength.

DISCUSSION

CM is a form of myelopathy that involves compression of the 
spinal cord at the cervical level of the spinal column. The radio-
logically verified CM by MRI or CT scans often results in the 
clinical/symptomatic myelopathy of neurological deficit of spas-
ticity (sustained muscle contractions), hyperreflexia, pathologic 
reflexes, loss of fine motor skills (digit/hand clumsiness), loss of 
balance, and/or subsequent gait disturbance. Usually, this con-
dition prevails in the elderly population with the advanced cer-
vical column degeneration after the repetitive wear-and-tear 
changes that inflicts over the cervical vertebrae as we age (cer-
vical spondylotic myelopathy).

The benefits of ACDF during CM treatment would be its di-
rect, cervical cord decompressing potential under less invasive 
operative field compared to the posterior approach, cervical 
alignment restorative capability, as well as stability provision. 
However, since the physiological curvature of the cervical spine 
mainly functions to reduce and buffer the external shock, the 
straightening or the reversal of the cervical lordosis combined 

with immobilization of the single or a couple of the functional 
cervical segments after the ACDF procedures might sometimes 
propagate the tension of the paravertebral muscles and ligament 
complex, accelerates the degeneration of the adjacent cervical 
levels, and consequently incur pains in the neck muscles.25

In this regard, the ADR has been accepted as an alternative to 
ACDF even for the CM populations recently since the same sur-
gical approach and neural decompression is carried out as per 
ACDF but the motion segment is effectively preserved as well 
as minimize degenerative changes at adjacent levels as seen in 
ACDF. Although CM patients have been actually treated with 
ADR in previous studies, their results are usually mixed in with 
radiculopathy patients, making it difficult to assess their exclu-
sive outcomes within a specific cohort.

This meta-analysis showed that ADR achieved compatible or 
better functional outcomes in terms of NDI and JOA in the 
treatment of CM from 3- to 24-month follow-up compared to 
ACDF. The NDI assesses the degree of interference of neck pain 
during daily activities. Therefore, NDI, although this might be 
the functional score, rather preferentially reflects the neck and 
upper limb pain severity. JOA evaluates the severity of func-
tional aspect of upper and lower limb, reflecting neurological 
deficits resulted not only from peripheral nervous system but 
also from spinal cord or central nervous system. Consequently, 
the clinical benefits of ADR implementation would be support-
ed in the pain relief, cervical motion maintenance as well as up-
per or lower limb functional recovery aspect.

A meta-analysis recently published also showed positivity of 
ADR compared with ACDF,2 which compared clinical out-
comes 2 surgical techniques in patients with CM, making it 
similar to the current study. But the current study has split the 
follow-up period from 3 to 24 months and has evaluated the 
clinical outcomes according to the differential time point, which 
might be the main differentiated aspect from the prior existing 
literature. The functional outcomes such as NDI and JOA be-
tween the 2 groups were compared after analyzing the improve-
ment in terms of these functional scores rather than the final 
scores at the follow-up period. This helped to overcome the in-
consistency of the preoperative baseline scores across selected 
studies and eventually further clarified the comparison. In addi-
tion, the current study has conducted the sensitivity test or sub-
group analysis for the parameters with significantly high het-
erogeneity. If the outlier study was found, the authors have re-
analyzed the parameter after the exclusion of that outlier, which 
might prompt the statistical robustness.

The few investigated parameters related to the operative pro-
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cedure also added the superiority of ADR over the ACDF with 
or without statistical significance during this analysis. With 
these purported procedural simplicity as well as benefit such as 
shorter operative duration with less bleeding or reoperation 
rates, Hill et al.26 has even recommended for a 2-level ADR in 
the outpatient setting for properly selected patients without in-
creasing the complication or readmission rates.

The ADR group lost less blood during surgery than the ACDF 
group in this study, of which 4 studies indicated less blood loss 
of the ADR group in comparison with the ACDF group. Gao et 
al.’s27 meta-analysis including the patients with radiculopathy, 
myelopathy, or disc herniation, which is the main difference 
from our study, showed the opposite results, explaining that in-
creased blood loss was resulted from the keel cuts into cancel-
lous bone required by arthroplasty technique. The main reason 
of opposite results observed in our study might be that ACDF 
required more extensive resection in association with large 
blood loss than ADR in case of myelopathy.

The longer surgical time of ADR than ACDF could be ex-
plained by that ADR required more skillful and exact place-
ment of prosthesis to establish physiological axis of rotation, 
which was essential component of successful surgical results.28,29

Reoperation rate revealed by 3 studies included in this analy-
sis was about 6.67%. This was higher than the previously report-
ed revision rate of 3.9% by another systemic review. This dis-
crepancy might be incurred from lack of the clinical or radio-
logical definition or indication on the prosthesis failure request-
ing the reoperation across the past references.30

The main concern or controversy with ADR as the surgical 
choice for CM would be the feasible, repetitive microtrauma 
that might constantly inflicts on the spinal cord after the ROM 
maintenance at the ADR switched cervical segment.31,32 More-
over, other concerns such as higher probability of the incom-
plete removal of compressive hypertrophied bony or ligament 
structures or the exaggeration of the cervical mal-alignment 
when the ADR prosthesis is placed within the kyphotic segment 
might still exist.13,22

But ADR has been repeatedly acclaimed from its capability to 
achieve the favorable clinical outcomes while permitting the phy-
siological ROM maintenance without recurrence of pain or func-
tional deficits after surgery in the studies dealing with the ADR 
applications over the pathologies (such as degenerative spondy-
losis, radiculopathy, or Modic change) other than CM.8, 10,33,34 
Long-term follow-up studies also showed comparable results 
with ACDF. A 48-month follow-up study of cervical radiculop-
athy (and/or myelopathy) has indicated the consistent, sustained 

significantly superior outcomes for ADR when compared with 
ACDF.35 The statistical superiority of ADR for overall success 
has persistently extended up to 7-year follow-up period that in-
clude biomechanical advantage of angular motion maintenance 
at the surgical level, less formation of the bridging bone, and 
lack of adjacent segment angulation increase either proximal or 
distal to the surgical level.36 Overall, these results suggested that 
biomechanically mobile property of ADR might rather contrib-
ute to the better clinical and functional outcomes achievements, 
dispelling the suspicions such as feared worsening of symptom-
atic or neurological impairment from keeping its mobility in-
stead of a firm stabilization at the compromised cervical segment 
even for prolonged period after surgery.

The results of current meta-analysis, the superiority of ADR 
over ACDF in terms of NDI and JOA, despite statistical insig-
nificance, could be properly interpreted from the fact that, even 
though the mechanically thorough decompression of compressed 
spinal cord should be prioritized, the anatomical or physiologi-
cal preservation of spinal column itself could partly contribute 
to the functional improvement for the CM subjects instead. Tian 
et al. have asserted that the limited neck ROM and its subsequent 
neck stiffness was main cause of disability for those undergoing 
ACDF and, instead, ADR could solve this problem.37

Another concern might be the segmental kyphosis develop-
ment or exaggeration after the ADR switch. The Bryan (Sofamor 
Danek, Memphis, TN, USA) prosthesis previously showed the 
less capacity to restore the regional lordosis due to the lack of 
anterior column support.38,39 However, more proper patient se-
lection and technical modifications such as over-milling of the 
endplate’s avoidance enabled the Bryan prosthesis to overcome 
this default.40 Even ACDF also has the concerns of segmental 
kyphotic change, further leading to worse clinical outcomes, as-
sociated with subsidence of intervertebral cages.41

The patients in selected studies were mostly affected with sin-
gle or 2 levels of CM and probably an extensive decompression 
was not mandated. This might have attributed to an excuse that 
the inadequate decompression from the incomplete removal of 
the neighboring structures compressing the spinal cord, one of 
the concerns after ADR for CM, was not brought up as a seri-
ous issue during this analysis. The multiple segment involve-
ments caused more different pattern of biomechanical instabili-
ty or substantial alignment change than single segment pathol-
ogy.42,43 This analysis has supported that the ADR might be 
beneficial during the surgical management of few segments’ in-
volved CM, whereas its clinical implication on the multilevel 
CM that is often fraught with extensive ligament hypertrophy is 
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still yet to be supported. It could be assumed that, while the 
multiple segments arthroplasty might be inferior in terms of in-
adequacy of decompression or insufficient removal, multilevel 
fusion surgery might be vulnerable to a significant destabiliza-
tion after the extensive decompression or might prompt a more 
severe adjacent disc degenerative process.7,44,45 Meanwhile, even 
in patients with nonlordotic alignment but without major ky-
photic deformity, ADR had the potential to generate and main-
tain lordosis and improve patient-reported outcome measures 
in the short-term post-surgical results.46

This study has several limitations. Firstly, the number of se-
lected studies was small and available data was not sufficient for 
conducting meta-analysis in more extensive categories for a 
longer outcome period over 3 years. The primary distinction of 
this research from the existing literature might be the stepped 
follow-up points analysis. However, the inadequate number of 
studies at each follow-up point severely compromises the meta-
analysis quality and caused serious statistical heterogeneity in 
some parameters. Secondly, there were differences in method-
ology across the studies, which might produce clinical hetero-
geneity. Thirdly, the restricted number of studies for each pa-
rameter was not enough to conduct subgroup analysis when 
there was significant heterogeneity. Fourthly, CIs in some cate-
gories were too widely ranged for achieving precision or accu-
racy. All these aspects lowered evidence level to low, conse-
quently weaken the strength of meta-analysis. Further study 
with larger number of relevant articles in the future would be 
needed to provide the meta-analysis that would be more statis-
tically powerful.

CONCLUSION

ADR was superior or at least, not inferior to ACDF in terms 
of functional recovery. However, its application to the CM pa-
tients is merely empowered with weak strength due to low level 
of evidence.
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