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Extensor muscle-preserving laminectomy in treating multilevel 
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Background: Laminectomy and laminoplasty are popularly used in posterior cervical spine surgery but still 
have involved complications. We aimed to compare the clinical outcomes of microscope-assisted extensor 
muscle-preserving laminectomy (MA-EMPL) and open-door laminoplasty (ODLP) in treating multilevel 
cervical spondylotic myelopathy (MCSM).
Methods: A prospective study was designed to enroll twenty patients with MCSM underwent MA-EMPL, 
and recruit twenty-four patients with MCSM received ODLP (control). Radiographic measurements, outcome 
indicators including Japanese Orthopedic Association (JOA) score and visual analogue score (VAS) were used to 
evaluate technical effectiveness. Surgical complications were documented to assess technical safety.
Results: Postoperative cervical curvature index and range of neck motion (ROM) were not significantly 
changed except ROM in ODLP group. Postoperative JOA score and VAS in both groups showed 
improvements at final follow-up. There was no statistical difference in postoperative neurological recovery 
rates between two groups (67.6%±17.8% vs. 70.15%±19.6%, P=0.632). However, VAS was significantly lower 
at postoperative 1 month in MA-EMPL group compared with ODLP group (P<0.001). The incidences of C5 
palsy were 0 vs. 16.7% between MA-EMPL group and ODLP group. There was no axial symptom occurred in 
MA-EMPL group while six patients in ODLP group (0 vs. 25%, P=0.049). In addition, the mean blood loss and 
hospital stay were lesser in MA-EMPL group compared with ODLP group (P<0.001, P=0.002, respectively).
Conclusions: MA-EMPL is an effective, safe and minimally invasive method in treatment of MCSM. 
Compared with ODLP, MA-EMPL has advantage to decrease intraoperative blood loss, hospital stay, 
postoperative VAS and axial symptom, as well as preserve postoperative ROM.
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Introduction

Surgical strategy for cervical spondylotic myelopathy 
(CSM) has been a controversial issue in recent years (1). 
The operative schemes including approach and procedure 
for CSM depend on lesion site and involved segments in 
cervical spine. Anterior surgery mainly includes anterior 
cervical discectomy and fusion, anterior cervical corpectomy 
and fusion, and artificial cervical disc replacement. Posterior 
surgery generally includes laminectomy, laminoplasty or 
laminotomy. The anterior and posterior surgeries can 
achieve equivalent curative effects in treating CSM when 
strict indications chosen (2). However, complications and 
reoperation rate are higher in anterior surgeries although 
no significant difference in recovery rate of neurological 
function between the two approaches (3,4). Anterior 
approach is commonly utilized for CSM lesions ≤2 
segments, while posterior approach is primarily considered 
in cases of multilevel CSM (MCSM) (5).

Of the posterior approaches, laminotomy is a partial 
removal of lamina and not optimal for treatment of 
MCSM. Although expansive cervical laminoplasty (ECLP) 
and conventional extensive laminectomy have been used 
to treat MCSM (6,7), ECLP has the drawbacks such as 
surgery-related axial symptom and loss of cervical lordosis 
(8,9), while conventional laminectomy is insufficient at 
saving range of neck motion (ROM) (7). Because posterior 
extensor muscles play a critical role in cervical dynamic 
stability (10). Inversely, stripping of these muscles can 
lead to surgical complications such as axial pain, cervical 
instability and even kyphosis (9,11,12).

In order to minimize the stripping to cervical extensor 
muscles and decrease relevant complications, we advocated 
the microscope-assisted extensor muscle-preserving 
laminectomy (MA-EMPL) (12) to treat selected patients 
with MCSM. In this study, we aimed to evaluate this 
technical effectiveness and safety by analyzing its clinical 
outcomes and complications compared with laminoplasty.

Methods

Case collection

A prospective study was designed to draw the conclusion of 
this research. Twenty patients with MCSM (3–4 segments) 
had MA-EMPL and 24 patients with MCSM (3–4 
segments) underwent open-door laminoplasty (ODLP) were 
analyzed from December 2013 to December 2016 (Table 1).  
Inclusion criteria for both groups were: (I) adult patient 

with CSM ≥3 segments stenosis; (II) local cervical kyphosis 
<10°; (III) spondylolisthesis <3.5 mm; (IV) occupying 
ratio of ossification of posterior longitudinal ligament to 
diameter of cervical canal <50%. Exclusion criteria for both 
groups were: cervical fracture/dislocation, cervical spinal 
deformity, main compression on anterior dural sac, and 
patient had severe radicular symptom (12,13). The written 
informed consents were obtained from eligible patients and 
the study was designed in conformity with the Declaration 
of Helsinki.

Variables analyses

Relevant data were analyzed to compare the clinical 
outcomes between MA-EMPL group and ODLP group. 
To reduce outcome bias, radiographic parameters were 
measured by one radiologist and one clinical fellow and 
reported as average values. Cervical curvature (represented 
as C value) was measured by Borden’s method (14)  
(Figure 1). ROM was recorded to compare cervical 
movements from pre- to postoperatively in both groups, 
and pre- and postoperative ROM change was calculated by 
measuring cervical extension/flexion radiograph (Figure 2).

Clinical outcomes were evaluated with Japanese 
Orthopaedic Association (JOA) score preoperatively, 
postoperative 3 and 12 months, and the progression at 
final follow-up (neurological recovery rate at postoperative  
12 months) was calculated as (final JOA − preoperative 
JOA)/(17-preoperative JOA) ×100%. The JOA score 
assesses cervical functionality, with higher score indicating 
better condition. Visual analogue score (VAS) was used 
to assess surgery-related pain. In addition, surgical 
complications including C5 palsy and axial symptom (AS) 
were documented to appraise therapeutic safety. Moreover, 
the intraoperative blood loss and hospital stay were 
recorded in all patients.

Surgical procedures

To decrease clinical heterogeneity, consistent surgical 
procedures were performed by an experienced senior 
surgeon in our department. Operative procedures in MA-
EMPL group was shown in Figures 3,4. The patient was 
placed in prone position with general anesthesia and her/his 
skull was fixed with a Mayfield holder. Under the surgical 
microscope, spinous process was split to base through the 
middle with a 1 mm drill after making a skin incision and 
an opening of the fascia along the midline (the muscles/
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ligaments attaching on spinous process were preserved). A 
3 mm drill was used to drill off the base of spinous process 
from lamina and a Gelpi single-tooth hook was used to 
distract and expose lamina. Under the microscope field, 
following polishing lamina with the width about 1.5 cm, 

a Kerrison punch was used to remove the paper-like thin 
ventral lamina. Then, dural sac was revealed and hemostasis 
and surgical field clearing were performed through a bipolar 
coagulation. To achieve further expansion of spinal canal 
in multi-segment scenario, skipping performances were 
recommended. Removal of ligamentum flavum and under-
cutting of the inferior and superior of the skipped laminae 
were employed to make a “dome plasty”. The procedures 
were repeated at the other stenosis segment. The final step 
is to close the splitted spinous processes and sutured the 
incision. ODLP was conducted as described in the original 
open-door technique (15).

Perioperative care and follow-up

All patients were followed up at least for 12 months (mean  
19 months; range, 12–37 months). Preoperative cefazolin was 
administrated on the day of surgery, analgesia was routinely 
administrated for postoperative 2 days. Drainage was 
removed when the drainage amount was ≤50 mL/24 h. All 
patients had a soft cervical collar for a month after surgery. 
CT scans and MRI were taken to analyze postoperative 
radiographic outcomes.

Statistical analysis

All statistical analyses were performed by SPSS 19.0 
statistical software (SPSS Inc., Chicago, USA). Data were 
presented as mean ± SD. A probability less than 0.05 was 

Table 1 Demographics and surgical parameters in two groups

Variable MA-EMPL group (n=20) ODPL group (n=24) P

Age (years) 59.8±10.5 62.0±9.8 0.438

Gender 0.934

Male 11 14

Female 9 10

Duration of symptom (m) 18.2±15.1 16.8±14.3 0.733

Segment of CSM 0.786

3 segments 14 17

4 segments 6 7

Blood loss (mL) 73.6±41.4 239.8±127.2 <0.001

Hospital stay (days) 4.3±2.9 7.5±4.2 0.002

P<0.05 is considered statistically significant. CSM, cervical spondylotic myelopathy; MA-EMPL, microscope-assisted extensor muscle-
preserving laminectomy; ODPL, open-door laminoplasty.

Figure 1 The schema for measuring cervical curvature. As 
shown on cervical lateral radiograph, “line a” starts from the 
posterosuperior point of C2’s odontoid process to end at the 
posteroinferior point of C7 vertebra. A fitting curve (line b) draws 
along the posterior margin of C2–7 vertebrae. We define the 
longest distance from the posterior margin between C4 and C5 
vertebral interval (on line b) perpendicular to line a as the cervical 
curvature (line c), which is presented as C value.
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Figure 2 ROM = flexion C2–7 Cobb angle (∠α on Figure 2A) + extension C2–7 Cobb angle (∠β on Figure 2B). Retained ROM = 
postoperative ROM − preoperative ROM. ROM, range of neck motion. 

A

C D

B

Figure 3 Intraoperative procedures. (A) Spinous process is longitudinally splitted by a 1-mm drill; (B) lamina was exposed after the base 
of spinous process drilled off from lamina; (C) the lamina was polished by drilling as thin as possible; (D) the dural sac is completely 
decompressed after removal of lamina, ligamentum flavum and “dome” plasty.



Annals of Translational Medicine, Vol 7, No 18 September 2019 Page 5 of 10

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(18):472 | http://dx.doi.org/10.21037/atm.2019.08.17

Figure 4 A 56-year-old male underwent a MA-EMPL. (A,B) The preoperative images show that MSCM occurs at C3 to C5, which 
segmental spinal cord was compressed; (C) the patient underwent an anterior cervical discectomy and fusion at C3/4 but his symptom 
did not relief well. Then he performed a MA-EMPL (arrows); (D) after the MA-EMPL, C3–5 spinal cord was decompressed, and the 
corresponding segmental extensor muscles were preserved; (E,F) the patient’s cervical lordosis was achieved, spinal cord was decompressed, 
and extensor muscles were preserved at final follow-up. MSCM, multilevel cervical spondylotic myelopathy; MA-EMPL, microscope-
assisted extensor muscles-preserving laminectomy. 
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considered statistically significant. Preoperative and follow-
up data were compared by paired t-test. Independent-
sample t-test was used to compare corresponding data 
between two groups.

Results

Patient demographic characteristics and surgical parameters 

are summarized in Table 1. There was no significant 
difference in the documented demographics. All patient 
incisions healed primarily. Most postoperative radiographic 
parameters were not significantly changed except the ROM 
in ODLP group (Table 2). JOA score and VAS showed 
improvements after surgery in both groups (Table 3). 
Complications occurred more in ODLP group (Table 4). 
In addition, the mean blood loss was significantly lesser in 

Table 2 Pre- and postoperative cervical curvature index (C value) and ROM

Variable MA-EMPL group ODLP group P

C value (mm)

Pre-op 10.8±3.04 11.6±3.13 0.354

Final follow-up 9.75±2.95 9.86±3.27 0.899

P 0.212 0.056 –

ROM (°)

Pre-op 54.3±10.6 55.1±12.4 0.804

Final follow-up 50.8±9.3 46.7±11.8 0.170

Retained ROM −3.6±4.2 −8.3±5.0 <0.001

P 0.212 0.016 –

P<0.05 is considered statistically significant. ROM, range of neck motion; MA-EMPL, microscope-assisted extensor muscle-preserving 
laminectomy; ODPL, open-door laminoplasty.

Table 3 Pre- and postoperative JOA score and VAS in two groups

Variable MA-EMPL group ODLP group P§

JOA score

Preoperative 6.80±1.77 7.29±1.86 0.335

Postoperative 3 months 10.2±1.89 10.7±2.12 0.374

Postoperative 12 months 13.7±2.06 14.1±2.29 0.511

P* <0.001 <0.001 –

Neurological recovery rate (%)# 67.6±17.8 70.1±19.6 0.632

VAS

Postoperative3 days 5.14±3.29 5.82±2.96 0.437

Postoperative7 days 3.46±2.05 4.24±2.58 0.233

Pǂ 0.032 0.045 –

Postoperative 1 month 1.90±1.34 3.86±1.75 <0.001

P* <0.001 0.005 –
§, P for two groups; *, P for pre- and postoperative 12 months; #, neurological recovery rate was calculated by the aforementioned equation 
with the data at pre- and post-op 12 months; ǂ, P for pre- and postoperative 10 days. P<0.05 was considered statistically significant. 
JOA, Japanese Orthopaedic Association; VAS, visual analogue scale; MA-EMPL, microscope-assisted extensor muscle-preserving 
laminectomy; ODPL, open-door laminoplasty.
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MA-EMPL group compared with ODLP group (73.6±41.4 
vs. 239.8±127.2 mL, P<0.001), also the mean hospital stay 
was distinctively lesser in MA-EMPL group (4.3±2.9 vs. 
7.5±4.2 days, P=0.002). 

Radiographic measurements

Medical images were used to indicate pre- and postoperative 
cervical morphologies and ROM. The preoperative 
radiographic data showed no significant difference 
between the two groups (Table 2). Postoperative cervical 
curvature indexes (C value) did not significantly change 
in both groups (P=0.212 vs. P=0.056). The ROM was not 
significantly changed after surgery in MA-EMPL group 
but statistically decreased in ODLP group (P=0.212 vs. 
P=0.016). Accordingly, the retained ROMs between two 
groups showed statistical difference (P<0.001).

Neurofunctional outcomes and surgical complications

Postoperative JOA score and VAS significantly improved 
in both groups (Table 3). There was no statistical difference 
in postoperative neurological recovery rates between 
two groups (67.6%±17.8% vs. 70.1%±19.6%, P=0.632). 
However, VAS was lower at postoperative 1 mon in MA-
EMPL group compared with ODLP group (1.90±1.34 vs. 
3.86±1.75, P<0.001), although it significantly reduced in 
both groups (P<0.001 vs. P=0.005).

Surgical complications including axial symptom and 
C5 palsy were used to reveal the two technical safeties in 
treating MCSM (Table 4). The incidences of C5 palsy were 
0 vs. 16.7% between MA-EMPL group and ODLP group 
(P=0.165). The axial symptom occurred in MA-EMPL 
group was significantly lesser than ODLP group (P=0.049). 
The patients’ axial symptoms were alleviated after physical 
therapy.

Discussion

Laminectomy, laminoplasty and related modified techniques 

are widely accepted to treat CSM (4,6,7,9,15-17). Based on 
our knowledges, imaging and clinical outcomes between 
ODLP and MA-EMPL after treating MCSM have rarely 
been compared in literature. With the both methods, we 
treated a series of MCSM patients and found that MA-
EMPL was an effective (saving normal cervical curvature 
and ROM, improving functional outcomes), safe (less 
complications) and minimally invasive (preserving extensor 
muscles) technique in treatment of MCSM. Compared 
with ODLP, MA-EMPL achieved similar neurofunctional 
outcomes but had the advantages in reducing intraoperative 
blood loss, hospital stay, postoperative complications and 
VAS, as well as preserving postoperative ROM.

Radiographic outcomes

In present study, ROM was retained in MA-EMPL group 
but decreased in ODLP group after surgery. Accordingly, 
postoperative retained ROMs were statistically different 
between the two groups (P<0.001). Bartels et al. compared 
pre- and post-operative ROM after laminoplasty and 
laminectomy in treating cervical spondylotic myelopathy, 
and found that there were no clinically important 
differences (18). The main reason for postoperative ROM 
retained well in MA-EMPL group but not in ODLP 
group at current study maybe because extensor muscles 
were well preserved in ODLP patients which were 
dynamically better to extend cervical spine after surgery. In 
addition, postoperative cervical curvature (C value) did not 
significantly change in both groups which means cervical 
curvature could be maintained by the two techniques.

Neurological results and complications

JOA score is a clinical index used for assessment of cervical 
spinal cord function including ambulation, sensation and 
muscular tension (19). Literatures reported that ODLP 
could enlarge spinal canal and decompress intraspinal 
nervous tissue, which improved 45–80% neurological 
function (calculated by JOA scores) for patients with 

Table 4 Postoperative incidences of C5 palsy and AS

Variable MA-EMPL group ODLP group P

Incidence of C5 palsy 0% (0/20) 16.7% (4/24) 0.165

Incidence of AS 0% (0/20) 25% (6/24) 0.049

P<0.05 is considered statistically significant. AS, axial symptom; MA-EMPL, microscope-assisted extensor muscle-preserving 
laminectomy; ODPL, open-door laminoplasty.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bartels RH%5BAuthor%5D&cauthor=true&cauthor_uid=23575659
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MCSM at postoperative 1–2 years (20,21). In this study, 
JOA scores significantly improved after surgeries in both 
groups. In MA-EMPL group, we achieved adequate cervical 
spinal canal decompression with the aid of microscopic 
visual magnification to perform lamina removal, recess canal 
enlargement and “dome” plasty. These surgical procedures 
have the same effect as laminoplasty. Thus, postoperative 
neurological recovery rates were equally improved in 
both of MA-EMPL and ODLP groups (P=0.632), which 
were superior to Liu et al.’s study (13). In their study, the 
authors employed expansive open-door laminoplasty as 
well as laminectomy and instrumented fusion (LIF) to treat 
ossification of the posterior longitudinal ligament. They 
found that the neurological recovery rates were 46.3±15.8% 
in laminoplasty group and 52.0±15.3% in LIF group after 
surgeries. The superior neurological recovery rate after 
MA-EMPL in current study may owe to the thorough 
nerve decompression assisted by microscope.

In current study, VAS declined in postoperative 1 week 
in both groups but decreased more in MA-EMPL group 
at postoperative 1 month compared with ODLP group, 
although VAS reduced significantly at postoperative 1 mon 
in both groups. It indicated that postoperative pain relief 
in MCSM patients was more dramatic after treating by 
MA-EMPL compared with ODPL because obvious lesser 
invasion to cervical extensor muscles.

Axial symptoms include neck and shoulder pain especially 
cramps, and stiffness in cervical posterior extensor muscles, 
which mainly results from cervical posterior structures 
manipulation (22). Its incidence was significant higher 
in ODLP group of present study (P=0.049). Takeuchi  
et al. presumed that postoperative axial symptoms might 
be related to detachment or atrophy of posterior extensor 
musculature, which could result from disuse of neck 
function after laminoplasty (23).

Although posterior approaches have been widely used 
in the treatment of MCSM, some surgical complications 
including C5 palsy should not be ignored. C5 palsy is 
defined as a paresis of the deltoid or biceps brachii muscle. 
In Tsuji et al.’s study (24), they concluded that the larger 
postoperative space anterior to spinal cord was positively 
correlated with the higher incidence of C5 palsy. The 
incidences of C5 palsy were 0 vs. 16.7% between MA-
EMPL group and ODLP group in current study, to a 
certain extent, this result may indicate that laminoplasty 
tends to cause C5 palsy compared with MA-EMPL. 
Because spinal cord could shift more posteriorly after 
ODPL compared with MA-EMPL. In MA-EMPL group, 

the skipped and “domed” posterior arch stood in situ which 
limited spinal cord shifting posteriorly too much.

The potential relation between intraoperative blood loss 
and hospital stay

Generally, intraoperative blood loss is around 200–300 mL 
in laminoplasty (25-27), which is around 100–320 mL in 
laminectomy (25,28). Blood loss in the ODLP group was 
significantly more than the MA-EMPL group due to more 
invasive procedures in present study (P<0.001). Another 
reason for lesser blood loss in MA-EMPL group was 
that the coagulation was easier and more thorough in the 
enhanced visual field under the microscope. In addition, 
hospital stay was significant shorter in the MA-EMPL 
group compared with the ODLP group due to less invasive 
surgery in the former too (P=0.002). Basically, there was no 
drainage after surgery in MA-EMPL group, while drainage 
could not be removed until less than 50 mL in several days 
in the ODLP group. Moreover, pain control was another 
factor influenced hospital stay, pain relief was obviously 
faster in MA-EMPL group because of the less invasive 
technique.

Limitations

There are some limitations in this study. Firstly, the number 
of included patients in this single-center study is insufficient 
and may increase data bias. Secondly, cases with different 
segments involved had not been analyzed, this may increase 
clinical heterogeneity. And the potential associations 
between MCSM and spinal cord injury should be further 
explored, as if the risk of spinal cord injury can be altered 
by surgical intervention remains unclear (29). Thirdly, the 
atrophy rate of cervical posterior extensor muscles should 
be investigated by MRI before and after surgery as it might 
be involved in clinical outcomes. Moreover, a follow-up 
of one year is relative short in this study. Hence, a large-
sample study with long follow-up is required in future study.

Conclusions

MA-EMPL is an effective, safe and minimally invasive 
method in treatment of MCSM due to the advantages 
of maintaining cervical physiological structure as much 
as possible, improving neurofunction and less related 
complications. Compared with ODLP, MA-EMPL has 
advantages in reducing intraoperative blood loss, hospital 
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stay, postoperative VAS and axial symptom, as well as 
preserving postoperative ROM.
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