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Abstract
Objective The C3 & C7 dome-hybrid open-door laminoplasty was proven to be an effective treatment for multi-levels cervical 
spondylotic myelopathy (CSM). However, its superiority over traditional unilateral open-door laminoplasty (UOLP) remains 
questionable, and no studies have compared the efficacy of this technique with traditional UOLP. This study aimed to compare 
the effectiveness of C3 & C7 dome-hybrid open-door laminoplasty with traditional UOLP in treating multi-levels CSM.
Methods A retrospective study of multi-levels CSM with laminoplasty was performed, including 35 cases of traditional 
UOLP and 27 cases of C3 & C7 dome-hybrid open-door laminoplasty. Radiographic evaluation parameters and clinical 
outcomes were recorded to evaluate the surgical effectiveness.
Results There was no significant difference in demographic baseline parameters. At the final follow-up, the C2–C7 Cobb 
angle of the modified group was significantly greater than that of the traditional group (p = 0.026). Meanwhile, the C2–C7 
SVA of the modified group was significantly smaller than that of the traditional group (p = 0.009). Clinical outcomes such 
as VAS, NDI, and SF-12 scores, improved significantly in the modified group compared to the traditional group, while the 
JOA scores had no significant difference in both groups. There was no significant difference in the overall rate of complica-
tions between the two groups.
Conclusion Both techniques have satisfactory outcomes in treating multi-levels CSM. Comparing with traditional UOLP, 
C3 & C7 dome-hybrid open-door laminoplasty has a greater superiority in reducing postoperative neck pain and maintaining 
the cervical sagittal alignment. It is proven to be a feasible management for patients with multi-levels CSM.
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Introduction

Cervical spondylotic myelopathy (CSM) is a common 
degenerative spinal disease caused by stenosis of the spi-
nal canal and compression of spinal cord, often resulting in 
spinal cord dysfunction and associated clinical symptoms 
and signs [1, 2]. Currently, there is no effective way to treat 
or prevent the progression of CSM. For patients with evi-
dence of spinal cord compression and signs of myelopathy 
or root compression, surgery is a common effective treat-
ment option [2–4]. Previous literatures have described many 
surgical techniques to manage the CSM. Generally, anterior 
surgical approach, such as anterior cervical discectomy and 
fusion and anterior cervical corpectomy and fusion, is suit-
able for the management of 1- to 2-level CSM [5–7]. While 
for 3- or multi-levels CSM, posterior surgical approach, such 
as unilateral open-door laminoplasty (UOLP), may be the 
optimal choice [6, 8].

Traditional cervical UOLP was first developed in the 
1970s [9]. This technique aims to widen the spinal canal 
and decompress the spinal cord by reconstructing the lamina 
and has become a mature and prevalent surgical technique 
in treating multi-levels CSM. However, traditional UOLP is 
often associated with a number of complications, including 
loss of lordosis, cervical sagittal imbalance and axial neck 
pain, which seriously affect the postoperative recovery and 
quality of life of patients [10–14].

Cervical sagittal imbalance has been reported to be 
closely related to detachment of the semispinalis cervicis 
muscle during UOLP [14]. Previous studies have shown that 
disruption of muscle attachments of C2 and C7 spinous pro-
cesses is related with worse cervical sagittal alignment and 
serious neck pain [15–18]. To avoid injury of muscle attach-
ments after traditional UOLP, Liu et al. reported a novel 
muscle sparing technique using C3 dome-osteotomy, C4–C6 
UOLP and C7 dome-osteotomy, which has been shown to be 
an effective treatment choice for multi-level cervical mye-
lopathy patients with fewer complications [19]. However, 
its superiority over traditional UOLP remains questionable, 
and no studies we know of have compared the efficacy of 
this technique with traditional UOLP. In the present study, 
we aimed to evaluate the clinical and radiological outcomes 
between C3 & C7 dome-hybrid open-door laminoplasty 
technique and traditional UOLP in treating multi-levels 
cervical myelopathy.

Patients and methods

Study design

This study was approved by our Institutional Review 
Board. We retrospective analyzed consecutive patients with 

multi-levels CSM underwent surgical treatment from Sep-
tember 2016 to December 2019. The inclusion criteria were 
as follows: (1) symptomatic CSM with C3-C7 multi-levels 
cord compression, (2) K-line (+) in the cervical spine, and 
(3) minimal preoperative neck pain. The exclusion criteria 
included: (1) kyphotic cervical deformities, (2) previous cer-
vical surgeries, (3) patients combined with cervical fracture, 
tumor, infection and so on, and (4) the follow-up time was 
less than 24 months.

Surgical procedures

All surgeries were conducted by two senior doctors of same 
medical team. Under general anesthesia, the prone position 
was taken to make the neck slightly flexion, and a posterior 
median incision of the neck was performed. The skin, sub-
cutaneous tissue and nuchal ligament were dissected layer 
by layer until the cervical spinous process was exposed, and 
the most severe compression site was selected as the open 
side. In the modified group, after the dissection of paraver-
tebral muscles along the laminae, the interspinous ligament 
complex was cut between C3–C4 and C6–C7, respectively, 
and the tips of the C4–C6 spinous processes were removed, 
while the ending points of the cervical semi-spinous mus-
cles at the tips of the C2 and C7 spinous processes were 
preserved. The caudal lamina of C3 and the upper part of 
C7 lamina were ground thin with a high-speed drill, and 
the residual lamina and thickened ligamentum flavum were 
carefully removed with a laminar rongeur. This process cre-
ates a dome-like osteotomy. A “V” shape gutters were cre-
ated at C4–C6 using a high-speed drill on both sides, and a 
unilateral open-door laminoplasty at C4–C6 was performed. 
Afterward, the appropriate size of miniplates were selected 
to fix the expanded spinal canal. Finally, the drainage tube 
was placed and the incision was closed layer by layer. In the 
traditional group, the C3–C7 laminoplasty was performed 
as previously described [9], and the incision was closed in 
the same way as in the modified group.

Postoperative protocol

After surgery, ambulant was suggested for patients on the 
first postoperative day, and the drain was removed within 
24 h after surgery. The neck muscle exercises were started 
at 2 days after surgery. Every patient needed to wear a soft 
cervical collar for two weeks after surgery, and then were 
allowed to gradually resume normal activities. The patients 
were followed up routinely at 3, 6, and 12 months within the 
first postoperative year and then followed up once a year 
(Fig. 1). Clinical and radiological evaluation were performed 
routinely during follow-up.
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Outcomes measures

The primary outcome measures were radiological outcomes. 
To achieve this, preoperative and the final follow-up lateral 
cervical X-ray films were used to measure sagittal param-
eters, including cervical lordosis and C2–C7 sagittal vertical 
axis (C2–C7 SVA). Cervical lordosis was measured using 
the C2–C7 Cobb angle, which was the angle between the 
upper endplate of C2 vertebral body and the lower endplate 
of C7 vertebral body; C2–C7 SVA was defined as the verti-
cal distance between the vertical line of the C2 center and 
the C7 postero-superior corner.

The second outcome measures were clinical outcomes 
and complications. Clinical outcomes included Japanese 
Orthopaedic Association (JOA) score, neck disability index 
(NDI), the visual analog scale (VAS) pain score and the 
SF-12 concise health survey. These values were recorded 
before surgery and at the final follow-up. The neurologic 
function evaluation of each patient was evaluated using JOA 
score [20]. We used the VAS score to evaluate the neck pain 
level [21], and the NDI score to assess the neck functional 

status [22]. The SF-12 were used to evaluate the general 
health status and the quality of life comprehensively [23]. 
Complications included cerebrospinal fluid leakage, neck 
axial pain, C5 nerve root palsy, and cervical kyphosis were 
recorded.

To avoid bias, the clinical and radiological evaluation was 
performed by two spine surgeons not involved in the surgical 
treatment of these patients.

Statistical analysis

All analyses were carried out using SPSS 25.0 software 
(Chicago, Illinois, USA). Continuous variables were pre-
sented as mean ± SD or as the median and range. Independ-
ent t-test was applicated for comparison between two groups 
for continuous variable complying with a normal distribu-
tion. Mann–Whitney U-test was applicated to compare 
non-normally distributed continuous variables, and Fisher’s 
exact test was used to assess categorical variables. A p value 
< 0.05 was considered as statistically significant.

Fig. 1  A 54-year-old male with 
multi-levels cervical spondy-
lotic myelopathy. Preoperative 
X-ray lateral view and MRI (T2) 
sagittal view showed multi-lev-
els spinal cord compression (a, 
b). The patient underwent C3 
& C7 dome-hybrid open-door 
laminoplasty and immediately 
postoperative X-ray lateral view 
showed the titanium miniplates 
in good position (c). The X-ray 
lateral view and MRI (T2) sagit-
tal view at 6 months (d, e) and 
final follow-up (f, g) showed 
satisfactory results without 
cervical instability and kyphosis 
occurred
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Results

Participants’ baseline data

A total 62 patients were enrolled in this study. Among them, 
27 patients received C3 & C7 dome-hybrid open-door lami-
noplasty (modified group), 35 patients received C3–C7 
UOLP (traditional group). We found no significant differ-
ence in demographic baseline parameters such as age, gen-
der and body mass index between the two groups. No signifi-
cant differences in ASA status, operation time, intraoperative 
blood loss and follow-up time were observed between the 
two groups (Table 1).

Radiological outcomes

There were no significant differences in preoperative sag-
ittal parameters between the two groups (Table 2). At the 
final follow-up, the Cobb angle of the two groups decreased 
in varying degrees. In modified group, the mean C2–C7 
Cobb angle decreased from 18.7° ± 8.1° before surgery 
to 16.6° ± 7.5° at the final follow-up. Similarly, the mean 
C2–C7 Cobb angle decreased from 16.3° ± 7.7° before 
surgery to 11.8° ± 8.7° at the final follow-up in traditional 
group. At the final follow-up, the C2–C7 Cobb angle of 
the modified group was significantly greater than that of 
the traditional group (p = 0.026). The mean C2-C7 SVA of 

modified group was increased from 18.4 ± 9.2 mm before 
surgery to 20.3 ± 7.8 mm at the final follow-up. Meanwhile, 
the mean C2–C7 SVA increased from 18.2 ± 8.8 mm to 
26.0 ± 8.5 mm in traditional group. There was significant 
difference in C2–C7 SVA at the final follow-up between the 
two groups (p = 0.009).

Clinical outcomes

There were no significant differences in the preopera-
tive VAS, JOA and NDI scores (p = 0.651, p = 0.283, and 
p = 0.613, respectively; Table 3). In modified group, the 
median VAS score was 4 (3–5) before surgery, and decrease 
to 1 (0–4) at the final follow-up. The median VAS score of 
traditional group decreased from 4 (3–6) before surgery to 
2 (1–4) at the final follow-up. The median VAS score of 
the modified group at the final follow-up was significantly 
lower than that of the traditional group (p < 0.001). For 

Table 1  Demographic data of 
patients in each group

Variable Modified group (n = 27) Traditional group 
(n = 35)

p value

Age (years) 53.9 ± 8.4 56.6 ± 11.6 0.318
Gender (female/male) 5/22 10/25 0.390
BMI (kg/m2) 23.3 ± 2.6 23.0 ± 2.4 0.650
ASA status (I/II/III) 1/22/4 1/33/1 0.249
Operation time (minutes) 121.4 ± 16.2 128.8 ± 20.2 0.126
Blood loss (ml) 219.3 ± 82.1 231.6 ± 69.0 0.524
Follow-up time (months) 26.5 ± 3.1 27.0 ± 3.5 0.528

Table 2  Comparison of radiographical outcomes

cSVA cervical sagittal vertical axis

Variable Modified group 
(n = 27)

Traditional group 
(n = 35)

p value

C2–C7 Cobb (°)
 Preop 18.7 ± 8.1 16.3 ± 7.7 0.248
 Final 16.6 ± 7.5 11.8 ± 8.7 0.026

cSVA (mm)
 Preop 18.4 ± 9.2 18.2 ± 8.8 0.962
 Final 20.3 ± 7.8 26.0 ± 8.5 0.009

Table 3  Comparison of patient-reported outcome measures

VAS visual analog scale, JOA Japanese Orthopaedic Association, NDI 
neck disability index, PCS physical component summary, MCS men-
tal component summary

Variable Modified group 
(n = 27)

Traditional group 
(n = 35)

p value

VAS score
 Preop 4 (3–5) 4 (3–6) 0.651
 Final 1 (0–4) 2 (1–4)  < 0.001

JOA score
 Preop 10 (7–13) 10 (7–13) 0.283
 Final 15 (12–17) 15 (14–16) 0.830

NDI score
 Preop 26 (12–34) 24 (12–35) 0.613
 Final 6 (2–10) 8 (3–20) 0.020

SF-12 PCS
 Preop 30 (10–50) 30 (10–60) 0.682
 Final 75 (65–95) 70 (50–90) 0.004

SF-12 MCS
 Preop 50 (25–83) 54 (25–83) 0.612
 Final 71 (63–75) 67 (50–75) 0.033
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modified group, the median JOA scores improved from 10 
(7–13) before surgery to 15 (12–17) at the final follow-up. 
In the traditional group, the median JOA scores improved 
from 10 (7–13) before surgery to 15 (14–16) at the final 
follow-up. No statistical differences in the JOA scores were 
observed between the two groups. The NDI scores indicated 
significant improvement after surgery in both groups. In the 
modified group, the median NDI scores improved from 26 
(12–34) before surgery to 6 (2–10) at the final follow-up. 
Similarly, the median NDI scores improved from 24 (12–35) 
before surgery to 8 (3–20) at the final follow-up in the tra-
ditional group. At the final follow-up, the difference in NDI 
scores between two groups was statistically significant 
(p = 0.020). The median SF-12 physical component sum-
mary (PCS) improved from 30 (10–50) preoperatively to 
75 (65–95) at the final follow-up in the modified group, and 
from 30 (10–60) preoperatively to 70 (50–90) at the final 
follow-up in the traditional group. A significantly higher 
SF-12 PCS was observed in the modified group than that in 
the traditional group at the final follow-up (p = 0.004). Simi-
larly, the median SF-12 mental component summary (MCS) 
improved from 50 (25–83) preoperatively to 71 (63–75) 
at the final follow-up in the modified group, and from 54 
(25–83) preoperatively to 67 (50–75) at the final follow-up in 
the traditional group. A significantly higher SF-12 MCS was 
observed in the modified group than that in the traditional 
group at the final follow-up (p = 0.033).

Complications

There was no significant difference in the overall rate of 
complications between the modified group (2.7%, 1 of 27) 
and the traditional group (14.3%, 5 of 35) groups (p = 0.220) 
(Table 4). One patient (2.9%) experienced cerebrospinal 
fluid leakage during the operation in the traditional group, 
whereas no cerebrospinal fluid leakage occurred in modi-
fied group. During the period of follow-up, the incidence of 
neck axial pain was slightly higher in the traditional group 
(8.8%, 3 patients) than that in the modified group (3.7%, 1 
patients) group (p = 0.626). Cervical kyphosis was found in 
one patient (2.9%) at the final follow-up in the traditional 

group. In contrast, no cervical kyphosis occurred in modified 
group. No C5 nerve root palsy was observed in either group.

Discussion

The traditional UOLP technique was first described by 
Hirabayashi and has become a mature surgical technique 
for treating multi-levels CSM [9]. However, traditional 
UOLP destroys cervical posterior extensor muscles inescap-
ably, which may lead to the development of postoperative 
complications, such as cervical kyphosis, loss of lordosis, 
and severe neck pain [12]. Recent studies indicated that the 
preservation of muscle attachments in laminoplasty can 
reduce the incidence of postoperative complications, which 
has been a crucial consensus for the management of multi-
levels CSM [18, 19].

The posterior cervical muscles, especially C2 semispi-
nalis cervicis muscle, play an important role in maintaining 
the cervical alignment and biomechanical stability [24–26]. 
Riew et al. [26] suggested that the detachment of semispi-
nalis cervicis inserted at C2 spinous processes may cause 
postoperative cervical kyphosis and persistent neck pain 
after the traditional UOLP procedure. Moreover, the mus-
cle-ligament complex at C7 insertion was also important to 
maintain a lordotic cervical spine and reduce neck pain after 
laminoplasty [16, 27, 28]. Cho et al. [29] hypothesized that 
detachment of the ligamentum nuchae at C7 insertion was 
significant related to postoperative progression of kyphosis 
and axial neck pain, whereas Hosono et al. [30] emphasized 
that preservation of the trapezius at C7 and C7 spinous pro-
cess could reduce the postoperative neck pain compared to 
C3–C7 UOLP.

In light of the relationship between the posterior muscles 
and cervical alignment, some scholars developed modi-
fied muscle preservation laminoplasty to maintain sagittal 
balance and relieve neck pain postoperatively. Nori et al. 
[31] performed a modified muscle-preserving approach for 
patients with multi-levels CSM, and the results showed that 
this procedure can maintain satisfactory cervical sagittal 
alignment after surgery. Chen et al. [18] reported a modi-
fied C3 laminectomy combined with laminoplasty while 
preserving the posterior muscle-ligament complex, and this 
modified technique achieved satisfactory cervical sagittal 
alignment compared to traditional C3–C7 UOLP. Although 
these modified procedures have achieved good results, the 
optimum surgical method has not yet reached a consensus.

In a recent study, Liu et al. [19] introduced a modified 
hybrid laminoplasty technique, comprised C3 caudally 
dome-osteotomy, C4–6 UOLP, and C7 cephalad dome-
osteotomy. As mentioned above, after traditional UOLP, 
patients are prone to the worse cervical alignment and cer-
vical pain, which may be associated with the destruction of 

Table 4  Comparison of complications

Variable Modified  
group 
(n = 27)

Traditional 
group (n = 35)

p value

Overall 1 (3.7%) 5 (14.3%) 0.220
Cerebrospinal fluid leakage 0 (0%) 1 (2.9%) 1.000
Neck axial pain 1 (3.7%) 3 (8.8%) 0.626
Cervical kyphosis 0 (0%) 1 (2.9%) 1.000
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cervical posterior extensor muscles. Traditional UOLP dam-
ages C2 and C7 attachment muscle, which greatly reduces 
the mechanical role of the posterior extensor muscles in 
maintaining cervical sagittal alignment [12]. To compensate 
for the loss of lordosis, the residual extensor muscles need 
greater contraction force. Constant contraction of muscles 
may be related to neck pain and stiffness after laminoplasty 
[32]. To address this problem, modified hybrid laminoplasty 
technique innovatively adopted C3 & C7 dome-osteotomy 
instead of the C3 & C7 laminoplasty [19]. This procedure 
can preserve greater muscle attachments, which is benefi-
cial to better cervical alignment and less postoperative neck 
pain. Moreover, the residual lamina of C3 and C7 prevent C5 
nerve root palsy caused by excessive spinal cord migration. 
Although this new hybrid laminoplasty technique can main-
tain cervical sagittal alignment as well as obtain satisfactory 
clinical outcomes, which was considered as a safe, feasible, 
and reproducible option for multi-levels CSM, whether this 
modified dome-hybrid open-door laminoplasty is better than 
traditional ULOP is unclear. Therefore, we compared the 
efficacy of C3 & C7 dome-hybrid open-door laminoplasty 
with traditional UOLP. In the present study, the C2–C7 Cobb 
angle and C2–C7 SVA were measured to evaluate the cervi-
cal sagittal alignment. We found that the C2–C7 Cobb angle 
of modified group was significantly larger than traditional 
group, while the C2–7 SVA of modified group was signifi-
cantly smaller than traditional group. Our results indicated 
that cervical sagittal balance could be maintained better with 
C3 & C7 dome-hybrid open-door laminoplasty.

The purpose of surgical treatment is to relieve symptoms 
and improve the quality of life of patients. In current study, 
there were no significant differences in the JOA scores pre-
operatively and after surgery between the two groups. This 
result suggested that the procedure of C3 & C7 dome-hybrid 
open-door laminoplasty could achieve the same decompres-
sion effect as traditional UOLP. In addition, we found that 
the postoperative neck VAS pain scores in modified group 
were significantly superior to traditional group. This result 
is consistent with previous report that the muscle-preserving 
laminoplasty leaded to reduction of postoperative neck pain 
[33]. For traditional laminoplasty, it is inevitable to detach 
partial semispinalis at C2, especially when the most ceph-
alad laminoplasty level was C3 [15]. With this modified 
surgical method, we not only achieve satisfactory decom-
pression, but also minimize the damage to the semispinalis 
at C2, thereby reducing the degree of neck pain after surgery. 
The NDI and SF-12 scores in modified group were also sig-
nificantly superior to traditional group. Our study suggested 
that for patients with compression levels between C3/C4 and 
C6/C7 spinal level, C3 & C7 dome-hybrid open-door lami-
noplasty may achieve satisfactory clinical results.

In the present study, C3 & C7 dome-hybrid open-
door laminoplasty shared a comparable rate of overall 

complications with traditional UOLP. However, the inci-
dence of postoperative neck axial pain and cervical kyphosis 
was relatively lower in modified group than that in tradi-
tional group. This is likely due to the preservation of the 
posterior muscle-ligament complex when C3 & C7 dome-
hybrid open-door laminoplasty performed. C5 nerve root 
palsy is also a nonnegligible surgical complication after tra-
ditional laminoplasty. Previous literatures reported that pre-
operative foraminal stenosis and postoperative spinal cord 
migration were chief risk factors for C5 nerve root palsy [34, 
35]. The residual lamina of C3 and C7 in C3 & C7 dome-
hybrid open-door laminoplasty could limit excessive dorsal 
migration of the spinal cord after modified laminoplasty, 
which is conducive to the prevention of postoperative C5 
nerve root palsy [19]. However, limited by the small size, no 
C5 nerve root palsy was observed in this study. A long-term 
follow-up study with lager samples is need in the future to 
confirm this hypothesis.

This study also has some limitations. The main limitation 
is that this study is a single center retrospective study and 
may has a selection bias. Nevertheless, we believe that selec-
tion bias was not a significant limitation since all patients 
met the same inclusion and exclusion criteria, and there were 
no significant differences in preoperative participants’ base-
line data between two groups. During the control period, 
all surgeries were conducted by same medical team, and 
all patients received same postoperative protocol. Likewise, 
during the follow-up, all patients were evaluated using the 
same outcomes measurement methods. Second, the sam-
ple size is small and the follow-up period is insufficient; 
therefore, not all complications may have been observed in 
this study. To further compare the effectiveness of C3 & C7 
dome-hybrid open-door laminoplasty with traditional UOLP, 
a randomized controlled trial with larger sample sizes and 
longer follow-up period should be performed in the future.

Conclusion

Both the C3 & C7 dome-hybrid open-door laminoplasty 
and traditional UOLP have satisfactory outcomes in treating 
multi-levels CSM. Comparing with traditional UOLP, C3 & 
C7 dome-hybrid open-door laminoplasty has a greater supe-
riority in reducing postoperative neck pain and maintaining 
the cervical sagittal alignment. Furthermore, the modified 
technique achieved the same neurological results as tradi-
tional technique. It is proven to be a feasible management 
for patients with multi-levels CSM.
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