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ABSTRACT
Background: Although it is well established that surgically treated patients with cervical degenerative myelopathy (CDM) 

improve irrespective of the anterior decompression technique used, no consensus exists on what technique is superior in terms of 
neurological recovery. A general concern exists that anterior cervical discectomy with arthroplasty (ACDA) leads to less favorable 
outcomes in CDM due to microtrauma caused by preserved mobility. It is remarkable that current literature mainly uses pain scores to 
assess clinical outcomes after anterior decompression surgery, especially considering that pain may not be the most relevant outcome 
for CDM. This systematic review evaluated the literature concerning neurological outcomes in patients with CDM treated with anterior 
decompression surgery and assessed by validated myelopathy scores.

Methods: Systematic searches were carried out in PubMed, EMBASE, Web of Science, CINAHL, and the Cochrane Library. 
Prospective studies were included when patients with isolated CDM were treated with anterior decompression surgery, and a validated 
myelopathy outcome score was used.

Results: A total of 11 studies were included from the 16,032 identified studies. All studies used the modified Japanese Orthopedic 
Association (JOA) outcome score and showed improvement for all anterior techniques. The mean improvement in anterior cervical 
discectomy and fusion (ACDF) was 4.80 and 3.64 for the modified JOA and JOA outcome scores, respectively. The JOA for ACDA 
showed a mean improvement of 5.51. The overall quality of the included articles was low to moderate according to the Cochrane tool.

Conclusion: Neurological recovery of CDM is similar after all anterior decompression techniques, including ACDA when 
compared with ACDF.

Clinical Relevance: The current literature gives no reason to dissuade the use of ACDA in cervical myelopathy.
Level of Evidence: 3.

Cervical Spine

Keywords: cervical spine, myelopathy, cervical degenerative disc disease, cervical arthroplasty, anterior cervical discectomy 
and fusion, systematic review, cervical disc replacement

INTRODUCTION

Surgical decompression of the spinal cord is recom-
mended for patients with symptomatic cervical degener-
ative myelopathy (CDM).1 However, the optimal surgical 
strategy and timing for management of CDM remain 
controversial. Many studies report clinical outcomes of 
anterior cervical decompressive surgeries for cervical 
degenerative disc disease (CDDD) in terms of pain or 
disability induced by pain. Whereas cervical degenerative 
radiculopathy (CDR) predominantly presents with neck 
and/or arm pain, CDM clinically manifests with neu-
rological deficits such as paresthesia, sensory dysfunc-
tion, paresis, disturbed proprioception, gait disturbances, 
decreased hand dexterity, and hyper- reflexia.2 Pain may 

thus not be the most relevant outcome measure for the 
majority of patients with CDM.

Surgical decisions are based on pathology, clinical pre-
sentation, location of compression, sagittal alignment, 
and patient- specific factors.3 However, surgical decision- 
making seems to be strongly dependent on country, center, 
and surgeon, mainly based on experience. One of the most 
common treatment options for patients with single- or mul-
tilevel CDDD is anterior cervical discectomy with fusion 
(ACDF) or, in Europe, without anterior cervical discec-
tomy.4 Good short- term clinical results are achieved with 
both techniques in 90% to 100% of the patients with radic-
ulopathy.5 This has also been described for myelopathy, 
where postoperative improvement was both statistically 
and clinically significant.6 A drop in patient satisfaction 
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at long- term follow- up is described in multiple studies.7–9 
This is thought to be due to the development of clinical 
adjacent segment pathology (CASP), which is defined as 
the development of new radiculopathy and/or myelopathy 
at a segment adjacent to the site of the previous surgery. 
Adjacent segment pathology has been postulated to be 
accelerated by loss of motion in the fused segment, thereby 
overstraining the adjacent segments. Both techniques result 
in a high rate of fusion, 70% to 80% for anterior cervical 
discectomy and 95% to 100% for ACDF, possibly increas-
ing the risk on adjacent segment pathology.5

Anterior cervical discectomy with arthroplasty (ACDA) 
is thought to reduce the chance on developing CASP by 
preserving motion in the operated segment.10 Several 
studies have investigated the clinical outcomes of ACD(F) 
compared with ACDA in CDDD and found no signifi-
cant differences in terms of pain, disability, and quality of 
life.11,12 One can reason that no differences in clinical effec-
tivity are expected as all techniques equally aim for ade-
quate decompression of the neurological tissue, resulting 
in similar neurological recovery. Still, long- term follow- up 
results show significantly lower rates of subsequent surgery 
due to CASP in ACDA compared with ACD(F), suggest-
ing a potential higher long- term effectivity.13–17 In contrast, 
there is a concern that motion preservation may provoke 
microtrauma to the spinal cord in patients with CDM and 
negatively affects the clinical recovery after ACDA.11,18,19 
However, this has not been confirmed by studies evaluating 
the outcomes for patients with CDR in comparison with 
CDM for both ACDA and ACD(F). Additionally, none of 
these studies describe a single patient with deterioration 
of neurological function when treated with ACDA for 
CDM.11,20

The majority of studies focus on mixed populations of 
CDR and CDM patients using the same outcome measures 
for clinical effectivity, like the visual analog pain scale 
(VAS) and Neck Disability Index (NDI), for both groups.21–

25 It is remarkable that current literature mainly uses these 
pain scores to assess clinical outcomes, especially as pain 
may not be the most relevant outcome for CDM.

Therefore, this systematic review aims to evaluate neu-
rological outcomes of anterior decompression surgery 
for patients with isolated CDM as assessed by validated 
myelopathy scores. The quality of the included studies will 
be determined.

MATERIALS AND METHODS

Review Protocol

This systematic review was executed in accordance 
with the preferred reporting items for systematic reviews 

and meta- analyses statement.26,27 The study protocol was 
published in the PROSPERO database (registration number 
CRD42020153495) before the study commenced.

Search Strategy and Eligibility Criteria

Searches for clinical studies were systematically carried 
out in PubMed, EMBASE (OVID), Web of Science (Clar-
ivate Analytics), CINAHL (EBSCO), and the Cochrane 
Library (CENTRAL). The search was conducted without 
using search limiters. The initial search was conducted on 
10 October 2019 and finally updated on 24 November 2020 
(Appendix A). Studies were included if they met all of the 
following eligibility criteria: (1) prospective randomized 
controlled trial or cohort, (2) patient population with iso-
lated CDM or separate reporting of CDM or CDR patients, 
and (3) presence of a validated myelopathy outcome score. 
Studies were excluded if (1) patients with myeloradiculopa-
thy were considered as a single population, (2) the follow- up 
time was shorter than 1 year, (iii) anterior and posterior tech-
niques were compared, (3) less than 10 CDM patients were 
included, or (4) patients with a diagnosis of rheumatologic 
disease, ossification of the posterior longitudinal ligament, 
diffuse idiopathic skeletal hyperostosis, ankylosing spon-
dylitis, or Klippel- Feil or neurological compression due to 
infectious, traumatic, or oncologic pathology.

Study Selection and Data Collection

The study selection process is reflected in the Figure. 
Duplicates were removed, and articles were screened 
based on title and abstract. The abstracts were assessed 
by 2 independent researchers (V.S., A.S.) blinded for each 
other’s decision. If necessary, consensus was reached with 
assistance through discussion or with assistance of a third 
independent researcher (H.V.S.). The assessment was per-
formed using Rayyan—a web and mobile app for system-
atic reviews.28 The following data were extracted from the 
included articles: study design, year of publication, country, 
time span, number of patients, baseline characteristics of 
patients, type of interventions, and primary and secondary 
outcome measures as described above. The complete data 
collection sheet is outlined in Appendix File B.

Quality Assessment

Risk of bias was assessed by 2 independent researchers 
(V.E.S., L.G.C.V.D.K.), blinded for each other’s decision. 
Consensus was reached through assessment by a third inde-
pendent researcher (S.M.M.H.). Randomized controlled 
trials were assessed through the Cochrane Risk of Bias tool 
in Review Manager 5.3.29 Nonrandomized controlled trials 
were assessed with the Risk of Bias in Nonrandomized 
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Studies of Interventions tool.30 The full risk of bias assess-
ment sheet is outlined in Appendix File C.

Statistics

Heterogeneity was assessed with the χ2 test in Cochrane 
Collaborations Review Manager version 5.3.31 Descriptive 
statistics were used and reported in a narrative summary 
according to the Cochrane handbook.29 The measures of 
treatment effect are determined through the mean differ-
ence or standardized mean difference and ranges for con-
tinuous data.

RESULTS

Study Selection

The initial systematic search (October 2019) in 
the databases yielded 11,897 articles, 9469 of which 
remained after removal of duplicates. A total of 4 arti-
cles met inclusion criteria. The systematic search was 

repeated in all databases (November 2020) and yielded 
a total of 16,032 articles, of which 1076 remained after 
duplicate removal and removal of duplicate articles from 
the initial search. Of these, 27 articles were screened on 
full text. This led to the inclusion of an additional 7 arti-
cles, which resulted in a total of 11 studies.32–43 A flow-
chart of the selection process is presented in the Figure.

Study Characteristics

Table 1 displays the characteristics and results of 
the included studies. Two randomized studies directly 
compared ACDA and ACDF.32,33 One study com-
pared ACDF with corpectomy,37 and 1 study com-
pared ACDF with a novel distraction technique.36 The 
remaining 7 studies reported on cohorts; 3 included 
ACDF patients,41–43 2 included ACDA patients,34,35 
and 1 included corpectomy patients.38 Publication 
years ranged from 200737 to 2020.36,38,42,44 Follow- up 
time ranged from 136,40,41 to 5 years.44 Six studies were 

Records identified through PubMed, 
CINAHL, EMBASE, Cochrane, and Web 

of Science search
(N=11.897 )

Records screened
(N=9469)

Full-text articles assessed for eligibility
(N=4)

Records excluded (wrong study 
design, wrong outcome)

(N=9155)

Full-text articles excluded
(N=310)

42x Wrong outcome
29x Wrong study design

42x Congress presentation/Registered 
Trial

92x Insufficient reporting on 1st outcome
13x Foreign language
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Studies included in review
(N=11)

Removed duplicates
(N=2428 )

Records based on title, abstract and 
keywords
(N=314)

Search repeated
November 2020

Initial Search
October 2019

Records identified through PubMed, 
CINAHL, EMBASE, Cochrane, and Web 

of Science search
(N=16.032)

Removed duplicates
(N=14.956)

Records screened
oct 209-nov 2020

(N=1076)

Full-text articles assessed for eligibility
(N=27)

Full-text articles excluded
(N=19)

5x Retrospective study design
2x Protocol registration

11x wrong study population
1x insufficient reporting primary outcome

2x inclusion of OPLL patients

Records excluded (wrong study 
design, wrong outcome)

(N=1049)

Figure. Preferred reporting items for systematic reviews and meta- analyses flowchart of inclusion process.
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performed in China,32,33,35,36,39,40,43 1 in India,41 and the 
remaining 4 in Europe (Italy, Turkey, Germany, and 
Greece).34,37,38,42 Six of the studies determined neuro-
logical outcomes according to the Japanese Orthope-
dic Association (JOA)32–36,40 and 5 according to the 
modified JOA (mJOA),37,38,41–43 1 study additionally 
reported Nurick grades.41 JOA and mJOA scores will 
be reported separately as it is not advised to use them 
interchangeably.45

Study Results

The I2 test revealed a heterogeneity of >75% for 
both JOA and mJOA, a meta- analysis was thus not per-
formed.

All studies showed general postoperative neurolog-
ical improvement, according to the (m)JOA, for all 
groups, with all of the evaluated techniques (Table 1). 
One study reported a statistically significant higher 
improvement for the ACDA group in comparison with 
the ACDF group; however, this difference was not clin-
ically relevant.33 The baseline JOA and mJOA scores 
for ACDF were 8.5 (range 7.5–9.0) and 12.0 (range 
10.8–12.4), respectively. The JOA for ACDF improved 
with 4.8 points to an average postoperative score of 
14.6. The mJOA for ACDF improved with 3.6 points 
to an average postoperative score of 15.6. In the ACDA 

group, the JOA was 10.4 (range 7.4–14.0) at baseline. 
The JOA for ACDA increased with an average increase 
of 5.5 points to a postoperative score of 15.9 (range 
15.2–16.6). The improvement in JOA scores was, there-
fore, higher in ACDA than ACDF. The reported ranges 
reflect a high degree of heterogeneity in the baseline 
neurological functioning of the included groups.

Secondary outcome measures are presented in 
Table 2. Four of the included studies assessed pain 
using the VAS.32,34,43,46 An overall decrease in VAS for 
neck and arm pain combined was reported in all studies 
with an average decrease of 1.6 for ACDF and 4.0 for 
ACDA. Additionally, 4 studies32–34,43 reported outcomes 
in terms of NDI. For ACDA, a decrease from 42.0 at 
baseline (range 36.7–50.6) to 6.4 postoperative (range 
1.7–7.1) was reported. For ACDF, a decrease from 32.4 
(range 9.7–50.1) at baseline to 7.96 (range 2.8–7.0) at 
postoperative follow- up was reported. Again, the ranges 
show a large heterogeneity in the reported baseline NDI 
scores.

The intent was to evaluate reoperation and complica-
tion rates. However, only 2 studies reported on compli-
cation rates,33,35 and no studies reported on reoperation 
rates. This was similar to quality of life, which was 
only assessed in 1 study.47 The complete data collection 
sheet is presented in Appendix File B.

Table 1. Results of included studies.

Author (Year)
Study Time 

Span, y Intervention
Age, y, Mean (±SD 

or range) Levels Operated N
Preoperative Score, 

Mean (±SD)

Postoperative 
Score, Mean 

(±SD)
Utility Measurement 

Tool

Comparative studies
  Chen et al (2019) 3 ACDF 46.8 (±6.0) 1 level 30 7.49 (±2.39) 14.59 (±1.22) JOA

ACDA 48.5 (±4.6) 1 level 30 7.38 (±2.41) 15.42 (±0.46)
  Cheng et al (2011) 3 ACDF 47.7 (±5.8) 1 level (n = 21) 42 9.00 (±1.20) 14.80 (±1.20) JOA

2 level (n = 17)
3 level (n = 4)

ACDA 47.2 (±5.7) 1 level (n = 24) 41 9.00 (±1.20) 15.20 (±1.20)
2 levels (n = 14)
3 levels (n = 3)

  Sun et al (2020) 1 Normal ACDF 52.4 (±10.1) 1 level 31 8.90 (±1.40) 13.60 (±1.50) JOA
Distraction ACDF 51.6 (±8.9) 1 level 30 8.80 (±1.50) 13.30 (±1.50)

  Sorar et al (2007) 2.7 ACDF 53 1 level (n = 5) 14 12.80 (±0.50) 15.60 (±0.40) mJOA
2 levels (n = 9)

Corpectomy 59.3 2 levels (n = 2) 6
3 levels (n = 4)

  Pescatori et al (2020) 3 Corpectomy (mild/
moderate CDM)

57.4 (±10.6) 1 level (n = 22) 30 13.23 (-) 16.00 (-) mJOA
2 levels (n = 25)

Corpectomy (severe 
CDM)

3 levels (n = 13) 30 7.26 (-) 12.66 (-)

Cohort studies
  Li et al (2019) 1 Anterior (anterior 

cervical discectomy + 
ACDF + corpectomy)

50 (±8.55) 1 level (n = 54) 117 11.47 (±1.27) 14.67 (±1.27) JOA1
54.0 (±8.77) 2 levels (n = 45)
57.7 (±9.14) 3 levels (n = 18)

  Pandita et al (2018) 1 ACDF 51.0 (±9.38) 1 level (n = 23) 30 12.40 (±3.68) 14.92 (±3.24) mJOA, Nurick
2 levels (n = 7)

  Zika et al (2020) 5 ACDF 50.8 (39–70) 1 level (n = 9) 36 10.80 (±1.90) 15.50 (±3.00) mJOA
2 levels (n = 17)
3 levels (n = 8)
4 levels (n = 2)

  Zhang et al (2020) 5 ACDF 54.9 (±9.62) - 35 11.98 (±2.21) 16.54 (±1.07) mJOA
  Pehlivanoglu et al 

(2019)
2 ACDA 52.4 (37–69) 1 level (n = 15) 18 11.30 (±0.30) 16.60 (±0.10) JOA

2 levels (n = 3)
  Tian et al (2010) 3.49 (mean) ACDA 50.9 (29–73) 1 level (n = 39) 50 14.00 (-) 16.50 (-) JOA

2 levels (n = 11)

Abbreviations: ACDA, anterior cervical discectomy with arthroplasty; ACDF, anterior cervical discectomy and fusion; CDM, cervical degenerative myelopathy; JOA, Japanese Orthopedic Association score; mJOA, modified Japanese 
Orthopedic Association score.
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Quality of Identified Studies

The studies included were critically assessed using 
the Cochrane risk of bias tool. According to the criteria 
for randomized trials, the overall risk of bias was mod-
erate, and according to the criteria for nonrandomized 
trials (Risk of Bias in Nonrandomized Studies of Inter-
ventions), the overall risk of bias was considered low 
(Appendix File C).

DISCUSSION

The main aim of this review is to evaluate the func-
tional and neurological outcome in patients with isolated 
symptoms of myelopathy after anterior decompression 
surgery for CDDD.

Few prospective studies focus on anterior decom-
pression surgery for isolated CDM, even fewer use 
a validated myelopathy outcome score. A significant 
number of studies on the subject have been published 
by the end of 2019 and in 2020, as was discovered 
when the search was repeated in November 2020. This 
shows a growing interest in research about the neuro-
logical outcome of these surgical techniques for CDM.

The majority of studies were excluded because of 
the use of VAS and/or NDI as the primary outcome 
measure. Another prominent reason for exclusion 
was the inability to retrieve outcome results for CDM 
patients separately, as studies included a mixed popu-
lation of CDR and CDM patients.

The available studies that primarily investigate 
CDM in anterior decompression surgery with val-
idated myelopathy scores are often retrospective, 

have a short follow- up time, or have small sample 
sizes.19,48–51

Of the 11 included studies, only 2 were compara-
tive studies, and the overall quality of the studies was 
low to moderate. Moreover, for most of the included 
studies, a validated myelopathy score was used but not 
as the primary outcome measure. This makes the study 
design suboptimal for the evaluation of neurological 
recovery. This shows that there is inadequate litera-
ture on neurological recovery in CDM patients, which 
limits the extrapolation of solid conclusions.

Overall differences in (m)JOA scores between the 
anterior decompression techniques were minimal and 
not clinically relevant. A remarkable heterogeneity 
was observed between the included studies at base-
line. Reported (m)JOA, but also secondary outcomes 
such as VAS and NDI varied strongly. This reflects a 
variation in baseline population studied, especially in 
the severity of myelopathy. The average age between 
study populations was rather homogenous, but wide 
ranges and standard deviations are reported. Most 
studies included single- and multilevel surgeries, and 
2 studies assessed single- level surgery only (Table 1). 
Besides the heterogeneity in baseline characteristics, 
the extent of improvement from pre- to postoperative 
also varied strongly between studies. This may be the 
consequence of the discrepancy in patient populations, 
despite the strict inclusion criteria of this review.

The lack of a clinically significant difference 
between outcomes is not surprising since all tech-
niques aim to reach adequate decompression of the 
spinal cord.12 As neurological recovery after anterior 

Table 2. Secondary outcomes.

Author (Year) Intervention

Visual Analog Scale Score, Mean (±SD) Neck Disability Index Score, Mean (±SD) Odom Criteria, %

Preoperative Postoperative Preoperative Postoperative Excellent Good Fair Poor

Comparative studies
  Chen et al (2019) ACDF 7.33 (±1.61) 1.31 (±0.37) 37.47 (±6.86) 6.89 (±2.53) 97.4 (Excellent or good) - -

ACDA 7.54 (±1.44) 1.29 (±0.41) 38.63 (±5.77) 7.11 (±3.73) 96.7 (Excellent or good) - -
  Cheng et al (2011) ACDF NA 50.10 (±5.80) 6.96 (-) 95 (Excellent, good, or fair) -

ACDA 50.60 (±6.00) 1.74 (-) 100 (Excellent, good, or fair) -
  Sun et al (2020) Normal ACDF 1.39 (-) 1.51 (-) NA NA

Distraction ACDF 1.51 (-) 1.17 (-)
Cohort studies
  Li et al (2019) Anterior (anterior 

cervical discectomy + 
ACDF + corpectomy)

NA NA NA

  Pandita et al (2018) ACDF NA NA NA
  Zika et al (2020) ACDF NA NA NA
  Pescatori et al (2020) Corpectomy (mild/

moderate CDM)
NA NA NA

Corpectomy (severe 
CDM)

  Zhang et al (2020) ACDF 5.67 (±1.63) 1.01 (±2.11) 9.67 (±2.66) 2.78 (±1.49) NA
  Pehlivanoglu et al 

(2019)
ACDA Arm Arm 36.70 (±1.40) 10.30 (±1.20) NA

5.70 (±0.50) 1.30 (±0.30)
Neck Neck

6.10 (±0.70) 2.00 (±0.30)
  Tian et al (2010) ACDA NA - 11.20 (-) 54 44 2 0

Abbreviations: ACDA, anterior cervical discectomy with arthroplasty; ACDF, anterior cervical discectomy and fusion; CDM, cervical degenerative myelopathy; JOA, Japanese Orthopedic Association score; mJOA, modified Japanese 
Orthopedic Association score; NA, not applicable.
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decompression surgery for CDM was similar for all 
groups, the concern that ACDA is inferior to ACDF for 
the treatment of CDM is contradicted.52,53 Although 
clinical effectivity between techniques is similar, 
it may be possible that there is a difference in cost- 
effectiveness.

This systematic review was executed in accordance 
with the preferred reporting items for systematic 
reviews and meta- analyses statement. A large number 
of studies were reviewed, which makes bias due to 
missing data less likely. The study protocol was pub-
lished online before the start of the study to ensure 
transparency. The main limitation of this systematic 
review is the inclusion of only full text and published 
studies but not conference proceedings, PhD disser-
tations, or gray literature. However, we do not expect 
that large trials and important studies on the subject 
remain unpublished and thus estimate a limited influ-
ence on our results.

CONCLUSION

Neurological recovery after anterior decompression 
surgeries in patients with CDM is equal for all decom-
pression techniques in this systematic review. The lack 
of high- quality research about neurological recovery 
for patients with isolated myelopathy, assessed by val-
idated myelopathy scores, is remarkable. To further 
establish the long- term neurological recovery in CDM 
patients for anterior decompression techniques, future 
studies should have an adequate follow- up duration 
and use a validated myelopathy score as the primary 
outcome measure.
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