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Sagittal sequence and clinical
efficacy of cervical disc
replacement and hybrid surgery
in the treatment of cervical
spondylotic myelopathy: a
retrospective study
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Chen Guo1 and Liu Haiying1*
1Spine Surgery Department, Peking University People’s Hospital, Beijing, China, 2Orthopedics
Department, The Coal Central Hospital of Shanxi Province, Taiyuan, Shanxi, China

Background: Hybrid surgery (HS) combines anterior cervical discectomy and
fusion (ACDF) with cervical disc replacement (CDR) is gradually being more
frequently implemented, but there are few studies reporting the safety and
effectiveness of hybrid surgery in three levels cervical spondylotic myelopathy.
Methods: The clinical and radiographic data of patients with three-segment
cervical spondylosis, who underwent CDR, ACDF and HS in our hospital from
February 2007 to February 2013 were analyzed. The Visual Analog Scale (VAS),
Japanese Orthopedic Association (JOA) and Neck Disability Index (NDI) were
used to evaluate the clinical efficacy post surgery. Cervical spine x-rays were
conducted to assess ROM, CL, T1S and relevant outcomes.
Results: A total of 94 patients were included in the study: 26 in the CDR group, 13
in the HS1 group, 31 in the HS2 group, and 24 in the ACDF group. Most patients in
the CDR group were younger. There was no difference in the follow-up duration,
blood loss volume or surgery time (P > 0.05). Four groups reported improvements
in JOA and NDI scores compared to baseline. There was no significant difference
in the final JOA, final NDI or recovery rate among the 4 groups. The final ROMwas
smaller in the ACDF group than in the other 3 groups. There was no difference
among the four groups in the final UROM, final LROM or their changes. There
was no difference in the final T1S, final SVA or their change among the four
groups. All groups showed similar changes in CL and T1S-CL.
Conclusions: There was no difference in the clinical outcomes of ACDF, CDR, or
hybrid surgery. CDR can better preserve the mobility of the cervical spine. Neither
CDR nor hybrid surgery was significantly advantageous over ACDF in restoring the
sagittal sequence in patients with three-level CSM.
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Introduction

The specific surgical procedure for cervical spondylosis may vary depending on the

individual case, but the goal is to decompress the spinal cord and stabilize the affected

area. Anterior cervical discectomy and fusion (ACDF) has been proven to be effective in

relieving symptoms and improving neurological function (1, 2). However, not all cervical
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spine conditions require fusion. Nonfusion procedures, such as

cervical disc replacement, may be considered in specific cases. In

CDR, the damaged or diseased disc in the cervical spine is

removed and replaced with an artificial disc implant. The goal of

CDR is to maintain motion at the treated level while relieving

symptoms caused by disc pathology. It aims to preserve natural

neck motion at the treated level, which can potentially reduce

stress on adjacent discs and decrease the likelihood of adjacent

segment disease (3–6). Cervical hybrid surgery is the combination

of the principles of ACDF and CDR. Hybrid surgery (HS) allows

a tailored approach, where the surgeon can address the specific

needs of each cervical level based on the pathology and individual

patient considerations (2, 7, 8). Moreover, patients who undergo

three-level hybrid surgery may experience biomechanical

differences between a single cervical artificial disc combined with

two-level interbody fusion devices and a two-level total disc

replacement combined with a single-level interbody fusion device.

The sagittal alignment of the cervical spine plays a crucial role in

maintaining normal biomechanics and preserving cervical mobility.

Previous studies have suggested that both ACDF and hybrid

surgery can restore local cervical lordosis and influence overall

cervical alignment (9–12). However, this conclusion has not yet

been established for three-level surgeries. The aim of this

retrospective study is to compare multiple indicators, including the

postoperative relief of clinical symptoms, overall mobility of the

cervical spine, and sagittal position parameters, in patients

diagnosed with CSM who underwent a three-level procedure with

CDR, two types of HS, and ACDF and were followed up for a

mean duration of 11 years.
Methods

Patient enrollment

The series consisted of patients diagnosed with CSM who

underwent (1) cervical disc replacement, (2) hybrid surgery

involving either 2-level CDR (HS1) or 1-level CDR (HS2), and

(3) ACDF. The study was conducted between February 2007 and

February 2013 at a single center in Peking University People’s

Hospital. Informed written consent was obtained from all

patients before their enrollment in the study.

The study’s inclusion criteria were as follows: (I) patients who

had undergone more than 6 months of conservative treatment and

needed surgery and (II) patients who had consecutively undergone

three-level CDR, HS1, HS2 or ACDF. (III) Patients with complete

radiographic and clinical outcome data. The exclusion criteria were

as follows: (I) patients with unclear radiological parameters for

measurement, (II) patients with a history of previous cervical

surgery, and (III) patients who had undergone cervical spine

surgery for trauma, malignancy, or infection. (IV) patients who

were lost to follow-up or who died.

All patients underwent CDR, HS1, HS2 or ACDF using

the standard Smith-Robinson approach by the same senior surgeon.

The Prodisc-C (Depuy Synthes) artificial disc was used, and the

polyether-etherketone cage used was theMC+ (LDRMedical, France).
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Clinical and radiological outcomes

Radiological parameters were assessed using lateral x-ray imaging

in both flexion-extension and neutral positions. These assessments

were conducted by two spine surgeons who were independent of the

surgical team and did not participate in surgeries. (I) T1 slope angle

(T1S): The T1 angle is defined as the angle formed by two lines: the

first line extends from the center of the T1 endplate perpendicular to

the T1 endplate, while the second line extends from the center of the

T1 endplate to the upper aspect of the sternum. (II) Cervical lordosis

(CL): Cobb angle method; a line is drawn from the inferior endplate

of C2 to the inferior endplate of C7. Perpendicular lines are then

created between these two lines, forming an angle that represents

cervical lordosis (CL). (III) Sagittal vertical axis (SVA): In the

measurement of the C2-C7 sagittal vertical axis on an upright

cervical spine lateral radiograph, a plumb line is dropped from the

centroid of C2, and the posterior-superior aspect of C7 is used as a

reference point. (IV) Range of motion (ROM): Cervical dynamic

radiographs are used to assess the mobility of the cervical spine.

Clinical outcomes: The clinical outcomes in this study were

assessed using the Neck Disability Index (NDI) and the Japanese

Orthopedic Association (JOA) score. These measures were

evaluated at three time points: pre operation, post operation, and

final visit. The recovery rate of the JOA score was calculated using

the Hirabayashi method: Recovery rate (%) = ((postoperative JOA-

preoperative JOA)/(17-preoperative JOA)) * 100.
Statistical analysis

Statistical analysis was performed using SPSS 25.0 software. For

continuous data, normality and homogeneity of variance were

assessed. Normally distributed data were expressed as the mean ±

standard deviation (mean ± SD), while skewed distribution data

were represented by the median. Single-factor analysis of variance

(ANOVA) was conducted, followed by pairwise comparisons using

the LSD-T test for intergroup comparisons. For categorical data,

counts (percentages) were used, and the chi-square test or Fisher’s

exact test in contingency tables was applied. A significance level of

P < 0.05 indicated statistically significant differences.
Results

Demographic characteristics and baseline
conditions

A total of 94 participants were included in the final analysis. The

mean follow-up time was 136.9 ± 7.5 months. Patients in the CDR

group were the youngest, while those in the ACDF group were the

oldest (P < 0.01). There was no difference between the HS1 and HS2

groups. Additionally, there were no significant differences in terms of

surgical segment, blood loss volume, or BMI among the four groups.

The baseline characteristics are shown in Table 1. Typical

comparison imaging before and after the surgery are presented,

shown in Figures 1–3.
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FIGURE 2

Imaging data of patient with C4–C7 cervical spondylotic myelopathy
before and after hybrid surgery treatment.

TABLE 1 Baseline of 4 groups.

CDR HS1 HS2 ACDF P
Sample (M/F) 16/10 8/5 14/17 14/10 0.465

Age 43.3 ± 9.3 56.0 ± 11.3 56.3 ± 7.5 64.6 ± 8.6 <0.01

BMI 25.6 ± 4.4 26.3 ± 1.4 25.0 ± 3.1 24.2 ± 3.5 0.309

Follow-up (month) 136.5 ± 9.3 134.8 ± 5.4 138.6 ± 7.6 136.9 ± 7.5 0.4

Surgery segments 0.94

C3–C6 9 5 11 7

C5–C7 17 8 20 17

Blood loss 95.4 ± 56.8 74.6 ± 25.4 94.42 ± 70.8 69.6 ± 41.3 0.263

Surgery time (min) 111.5 ± 29.2 123.1 ± 12.5 108.7 ± 17.3 110.4 ± 22.3 0.099

CDR, cervical disc replacement; HS1, one artificial disc and two cages; HS2, two

artificial discs and 1 cage; ACDF, anterior cervical discectomy and fusion.
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Clinical outcomes before and after surgery

The comparative analysis of NDI and JOA score at the baseline

and the final follow-up revealed an absence of substantial disparity

(P > 0.05). The average rate of recovery across the four cohorts under

study was 77.8% ± 27.3%. Moreover, a noteworthy statistical

distinction in the recovery rates among the four cohorts was not

discernible. Nevertheless, all cohorts exhibited a significant

enhancement at the final follow-up relative to the baseline, denoting

statistical significance (P < 0.05).
Radiographic outcomes in sagittal
parameters before and after surgery

There was no difference among the four groups in terms of

ROM, UROM, or LROM at baseline or in the changes before and

after surgery. During the final follow-up, there was no difference

among the four groups in the UROM or LROM. The ACDF group

had a smaller final ROM than the other three groups (P < 0.05),
FIGURE 1

Imaging data of patient with C4–C7 cervical spondylotic myelopathy
before and after 3-levels cervical disc replacement treatment.
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and there was no difference among the remaining three groups in

terms of the final ROM.

At the initiation of the study, no substantial disparities were

observed among the four cohorts regarding all radiographic

outcomes, except for CL and T1S-CL. Additionally, there were

no significant differences in SVA, T1S and CL or their changes

among the four groups at the final follow-up.

CL in the final follow-up in the ACDF group was smaller than

that in the other three groups, and there was no difference among

the HS1, HS2 and CDR groups (P > 0.05). There was no difference

in the change in CL among the four groups. This is mirrored in the

results pertaining to OCL and T1S-CL. The details are shown in

Table 2, in which the sagittal parameters before surgery and at
FIGURE 3

Imaging data of patient with C4–C7 cervical spondylotic myelopathy
before and after hybrid surgery treatment.
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TABLE 2 Clinical outcomes in four surgery groups.

CDR HS1 HS2 ACDF P
JOA baseline 12.3 ± 2.7 12.7 ± 1.0 12.3 ± 1.5 12.2 ± 1.4 0.862

JOA final 15.8 ± 1.5 15.7 ± 0.9 16.2 ± 1.0 15.3 ± 1.9 0.150

NDI baseline 37.5 ± 2.7 37.84 ± 2.0 39.5 ± 3.8 37.9 ± 2.5 0.070

NDI final 14.8 ± 4.9 12.5 ± 2.0 12.7 ± 3.3 13.6 ± 8.4 0.417

RR (%) 77.9 ± 31.8 69.9 ± 19.1 86.8 ± 18.1 70.4 ± 33.1 0.098

CDR, cervical disc replacement; HS1, one artificial disc and two cages; HS2, two

artificial discs and 1 cage; ACDF, anterior cervical discectomy and fusion; JOA,

Japanese Orthopedic Association score; NDI, neck disability index; RR (%),

recovery rate (%).
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the final follow-up are presented for all four groups. The details are

shown in Table 3.
Discussion

Cervical spondylosis myelopathy encompasses the symptoms

and signs that emerge because of damage to the spinal cord,

nerves, and blood vessels, attributable to the degenerative
TABLE 3 Radiological outcomes comparison among 4 groups.

CDR HS1 HS2 ACDF P
ROM baseline 41.3 ± 17.0 38.5 ± 10.2 42,7 ± 13.1 38.2 ± 13.0 0.573

ROM final 29.1 ± 11.6 29.8 ± 9.0 29.0 ± 8.4 22.0 ± 7.9 0.019

△ROM −12.2 ± 15.8 −8.6 ± 6.6 −13.7 ± 10.7 −16.2 ± 5.8 0.615

UROM baseline 7.8 ± 5.2 8.6 ± 2.9 9.3 ± 4.4 13.7 ± 17.4 0.157

UROM final 7.4 ± 6.2 7.7 ± 4.5 8.5 ± 7.4 8.5 ± 7.4 0.878

△UROM −0.3 ± 3.5 −1.0 ± 3.2 −2.0 ± 4.5 −1.9 ± 4.5 0.504

LROM baseline 5.4 ± 8.5 5.1 ± 2.4 7.2 ± 4.8 8.4 ± 7.4 0.325

LROM final 4.1 ± 2.4 5.2 ± 2.3 4.5 ± 3.5 6.9 ± 6.6 0.109

△LROM −1.3 ± 8.3 0.3 ± 2.2 −2.3 ± 3.8 −1.6 ± 5.6 0.577

SVA baseline 2.0 ± 1.1 1.9 ± 0.6 1.5 ± 1.1 1.8 ± 1.1 0.212

SVA final 1.8 ± 0.9 2.0 ± 1.3 1.7 ± 1.2 2.0 ± 1.2 0.740

△SVA −0.2 ± 1.3 0.1 ± 1.2 0.1 ± 1.0 −0.1 ± 1.5 0.766

T1S baseline 27.0 ± 7.0 22.8 ± 3.4 23.5 ± 7.8 24.9 ± 9.1 0.257

T1S final 26.4 ± 6.9 27.0 ± 2.1 26.1 ± 7.5 25.6 ± 7.8 0.952

△T1S 0.7 ± 8.7 4.1 ± 2.1 2.7 ± 5.5 0.7 ± 9.7 0.193

CL baseline 18.0 ± 15.5 10.5 ± 15.3 11.1 ± 11.2 8.5 ± 14.7 0.097

CL final 23.9 ± 12.4 19.9 ± 11.4 15.7 ± 7.2 12.7 ± 9.6 0.001

△CL 6.6 ± 11.4 9.3 ± 12.1 4.6 ± 9.9 4.2 ± 10.1 0.491

UCL baseline 5.3 ± 3.1 6.5 ± 5.9 3.2 ± 4.5 4.1 ± 6.6 0.194

UCL final 2.1 ± 1.7 7.3 ± 5.9 3.2 ± 4.5 1.9 ± 4.3 0.001

△UCL −2.9 ± 2.4 0.8 ± 6.5 −0.1 ± 4.5 −2.2 ± 6.5 0.059

LCL baseline 5.3 ± 2.5 6.9 ± 2.7 5.6 ± 6.1 3.6 ± 7.1 0.310

LCL final 2.4 ± 2.3 5.2 ± 2.4 5.2 ± 5.4 2.8 ± 8.1 0.146

△LCL −2.9 ± 2.5 −1.7 ± 2.0 −0.5 ± 4.3 −0.8 ± 6.9 0.206

OCL baseline 2.7 ± 3.7 3.9 ± 12.3 7.8 ± 9.0 4.7 ± 10.3 0.177

OCL final 8.1 ± 6.2 12.9 ± 12.2 14.1 ± 7.1 9.7 ± 7.5 0.027

△OCL 5.4 ± 8.2 7.7 ± 6.7 5.9 ± 9.0 5.9 ± 9.3 0.28

T1S-CL baseline 9.1 ± 11.3 12.3 ± 13.7 12.4 ± 10.1 16.4 ± 10.1 0.140

T1S-CL final 1.9 ± 9.0 7.0 ± 9.7 10.4 ± 8.1 12.9 ± 9.9 <0.001

△T1S-CL −7.2 ± 8.2 −5.3 ± 13.1 −2.0 ± 9.6 −4.3 ± 9.7 0.217

CDR, cervical disc replacement; HS1, one artificial disc and two cages; HS2, two

artificial discs and 1 cage; ACDF, anterior cervical discectomy and fusion; ROM,

C2–C7 range of motion; UROM, range of motion of upper adjacent segment;

LROM, range of motion of lower adjacent segment; SVA, C2–C7 sagittal vertical

axis; T1S, T1 slope; CL, cervical lordosis; T1S-CL, T1S minus CL; △, final

outcome minus baseline outcome.
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alterations in the cervical intervertebral discs and the ensuing

degenerative changes in the facet joints (13–15). Through anterior

cervical surgery, it is feasible to excise the intervertebral discs and

proliferative bone spurs from the anterior aspect, thus mitigating

the compression on critical structures, such as the spinal cord,

nerve roots, and vertebral arteries. Moreover, the anterior surgical

approach facilitates the restoration of the intervertebral space’s

height, the enlargement of the intervertebral foramen to alleviate

compression on the nerve roots, and the reinstatement of the

cervical spine’s normal curvature (16–18). The cervical spine’s

sagittal balance represents an outward indication of its

biomechanical stability; any sagittal imbalance signifies that there

have been shifts in the biomechanics of the cervical spine. The

biomechanical attributes of the cervical spine are governed

through muscular modulation, playing a critical role in the

transmission of cranial loads and the protection of the spinal cord.

Consequently, there is escalating attention toward the restoration

of the cervical spine’s sagittal parameters and biomechanical

balance. The underlying aim of artificial cervical disc replacement

is to sustain the mobility of the surgical segment while

concurrently preserving the cervical spine’s stability, with the

objective of achieving biomechanical equilibrium and reducing the

incidence of adjacent segment disease.

With similar demographic profiles (excluding age), clinical

baselines, and radiological indicators, the choice of surgical

approach may be associated with age and economic status. Younger

patients tend to opt for cervical disc replacement to preserve

cervical mobility (19), and the higher cost of cervical disc

replacement is more favored by higher-income individuals (20, 21).

In our study, a similar trend was observed, with a higher

proportion of younger patients opting for cervical disc replacement,

consistent with previous research findings. However, due to privacy

considerations, we did not stratify patients based on their income.

Moreover, in retrospective studies, bias is unavoidable. Our study

not only documented the final outcomes for patients but also

incorporated changes in indicators over time to mitigate further bias.

In this study, the clinical effectiveness of CDR, HS1, HS2 and

traditional ACDF surgery in treating multilevel degenerative

cervical spondylosis was assessed through a statistical analysis of

NDI and JOA scores for the patients involved. The clinical

metrics indicate that the patients’ conditions were improved

following all four surgical procedures, suggesting that each of the

four surgeries is efficacious in ameliorating the symptoms

associated with cervical spondylotic myelopathy. This analysis

revealed no significant differences in JOA and NDI scores from

before the surgery to the final follow-up. Furthermore, no

differences were observed in the rates of symptom relief among

the four groups at the final follow-up. The results of the analysis

suggest that the clinical outcomes for treating multilevel

degenerative CSM are similar across the four surgical approaches.

There was also no difference in the recovery of neurological

symptoms. This is because in both cervical disc replacement and

anterior cervical decompression and fusion, the initial phase of

the surgery is focused on comprehensive decompression of the

compromised area, aiming to maximize the recovery of nerve

and spinal cord functionality. There was no difference among the
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four surgical techniques in terms of their ability to decompress the

spinal canal and nerves. They all provide reliable long-term

decompression effects.

This study investigates the effects of four distinct surgical

techniques on the physiological ROM in the cervical spine. The

ROM is assessed in terms of flexion and extension along the sagittal

plane, accounting for both the cervical spine as a whole and its

adjacent segments, namely, superior and inferior. The key findings

from the analysis revealed that prior to surgery, there was no

significant variation in ROM across the cervical spine and its

adjacent segments among the four groups under consideration.

However, after the surgeries, there was a noted reduction in the

ROM in the cervical spine and the neighboring segments in all four

groups when compared to their preoperative status. Moreover, there

was no discernible difference in the overall cervical spine ROM

between the CDR group and HS group. Radiological evaluations

confirmed that despite a marked decrease in ROM in the flexion

and extension of the cervical spine in both the HS and CDR groups

post surgery, they maintained higher ROM than the ACDF group.

This suggests that the use of artificial intervertebral discs contributes

to preserving the ROM. Furthermore, the UROM and LROM were

similar across all four groups. However, the ACDF group exhibited

a reduced overall cervical spine ROM compared to the other

groups. This indicates that the artificial disc predominantly

mitigates the impact of the surgery on cervical spine mobility by

preserving the ROM of the surgically treated segment. The material

employed in cervical disc replacement is evolving to closely emulate

the natural intervertebral disc, which is fundamental for spinal

motion and shock absorption. In contrast, the anterior fusion

procedure involves the fusion of vertebrae and impacts the ROM in

the cervical spine, particularly in the surgically treated area. Hybrid

cervical surgery, comprising both fusion and disc replacement,

might restrict ROM in certain regions but uphold or enhance ROM

in others. Its cumulative impact on the cervical spine ROM is more

favorable than that of fusion alone. However, its ROM is

comparable to that of replacement alone, which could be attributed

to the artificial disc’s superior capacity to preserve ROM compared

to the restrictions imposed by bony fusion. Grasso and Lu’s study

also reported advantages in preserving overall mobility with hybrid

surgery and disc replacement (7, 22). Previous research has

suggested that CDR and HS have an edge in conserving motion at

adjacent segments (23), although some studies have reported no

significant differences (24, 25). Our research indicates a similar

absence of disparities, in line with Matsumoto’s perspective (26).

The surgery primarily addresses the responsible cervical segment,

preserving the adjacent segments and causing no iatrogenic effects

on neighboring vertebrae. Besides, the ultimate mobility of patients

does not significantly impact their daily life. Even within the ACDF

group, it may not be necessary to increase motion at adjacent

segments to enhance the overall segmental mobility, as it maintains

good stability. Nevertheless, further investigation with a larger

sample size is required in this context.

An excessively large value of SVA may lead to excessive

forward tilt of the head, causing the neck muscles to bear a

greater burden in order to maintain the balance of the head.

This can potentially cause symptoms such as neck pain,
Frontiers in Surgery 05
headaches, muscle fatigue, and limited activity. After cervical

surgery, improvements in the cervical SVA are usually associated

with good clinical outcomes, such as relief of patient pain and

improvements in quality of life (27, 28). There was no difference

in the baseline SVA, final follow-up results, or change values

among the four groups, indicating that there was no difference in

the ability to restore the SVA among the four surgical groups.

The C2–7 Cobb angle is commonly used to evaluate the degree

of lordosis of the cervical spine. In this study, the CL of the cervical

spine in the ACDF group was smaller than that in the other three

groups at baseline and the final follow-up. This may be related to

the relatively older age of patients who chose ACDF surgery.

However, there was no difference among the four groups in terms

of the correction angle of CL. There was also no difference in the

change in OCL among the four groups. Therefore, it can be

proven that there is no difference among the four groups in terms

of the ability to restore cervical lordosis, and there is no difference

in the ability to correct sagittal balance. The C2–7 Cobb angle in

patients with myelopathy due to cervical spondylosis is smaller

than that in healthy individuals. The normal cervical spine has an

anteriorly convex curvature. If it exceeds the normal physiological

curvature and becomes posteriorly convex, the cervical

intervertebral discs will be subjected to greater pressure (29). This

can eventually lead to an increase in pressure within the spinal

canal, causing pathological changes in spinal cord nerve cells.

Therefore, some researchers believe that maintaining an anterior

convex shape in the sagittal plane of the cervical spine is the

optimal state. Whether it is a straight or posteriorly convex shape,

both can increase the risk of degeneration of the cervical

intervertebral discs (30, 31). The results of this study indicate that

there is no difference in the ability to restore the lordotic state of

the cervical spine among the four surgical methods. Prior research

suggests that, compared to preoperative conditions, CDR can

maintain the sagittal curvature of the cervical spine, but it can

only sustain it rather than reconstruct cervical alignment (32, 33).

In this study, significant improvements were observed in all four

groups. CL and OCL exhibited significant differences compared to

the baseline. This improvement can be attributed to the complete

removal of osteophytes, restoration of endplate beds, and the

appropriate selection of implants.

The first thoracic vertebra is located at the junction between the

cervical spine and the thoracic spine and serves as the base for

the skull and cervical spine, reflecting the relationship between the

cervical spine and the balance of the entire spinal column. T1S

determines the position of the head’s center of gravity as well as

the amount of its anterior curvature. Researchers have found that

a smaller T1S can increase the risk of developing myelopathy due

to cervical spondylosis. T1S values are lower than those in healthy

individuals (34, 35). The current study reveals that in all four

patient groups, the postoperative T1S increased compared to

baseline levels, with this change being statistically significant.

However, there was no statistically significant difference among

the four groups, demonstrating that CDR, HS, and ACDF

surgeries have no differential impact on long-term T1S in patients.

T1S-CL is a parameter in the cervical spine deformity

classification system proposed by Ames and colleagues in 2015 (36).
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This parameter combines radiological features of both the cervical

and thoracic spine, similar to the lumbar lordosis parameter

in cases of thoracolumbar deformities. Currently, there are

numerous studies that have confirmed the correlation between

T1S-CL and the severity of symptoms in patients with

degenerative cervical spine diseases, as well as the efficacy of

postoperative outcomes (37–39). When T1S decreases, the

cervical spine will compensate by reducing CL, leading to the

progression of the cervical curvature toward a straight state. This

mechanism change may increase intervertebral stress, thereby

accelerating the degeneration of cervical intervertebral discs.

Those with a larger T1S need a larger cervical lordosis and more

load on the posterior neck muscles and ligaments to maintain

horizontal gaze. However, when the posterior neck muscle-

ligament complex is damaged, the cervical spine has difficulty

bearing the weight of the head, which can easily lead to sagittal

imbalance and gradually lead to the appearance of structural

cervical kyphosis deformity. Previous research has shown that

T1S-CL is closely related to CL, and this relationship is similar to

that between pelvic incidence (PI) and lumbar lordosis (LL). A

large T1S requires a large LL, and thoracic kyphosis accordingly

increases. Similarly, a large PI requires a large LL, and thoracic

kyphosis also increases, leading to an increase in T1S and CL. If

the overall change in CL with the variation in LL is not sufficient

to maintain the position of the head above the pelvis, this will

lead to an increase in muscle tension and pain. However, at this

point, maintaining horizontal gaze should be sufficient. Our

study reveals that there is a difference in the baseline T1S-CL

values among the four groups, with the ACDF group showing

the highest T1S-CL value, while no difference is found among

the remaining three groups. In the final outcome measures, the

T1S-CL of all four groups also showed differences, but their

change values were comparable. This indicates that there is no

difference in the ability of the four surgical methods to restore

sagittal balance.

There are some limitations. (I) This was a retrospective study

with a small sample of all groups so high-level grade randomized

controlled trials or large sample cohort studies are needed. (II)

The study only included patients with cervical spondylosis of

the spine; therefore, the conclusion may not be applicable to

other cervical diseases, such as cervical spondylosis of the nerve

root or ossification of the posterior longitudinal ligament.

Economic considerations and patient preferences: (III) The

studies may not account for the economic considerations and

individual preferences of the patients, which could have a

bearing on the choice of surgical intervention and the outcomes

thereof. The incorporation of economic analyses and patient

preference assessments is vital to ensure that the conclusions

drawn are reflective of real-world decision-making processes.

Lack of Multicentricity: While multicenter studies have the

potential to offer a more diversified dataset and a broader

patient population, this investigation was limited to a single

institution. The generalizability of the findings may thus be

constrained. Future studies should consider multicentric

collaborations to encompass a wider spectrum of patient

demographics and clinical practices.
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Conclusion

In conclusion, CDR, HS1, HS2, and ACDF all demonstrated

significant and long-term efficacy in the treatment of three-level

CSM. The clinical outcomes among the four groups were

comparable. The ACDF group exhibited a reduced ROM

compared to the other three groups, while no significant

difference in UROM/LROM was observed between the CDR,

HS1, and HS2 groups. Neither CDR nor hybrid surgery

displayed any significant advantages over ACDF in restoring the

sagittal sequence in three-level CSM.
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