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Abstract

Background: Posterior minimally invasive surgery has been increasingly used in in recent years for the clinical
treatment of cervical spondylosis. However, this treatment remains challenging and has not been comprehensively
reported. The aim of this study was to provide a systematic review of posterior minimally invasive treatment for cervi-
cal spondylosis to demonstrate the clinical efficacy and safety of this procedure.

Method: We collected information from patients with myelopathy or radiculopathy cervical spondylosis who under-
went posterior minimally invasive surgery and verified the clinical efficacy and safety of these surgeries with different
measurement indicators from five electronic databases: the Nurick, visual analog scale score, Japanese Orthopaedic
Association (JOA) score, Neck Disability Index (NDI), EuroQol Five Dimensions Questionnaire (EQ-5D) score, Short-
Form Health Survey Physical Component Summary (SF12-PCS) questionnaire score, Short-Form Health Survey Mental
Component Summary (SF12-MCS) questionnaire score, and the MOS item short form health survey (HF-36) score. The
decompression effect, cervical spine stability, average surgery time, surgical blood loss volume, length of hospital stay,
and related complications were included in the descriptive analysis. Reporting of this protocol followed the Preferred
Reporting Items for Systematic Review and Meta-Analyses guidelines checklist.

Results: We identified 14 observational studies of cervical spondylosis with 479 patients, mainly including 197
cases of myelopathy and 207 cases of radiculopathy. Channel and endoscopic techniques were used. This study was
certified by PROSPERO: CRD42021290074. Significant improvements in the quantitative indicators (Neck-VAS in 9
studies, JOA in 7 studies, NDls in 5 studies, Nurick, ARM-VAS, and EQ-5D in 2 studies each, and the SF12-PCS, SF12-
MCS, and HF-36in 1 study each) were observed between pre- and postoperation (P<0.05), and satisfactory clinical
significance was acquired in the descriptive indicators [average surgery time (94.56 4+ 37.26 min), blood loss volume
(68.78 £ 103.31 ml), average length of stay (2.39+1.20 d), and cervical spine stability after surgery]. Additionally, we
showed that there was a 4.9% postoperative complication rate and the types of complications that may occur.

Conclusion: Posterior minimally invasive surgery is an effective and safe method for the treatment of cervical spon-
dylosis and is a recommended optional surgical procedure for single-segment myelopathy and radiculopathy.
Keywords: Cervical spondylosis, Posterior minimally invasive surgery, Systematic review, Percutaneous endoscopy,
Channel, Keyhole
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myelopathy (CSM) [1-3]. CSR is a clinically common
disease accounting for 60—70% of all types of DCS, and
only a small number of patients who fail conservative
treatment require surgical treatment, usually with ante-
rior cervical surgery [4—6]. Regarding the treatment of
CSM, anterior cervical surgery has been widely accepted
for some patients [7, 8]. Nevertheless, with the increasing
application of these surgeries, deficiencies and complica-
tions related to these procedures have been reported [9].

Recently, minimally invasive surgeries have been devel-
oped in spine surgery and have shown the same clinical
effects as traditional open surgery for certain degenera-
tive diseases in the lumbar spine [10, 11]. Minimally inva-
sive surgery has certain advantages, such as less surgical
trauma, lower blood loss volume, shorter length of stay,
and faster postoperative recovery [12, 13]. In the treat-
ment of DCS, some currently minimally invasive surgi-
cal methods, such as endoscopy techniques, channel
techniques, keyhole techniques, and minimally invasive
laminectomy, have been reported [1]. The effects and
complications of these minimally invasive surgical proce-
dures for DCS have been increasingly reported in recent
years, so further systematic analysis of these reports is
needed to facilitate a comprehensive evaluation for clini-
cal reference regarding efficacy and safety [1, 14, 15].

By analyzing previous research, we argue in favor of the
clinical efficacy of posterior minimally invasive surgery
in DCS, which includes endoscopy technology, channel
technology keyhole surgery, minimally invasive laminec-
tomy, and so on. Many clinical indicators and whether
these procedures can help patients avoid certain compli-
cations related to the traditional open surgical approach
are further explored in this paper.

Materials and methods

Inclusion and exclusion criteria

This protocol is reported following the Preferred Report-
ing Items for Systematic Review and Meta-Analyses
(PRISMA) guidelines checklist and is certified by PROS-
PERO: CRD42021290074.

Study type

Articles were excluded if they (1.) had a sample size of
less than 10 consecutive patients or (2.) were an editorial,
conference abstract, review, comment, letter, or animal
study. The language was restricted to English.

Study population

The main patient inclusion criterion was CSR or CSM
at a single level or multiple levels (documented using
magnetic resonance imaging (MRI) and microcomputed
tomography). Any patients with instability, significant
anterior pathology, cervical spondylosis secondary to a
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tumor, trauma, severe ossification of the posterior longi-
tudinal ligament, rheumatoid arthritis, septic spondyli-
tis, and destructive spondylosis were excluded from the
study.

Intervention

The intervention analyzed was posterior minimally inva-
sive surgery for patients with different types of DCS.
These include endoscopy technology, channel technol-
ogy, and keyhole technology. The indication for poste-
rior minimally invasive surgery was based on the current
guidelines.

Outcome indicators

We used the Nurick score, visual analog scale (VAS),
JOA (Japanese Orthopaedic Association (JOA) score,
Neck Disability Index (NDI), EuroQol Five Dimensions
Questionnaire (EQ-5D) score, Short-Form Health Sur-
vey Physical Component Summary questionnaire (SF-12
PCS) score, Short-Form Health Survey Mental Compo-
nent Summary questionnaire (SF-12 MCS) score, and
the MOS item short from health survey (HF-36) score as
quantitative indicators. The decompression effect, cervi-
cal spine stability, average surgery time, surgical blood
loss volume, length of hospital stay, and complications
were also evaluated for a descriptive analysis.

Search strategy

Four electronic databases were searched for potential eli-
gible studies: The Cochrane Library, PubMed, EMBASE,
and Web of Science. Additionally, we manually searched
the references from ClinicalTrials.gov and the gray litera-
ture. The search for the relevant literature was conducted
from database inception until November 2021. We per-
formed a literature search with the keywords “posterior
approach,” “cervical spondylosis” and “minimally inva-
sive surgery” The full list used in the search strategy for
PubMed was as follows: ((((((((Lumbarsacral Spondy-
losis) OR (Spondylosis, Lumbarsacral)) OR (Thoracic
Spondylosis)) OR (Spondylosis, Thoracic)) OR (Cervical
Spondylosis)) OR (Spondylosis, Cervical)) OR (Spon-
dylosis Deformans)) AND  (((((CCCCCCCCCCCCCCCCCC(((Surgical
Procedures, Endoscopic) OR (Procedure, Endoscopic
Surgical)) OR (Procedures, Endoscopic Surgical)) OR
(Surgical Procedure, Endoscopic)) OR (Endoscopy, Surgi-
cal)) OR (Surgical Endoscopy)) OR (Endoscopic Surgical
Procedure)) OR (Endoscopic Surgical Procedures)) OR
(Surgical Procedure, Minimal)) OR (Surgical Procedures,
Minimal)) OR (Surgical Procedures, Minimal Access))
OR (Surgical Procedures, Minimally Invasive)) OR (Pro-
cedures, Minimally Invasive Surgical)) OR (Minimal Sur-
gical Procedure)) OR (Minimal Surgical Procedures)) OR
(Minimally Invasive Surgery)) OR (Minimally Invasive
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Surgeries)) OR (Surgeries, Minimally Invasive)) OR (Sur-
gery, Minimally Invasive)) OR (Procedure, Minimal Sur-
gical)) OR (Procedures, Minimal Access Surgical)) OR
(Procedures, Minimal Surgical)) OR (Minimally Invasive
Surgical Procedure)) OR (Minimal Access Surgical Pro-
cedures)) OR (channel)) OR (tunnel))) AND (posterior
approach). This strategy was also applied for the other
databases searched.

Literature screening and data extraction

Two researchers independently screened the literature
and extracted and cross-checked the data; in cases of
disagreement, they discussed and resolved the disagree-
ment, or a third researcher was consulted to assist in
the determination. For studies lacking information, the
original authors were contacted. The extracted informa-
tion included the following: (1) basic information on the
included studies, including author names, year of publi-
cation, and country; (2) basic characteristics of the study
population, including sample size and age; (3) specific
details of the interventions; (4) key elements of the risk
of bias evaluation; and (5) data on the outcome indicators
of interest.

Assessment of the risk of bias in the included studies

The risk of bias in the included studies was evaluated
using the risk of bias evaluation tool recommended by
the METHODOLOGICAL INDEX FOR NONRAND-
OMIZED STUDIES (MINORS): (1.) A clearly stated aim:
The question addressed should be precise and relevant in
light of the available literature. (2.) Inclusion of consecu-
tive patients: All patients potentially fit for inclusion (sat-
isfying the criteria for inclusion) should be included in
the study during the study period (no exclusion or details
about the reasons for exclusion). (3.) Prospective data
collection: Data should be obtained according to a pro-
tocol established before the beginning of the study. (4.)
Endpoints appropriate to the aim of the study: Unam-
biguous explanation of the criteria used to evaluate the
main outcome should be in accordance with the ques-
tion addressed by the study. Additionally, the endpoints
should be assessed on an intention-to-treat basis. (5.)
Unbiased assessment of the study endpoint: Blind evalu-
ation of objective endpoints and double-blind evaluation
of subjective endpoints should be performed. Other-
wise, the reasons for not blinding should be stated. (6.)
Follow-up period appropriate to the aim of the study: The
follow-up should be sufficiently long to allow the assess-
ment of the main endpoint and possible adverse events.
(7.) Loss to follow-up less than 5%: All patients should
be included in the follow-up. Otherwise, the proportion
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lost to follow-up should not exceed the proportion expe-
riencing the major endpoint. (8.) Prospective calculation
of the study size: Information on the size of the detect-
able difference in interest should be obtained, the 95%
confidence interval should be calculated according to the
expected incidence of the outcome event, and informa-
tion about the level of statistical significance and esti-
mates of power should be obtained when comparing the
outcomes. The risk of bias evaluation was performed
independently by 2 evaluators, and the results were
cross-checked and discussed.

Statistical analysis

If evidence of clinical homogeneity could be established,
then the study was included in the meta-analysis. We per-
formed a qualitative synthesis of findings from scientifically
admissible studies to develop evidence statements accord-
ing to the principles of best-evidence synthesis. GraphPad
Prism 8.0 was used for statistical analysis and graphing.

Results

Flowchart of the literature screening process and results

A PRISMA diagram was used to report the search results
and screening process. We identified a total of 176 stud-
ies: 98 studies in PubMed, 10 studies in Web of Science,
61 studies in Embase, 2 studies in the Cochrane Library,
2 studies in ClinicalTrials.gov, and 3 studies from the
manual search. After the initial screening, a total of 147
studies remained (removal of duplicate records). After
reviewing the titles and abstracts of the 147 studies, 31
studies remained (removal of ineligible publications: case
reports, reviews, meta-analyses, and systematic reviews
and studies with ineligible titles and abstracts, which
were less relevant to this study). Finally, we assessed
the full text, and a consensus was reached regarding
the inclusion of 14 articles (13 case series studies and 1
cohort study) (Fig. 1).

Basic characteristics of the included studies

Fourteen articles involving 479 patients who underwent
DCS were included. We extracted information related to
the study characteristics, including the country of ori-
gin of the study population, study type, follow-up time,
type of cervical spondylosis, study sample size, sex of the
participants, average participant age, and surgical proce-
dures of treatment. The characteristics of the 14 articles
are presented in Table 1, and the basic characteristics
of the included literature are summarized by category
(Table 2, Fig. 2).
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Records identified through datebase searching

Pubmed (n = 98)

acquisition Cochrane Library (n = 2)

Web of Science (n = 10)

Additional records identified through other sources
ClinicalTrials.gov (n = 2)
Manual records (n = 3)

TOTLE (n=5)

Embase (n = 61)

TOTLE (n =171)

Ineligible publication type: case report,
review, meta-analysis and systematic
review (n = 6)

Ineligible title and abstract: less relevant

!

to this study (n = 110)

screening

Records after duplicates removed (n=147) | TOTLE (n = 116)

Ineligible experimental methods (n = 9)
Not meet PICO principle (n = 5)
Ineligible publication type: Report (n = 3)

exclusion

[Full—text articles assessed for eligibility (n = 31) ’

TOTLE (n=17)

Inclusion

Studies included in systematic review (n = 14) ]

Fig. 1 Flowchart of the literature screening process and results

Methodological quality of the included studies
We assessed the risk of bias using the MINORS (Table 3).

Systematic review

Among the posterior minimally invasive surgical
approaches for DCS, a total of 479 patients across the
14 studies achieved spinal nerve root or spinal cord
decompression after different surgical approaches
were performed (channel or endoscopy), and no
patients experienced postoperative cervical instability.
Eleven studies reported average surgery times ranging
from 44 to 163.6 min (94.56+37.26 min). Nine stud-
ies reported blood loss volumes ranging from 18 to
360 ml (68.78 +103.31 ml), and 5 of the studies did not
clearly indicate the amount of blood loss. In addition,
only 6 studies reported the average length of hospital
stay; the longest average length of stay was 4.66 days,
and the shortest average length of stay was 1.1 days
(2.39+£1.20 days). A total of 12 studies recorded post-
operative complications, with 92 patients in five stud-
ies experiencing no complications. In the remaining 7
studies, 18 patients experienced complications; the most

common was dural tears (4 patients), the least common
was disk herniation recurrence (1 patient) and a loose
screw (1 patient); other reported complications included
bleeding (3 patients), decreased muscle strength (3
patients), dysesthesia (2 patients), pain and numbness
(2 patients), and root injury (2 patients). Finally, only 6
studies reported MacNab criteria, and the proportion of
patients with a poor outcome was less than 10% (Table 4).

The patients’ Nurick scores were reported in 2 stud-
ies [14, 25]. There were significant differences in the
pre- and postoperative study data reported by Yadav
[25] (P<0.05) and Dahdaleh [14] (p<0.05) (Table 5).
Patient Neck-VAS scores were reported in 10 stud-
ies [13, 16-21, 23, 24, 26]. There were significant dif-
ferences in the pre- and postoperative study data, and
one outlier was reported (Luo [18] (P>0.05), Qiu [17]
(P<0.001), Yu [16] (P<0.001), Zhang [23] (p<0.001),
Yabuki [26] (p<0.05), Haijun [19] (P<0.001), Oshima,
S [20] (P<0.001), Liu [13] (p<0.001), Zhang [21]
(»<0.001), and Siemionow [24] (p<0.001)) (Table 5,
Fig. 3). The JOA scores were reported in 7 studies
[16, 17, 20-23, 26], and significant differences in the
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Table 1 Characteristic of included studies
Study Country Study type  Follow-up Disease Sample size Sex Age Interventions Populations
time (male:female)
(months)
Yu [16] Japan Single-arm 12 Single- 16 6:10 52 Posterior Single-
study segment percutaneous  segment
myelopathy endoscopic myelopathy
cervical discec-
tomy
Qiu17] China Single-arm 9 Cervical 10 6:4 415  Posterior Cervical
study spondylotic intervertebral  spondylotic
radiculopathy foraminal radiculopathy
discectomy via
Delta channel
Luo [18] China Single-arm 257 Cervical 33 16:17 513  Keyhole Cervical
study spondylotic forami- spondylotic
radiculopathy notomy via radiculopathy
a percutane-
ous posterior
full-endoscopic
approach
Haijun [19] China Single-arm 2436 Cervical 50 23:27 61.19 Posterior Cervical
study spondylotic percutaneous  spondylotic
radiculopathy endoscopic radiculopathy
cervical discec-
tomy
Oshima [20]  Japan Double-arm 278 Cervical 46 32:14 634  Cervical micro- Cervical
study spondylotic endoscopic spondylotic
myelopathy interlaminar myelopathy
decompression
Liu[13] China Single-arm 6 Cervical 12 57 51.92 Posterior Cervical
study intervertebral percutaneous  intervertebral
disk hernia- endoscopic disk herniation
tion cervical discec-
tomy
Zhang [21] China Single-arm 9 Cervical 14 6:8 405 Percutaneous  Cervical
study spondylotic transforaminal  spondylotic
radiculopathy endoscopic radiculopathy
discectomy
via posterior
approach
Ross [22] Portland Single-arm 27 Cervical 30 300 69 Minimally inva-  Cervical
study spondylotic sive cervical spondylotic
myelopathy foraminotomy  myelopathy
(channel)
Zhang [23] China Single-arm 28 Cervical 45 25:20 58 Cervical Cervical
study spondylotic endoscopic spondylotic
myelopathy laminoplasty myelopathy
Siemionow United States  Single-arm 24 Single- or 53 18:35 53 Indirect Single- or mul-
[24] study multilevel decompression tilevel cervical
cervical spon- and posterior  spondylosis
dylosis cervical fusion
using a cervical
intervertebral
cage (channel)
Yadav [25] India Single-arm 19 Multilevel 50 3812 55.8  Endoscopic Multilevel
study cervical decompres- cervical
compressive sion of cervical compressive
myelopathy spondylotic myelopathy

myelopathy
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Table 1 (continued)
Study Country Study type  Follow-up Disease Sample size Sex Age Interventions Populations
time (male:female)
(months)
Dahdaleh [14] United States Single-arm 203 Cervical 10 8:2 67 Minimally inva-  Cervical
study spondylotic sive endoscop-  spondylotic
myelopathy ically assisted  myelopathy
decompression
of stenosis
Yabuki [26] Japan Single-arm 14.9 Cervical 10 5:5 66 Endoscopic Cervical
study spondylotic partial laminec- spondylotic
myelopathy tomy myelopathy
Adamson [32] United States Single-arm 14.8 Unilateral 100 63:37 466  Microendo- Unilateral
study radiculopathy scopic poste-  radiculopathy
rior cervical
laminoforami-
notomy

Table 2 Summary characteristics of included studies

Characteristics Values
Total no. of trials (no. of participants) 14 (479)
Median follow-up (years) 20.7 (6-27.8)
Follow-up at least one year 11 (443)
Median no. of participants 34 (10-100)
Proportion female, % 413
Median age (years) 55.1

Country
European 1(30)
American 3(163)
Asian-Pacific 10 (286)

pre- and postoperative study data were found (Yu [16]
(p<0.001), Zhang [23] (p <0.001), Yabuki [26] (p <0.05),
Qiu [17] (P<0.001), Oshima [20] (P<0.001), Zhang [21]
(P<0.001), and Ross [22] (P<0.01)) (Table 5, Fig. 3).
The NDIs were reported in 5 studies [13, 17, 19, 20,
24], and there were significant differences in the pre-
and postoperation study data (Qiu [17] (P<0.001), Luo
[13] (P<0.001), Haijun [19] (P<0.001), Oshima, S [20]
(P<0.001), and Siemionow [24] (p<0.001)) (Table 5,
Fig. 3). Patient ARM-VAS scores were reported in
2 studies [19, 24], and significant differences were
observed in the pre- and postoperative study data (Hai-
jun [19] (P<0.01) and Siemionow [24] (p<0.0001))
(Table 5). Patient EQ-5D scores were reported in 2
studies [19, 20], with significant differences found in
the pre- and postoperation study data by both Haijun
[19] (P<0.01) and Oshima [20] (P=0.05) (Table 5).
Patient SF12-PCS scores were reported in 1 study [24],
and significant differences were found in the pre- and
postoperation study data (Siemionow [24] (p <0.0001)).
Patient SF12-MCS scores were reported in 1 study

[24], and significant differences were observed in the
pre- and postoperation study data (Siemionow, [24]
(»<0.0001)). Patient HF-36 scores were reported in 1
study [21], and significant differences found in the pre-
and postoperation study data (Zhang [21]) (Table 5)
(P<0.05).

The reported changes in the NDI and Neck-VAS
indicators over time with posterior minimally inva-
sive surgery showed that these patients achieved better
long-term results in terms of pain relief and disability
reduction, but some outliers remained (NDI and Neck-
VAS scores of K. Siemonow at 24 months) (Fig. 4).

Both surgical methods and types of cervical spondy-
losis had good results in terms of qualitative outcome
indicators (decompression effect, cervical instability).
However, we found that by comparing the quantitative
indicators of posterior minimally invasive surgery and
two types of cervical spondylosis, low-quality evidence
showed the differences in the channel and endoscopy
techniques between the pre- and postoperation study
data. At the same time, among these indicators, all of
the indicators for radiculopathy and most of the indica-
tors for myelopathy showed differences, except for VAS
(Luo, R. J. 2020) (Table 6, Fig. 5).

More importantly, we compared the quantitative
indicators of patients with CSM treated with different
surgical approaches. There was lower quality evidence
showing that the most significant surgical approach for
improving the change rate of JOA was removal of the
herniated nucleus, and the least significant was unilat-
eral laminectomy. Similarly, the most significant surgi-
cal approach for reducing the change rate of Neck-VAS
was bilateral partial laminectomy, and the least signifi-
cant was bilateral laminoplasty with spinous process
ligament complex and deep extensor muscle retroposi-
tion (Table 7, Fig. 6).
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Hl cervical spondylotic radiculopathy
3 cervical spondylotic myelopathy
B3 Other types

0§ ooon

Double-door laminoplasty
Unilateral laminectomy

Bilateral laminectomy

Remove the herniated nucleus
Bilateral laminoplasty with spinous
process-ligament complex

and deep extensor

Bilateral partial laminectomy

N Qiu,F.2020
= Luo,R.J.2020
B Haijun,M.2020
3 Oshima,Y.2019
B Liu,C.2019
= Zhang,Y.C.2018
BEH Ross,M.N.2018
O K.Siemionow.2016
Hl Y.RYadav.2014
3 Dahdaleh,N.S.2013
Bl S.Yabuki.2005
N K X.Yu.2020
Total=479 = C.Zhang.2016 Total=479
Ea Adamson,T.E.2001
a b
0000000000 El Channel technology
0000000000 B3 Endoscopic technology
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
Total=479 Total=207
C d
Fig. 2 a. Proportion of patients in each study. b. Proportion of patients with radiculopathy, myelopathy and other subtypes. c. Proportion of
patients who underwent the channel and endoscopic techniques. d. Proportion of patients with myelopathy who underwent different surgical
methods

Table 3 Methodological items for nonrandomized studies

Study Aclearly Inclusion of Prospective Endpoints Unbiased Follow-up Loss to Prospective
stated consecutive collection of  appropriate to assessment period follow-up less calculation of
aim patients data the aim of the of the study appropriate to than 5% the study size

study endpoint the aim of the
study

Yu [16] 2 2 2 2 0 1 2 0

Qiu [17] 2 2 2 2 0 1 2 0

Luo [18] 2 2 2 2 0 2 2 0

Haijun [19] 2 2 2 2 0 2 2 0

Oshima [20] 2 2 2 2 0 2 2 0

Liu[13] 2 2 2 2 0 1 2 0

Zhang [21] 2 2 2 2 0 1 2 0

Ross [22] 2 2 1 2 0 2 2 2

Zhang [23] 2 2 2 2 0 2 2 0

Siemionow [24] 2 2 2 2 0 2 1 0

Yadav [25] 2 2 2 2 0 2 2 0

Dahdaleh [14] 2 2 2 2 0 2 2 0

Yabuki [26] 2 2 2 2 0 1 2 0

Adamson [32] 2 2 0 0 0 2 2 0

The items are scored 0 (not reported), 1 (reported but inadequate) or 2 (reported and adequate)
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Table 4 Quantitative analysis of endings
Study Decompression Postoperative  Average Blood loss (ml) Stay in hospital Complications MacNab
cervical surgery time (days)
instability (minutes)
Yu [16] YES NO 44 Not mentioned Not mentioned NO Excellent: 8 (50%)
Good: 6 (37.5%)
Fair: 2 (12.5%)
Qiu17] YES NO 90 40 Not mentioned NO Not mentioned
Luo [18] YES NO 62 Not mentioned 1.6 1 case in dural Excellent:
tears 19(57.6%)
1 casein tran- Good: 13(39.4%)
sient postopera-  Fair: 1(3.0%)
tive dysesthesia
Haijun [19] YES NO 7546 2033 4.66 1 caseinaggra-  Excellent:
vated pain and 35(70.0%)
numbness Good: 12(24.0%)
2 casesindural  Acceptable:
tear 2(4.0%)
1 casein Poor: 1(2.0%)
decreased mus-
cle strength
1 case in disk
herniation recur-
rence
Oshima [20] YES NO Not mentioned 18 Not mentioned NO Not mentioned
Liu[13] YES NO 74.92 Not mentioned  3.17 1 casein hypo-  Not mentioned
aesthesia
Zhang [21] YES NO 75 40 Not mentioned ~ Not mentioned ~ Not mentioned
Ross [22] YES NO 142 Not mentioned  Not mentioned 1 casein no Not mentioned
motor function
in
the right hand
intrinsic muscles
Zhang [23] YES NO 119 360 Not mentioned 1 case upper Excellent:
limb motion 13(28.8%)
dysfunction Good: 25(55.6%)
Tcase mini-screw  Fair: 7(15.6%)
was loosened
Siemionow [24]  YES NO 59.15 32.83 Not mentioned 1 case in right Not mentioned
shoulder pain
Yadav [25] YES NO 135 30 2.2 1 case in minor Not mentioned
dural tears
3 case in minor
bleedings from
muscles
2 case in ¢5 root
injury
Dahdaleh [14] YES NO Not mentioned  32.3 16 NO Excellent: 4
(40.0%)
Good: 3(30.0%)
Fair: 2(20.0%)
Poor: 1(10.0%)
Yabuki [26] YES NO 163.6 455 Not mentioned NO Not mentioned
Adamson [32] YES NO Not mentioned ~ Not mentioned 1.1 Not mentioned  Excellent:

91(91.0%)
Good: 6(6.0%)
Fair: 3(3.0%)

Discussion

This systematic review mainly focuses on the clini-
cal efficacy and safety of posterior minimally invasive

surgery for DCS. Fourteen or articles were included in
the study, including 13 case series studies and 1 cohort
study. In our review, patients with CSM and CSR
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accounted for 85% of the total number of patients, and
the number of patients with the two types (CSM and
CSR) was similar. Posterior minimally invasive surgery
is widely used in single-segment DCS, especially in
CSR, and in recent years, researchers have paid more
attention to the role of different posterior minimally
invasive procedures in CSM, which is also reflected in
our study. From the results of the analysis, it can be
concluded that there were significant differences in the
data on pain, function and quality of life after posterior
minimally invasive approaches when compared with
those before surgery. At the same time, some results
showed that posterior minimally invasive surgery in
DCS had some long-term effects on reducing pain and
improving local disability. Interestingly, average surgery
time, surgical blood loss volume, and length of hospital
stay were also satisfactory. Postoperative complications
are a paramount concern, with an approximately 4.9%
complication rate reported after posterior minimally
invasive approaches among the 365 patients.

There are limitations to the conclusions drawn from
the current body of evidence, as none of the studies were
RCTs. Additionally, the sample sizes are too small and
may be difficult to follow-up in surgical cases. Although
we classified the studies in terms of the different poste-
rior minimally invasive procedures, each surgical team
had subtle differences in surgical style, which may have
increased the heterogeneity of the study. Our findings are
at risk of publication bias: R. J. Luo et al. reported outli-
ers on the Neck-VAS, for example, while K. Siemionow
reported the NDI and Neck-VAS at 24 months. This may
be because surgeons are reluctant to publish studies that
adversely affect surgical outcomes.

Surgical intervention is required for patients with DCS
to relieve symptoms after failing to respond to system-
atic conservative treatment. For CSR patients, pain is the
most significant factor affecting quality of life, and the
most significant benefit of posterior minimally invasive
approaches is the reduction in pain radiating to the neck
and upper limbs [27]. For severe patients with decreased
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Table 6 Subgroup characteristics of included studies

Subgroup title No. of trials No. of participants Decompression Cervical Significant
instability difference*
Overall 14 479 YES YES PARTIAL**
Population characteristics
Cervical spondylotic radiculopathy 5 207 YES NO PARTIAL**
Cervical spondylotic myelopathy 7 197 YES NO YES
Other types 2 75 YES NO YES
Surgical approach
Channel technique 3 93 YES NO YES
Endoscopic technique 11 386 YES NO YES

*Indicates significant difference in the changes of quantitative outcome indicators pre- and postsurgery

**Indicates significant differences in changes in most quantitative outcome indicators before and after surgery
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Table 7 Summary characteristics of included studies (cervical spondylotic myelopathy)

Characteristics

No. of trials (no. of participants) Study (no. of participants)

Double-door laminoplasty
Unilateral laminectomy
Bilateral laminectomy
Herniated nucleus removal

Bilateral laminoplasty with spinous process ligament complex and deep
extensor muscle retroposition

Bilateral partial laminectomy

1 (46) Oshima [20] (46)

2 (40) Dahdaleh [14] (10), Ross [22] (30)
1 (50) Yadav [25] (50)

1(16) Yu [14] (16)

1(45) Zhang [23] (45)

1(10) Yabuki [26] (10)

muscle stiffness of the upper extremities and gait dis-
turbances, posterior minimally invasive approaches are
more effective. However, there are advantages and dis-
advantages to each surgical procedure. It is necessary to
understand the indications of each and choose the cor-
rect procedure for each patient to achieve the best out-
comes and minimize the risk of complications, which
include (1) foraminal disk herniation (mainly unilateral
upper limb pain); (2) single- or multisegmental foraminal
stenosis (unilateral upper limb pain); and (3) persistent

symptoms despite a history of anterior cervical discec-
tomy and fusion. Contraindications include (1) axial neck
pain; (2) cervical instability; and (3) the presence of cervi-
cal goose neck deformity.

The posterior minimally invasive posterior surgery
in DCS reduces the impact on the homeostasis of the
internal environment and reduces the patient’s own
recovery burden, making the procedure more accepta-
ble to patients. At the same time, this surgical approach
causes less damage to the soft tissues at the back of
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the neck, requiring less soft tissue to be stripped away
and greatly reducing postoperative axial symptoms
[28]. Interestingly, it does not require immobilization,
reduces the impact of surgical access on the stability of
the cervical spine and maintains the mobility of the cer-
vical segments [29]. It also does not require additional
blood transfusion and has a short and inexpensive hos-
pital stay. Additionally, surgical intervention through
posterior minimally invasive surgery may reduce the
need for fluoroscopy [30]. However, the smaller surgi-
cal space results in a limited decompression area, and
it is difficult to achieve reconstruction of the cervical
sagittal sequence and stability. Finally, complex poste-
rior minimally invasive surgical techniques result in a
steeper learning curve. Future research should focus
on the effects, long-term prognosis and risk of recur-
rence of different posterior minimally invasive sur-
geries for DCS, especially the more complex CSM. It
is also necessary to implement such studies in a large
group of patients with a comparative cohort. Our study
reported that these surgical approaches did not result
in changes in the biomechanical structure of the cervi-
cal spine, but there is a lack of specific data to support
this view. There are still concerns regarding problems
related to accelerated postoperative degeneration after

facet resection. There is an urgent need to establish a
uniform and standardized nomenclature and procedure
for posterior minimally invasive surgery to assist teach-
ing surgeons and improving their skills [31].

Conclusion

Posterior minimally invasive surgery is an effective and
safe method for the treatment of cervical spondylosis
myelopathy and radiculopathy patients, especially sim-
ple, single-segment cervical spondylosis.

Author contributions

JQL was a major contributor in performing the data analysis and writing the
manuscript. JM contributed significantly to data acquisition and manuscript
preparation. XNF analyzed and interpreted the data and helped perform the
literature search. XFT contributed to data acquisition and helped perform the
literature search. LS conceived and designed the work that led to the submis-
sion, played an important role in interpreting the results, and was a major
contributor in writing the manuscript. All authors read and approved the final
manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used or analyzed during the current study are available from the
corresponding author on reasonable request.



Lv et al. Journal of Orthopaedic Surgery and Research

(2022) 17:389

Declarations

Ethics approval and consent to participate
Not applicable.

Competing interests
The authors declare that they have no competing interests in this section.

Received: 15 March 2022 Accepted: 21 July 2022
Published online: 13 August 2022

References

1.

Theodore N. Degenerative cervical spondylosis. N Engl J Med.
2020;383(2):159-68. https://doi.org/10.1056/NEJMra2003558.

Rao RD, Currier BL, Albert TJ, Bono CM, Marawar SV, Poelstra KA, et al.
Degenerative cervical spondylosis: clinical syndromes, pathogenesis, and
management. J Bone Joint Surg Am. 2007;89(6):1360-78.

Rao R. Neck pain, cervical radiculopathy, and cervical myelopathy: patho-
physiology, natural history, and clinical evaluation. J Bone Joint Surg Am.
2002;84(10):1872-81.

Liang L, Feng M, Cui X, Zhou S, Yin X, Wang X, et al. The effect of exercise
on cervical radiculopathy: a systematic review and meta-analysis. Medi-
cine. 2019;98(45):e17733.

Thoomes EJ, van Geest S, van der Windt DA, Falla D, Verhagen AP, Koes
BW, et al. Value of physical tests in diagnosing cervical radiculopathy: a
systematic review. Spine J. 2018;18(1):179-89.

Falco FJ, Erhart S, Wargo BW, Bryce DA, Atluri S, Datta S, et al. Systematic
review of diagnostic utility and therapeutic effectiveness of cervical facet
joint interventions. Pain Physician. 2009;12(2):323-44.

lyer A, Azad TD, Tharin S. Cervical spondylotic myelopathy. Clin Spine
Surg. 2016;29(10):408-14.

Bram R, Fiore S, Labiak JJ, Davis RP. Combined anterior-posterior decom-
pression and fusion for cervical spondylotic myelopathy. Am J Orthop.
2017;46(2):E97-e104.

MacDowall A, Skeppholm M, Lindhagen L, Robinson Y, Léfgren H,
Michaélsson K; et al. Artificial disc replacement versus fusion in patients
with cervical degenerative disc disease with radiculopathy: 5-year
outcomes from the National Swedish Spine Register. J Neurosurg Spine.
2018;30(2):159-67.

Xiaobing Z, Xingchen L, Honggang Z, Xiaogiang C, Qidong Y, Haijun

M, et al."U"route transforaminal percutaneous endoscopic thoracic
discectomy as a new treatment for thoracic spinal stenosis. Int Orthop.
2019;43(4):825-32.

. Oshima'Y, Takeshita K, Inanami H, Takano Y, Koga H, IwahoriT, et al. Cervi-

cal microendoscopic interlaminar decompression through a midline
approach in patients with cervical myelopathy: a technical note. J Neurol
Surg A Cent Eur Neurosurg. 2014;75(6):474-8.

Ahn Y. Percutaneous endoscopic cervical discectomy using working
channel endoscopes. Expert Rev Med Devices. 2016;13(6):601-10.

Liu G, Liu K, Chu L, Chen L, Deng Z. Posterior percutaneous endoscopic
cervical discectomy through lamina-hole approach for cervical interver-
tebral disc herniation. Int J Neurosci. 2019;129(7):627-34.

Dahdaleh NS, Wong AP, Smith ZA, Wong RH, Lam SK, Fessler RG. Microen-
doscopic decompression for cervical spondylotic myelopathy. Neurosurg
Focus. 2013;35(1):E8.

Minamide A, Yoshida M, Yamada H, Nakagawa Y, Maio K, Kawai M, et al.
Clinical outcomes of microendoscopic decompression surgery for cervi-
cal myelopathy. Eur Spine J. 2010;19(3):487-93.

Yu KX, Lu WZ, Xiao CM, Chu L, Deng R, Chen L, et al. Posterior percutane-
ous transpedicular endoscopic approach for treating single-segment
cervical myelopathy. Biomed Res Int. 2020;2020:1573589.

Qiu F, Zhang X, Li XJ, Yin H, Liu YQ. Treatment of cervical spodylotic
radiculopathy with posterior intervertebral foraminal discectomy

via Delta channel. Zhongguo gu shang China J Orthop Traumatol.
2020;33(5):397-401.

Luo RJ, Song Y, Liao ZW, Yin HP, Zhan SF, Lu SD, et al. Keyhole foraminot-
omy via a percutaneous posterior full-endoscopic approach for cervical

20

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 14 of 14

radiculopathy: an advanced procedure and clinical study. Curr Med Sci.
2020;40(6):1170-6.

Haijun M, Xiaobing Z, Bin G, Jinwen H, Dacheng Z, Shenghong W, et al.
Trans-interlamina percutaneous endoscopic cervical discectomy for
symptomatic cervical spondylotic radiculopathy using the new Delta
system. Sci Rep. 2020;10(1):10290.

Oshima'Y, Kato S, Doi T, Matsubayashi Y, Taniguchi Y, Tanaka S. Compari-
son of microendoscopic selective laminectomy versus conventional lami-
noplasty in patients with degenerative cervcical myelopathy: a minimum
2-year follow-up study. BMC Musculoskelet Disord. 2019. https://doi.org/
10.1186/512891-019-2884-6.

Zhang YC, Chen TS, Zhu H. Observation of early clinical effect of percuta-
neous transforaminal endoscopic technology in treating cervical spon-
dylotic radiculopathy. Zhongguo gu shang China J Orthop Traumatol.
2018;31(4):306-10.

Ross MN, Ross DA. Minimally invasive cervical laminectomy for cervical
spondylotic myelopathy. Clin Spine Surg. 2018;31(8):331-8.

Zhang C, Li D, Wang C, Yan X. Cervical endoscopic laminoplasty for cervi-
cal myelopathy. Spine. 2016;41(19B):B44-51. https://doi.org/10.1097/BRS.
0000000000001816.

Siemionow K, Janusz P, Phillips FM, Youssef JA, Isaacs R, Tyrakowski M,

et al. Clinical and radiographic results of indirect decompression and
posterior cervical fusion for single-level cervical radiculopathy using an
expandable implant with 2-year follow-up. J Neurol Surg Part A Cent Eu
Neurosurg. 2016;77(6):482-8.

Yadav YR, Parihar V, Ratre S, Kher Y, Bhatele PR. Endoscopic decompres-
sion of cervical spondylotic myelopathy using posterior approach. Neurol
India. 2014,62(6):640-5.

Yabuki S, Kikuchi S. Endoscopic partial laminectomy for cervical myelopa-
thy. J Neurosurg Spine. 2005;2(2):170-4.

Ahn'Y. Endoscopic spine discectomy: indications and outcomes. Int
Orthop. 2019;43(4):909-16.

Stadler JA 3rd, Wong AP, Graham RB, Liu JC. Complications associated
with posterior approaches in minimally invasive spine decompression.
Neurosurg Clin N Am. 2014;25(2):233-45.

Deng ZL. Explorations of percutaneous endoscopic spine surgery.
Zhongguo Gu Shang. 2020;33(5):393-6.

Srinivasan D, Than KD, Wang AC, La Marca F, Wang PI, Schermerhorn TC,
et al. Radiation safety and spine surgery: systematic review of exposure
limits and methods to minimize radiation exposure. World Neurosurg.
2014;82(6):1337-43.

Zhang JJ, Zhou CL, Sun C, Xu DR, Bao M, Liu Y. Clinical efficacy study of
the quadrant channel and delta large channel technique in the treat-
ment of lumbar degenerative diseases. Int J Gen Med. 2021;14:2437-47.
Adamson TE. Microendoscopic posterior cervical laminoforaminotomy
for unilateral radiculopathy: results of a new technique in 100 cases. J
Neurosurg. 2001;95(1 SUPPL):51-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1056/NEJMra2003558
https://doi.org/10.1186/s12891-019-2884-6
https://doi.org/10.1186/s12891-019-2884-6
https://doi.org/10.1097/BRS.0000000000001816
https://doi.org/10.1097/BRS.0000000000001816

	Clinical efficacy and safety of posterior minimally invasive surgery in cervical spondylosis: a systematic review
	Abstract 
	Background: 
	Method: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Inclusion and exclusion criteria
	Study type
	Study population
	Intervention
	Outcome indicators
	Search strategy

	Literature screening and data extraction
	Assessment of the risk of bias in the included studies
	Statistical analysis

	Results
	Flowchart of the literature screening process and results
	Basic characteristics of the included studies
	Methodological quality of the included studies
	Systematic review

	Discussion
	Conclusion
	References


