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Objective: To investigate the impact of C2 vertebral instability on the sagittal 

parameters of the cervical spine and the clinical efficacy after cervical 

laminoplasty with unilateral open-door cervical expansive laminoplasty (EMOL).

Methods: In a retrospective analysis of 18 patients with cervical 2 vertebral 

instability from August 2017 to August 2021 in the second Affiliated Hospital 

of Naval Military Medical University and the Six Affiliated Hospital of Xinjiang 

Medical University treated with single open-door vertebroplasty (C3-6 or C3- 

7), 36 patients with stable cervical 2 cervical EMOL during the same period 

(control group). To evaluate the changes in sagittal parameters before and 

after surgery in the two groups, including C0-2 Cobb angle, C2-7 sagittal axis 

distance (sagittal vertical axis, SVA), C2-7 Cobb angle, T1 tilt angle (T1-Sl); The 

postoperative outcome was evaluated using the visual analogue score for 

neck and shoulder pain (visual analog scale, VAS) and the Japan Society 

Cervical Function Score (Japanese 0rthopaedic Association, JOA).

Results: Compared to preoperative values, both the observation group and the 

control group showed significant improvement in postoperative VAS scores and 

JOA scores. The JOA scores were 14.0 ± 1.6 and 13.1 ± 1.6, with improvement 

rates of 68.42% and 58.06%, respectively, compared to their respective 

preoperative scores. However, there was no significant difference between 

the two groups. The observation group had significantly greater cervical 

range of motion (ROM) before surgery compared to the control group 

(p < 0.05). At the last follow-up, the observation group showed a significant 

decrease in C2-7 Cobb angle from preoperative (8.2 ± 2.5)° to (5.1 ± 2.5)° 

(p < 0.05). Cervical ROM decreased from preoperative (39.8 ± 3.6)° to 

(31.6 ± 4.5)° (p < 0.05). C0-2 Cobb angle increased from preoperative 

(22.0 ± 3.7)° to (25.8 ± 3.1)° (p < 0.05). C2-7 SVA increased from preoperative 

(−19.6 ± 3.4)° to (−15.8 ± 3.7)° (p < 0.05). However, there was no significant 

change in T1 slope at the last follow-up (p > 0.05). The observation group 

showed a decrease in C2 vertebral displacement from preoperative (4.5 ± 0.9) 

mm to (3.3 ± 0.5) mm (p < 0.05), while the C2/3 angle showed no significant 

change compared to preoperative values ( p > 0.05). In both groups, 

postoperative follow-up showed a significant increase in C0-2 Cobb angle 

and C2-7 SVA, a non-significant difference in T1 slope, and a significant 

decrease in C2-7 Cobb angle and cervical ROM compared to preoperative 

values. However, there were no significant differences between the two 

groups in the above-mentioned parameters (p > 0.05).
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Conclusion: C2 vertebral instability does not affect the sagittal parameters and 

efficacy of cervical laminoplasty with EMOL. EMOL surgery for cervical 

myelopathy with C2 vertebral instability is effective and reliable, without 

exacerbating C2 vertebral instability. Furthermore, it maintains good sagittal 

balance of the cervical spine.

KEYWORDS

lower cervical vertebra, cervical spondylotic myelopathy, single door enlarged spinal 

canal plasty, sagittal plane balance, cervical instability

1 Introduction

Multisegmental cervical spondylotic myelopathy (MCSM), 

cervical spinal stenosis, and ossification of the posterior longitudinal 

ligament (OPLL) are pathological changes that cause compression 

of the cervical spinal cord (1). Patients often present with sensory 

and motor deficits in the limbs, as well as urinary and fecal 

dysfunction. With changes in lifestyle, the incidence of these 

conditions has increased, significantly impacting patients’ quality of 

life and being a major cause of disability. Posterior cervical 

expansive door-open laminoplasty (EODL) is a primary surgical 

approach for treating multisegmental cervical spinal cord 

compression (2, 3). EODL has been proven to have clear and long- 

lasting efficacy in improving patients’ neurological function and 

relieving cervical spinal cord compression (4). EODL is a non- 

fusion surgical technique that preserves cervical spine mobility to a 

certain extent. Moreover, EODL does not increase cervical 

instability in patients with pre-existing instability (5). Additionally, 

EODL preserves the posterior column structures, effectively 

reducing surgical trauma and postoperative complications (6). 

However, due to the extensive dissection of muscles, ligaments, and 

other structures during the procedure, there is a possibility of 

changes in sagittal parameters of the cervical spine, which may 

affect clinical outcomes or lead to postoperative axial pain (7, 8). 

The C2 vertebra plays a crucial role in measuring sagittal parameters 

of the cervical spine, as multiple parameters are measured with 

reference to the C2 vertebra. However, there is limited research on 

whether C2 vertebral instability affects the sagittal parameters and 

clinical outcomes of lower cervical spine EODL (9). This study aims 

to retrospectively analyze the clinical and radiographic data 

of patients who underwent lower cervical spine EODL in our 

orthopedic department to evaluate the impact of C2 vertebral 

instability on sagittal parameters and clinical outcomes after EODL.

2 Subjects and methods

2.1 General information

In this study, the clinical data and follow-up records of patients 

undergoing cervical EODL in the second Affiliated Hospital of 

Naval Military Medical University and the Six Affiliated Hospital 

of Xinjiang Medical University from August 2017 to August 

2021 were selected. The patients were divided into the cervical 

2 vertebral instability group (observation group) and the cervical 2 

vertebral stabilization group (control group), and the patients 

treated by EODL surgical treatment in the same time according to 

the age, sex, body mass index, disease duration, surgical segment, 

follow-up time, operation time, bleeding volume, and 

complications matching (1:2). All patients signed the informed 

consent before surgery, and the study was approved by the hospital 

ethics committee.

2.2 Inclusion criteria

(i) Presence of symptoms and signs of cervical spinal cord 

compression before surgery. (ii) Imaging showing evidence of 

Multisegmental Cervical Spondylotic Myelopathy (MCSM) or 

Ossification of Posterior Longitudinal Ligament (OPLL). 

(iii) Underwent lower cervical spine EODL surgery. (iiii) Follow-up 

for at least 2 years with complete imaging data.

2.3 Exclusion criteria

(i) Presence of cervical radiculopathy and concurrent radicular 

cervical spine disease. (ii) Concurrent posterior cervical pedicle 

screw-rod fixation or anterior cervical plate and screw fixation. 

(iii) History of previous cervical spine surgery or trauma. (iiii) 

Severe cervical kyphosis deformity or presence of cervical spine 

infection, tumor, etc. (iiiii) Concurrent rheumatoid arthritis or 

ankylosing spondylitis, and other related diseases.

According to the inclusion and exclusion criteria, a total of 18 

patients were selected for the observation group (C2 vertebral 

body instability group: x-rays show an angle of more than 11° 

between the vertebral bodies, or the horizontal displacement 

between the vertebral bodies exceeds 3.5 m m10), including 12 

males and 6 females. The age ranged from 45 to 72 years, with 

an average age of (58.2 ± 3.1) years. The body mass index (BMI) 

ranged from 18 to 27 kg/m2, with an average BMI of (23.8 ± 2.3) 

kg/m2. The duration of the disease ranged from 5 to 14 months, 

with an average duration of (9.7 ± 5.5) months. Two patients 

had concomitant hypertension, and one patient had diabetes. 

Among the patients, 8 underwent surgery at the C3-6 level, and 

10 underwent surgery at the C3-7 level. The control group 

Abbreviations  

MCSM, multisegmental cervical spondylotic myelopathy; OPLL, ossification of 

the posterior longitudinal ligament; EODL, posterior cervical expansive door- 

open laminoplasty; JOA, Japanese Orthopaedic Association; VAS, visual 

analogue scale; BMI, body mass index; ROM, range of motion.

Ma et al.                                                                                                                                                                10.3389/fsurg.2025.1661963 

Frontiers in Surgery 02 frontiersin.org



consisted of 36 matched patients, including 25 males and 11 

females. The age ranged from 45 to 72 years, with an average 

age of (58.5 ± 2.9) years. The body mass index (BMI) ranged 

from 17 to 28 kg/m2, with an average BMI of (23.5 ± 2.1) kg/m2. 

The duration of the disease ranged from 6 to 13 months, with 

an average duration of (9.5 ± 5.6) months. Three patients had 

concomitant hypertension, and two patients had diabetes. 

Among the patients, 26 underwent surgery at the C3-6 level, 

and 10 underwent surgery at the C3-7 level.

2.4 Surgical method

The patient is placed under general anesthesia and positioned 

prone on a plaster bed. The surgical field is prepared with routine 

disinfection and draping. A midline incision is made posterior to 

the neck, extending from the spinous processes of C2 to C7, with a 

length of 8–10 cm. The skin, subcutaneous tissue, fascia, and 

nuchal ligament are dissected using an electric scalpel. The 

paraspinal muscles are then dissected bilaterally along the 

periosteum, exposing the area from the lower half of the C2 

spinous process to the spinous processes and laminae of C3-6 or 

C3-7. Using a burr, slots are created at the junction of the lamina 

and lateral mass on the side with more compression, which serves 

as the “open-door” side. The laminae are thinned and removed 

bilaterally, deep to the spinal canal. On the side with less 

compression, known as the “hinge” side, the laminae are thinned 

and the ventral cortex is preserved. The laminae of C3-6 or C3-7 

are sequentially lifted from caudal to cranial, and mini titanium 

plates (arch plates) are used to fixate the lateral mass and laminae 

on the open-door side. Any remaining bone in the inner edge of 

the lateral mass and intervertebral foramen area is carefully 

removed using rongeurs and curettes. Adhesions between the dura 

mater or nerve roots and the ligamentum Javum are released. 

Hemostasis is ensured throughout the procedure. After confirming 

satisfactory pulsation of the dura mater, the surgical site is irrigated 

with saline solution, and drainage is placed before closing the 

incision layer by layer. Postoperatively, the patient is instructed to 

wear a cervical collar for 2–3 weeks as per routine.

2.5 Observed indicators

2.5.1 Measurement of sagittal parameters
Preoperative and postoperative cervical spine lateral, Jexion- 

extension, CT, and MRI images are obtained. The PACS 3.0 system 

software is used to measure the following sagittal parameters on 

cervical x-ray images: C0-2 Cobb angle, C2-7 sagittal vertical axis 

(SVA) in millimeters, C2-7 Cobb angle, T1-Slope, range of motion 

(ROM) of the cervical spine, displacement of the C2 vertebral 

body (measured as the distance between the posterior edge of the 

C2 vertebral body and the posterior edge of the C3 vertebral 

body on Jexion-extension x-ray images in millimeters), and the 

angle of motion at the C2/3 level (measured as the difference 

in angle at the C2/3 level on Jexion-extension x-ray images). 

Two physicians independently measure the imaging parameters 

twice using the described method. The average value of the 

measurements is taken as the final measurement data. The 

assessors are blinded to the study content. Please refer to Figure 1

for specific measurement methods.

2.5.2 Clinical efficacy assessment
Preoperative and postoperative pain and neurological function 

improvement in patients are evaluated using the visual analog 

scale (VAS) for neck and shoulder pain and the Japanese 

Orthopaedic Association (JOA) score for cervical spine function. 

The improvement rate (%) is calculated as follows: Improvement 

rate (%) = (Postoperative JOA score - Preoperative JOA score)/ 

(17 - Preoperative JOA score) × 100%.

2.5.3 Complications
Intraoperative and postoperative complications are recorded, 

including dural tear, nerve injury, postoperative C5 nerve root 

palsy, postoperative infection and hematoma, postoperative axial 

pain, failure of internal fixation, and re-closure.

2.6 Statistical methods

The data were analyzed using SPSS 26.0 software. Continuous 

variables are presented as mean ± standard deviation. Paired 

sample t-tests were used for within-group comparisons of 

preoperative and postoperative data, while independent sample 

t-tests were used for between-group comparisons. Categorical 

data were analyzed using chi-square tests or Fisher’s exact tests. 

The correlation between clinical efficacy and changes in imaging 

parameters was analyzed using Pearson correlation tests. 

A p-value <0.05 was considered statistically significant.

3 Results

3.1 Experimental flow chart

The Jow chart of the two groups is shown in Figure 2.

3.2 Comparison of preoperative data 
between the two groups

Baseline data on age, sex, body mass index, disease duration, 

surgical segment, follow-up time, operation time, bleeding volume, 

and complications were comparable (p > 0.05). See Table 1.

3.3 Neurological function assessment and 
vas scores

During the postoperative follow-up, it was observed that the 

JOA score in the observation group improved from 7.5 ± 1.2 

preoperatively to 14.0 ± 1.6 postoperatively, with an improvement 

rate of 68.42%. In the control group, the JOA score improved 
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from 7.7 ± 1.0 preoperatively to 13.1 ± 1.6 postoperatively, with 

an improvement rate of 58.06%. There were no significant 

differences in JOA scores between the two groups at the last 

follow-up. It was also noted that the VAS scores for neck pain 

significantly decreased in both groups during the postoperative 

follow-up. See Table 2.

3.4 Evaluation of radiographic parameters

Before the surgery, the cervical ROM was (39.8 ± 3.6)° in the 

observation group and (36.3 ± 4.3)° in the control group, with a 

statistically significant difference (P < 0.05). At the last follow-up in 

the observation group, compared to preoperative values, the C0-2 

FIGURE 1 

(A) Represents C2-7 SVA (red line); (B) represents C2-7 cobb angle (red line); (C) represents C0-2 cobb angle (red line); (D) represents T1-slope (red 

line); (E,F) represent the difference in angle (red line) for the motion angle of C2/3 gap; (G,H) represent the difference (red line) for the displacement 

of C2 vertebral body; (I,J) represent the difference (red line) for ROM.

FIGURE 2 

Flow chart of test grouping.
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Cobb angle increased from (22.0 ± 3.7)° to (25.8 ± 3.1)°; C2-7 SVA 

increased from (−19.6 ± 3.4) mm to (−15.8 ± 3.7) mm; C2-7 Cobb 

angle decreased from (8.2 ± 2.5)° to (5.1 ± 2.5)°; and cervical ROM 

decreased from (39.8 ± 3.6)° to (31.6 ± 4.5)°. All these parameters 

showed statistically significant differences within the observation 

group (P < 0.05), while there was no significant difference in 

T1-Slope (P > 0.05). In the control group, at the last follow-up 

compared to preoperative values, the C0-2 Cobb angle increased 

from (22.8 ± 2.7)° to (25.3 ± 2.9)°; C2-7 SVA increased from 

(−18.7 ± 3.5) mm to (−15.3 ± 1.4) mm; C2-7 Cobb angle decreased 

from (8.2 ± 2.7)° to (4.9 ± 0.8)°; and cervical ROM decreased from 

(36.3 ± 4.3)° to (30.6 ± 4.5)°. All these parameters showed 

statistically significant differences within the control group 

(P < 0.05), while there was no significant difference in T1-Slope 

(P > 0.05). There were no significant differences between the two 

groups in the above-mentioned parameters at the last follow-up 

compared to preoperative values (P > 0.05). See Table 3. In the 

observation group, at the last follow-up compared to preoperative 

values, the displacement of the C2 vertebral body decreased from 

(4.5 ± 0.9) mm to (3.3 ± 0.5) mm, which was statistically significant 

(P < 0.05), see Figure 3, while the angle of motion at the C2/3 level 

decreased from (9.9 ± 1.7)° to (8.6 ± 2.5)°, but the difference was 

not statistically significant (P > 0.05). See Table 4.

3.5 Complications

In the observation group, 3 cases (16.67%) experienced 

postoperative axial pain, while in the control group, there were 2 

cases (5.56%). One case in the observation group developed C5 

nerve root palsy, while in the control group, 3 cases developed C5 

nerve root palsy. All patients in both groups achieved recovery 

through conservative treatment. One case in the control group 

experienced postoperative wound infection (2.8%), while no 

infection cases were observed in the observation group. Neither 

group experienced cerebrospinal Juid leakage, nerve injury, failure 

of internal fixation, re-closure, or hinge fracture. See Table 5.

3.5.1 Relationship between changes in sagittal 

parameters and clinical efficacy in the 
observation group

The relationship between changes in sagittal parameters and 

clinical efficacy in the observation group is shown in Table 5. 

The improvement rate of neurological function was 68.42%. 

TABLE 1 Basic preoperative data of the two groups.

Items Observation 
group (n = 18)

Control 
group 

(n = 36)

χ2/Fisher’s 
exact test

P

Age 58.2 ± 3.1 58.5 ± 2.9 0.587 0.561

Sex (n) 12/6 25/11 0.468 0.494

Disease 

course 

(month)

9.7 ± 5.5 9.5 ± 5.6 1.563 0.134

Follow-up 

time (years)

2.4 ± 0.4 2.9 ± 1.3 1.509 0.141

BMI (kg/m2) 23.8 ± 2.3 23.5 ± 2.1 1.489 0.152

Diagnosis (n)

OPLL disease 6/33.3 10/27.8 0.139 0.933

Cervical 

spinal 

stenosis

10/56.6 22/61.1

Cervical 

herniated 

disc

2/11.1 4/11.1

Surgical segment (n)

C3-6 8/44.4 26/72.2 0.643 0.423

C3-7 10/55.6 10/27.8

Operation 

time (min)

112.2 ± 3.8 114.2 ± 3.7 1.595 0.120

Bleeding 

volume (ml)

95.0 ± 6.8 97.5 ± 4.6 1.293 0.205

Complication (n)

Axial 

symptoms

3/16.7 2/5.6 0.232 0.630

Wound 

infection

0/0.0 1/2.8 0.509 0.475

C5 nerve 

root paralysis

1/5.6 3/8.3 0.135 0.713

TABLE 2 Neurological function assessment and vas scores.

Items Observation 
group (n = 18)

Control 
group (n = 36)

t P

Neck VAS score

Preoperative 7.3 ± 0.5 7.3 ± 0.9 0.024 0.981

The last 

follow-up

1.1 ± 0.1 1.0 ± 0.2 0.711 0.482

JOA score

Preoperative 7.5 ± 1.2 7.7 ± 1.0 0.562 0.578

The last 

follow-up

14.0 ± 1.6 13.1 ± 1.6 1.870 0.067

TABLE 3 Sagittal parameters of the cervical spine in the Two groups 
of patients.

Items Observation 
group (n = 18)

Control 
group (n = 36)

t P

C0−2 Cobb (°)

Preoperative 22.0 ± 3.7 22.8 ± 2.7 0.716 0.479

The last 

follow-up

25.8 ± 3.1 25.3 ± 2.9 1.523 0.137

C2−7 SVA (mm)

Preoperative −19.6 ± 3.4 −18.7 ± 3.5 0.898 0.376

The last 

follow-up

−15.8 ± 3.7 −15.3 ± 1.4 0.655 0.517

C2−7 Cobb (°)

Preoperative 8.2 ± 2.5 8.2 ± 2.7 0.000 1.000

The last 

follow-up

5.1 ± 2.5 4.9 ± 0.8 0.440 0.687

T1-Slope (°)

Preoperative 27.0 ± 5.0 26.1 ± 3.4 0.616 0.542

The last 

follow-up

26.4 ± 2.8 26.0 ± 2.5 0.464 0.646

Neck ROM (°)

Preoperative 39.8 ± 3.6 36.3 ± 4.3 4.454 0.013

The last 

follow-up

31.6 ± 4.5 30.6 ± 4.5 0.666 0.510
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However, there was no significant correlation between changes in 

sagittal parameters and cervical range of motion (ROM) with 

clinical efficacy (P > 0.05).

3.6 Typical cases

Case 1, female patient, 50 years old. A, B are preoperative 

sagittal MRI images, showing varying degrees of disc protrusion 

at the C4/5, C5/6, and C6/7 levels. C, D are preoperative anterior- 

posterior x-rays, showing loss of cervical lordosis. E, F are 

preoperative Jexion-extension x-rays, showing instability of the 

C2 vertebra. G, H are postoperative follow-up lateral x-rays, 

showing good position of the internal fixation. I, J are 

postoperative follow-up Jexion-extension x-rays, showing no 

significant changes in the instability of the C2 vertebra. See Figure 4.

Case 2, male patient, 57 years old. A, B are preoperative sagittal 

MRI images, showing varying degrees of stenosis at the C3/4, C4/5, 

and C5/6 levels, with ossification of the posterior longitudinal 

ligament at C3/4. C, D are preoperative anterior-posterior x-rays, 

showing slight straightening of the cervical curvature. E, F are 

preoperative Jexion-extension x-rays, showing instability of the C2 

vertebra. G, H are postoperative follow-up lateral x-rays, showing 

good position of the internal fixation. I, J are postoperative follow- 

up Jexion-extension x-rays, showing no significant changes in the 

instability of the C2 vertebra. See Figure 5.

4 Discussion

In the 1970s, Hirabayashi et al. first reported the posterior cervical 

laminoplasty, which is now widely used for the treatment of MCSM, 

cervical spinal stenosis, and OPLL (10, 11). It has been proven to be a 

safe and effective surgical technique (12). However, posterior cervical 

surgery inevitably causes damage to the muscles and ligaments in the 

posterior neck region, leading to changes in the normal cervical 

curvature, disruption of sagittal balance, and even the development 

of cervical kyphosis (13, 14). Postoperative cervical kyphosis has 

been observed in 6% to 46% of patients undergoing conventional 

laminoplasty procedures. In a study by Yang et al., they measured 

nine sagittal parameters in 164 patients who underwent cervical 

laminoplasty (15, 16). They found that the lower cervical curvature 

became straighter (decreased C2-7 Cobb angle) and the center of 

gravity of the head and neck shifted forward (increased C2-7 SVA). 

However, compensatory changes were observed in the upper 

cervical spine and cervicothoracic junction, such as increased 

cervical overextension (increased C0-2 Cobb angle, T1-Slope) to 

compensate for these changes (17). Douglas et al. mentioned in 

their review that for patients with a significant increase in C2-7 

SVA or head center of gravity SVA, alternative surgical techniques 

FIGURE 3 

Comparison of patient neck ROM in the two treatment groups.

TABLE 4 Assessment of the degree of C2 instability in the observation 
group before surgery and at the last follow-up visit.

Items Preoperative Postoperative 
follow-up

t P

C2 vertebral 

displacement value 

(mm)

4.5 ± 0.9 3.3 ± 0.5 4.163 0.020

C 2/3 gap activity 

angle (°)

9.9 ± 1.7 8.6 ± 2.5 0.926 0.351

TABLE 5 Relationship between changes in sagittal parameters and 
clinical efficacy in the observation group.

Items Neck 2 vertebral 
displacement value 

(mm)

C2-7 
Cobb 

(°)

Neck 
ROM 

(°)

Neck VAS score r 0.199 0.021 0.003

P 0.428 0.901 0.986

Rate of 

neurological 

improvement (%)

r 0.327 0.128 0.022

P 0.185 0.612 0.929

Cervical ROM is cervical mobility; neurological improvement rate: (postoperative JOA 

score-preoperative JOA score)/(17-preoperative JOA score) 100%.
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FIGURE 4 

Typical case 1. (A,B) Preoperative sagittal MRI images, showing varying degrees of disc protrusion at the C4/5, C5/6, and C6/7 levels. (C,D) 

Preoperative anterior-posterior x-rays, showing loss of cervical lordosis. (E,F) Preoperative flexion-extension x-rays, showing instability of the C2 

vertebra. (G,H) Postoperative follow-up lateral x-rays, showing good position of the internal fixation. (I,J) Postoperative follow-up flexion- 

extension x-rays, showing no significant changes in the instability of the C2 vertebra.

FIGURE 5 

Typical case 2. (A,B) Preoperative sagittal MRI images, showing varying degrees of stenosis at the C3/4, C4/5, and C5/6 levels, with ossification of the 

posterior longitudinal ligament at C3/4. (C,D) Preoperative anterior-posterior x-rays, showing slight straightening of the cervical curvature. (E,F) 

Preoperative flexion-extension x-rays, showing instability of the C2 vertebra. (G,H) Postoperative follow-up lateral x-rays, showing good position 

of the internal fixation. (I,J) Postoperative follow-up flexion-extension x-rays, showing no significant changes in the instability of the C2 vertebra.
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may be considered as a substitute for laminoplasty, even if there is 

spinal kyphosis (18). During the C3 laminoplasty procedure, it 

is usually necessary to dissect the C2 lamina and the distal 

muscle tissue of the spinous process (19). The posterior bony 

structures of C2 serve as attachment points for multiple muscles in 

the posterior head and neck region (20). Excessive dissection and 

postoperative sagittal imbalance and axial pain may be related to 

this. The position of the C2 vertebra is of great significance in 

assessing sagittal balance of the cervical spine. However, most 

studies on cervical sagittal balance are based on the assumption 

of C2 vertebral stability. In our study, we focused on the changes in 

cervical curvature and their clinical significance after EODL 

surgery, specifically considering the premise of C2 vertebral 

instability (21).

The results of this study showed that at the last follow-up, both 

the observation group and the control group showed significant 

improvement in JOA scores (P < 0.05), which is consistent with 

previous reports on the efficacy of EODL surgery. Furthermore, 

there was no significant difference in JOA improvement between 

the observation group and the control group, suggesting that the 

increased spinal canal space and improved spinal cord function 

after cervical laminoplasty are not affected by C2 vertebral 

instability (22–24). Our study found that the degree of C2 vertebral 

instability did not worsen after surgery in the observation group, 

and in fact, there was a reduction in C2 vertebral displacement 

compared to preoperative values (P < 0.05). This suggests that 

laminoplasty not only does not increase C2 vertebral instability but 

also tends to stabilize the overall cervical spine. This may be 

attributed to factors such as muscle scarring, ossification of the 

C2/3 joint capsule, and fusion of inJamed joint surfaces after 

surgery (25, 26). However, there was a decrease in cervical range of 

motion compared to preoperative values (P < 0.05), indicating that 

although EODL surgery with C2 vertebral instability leads to a 

decrease in lower cervical range of motion, it does not affect the 

stability of the C2 vertebra. Regarding cervical sagittal balance, 

there were no significant differences in C0-2 Cobb angle, C2-7 

SVA, C2-7 Cobb angle, and T1-Slope between the two groups 

preoperatively. This may be because most patients in the 

observation group did not show obvious subluxation of the C2 

vertebra in the lateral view, but instability was only evident in 

Jexion-extension views (27–29). Therefore, there were no 

significant differences in these parameters between the two groups 

in the preoperative lateral x-rays. However, the preoperative range 

of motion (ROM) of the cervical spine was greater in the 

observation group compared to the control group, and there was a 

significant difference (P < 0.05). This is related to the increased 

mobility caused by C2 vertebral instability in the observation 

group. In both groups, postoperative follow-up showed a 

significant increase in C0-2 Cobb angle and C2-7 SVA, no 

significant difference in T1-Slope, and a significant decrease in 

C2-7 Cobb angle and cervical ROM (30, 31). This indicates an 

overall forward inclination of the cervical spine. However, there 

were no significant differences between the groups in the above- 

mentioned parameters (P > 0.05). This is consistent with previous 

literature reporting that EODL surgery can lead to a straightening 

of the cervical curvature and even the development of significant 

kyphotic deformity due to the extensive disruption of the posterior 

cervical muscles. Cervical kyphosis is also a risk factor for poor 

postoperative outcomes in patients with cervical myelopathy (32, 33).

The correlation analysis between the changes in these imaging 

parameters and the clinical efficacy evaluation of the patients 

shows that the decrease in cervical curvature, reduction in C2 

vertebral displacement, and decrease in cervical range of motion 

are not significantly correlated with the improvement in neck 

pain and neurological function in patients (34). It can be 

observed that the postoperative efficacy in patients with MCSM 

is mainly related to thorough decompression of the spinal cord, 

rather than being significantly correlated with preoperative C2 

vertebral instability (35).

The present study has several limitations that should be 

acknowledged: (1) Limited sample size: This was a retrospective 

study, and cases of C2 instability meeting the strict inclusion 

criteria are relatively uncommon in clinical practice. Although data 

from two medical centers were included, the sample size of the 

observation group (n = 18) remains small, which may reduce 

statistical power and increase the risk of Type II error (i.e., failing 

to detect actual differences that exist). (2) Inherent biases of 

retrospective design: As a retrospective study, it carries inherent 

limitations in data collection and analysis, such as selection bias. 

Future large-scale, multicenter prospective studies are needed to 

further validate our findings. (3) Unassessed potential inJuencing 

factors: Cervical sagittal balance is a complex system that can be 

inJuenced by various factors such as pelvic parameters, overall 

spino-pelvic alignment, and individual muscular compensatory 

mechanisms. This study did not analyze these more global 

parameters; future research should take them into consideration.

This study demonstrates that patients with C2 instability 

underwent significant and specific changes in cervical sagittal 

parameters after undergoing Expansive Open-Door Laminoplasty 

(EMOL), including increased global kyphosis (decreased C2–7 

Cobb angle), compensatory increase in upper cervical lordosis 

(increased C0–2 Cobb angle), forward shift in sagittal vertical 

alignment (increased C2–7 SVA), decreased cervical range of 

motion (ROM), and reduced C2 vertebral displacement. These 

changes were not prominent or followed a different pattern in 

patients with stable C2. Crucially, however, these significant 

radiological changes did not translate into statistically significant 

differences in clinical efficacy (improvement in VAS and JOA 

scores) between the two groups. Therefore, we conclude that 

although C2 instability leads to specific alterations in postoperative 

sagittal alignment, it does not negatively impact the final clinical 

outcomes. EMOL remains an effective and reliable surgical option 

for patients with cervical spondylotic myelopathy accompanied by 

C2 instability, as it maintains satisfactory sagittal balance without 

exacerbating C2 instability.

Data availability statement

The original contributions presented in the study are included 

in the article/Supplementary Material, further inquiries can be 

directed to the corresponding authors.

Ma et al.                                                                                                                                                                10.3389/fsurg.2025.1661963 

Frontiers in Surgery 08 frontiersin.org



Ethics statement

The studies involving humans were approved by The Ethics 

Committee of the Sixth Affiliated Hospital of Xinjiang Medical 

University. The studies were conducted in accordance with the 

local legislation and institutional requirements. The participants 

provided their written informed consent to participate in this 

study. Written informed consent was obtained from the 

individual(s) for the publication of any potentially identifiable 

images or data included in this article.

Author contributions

LM: Writing – original draft, Data curation, Methodology. YL: 

Data curation, Writing – review & editing. YX: Data curation, 

Methodology, Writing – review & editing. CS: Formal analysis, 

Validation, Writing – review & editing. XM: Supervision, 

Writing – review & editing.

Funding

The author(s) declare that no financial support was received 

for the research and/or publication of this article. 

Conflict of interest

The authors declare that the research was conducted in the 

absence of any commercial or financial relationships that could 

be construed as a potential conJict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the 

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 

article has been generated by Frontiers with the support of 

artificial intelligence and reasonable efforts have been made to 

ensure accuracy, including review by the authors wherever 

possible. If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors and 

do not necessarily represent those of their affiliated organizations, or 

those of the publisher, the editors and the reviewers. Any product 

that may be evaluated in this article, or claim that may be made by its 

manufacturer, is not guaranteed or endorsed by the publisher.

References

1. Wang W-X, Zhao Y-B, Lu X-D, Zhao X-F, Jin Y-Z, Chen X-W, et al. InJuence of 
extending expansive open-door laminoplasty to C1 and C2 on cervical sagittal 
parameters. BMC Musculoskelet Disord. (2020) 21(1):75. doi: 10.1186/s12891-020- 
3083-1

2. Liu T, Yang H-L, Xu Y-Z, Qi R-F, Guan H-Q. ACDF With the PCB cage-plate 
system versus laminoplasty for multilevel cervical spondylotic myelopathy. J Spinal 
Disord Tech. (2011) 24(4):213–20. doi: 10.1097/BSD.0b013e3181e9f294

3. Russek LN, Block NP, Byrne E, Chalela S, Chan C, Comerford M, et al. 
Presentation and physical therapy management of upper cervical instability in 
patients with symptomatic generalized joint hypermobility: international expert 
consensus recommendations. Front Med (Lausanne). (2023) 9:1072764. doi: 10. 
3389/fmed.2022.1072764

4. Katz EA, Katz SB, Freeman MD. Non-Surgical management of upper cervical 
instability via improved cervical lordosis: a case series of adult patients. J Clin Med. 
(2023) 12(5):1797. doi: 10.3390/jcm12051797

5. Li C, Xu B, Zhao Y, Qi L, Yue L, Zhu R, et al. Factors associated with cervical 
instability in cervical myelopathy patients. J Neurosurg Spine. (2025) 42(6):673–8. 
doi: 10.3171/2025.1.SPINE241183

6. Sharma R, Borkar SA, Goda R, Kale SS. Which factors predict the loss of cervical 
lordosis following cervical laminoplasty? A review of various indices and their clinical 
implications. Surg Neurol Int. (2019) 10:147. doi: 10.25259/SNI_339_2019

7. Nori S, Shiraishi T, Aoyama R. Comparison between muscle-preserving selective 
laminectomy and laminoplasty for multilevel cervical spondylotic myelopathy. Ann 
Transl Med. (2020) 8(5):160. doi: 10.21037/atm.2019.11.132

8. Kamson S, Lu D, Sampson PD, Zhang Y. Full-endoscopic lumbar fusion 
outcomes in patients with minimal deformities: a retrospective study of data 
collected between 2011 and 2015. Pain Physician. (2019) 22(1):75–88. doi: 10. 
36076/ppj/2019.22.75

9. Qian S, Wang Z, Ren Y, Chew I, Jiang G, Li W, et al. The cervical sagittal 
curvature change in patients with or without PCSM after laminoplasty. Front Surg. 
(2022) 9:906839. doi: 10.3389/fsurg.2022.906839

10. Dvorak J, Panjabi M, Gerber M, Wichmann W. CT-functional diagnostics of 
the rotatory instability of upper cervical spine. 1. an experimental study on 
Cadavers. Spine (Phila Pa 1976). (1987) 12:197–205. doi: 10.1097/00007632- 
198704000-00001

11. Xiao Q, Chen Y, Wang J, Zang F, Wang Y, Zheng G, et al. Application of TVD- 
net for sagittal alignment and instability measurements in cervical spine radiographs. 
Med Phys. (2023) 50(7):4182–96. doi: 10.1002/mp.16440

12. Wang Z, Xu J-X, Liu Z, Li R-Y, Wang Z-W, Chang H-R, et al. Spino cranial 
angle as a predictor of loss of cervical lordosis after laminoplasty in patients with 
cervical myelopathy. BMC Surg. (2021) 21(1):291. doi: 10.1186/s12893-021-01293-1

13. Mun HW, Yuk CD, Kim TH, Park MS, Kim SW, Kim JH, et al. Cervical sagittal 
imbalance after cervical laminoplasty in elderly patients. BioMed Res Int. (2020) 
2020:8810540. doi: 10.1155/2020/8810540

14. Kamioka Y, Yamamoto H, Tani T, Ishida K, Sawamoto T. Postoperative 
instability of cervical OPLL and cervical radiculomyelopathy. Spine (Phila Pa 
1976). (1989) 14(11):1177–83. doi: 10.1097/00007632-198911000-00008

15. Ma JX, Han XZ, Wang XY. Comparison of single versus double door posterior 
cervical laminoplasty for patients with cervical spondylotic myelopathy: a systematic 
review and meta-analysis. Medicine (Baltimore). (2020) 99(25):e20538. doi: 10.1097/ 
MD.0000000000020538

16. Wang D-F, Zhu W-G, Wang W, Li X-Y, Kong C, Liu C-X, et al. The 
discrepancy between preoperative cervical sagittal vertical axis and T1 slope 
predisposes inferior clinical outcomes in patients with cervical spondylotic 
myelopathy after cervical laminoplasty. Front Surg. (2022) 9:1003757. doi: 10.3389/ 
fsurg.2022.1003757

17. He X, Zhang JN, Liu TJ, Hao DJ. Is laminectomy and fusion the better choice 
than laminoplasty for multilevel cervical myelopathy with signal changes on magnetic 
resonance imaging? A comparison of two posterior surgeries. BMC Musculoskelet 
Disord. (2020) 21(1):423. doi: 10.1186/s12891-020-03435-7

18. Zimering JH, Margetis K. Dome laminotomies at adjacent segments in cervical 
laminoplasty. Int J Spine Surg. (2021) 15(5):871–8. doi: 10.14444/8112

19. Du L, Gao Y, Zhao C, Zhou T, Tian H, Zhang K, et al. Laminoplasty with 
selective fusion at unstable segment versus laminectomy with fusion for multilevel 
cervical myelopathy: a case-control study. BMC Musculoskelet Disord. (2021) 
22(1):426. doi: 10.1186/s12891-021-04297-3

20. Zhang K-R, Yang Y, Liu H, Ding C, Wang B-Y, Meng Y, et al. Is there any 
correlation between the recovery rate of JOA and the increasing of cervical spinal 
cord area after single-door cervical laminoplasty? Clin Neurol Neurosurg. (2022) 
213:107103. doi: 10.1016/j.clineuro.2021.107103

Ma et al.                                                                                                                                                                10.3389/fsurg.2025.1661963 

Frontiers in Surgery 09 frontiersin.org

https://doi.org/10.1186/s12891-020-3083-1
https://doi.org/10.1186/s12891-020-3083-1
https://doi.org/10.1097/BSD.0b013e3181e9f294
https://doi.org/10.3389/fmed.2022.1072764
https://doi.org/10.3389/fmed.2022.1072764
https://doi.org/10.3390/jcm12051797
https://doi.org/10.3171/2025.1.SPINE241183
https://doi.org/10.25259/SNI_339_2019
https://doi.org/10.21037/atm.2019.11.132
https://doi.org/10.36076/ppj/2019.22.75
https://doi.org/10.36076/ppj/2019.22.75
https://doi.org/10.3389/fsurg.2022.906839
https://doi.org/10.1097/00007632-198704000-00001
https://doi.org/10.1097/00007632-198704000-00001
https://doi.org/10.1002/mp.16440
https://doi.org/10.1186/s12893-021-01293-1
https://doi.org/10.1155/2020/8810540
https://doi.org/10.1097/00007632-198911000-00008
https://doi.org/10.1097/MD.0000000000020538
https://doi.org/10.1097/MD.0000000000020538
https://doi.org/10.3389/fsurg.2022.1003757
https://doi.org/10.3389/fsurg.2022.1003757
https://doi.org/10.1186/s12891-020-03435-7
https://doi.org/10.14444/8112
https://doi.org/10.1186/s12891-021-04297-3
https://doi.org/10.1016/j.clineuro.2021.107103


21. Kato M, Namikawa T, Matsumura A, Konishi S, Nakamura H. Effect of cervical 
sagittal balance on laminoplasty in patients with cervical myelopathy. Global Spine J. 
(2017) 7(2):154–61. doi: 10.1177/2192568217694011

22. Kwok SSS, Cheung JPY. Surgical decision-making for ossification of the 
posterior longitudinal ligament versus other types of degenerative cervical 
myelopathy: anterior versus posterior approaches. BMC Musculoskelet Disord. 
(2020) 21(1):823. doi: 10.1186/s12891-020-03830-0

23. Li X-Y, Wang Y, Zhu W-G, Kong C, Lu S-B. Impact of cervical and global spine 
sagittal alignment on cervical curvature changes after posterior cervical laminoplasty. 
J Orthop Surg Res. (2022) 17(1):521. doi: 10.1186/s13018-022-03421-w

24. Qian S, Wang Z, Jiang G, Xu Z, Chen W. Efficacy of laminoplasty in patients with 
cervical kyphosis. Med Sci Monit. (2018) 24:1188–95. doi: 10.12659/MSM.909140

25. Zuo KK, Qin W, Miao Y, Zhu L. Analysis of risk factors of axial neck pain in 
posterior cervical single-door laminoplasty from the perspective of cervical sagittal 
plane. Front Surg. (2022) 9:973924. doi: 10.3389/fsurg.2022.973924

26. Ono K, Murata S, Matsushita M, Murakami H. Cervical lordosis ratio as a novel 
predictor for the loss of cervical lordosis after laminoplasty. Neurospine. (2021) 
18(2):311–8. doi: 10.14245/ns.2040700.350

27. Cheung JPY, Cheung PWH, Law K, Borse V, Lau YM, Mak LF, et al. 
Postoperative rigid cervical collar leads to less axial neck pain in the early stage 
after open-door laminoplasty-A single-blinded randomized controlled trial. 
Neurosurgery. (2019) 85(3):325–34. doi: 10.1093/neuros/nyy359

28. Wiguna IGLNAA, Magetsari R, Noor Z, Suyitno S, Nindrea RD. Comparative 
effectiveness and functional outcome of open-door versus French-door laminoplasty 
for multilevel cervical myelopathy: a meta-analysis. Open Access Maced J Med Sci. 
(2019) 7(19):3348–52. doi: 10.3889/oamjms.2019.739

29. Lavelle WF, Riew KD, Levi AD, Florman JE. Ten-year outcomes of cervical disc 
replacement with the BRYAN cervical disc: results from a prospective, randomized, 
controlled clinical trial. Spine (Phila Pa 1976). (2019) 44(9):601–8. doi: 10.1097/ 
BRS.0000000000002907

30. Alam I, Sharma R, Borkar SA, Goda R, Katiyar V, Kale SS. Factors predicting 
loss of cervical lordosis following cervical laminoplasty: a critical review. 
J Craniovertebr Junction Spine. (2020) 11(3):163–8. doi: 10.4103/jcvjs.JCVJS_70_20

31. Weinberg DS, Rhee JM. Cervical laminoplasty: indication, technique, 
complications. J Spine Surge. (2020) 6(1):290–301. doi: 10.21037/jss.2020.01.05

32. Kim B-J, Cho S-M, Hur JW, Cha J, Kim S-H. Kinematics after cervical 
laminoplasty: risk factors for cervical kyphotic deformity after laminoplasty. Spine 
J. (2021) 21(11):1822–9. doi: 10.1016/j.spinee.2021.06.010

33. Yang X-J, Sang H-X, Liu C-X, Ma Z-S, Meng B, Li T-Q, et al. A new method for 
calculating the desired laminoplasty opening size based on the target sagittal canal 
diameter before single-door cervical laminoplasty. Eur Spine J. (2019) 
28(10):2302–10. doi: 10.1007/s00586-019-05992-5

34. Yu Z, He D, Xiong J, Pan Z, Feng L, Xu J, et al. Extensor muscle-preserving 
laminectomy in treating multilevel cervical spondylotic myelopathy compared 
with laminoplasty. Ann Transl Med. (2019) 7(18):472. doi: 10.21037/atm.2019. 
08.17

35. Fujiwara Y, Manabe H, Harada T, Izumi B, Adachi N. Extraordinary positional 
cervical spinal cord compression in extension position as a rare cause of postoperative 
progressive myelopathy after cervical posterior laminoplasty detected using the 
extension/Jexion positional CT myelography: one case after laminectomy following 
failure of a single-door laminoplasty/one case after double-door laminoplasty 
without interlaminar spacers. Eur Spine J. (2017) 26(Suppl 1):170–7. doi: 10.1007/ 
s00586-017-5001-2

Ma et al.                                                                                                                                                                10.3389/fsurg.2025.1661963 

Frontiers in Surgery 10 frontiersin.org

https://doi.org/10.1177/2192568217694011
https://doi.org/10.1186/s12891-020-03830-0
https://doi.org/10.1186/s13018-022-03421-w
https://doi.org/10.12659/MSM.909140
https://doi.org/10.3389/fsurg.2022.973924
https://doi.org/10.14245/ns.2040700.350
https://doi.org/10.1093/neuros/nyy359
https://doi.org/10.3889/oamjms.2019.739
https://doi.org/10.1097/BRS.0000000000002907
https://doi.org/10.1097/BRS.0000000000002907
https://doi.org/10.4103/jcvjs.JCVJS_70_20
https://doi.org/10.21037/jss.2020.01.05
https://doi.org/10.1016/j.spinee.2021.06.010
https://doi.org/10.1007/s00586-019-05992-5
https://doi.org/10.21037/atm.2019.08.17
https://doi.org/10.21037/atm.2019.08.17
https://doi.org/10.1007/s00586-017-5001-2
https://doi.org/10.1007/s00586-017-5001-2

	The effects of C2 instability on cervical curvature changes and clinical outcomes after sub-axial cervical expansive door-open laminoplasty
	Introduction
	Subjects and methods
	General information
	Inclusion criteria
	Exclusion criteria
	Surgical method
	Observed indicators
	Measurement of sagittal parameters
	Clinical efficacy assessment
	Complications

	Statistical methods

	Results
	Experimental flow chart
	Comparison of preoperative data between the two groups
	Neurological function assessment and vas scores
	Evaluation of radiographic parameters
	Complications
	Relationship between changes in sagittal parameters and clinical efficacy in the observation group

	Typical cases

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


