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CerviCal spondylotic myelopathy (CSM) has be-
come a prevalent cause of spinal cord dysfunction 
among the aging population worldwide. There is 

a wide spectrum of symptoms and neurological signs as-
sociated with CSM. The common presentations of this 

degenerative cervical myelopathy may vary from slight 
dysesthesia to quadriparesis and severe sphincter dysfunc-
tion.32,41,59,60 There are frequently associated cervical spine 
pathologies such as intervertebral disc herniation, de-
generative disc disease, ligamentum flavum hypertrophy, 
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signal change ratio; SSEP = somatosensory evoked potential.
SUBMITTED May 2, 2019. ACCEPTED May 6, 2019.
INCLUDE WHEN CITING DOI: 10.3171/2019.5.SPINE18769.

Recent advances in the management of cervical 
spondylotic myelopathy: bibliometric analysis and surgical 
perspectives
JNSPG 75th Anniversary Invited Review Article

Yu-Chun Chen, MD, PhD,1–3 Chao-Hung Kuo, MD,1,4,5 Chieh-Ming Cheng, MD,4 and  
Jau-Ching Wu, MD, PhD1,4

1School of Medicine, National Yang-Ming University, Taipei; 2Department of Family Medicine, Taipei Veterans General Hospital; 
3Institute of Hospital and Health Care Administration, National Yang-Ming University, Taipei; 4Department of Neurosurgery, 
Neurological Institute, Taipei Veterans General Hospital; and 5Department of Biomedical Engineering, School of Biomedical 
Science and Engineering, National Yang-Ming University, Taipei, Taiwan 

OBJECTIVE Cervical spondylotic myelopathy (CSM) has become a prevalent cause of spinal cord dysfunction among 
the aging population worldwide. Although great strides have been made in spine surgery in past decades, the optimal 
timing and surgical strategy to treat CSM have remained controversial. In this article the authors aimed to analyze the 
current trends in studies of CSM and to summarize the recent advances of surgical techniques in its treatment.
METHODS The PubMed database was searched using the keywords pertaining to CSM in human studies that were 
published between 1975 and 2018. Analyses of both the bibliometrics and contents, including the types of papers, au-
thors, affiliations and countries, number of patients, and the surgical approaches were conducted. A systematic review of 
the literature was also performed with emphasis on the diagnosis and treatment of mild CSM.
RESULTS A total of 1008 papers published during the span of 44 years were analyzed. These CSM studies mainly 
focused on the natural history, diagnosis, and treatment, and only a few prospective randomized trials were reported. For 
the authors and affiliations, there was a shift of clustering of papers toward Asian countries in the past decades. Regard-
ing the treatment for CSM, there was an exponential growth of surgical series published, and there was a trend toward 
slightly more anterior than posterior approaches through the past decade. Patients with CSM had increased risks of neu-
rological deterioration or spinal cord injury with nonoperative management. Because surgery might reduce the risks, and 
early surgery was likely to be correlated with better outcomes, there was a trend toward attention to mildly symptomatic 
CSM.
CONCLUSIONS There is emerging enthusiasm for research on CSM worldwide, with more publications originating in 
Asian countries over the past few decades. The surgical management of CSM is evolving continuously toward early and 
anterior approaches. More prospective investigations on the optimal timing and choices of surgery are therefore needed.
https://thejns.org/doi/abs/10.3171/2019.5.SPINE18769
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facet arthropathies, and ossification of the posterior lon-
gitudinal ligament (OPLL) that cause compression of the 
cervical spinal cord or instability of the vertebrae.25,67 Due 
to the benign nature and insidious development of CSM, it 
had been less recognized until advanced medical technol-
ogies such as MRI and electrophysiological examinations 
became prevalent in recent decades.47,48,51

Currently there are few strategies to rejuvenate the pro-
cess of degeneration or reverse the spondylosis. Surgery is 
the most commonly accepted option for severe CSM that 
is associated with neurological complications. However, 
for asymptomatic or mildly symptomatic patients with 
CSM, the optimal management remains controversial. Al-
though great strides have been made in spine surgery in 
the past decades, including minimally invasive approach-
es and motion preservation technologies, the exact timing 
and surgical strategy to treat CSM have remained elusive.

This paper summarizes the currently available litera-
ture on CSM, based on a thorough review of journal pub-
lications since 1975, with an additional bibliometric analy-
sis of the papers reviewed. The summary aimed to analyze 
the current trends of research on CSM and to shed light on 
recent advances in surgical techniques for the treatment 
of CSM.

Methods
A literature search using the keywords “cervical spon-

dylotic myelopathy” with “natural history,” “diagnosis,” or 
“treatment,” and exclusively limited to “human” studies 
was performed in the PubMed database. The literature 
search was also limited to articles that were published 
from January 1, 1975, until January 1, 2019 (a span of 
44 years). All articles were downloaded, if possible, and 
then categorized, and independently reviewed by C.H.K. 
and C.M.C. The papers were categorized into 4 types of 
publications: review, case report, case series, and others. 

The review category included both literature reviews and 
systematic reviews. Case reports were defined as reports 
that had low case numbers and no statistics. Case series 
included retrospective, cohort, and prospective studies 
that at least contained statistical analysis. Any other types 
of papers, including technical notes, editorial summaries, 
and letters were all categorized as “others” (Fig. 1).

To evaluate the research activity, the doubling time of 
annual cumulative publication was calculated. The affili-
ations and countries of the authors of the papers on CSM 
were all analyzed. The country of origin of each paper was 
designated using the first author’s first affiliation. The ab-
stract of each of the case reports and case series was read 
and the number of participants in each study population 
was noted. We excluded papers in which the number in 
the study population was not identified in the abstract. The 
citation count of each paper was obtained from the Web of 
Science (Clarivate Analytics).

To analyze the evolution of surgical strategies for CSM, 
all the papers regarding treatment were divided into 4 cat-
egories: anterior; posterior; combined anterior and poste-
rior; and comparison of anterior versus posterior surgery. 
This was determined by first using the abstract. If the ab-
stract did not declare the surgical approach, the full text 
was reviewed. If the surgical approach remained unknown 
or there was no full text available for review, the paper was 
then excluded from further analysis.

Results
A total of 1008 papers dealing with CSM published be-

tween 1975 and 2018 were extracted from PubMed and 
analyzed. The case series category was the most common-
ly published one, followed by case reports, reviews, and 
then others. Overall, there was an exponential growth of 
the number of publications on CSM, with a doubling time 
of publication at 4.79 years. The review articles category 

FIG. 1. Data process flow chart of CSM research published between 1975 and 2018 (N = 1008). The total number of the 4 publica-
tion types exceeds 1008 because 3 articles were classified into 2 publication types.
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was the second most common, according to the number 
published (18.6%) and the rapidity (with a doubling time 
at 4.57 years). The categories of case reports and others 
were relatively less common and slower in the rapidity of 
publication (doubling times at 6.78 and 6.60 years, respec-
tively) (Fig. 2).

The majority of the papers were published in only a 
few countries. According to an analysis of the countries 
in which the papers were authored, there were 819 papers 
(81.3%) published in 10 countries, of which 50% of the 
studies were from Eastern Asia (Table 1). The rate of pub-
lication was different by country, and the top 5 countries 
with the most rapid rate of publication were Korea, China, 
Japan, India, the US, and Canada (the US and Canada 
were tied for fifth place). The top 3 countries with growth 
in the number of papers published were the US, Japan, and 
China. The types of publications were also different by the 
countries of publication. There were slightly fewer case 
reports published by authors based in Asian countries, 

and there were more review articles published by authors 
based in the US and Canada than for the other categories 
(Table 2). There was emerging enthusiasm for research on 
CSM worldwide, with more publications originating in 
Asian countries during recent decades (Fig. 3).

There has also been an emerging trend of using large 
databases for CSM-related research. In most of the case 
series from single institutions, the study population usual-
ly did not exceed 2000. In contrast, CSM research articles 
using large databases usually were composed of a sample 
size ranging from several thousand to several million. 
Furthermore, there has been a trend toward more studies 
based on larger databases being published in recent years 
(Fig. 4). There were 18 studies on CSM that used large da-
tabases and included more than 2000 patients with CSM 
as the study population (Appendix Table).

A total of 707 articles on surgical treatment for CSM 
were analyzed. The papers on surgical treatment were 
categorized into 4 types according to the surgical ap-

TABLE 1. Cumulative publication counts and publication doubling time of CSM research by countries

Cumulative 
Publication Yrs US Japan China* Canada India UK Korea Germany Italy Taiwan Others†

1975–1988 6 0 0 0 0 0 0 0 1 0 29
1989–1998 37 21 2 2 1 7 0 3 6 2 40
1999–2008 89 77 9 4 8 13 2 4 11 5 72
2009–2018 254 188 171 58 34 30 26 21 20 17 189
Publication doubling 

time (yrs)‡
4.44 3.71 3.51 4.44 4.13 5.91 3.40 5.01 6.94 5.38 5.69

Publications between 1975 and 2018 (N = 1008).
* Publications originating from Hong Kong were not included until the return to China in 1997.
† Publications that could not be recognized by PubMed data were classified as Others.
‡ Doubling time refers to the estimated time for the cumulative publication count to double. The lower the publication doubling time, the more 
active the research in terms of publication.

FIG. 2. Cumulative publication counts by publication year and publication types on CSM research published between 1975 and 
2018 (N = 1008). Figure is available in color online only.
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proaches: anterior (291, 41.2%); posterior (274, 38.8%); 
combined anterior and posterior (82, 11.6%); and only a 
few (60, 5.4%) that compared the anterior versus posterior 
surgery. The publication of surgical series had an expo-
nential growth in recent decades. Moreover, the volume 
of research on anterior and posterior approaches had no 
discrepancies until the last decade. Anterior surgery has 
been reported more and has trended higher than posterior 
surgery since then (Fig. 5).

Discussion
Summary of Featured Articles

In-depth reviews were performed for articles describ-
ing human studies, focusing on the natural history, patho-
physiology, and diagnosis and treatment of mild CSM.

Natural History and Pathophysiology of CSM
Most of the reports on CSM indicated a decline in pa-

tients’ neurological status, including hand dexterity, gait 
disturbance, and sphincter functions. However, the pat-
terns of deterioration could vary, from a rapid onset of 
symptoms followed by long periods of remission, to a slow 
and gradual decline or a stepwise decline. The speed of 
the decline could depend on the related pathologies, the 
cause of onset, timing of the diagnoses, and simply the 
duration of observation.

There was an increased risk of spinal cord injury (SCI) 
in patients with CSM. In an East Asian cohort study of 
14,140 patients hospitalized for CSM, the overall incidence 
of CSM-related hospitalization was 40.4 per million per-
son-years, with male and elderly patients predominant.70 
Subsequent SCI was more likely to develop in those CSM 
patients who received nonoperative management than in 
those who underwent surgery. Furthermore, in an even 
larger cohort from the same region, patients with CSM had 
an overall incidence rate of SCI at approximately 0.2% per 
year.12 Because male sex, the coexistence of OPLL, and 

nonoperative management are twice as likely to be associ-
ated with subsequent SCI, surgery is therefore suggested 
for these patients with CSM, especially for those who are 
at higher risk.12,68,70,71

The main components contributing to the cervical cord 
compression and subsequent CSM could be classified into 
static and dynamic factors. The structural spondylotic ab-
normalities causing spinal stenosis and subsequent cord 
compression were referred to as the static factors. Disc 
degeneration would be the initiating event of these spon-
dylotic cascades. Cervical spine biomechanics could be 
changed by disc degeneration causing ligamentum flavum 
hypertrophy as well as laxity of the facet joint, progres-
sive biomechanical stress, and strain on the spinal joints.32 
Thus, unfused spinal levels adjacent to congenital and 
iatrogenic fusions may have early disc degeneration and 
accelerate spondylosis. In a study of 22 patients with Klip-
pel-Feil syndrome who had a mean age of 35 years, disc 
degeneration with evidence of low-intensity signal on T2-
weighted MRI was observed in all patients, in addition to 
other abnormal findings such as disc protrusion, forma-
tion of osteophytes, and syringomyelia.24 There were also 
studies addressing OPLL, which had higher incidences 
in Japan, Taiwan, and other East Asian countries, as an-
other causative factor in the pathophysiology of CSM.67 
The incidence of cervical OPLL-related hospitalization 
for patients with severe CSM in a national cohort from 
Taiwan was as high as 6.1 per million person-years, with 
the higher rates observed in the elderly and among male 
patients.71

A congenitally narrow spinal canal was also regarded 
as a potential risk for CSM. In a prospective study in-
cluding 295 patients, individuals were classified into 3 
groups according to the sagittal cervical spinal canal di-
ameter (group A: less than 13 mm, group B: 13–15 mm, 
and group C: more than 15 mm). Group A patients were 
observed to have a higher risk of pathological changes in 
cervical intervertebral discs, which could lead individuals 
to have a greater risk of developing cervical spinal ste-

TABLE 2. Publication counts of CSM research by countries and publication types

Country
Case Series Review Case Report Other

TotalNo. % No. % No. % No. %

Overall 683 67.8 187 18.6 81 8.0 60 6.0 1008
US 123 48.0 90 35.2 28 10.9 15 5.9 256
Japan 154 81.9 9 4.8 17 9.0 8 4.3 188
China 132 76.7 26 15.1 8 4.7 6 3.5 172
Canada 25 43.1 25 43.1 8 13.8 58
India 30 88.2 1 2.9 2 5.9 1 2.9 34
UK 19 63.3 3 10.0 5 16.7 3 10.0 30
Korea 23 88.5 1 3.8 1 3.8 1 3.8 26
Germany 13 61.9 2 9.5 1 4.8 5 23.8 21
Italy 15 75.0 2 10.0 1 5.0 2 10.0 20
Taiwan 16 94.1 1 5.9 17
Others 133 70.4 28 14.8 18 9.5 10 5.3 189

Publications between 1975 and 2018 (N = 1011). The total number in the 4 publication types exceeds 1008 because 3 articles were classified 
into 2 publication types.
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nosis subsequently.44 Similar findings also were observed 
in autopsy studies. The pathological progression appeared 
to worsen with duration of compression and severity of 
anterior-posterior compression, which means the diameter 
of the spinal canal.30,50 A narrowed spinal canal may be 
associated with poor vascularity, but there were no reports 
in humans to document ischemia as a contributing factor 
to the development of CSM.

Dynamic factors for CSM referred to repetitive injury 
during the flexion or extension movements of the cervi-
cal spine on the compressed cervical spinal cord.32 The 
repetitive chronic subtle SCI could be exaggerated in cas-
es of instability. The “wear and tear change” of cervical 
spondylosis might be correlated to the repetitively forcible 
neck flexion and extension that caused early development 
of osteophytes, but this was never demonstrated in a hu-
man study. In a human study including 47 rugby players 
and 40 age-matched control subjects, early cervical de-
generation was detected more often on MR scans in the 
front-line rugby players than in the control subjects of the 
same age, which may be correlated with repetitive cervi-
cal trauma throughout the players’ careers.4 Also, there 

have been concerns about the potential risk of cervical 
SCI in professional wrestlers and others who play contact 
sports.54

Diagnosis of CSM
Diagnosis of CSM could be established using clinical 

examinations, radiological studies, or electrophysiologi-
cal evaluations. There was a prospective multicenter study 
that included 114 patients in which researchers attempt-
ed to correlate the preoperative clinical presentations to 
quantitative features by using MRI. They addressed sev-
eral MRI features, including the maximum spinal cord 
compression (MSCC), maximum canal compromise 
(MCC), signal changes, and a signal change ratio (SCR). 
The paper demonstrated associations among upper-limb 
symptoms and MSCC, and neurological deficits over all 4 
extremities and SCR. Some results of typical neurological 
examinations for patients with CSM also had significant 
correlation with MRI features. For instance, the Hoff-
mann sign was more commonly observed in patients with 
a greater MSCC, MCC, and SCR, whereas the Lhermitte 

FIG. 3. Global maps demonstrating the distribution of CSM-related researches before and after 2005. Maps created with data-
maps.co©. Figure is available in color online only. 
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phenomenon presented more commonly in patients with a 
lower SCR, which has the potential to be an early indicator 
for early-stage CSM.48

Abnormalities of intramedullary signal intensity on 
MRI have been regarded as a convenient clinical pre-
dictor for patients with CSM. The hyperintense signals 
within the spinal cord parenchyma demonstrated on T2-
weighted MRI have been proven to correlate with myelop-
athy.7,23,25,33,58,63 In a study that enrolled 57 patients with 
CSM, pre- and postoperative MRI studies with clinical 
data regarding the Nurick grade were collected. As most 
spine surgeons would expect, the results demonstrated 
that a preoperative focal T2 hyperintensity signal had a 
significant association with a lower Nurick grade pre- 
and postoperatively.2 Moreover, the modified Japanese 
Orthopaedic Association (mJOA) score was regarded as 
a strong predictor of the surgical outcomes of CSM. In a 
study of 102 patients whose pre- and postoperative clini-
cal and MRI data were analyzed, the authors concluded 
that baseline mJOA was a strong predictor of postsurgical 
outcomes in CSM.49,63

Electrophysiological evaluations, including somatosen-
sory evoked potentials (SSEPs) and motor evoked poten-
tials (MEPs), nerve conduction studies, and EMG, were 
useful tools to identify injury to the neural elements.47,60 
Longer duration, higher amplitude, and polyphasic motor 
units could be observed on EMG examination when there 
was anterior cord compression, damage of anterior horn 
cells, or compression of the motor nerve roots at a particu-
lar level. A nerve conduction study could be applied to dif-
ferentiate other etiologies, such as peripheral neuropathies 
caused by trauma or metabolic disorders.60 For the patients 

with radiologically detected cervical spondylosis without 
confirmative symptoms or pyramidal signs, frequently ab-
normal MEPs or SSEPs can be observed, and the sensitiv-
ity of MEPs might be superior to SSEPs in detecting CSM 
in the early stages.55

A few other MRI techniques have been used for the 
evaluation of patients with mild CSM.34 There was a pro-
spective study that included 60 patients with mild CSM, 
in which the spinal cord shapes on MRI were classified 
as ovoid deformity (both sides were convex and round) or 
angular-edged deformity (both sides exhibited an acute-
angled lateral corner) according to the axial T1-weighted 
MRI. These patients were enrolled between 1995 and 
2003 and followed up periodically until the date of my-
elopathy deterioration or until 2009. The authors suggest-
ed that patients with the ovoid type had a better prognosis, 
with a tolerance rate of 70% (little or slight deterioration) 
without surgical treatment, versus 58% for the cases with 
angular-edged deformity. Therefore, the investigators con-
cluded that surgical intervention should be considered for 
patients with mild CSM and angular-edged deformity on 
axial MRI examination.56

Furthermore, kinetic MRI was applied to early detec-
tion of nonobvious lesions in patients with mild CSM. The 
cervical MRI performed in flexion/extension positions 
was able to reveal the narrowest part of the compression-
affected level for the early diagnosis of CSM.57 Diffusion 
tensor imaging has been applied as an imaging biomarker 
to evaluate the microstructural integrity in patients with 
CSM. In a series of 48 patients, among whom mJOA 
scores were evaluated clinically, diffusion tensor imaging 
was correlated with neurological impairment.16 MR spec-

FIG. 4. Scatter plot of numbers of each study population of CSM research, focusing on treatment by publication year (n = 764, 
1975–2018). Each dot represents 1 CSM paper. The different colors denote the number of each study population. Orange line: a 
fitted trend line to display the relationship between publication year and the average of number of study population, which suggest-
ed a 1.11-fold exponential increase per year. NHIRD = National Health Insurance Research Database; NIS = National (Nationwide) 
Inpatient Sample. Figure is available in color online only. 
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troscopy over the primary motor cortex was also used as 
a predictor for the severity of CSM. In a series of 28 pa-
tients who were classified as having a mild to moderate 
degree of CSM according to their mJOA scores, a lower 
preoperative N-acetylaspartate/creatinine (NAA/Cr) ratio 
was observed in the patients with mild CSM, compared to 
those with moderate severity. Interestingly, after surgical 
intervention, the NAA/Cr ratio in the patients with moder-
ate severity improved to the same level as those who had 
only mild CSM. Therefore, the NAA/Cr ratio measured on 
MR spectroscopy could be used to determine the severity 
of the disease in patients with CSM and also applied to 
evaluate the outcomes after surgery.1

Treatment for CSM
Most clinicians would agree that surgery benefits pa-

tients with severe CSM who have marked symptoms and 
neurological deficits. However, the clinical prognosis of 
patients with mild CSM remained uncertain, and the rate 
of worsening was not easily predictable. Therefore, the 
best timing for conversion of nonoperative management 
to surgical intervention is still being debated. It is weighed 
among several factors regarding the patient, disease, and 
surgeon. There was no prospective randomized controlled 
trial on the issue. However, there was a retrospective study 
that included 45 patients with mild CSM with a mean 
follow-up of more than 6 years; the clinical course was 
observed under nonoperative management until the end 
point at which was set the conversion to surgery due to 
neurological deterioration. In the series, 56% of patients 
had no neurological deterioration and did not undergo sur-
gery during 10 years of follow-up, whereas a large range 
of motion, segmental kyphosis, and instability at the nar-
rowest part of the canal were considered prognostic fac-
tors for adverse outcomes.51 In a 3-year randomized pro-
spective study published in 2005 in which nonoperative 

and operative management of CSM were compared, the 
patients with a good outcome in the conservatively treated 
group were older before treatment, had normal central 
motor conduction time, and possessed a larger transverse 
area (> 70 mm2) of the spinal cord.31 In other words, sur-
gery was definitely needed in patients with CSM who had 
clinically worse presentation and remarkable spinal steno-
sis.40 Surgical intervention is usually favorable for CSM 
caused by definite factors such as disc herniation, OPLL, 
and age-related degeneration.46 For the patients with mild 
symptoms who had evident intramedullary signal inten-
sity change on MRI, the clinical outcome between surgery 
and nonoperative treatment during the short-term follow-
up was not significantly different.39 However, there has not 
been enough evidence for the prognosis of mild CSM that 
was treated nonoperatively. Surgical intervention is defi-
nitely warranted for patients with progressive deterioration 
of neurological functions.46,59

Static and/or dynamic spinal cord compression result-
ing from spondylosis could eventually lead to CSM. Ad-
vances in diagnostic technology, including various im-
aging modalities, combined with surgical intervention, 
including decompression and stabilization, could improve 
the patients’ neurological functions, related disability, clin-
ical outcomes, and quality of life.21,36,37,41,45 The ideal surgi-
cal strategies should be tailored by the characteristics and 
location of cord compression.38 The main purpose of sur-
gery is usually to decompress the spinal cord while stabi-
lizing the affected segments, and sometimes to prevent or 
cease progression of kyphotic deformity in the future.1,15,64 
Spinal cord decompression can be performed via anteri-
or, posterior, or combined approaches, which has been a 
classic topic of debate in spine surgery. Anterior surgery 
has included discectomy and corpectomy with or without 
instrumentation, whereas posterior options have included 
laminoplasty and laminectomy with or without instru-
mentation.53 Since its invention in 1958, anterior cervical 

FIG. 5. Cumulative publication counts by publication year and surgical approaches on CSM research published between 1975 and 
2018 (n = 707). Figure is available in color online only.
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discectomy and fusion (ACDF) has fast become a standard 
option of surgical management for CSM, degenerative disc 
disease, and kyphosis.13,17 The application of instrumenta-
tion and plate fixation in ACDF could mitigate the risk of 
cage dislodgement and pseudarthrosis.3,29,65 Furthermore, 
with the application of modern grafting techniques and bi-
ologics, ACDF yields extremely high success rates and pa-
tient satisfaction.42,43,54,61,72 In a meta-analysis that included 
878 patients with CSM caused by multilevel disease, ante-
rior cervical fusion procedures, including both ACDF and 
anterior cervical discectomy and corpectomy with fusion 
(ACCF), were valid strategies for good clinical outcomes. 
However, the results revealed that ACDF was even more 
effective than ACCF in C2–7 lordotic angle correction, 
without differences in length of hospital stay, functional 
outcomes, and rates of complications.

There has been increasing popularity of cervical disc 
arthroplasty (CDA) since 2000. Although the outcomes of 
ACDF have been extraordinarily good, it still has draw-
backs: there has been a potential risk of inducing iatrogen-
ic CSM over the adjacent levels of fusions.28 Therefore, the 
emerging technology of CDA has offered an alternative 
option of preservation of disc mobility, which stabilizes 
the spine after discectomy. It has been widely accepted for 
years that CDA provided equal therapeutic outcome with 
arthrodesis for patients with single-level cervical myelopa-
thy. There were also prospective multicenter randomized 
controlled trials on many devices used in CDA, with up to 7 
years of results published, demonstrating equal efficacy in 
management of 1- and 2-level disc herniations that caused 
radiculopathy and myelopathy.8,14,52,62 Moreover, there has 
been a growing body of literature addressing the outcomes 
of CDA in CSM, including congenital stenosis.9–11, 18, 19, 66,69 
The use of CDA in patients with CSM might reduce the 
chance of adjacent segment degeneration, especially in pa-
tients with multilevel disc diseases.18,19 Although the true 
effect of preservation of segmental mobility on the natural 
course of CSM remains uncertain, no adverse clinical out-
comes have been reported. Given the potential advantage 

of deceleration in adjacent segment degeneration, the tech-
nology of CDA could benefit patients with CSM caused by 
multilevel disc herniations and spondylosis (Fig. 6).

Posterior cervical surgery, including laminoplasty and 
laminectomy with or without instrumentation, also serves 
as a viable option to treat CSM. There were numerous pub-
lications that addressed various technical modifications, 
improved outcomes, and consequences of posterior cervi-
cal laminoplasty.22,27,37 In a prospective study in which 169 
patients with anterior and 95 patients with posterior sur-
gery were compared, there were no differences in signifi-
cant clinical improvements and adverse effects.20 However, 
in that particular study for multilevel CSM, the anterior 
approaches were associated with higher rates of compli-
cations and reoperations than the posterior approaches. 
There was another study that investigated the efficacy of 
posterior laminoplasty in 80 patients with a mean follow-
up of 47 months; it demonstrated substantial postoperative 
clinical improvement, and the postoperative MRI also in-
dicated a tremendous increase in the diameter of spinal 
canals after surgery.5

On the other hand, the issue regarding posterior shifting 
of the spinal cord after posterior laminectomy has drawn 
attention and has been considered factorial in causing neu-
rological deterioration, such as C5 palsy.35 A retrospective 
study of 51 patients with multilevel CSM divided patients 
into 2 groups: selective laminoplasty and bilateral open-
door laminoplasty. Although the latter group had more 
cord shifting than in the selective laminoplasty group, the 
incidences of C5 palsy were not different, and there was no 
correlation between the recovery rate and the magnitude of 
posterior shifting of the spinal cord.26 Most spine surgeons 
would agree that preoperative kyphotic deformity should 
preclude laminoplasty and should prompt the surgeons to 
consider correction and fusion.6 A matched cohort study 
that included 101 patients who underwent laminoplasty 
and 44 who received laminectomy with posterior fusion 
for treatment of CSM demonstrated that laminectomy with 
posterior fusion had greater blood loss and higher rates of 

FIG. 6. Illustrative case. A 69-year-old man who presented with bilateral hand numbness and lower-limb weakness for months. 
The MR images demonstrated C3–7 multilevel spondylotic myelopathy with mild kyphotic deformity (A). The patient had tried 
physical therapy and other nonoperative management, which gave little improvement. Therefore, he underwent anterior hybrid sur-
gery: ACDF at C3-4-5 and CDA at C5-6-7. There was significant improvement in clinical outcome, and the lateral dynamic cervical 
radiographs (B, flexion; C, extension) demonstrated partial correction of the kyphosis and preservation of segmental mobility.

Unauthenticated | Downloaded 05/23/23 11:11 PM UTC



J Neurosurg Spine Volume 31 • September 2019 307

Chen et al.

long-term complications. Nevertheless, laminectomy and 
fusion provided better neurological improvement than 
the group treated with laminoplasty, but the outcomes for 
pain control showed no differences between the 2 groups. 
Among the patients who underwent laminoplasty, there 
was a trend toward greater cervical lordosis, which was 
also associated with lower incidences of poor visual ana-
log scale scores. Cervical lordosis should thus be consid-
ered an important factor of pain control, especially follow-
ing posterior approaches to multilevel CSM.37

Conclusions
There is emerging enthusiasm for research on CSM 

worldwide, with more publications originating in Asian 
countries during the past several decades. The surgical 
management for CSM is evolving continuously toward 
early and anterior approaches. More prospective investi-
gations on the optimal timing and choices of surgery are 
therefore needed.
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