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Abstract: Cervical spondylotic myelopathy (CSM) is the most serious subtype of cervical spondylosis, which is the main cause of 

spinal cord dysfunction in middle-aged and elderly people, and the pathogenesis of this CSM is complex, mainly including 

degenerative aging, dynamic instability, spinal cord ischemia, spinal cord injury, inflammation, apoptosis, and other possible 

mechanisms. The clinical treatment of the CSM mainly includes conservative treatment and surgical treatment. Conservative 

treatment includes drugs, acupuncture, moxibustion, traction, physical therapy and manual treatment. Surgical treatment can 

be divided into anterior surgery, posterior surgery, anterior and posterior combined surgery according to the surgical approach. 

The choice of treatment regimen should be based on the patient's symptoms, signs, and the results of auxiliary examinations, 

but how to choose the appropriate treatment plan is still the focus of clinicians. This article focuses on the research progress of 

the pathogenesis and treatment methods of this disease, in order to provide a reference for the diagnosis and treatment of 

cervical myelopathy. 
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Cervical spondylotic myelopathy (CSM) is a 

degenerative disease characterized by the degeneration of 

the cervical spine and soft tissues around the spinal cord, 

which causes myeloid symptoms of varying degrees due to 

compression of the spinal cord or compromised blood 

supply. While traditionally more prevalent among elderly 

men, the incidence of CSM is increasingly observed in 

younger ages. CSM often affects multiple cervical cord 

segments at the same time, but it most commonly occurs at 

the C5/6 level, followed by the C3/4 level [1]. The slow 

onset and long duration of CSM make early detection 

challenging, yet late-stage manifestations can result in 

irreversible spinal cord damage, significantly impairing 

limb function and quality of life. Therefore, understanding 

its pathogenesis and exploring therapeutic interventions 

are crucial. 

 

1 Pathogenesis 

 
CSM pathogenesis involves both static and dynamic 

factors. Static factors are closely related to spinal stenosis, 

primarily stemming from congenital development and 

cervical degeneration. Studies indicate that congenital 

cervical spinal stenosis, particularly when the cervical 

spinal canal diameter is less than 13 mm, correlates 

significantly with CSM development [2]. Cervical spine 

degeneration is characterized by disc herniation, vertebral 

body osteophyte formation, ossification of the posterior 

longitudinal ligament, and ligamentum flavum 

calcification [3]. Dynamic factors, such as repetitive 

motion, exacerbate the effects of static factors, leading to 

chronic cervical cord injury. 

Prolonged mechanical injury directly damages 

neurons and glial cells, triggering subsequent 

pathophysiological changes, including local ischemia, 

disruption of the blood-spinal cord barrier (BSCB), 

inflammation, and apoptosis. 

 

1.1 Ischemia 

 
Since the mid-20th century, ischemia has been 

recognized as a fundamental pathogenetic mechanism 

leading to spinal cord degeneration, as demonstrated in 

animal experiments. Ischemia is exacerbated by local 

vascular malformation and pathological changes within the 

blood vessels. Yamada et al. [4] constructed an animal 

model of spinal cord ischemia, revealing central 

pigmentolysis and myelin vacuolization in anterior and 

posterior horn cells following 20 minutes of spinal cord 

ischemia. Although such experiments cannot be performed 

directly in humans, they provide insight into potential 

pathophysiological mechanisms underlying spinal cord 

degeneration. 

 

1.2 BSCB 

 
BSCB is a physical barrier between blood and spinal 

cord parenchyma that prevents toxins, blood cells and 
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pathogens from entering the spinal cord, maintains the 

homeostasis of the spinal cord parenchyma, and provides 

the necessary environment for normal neurological 

function. When the structure and function of the BSCB are 

damaged, the homeostasis of the spinal cord's internal 

environment is also disturbed to varying degrees, 

ultimately leading to neurological deficits [5]. Although 

there are no effective clinical interventions to restore spinal 

cord injury resulting from BSCB disruption, research 

suggests that Sirtuin 1 (SIRT1), a histone deacetylase, 

protects the endothelial barrier by deacetylating the redox 

protein p66Shc, and is expected to be a breakthrough in the 

treatment of spinal cord injury [6]. 

 

1.3 Inflammation  

 
When the spinal cord is compressed, the disruption of 

the BSCB leads to increased vascular permeability of the 

spinal cord and facilitates the entry of inflammatory cells 

from the peripheral circulation. Peripheral immune cells, 

along with cytokines, chemokines, and other mediators 

produced by microglia, astrocytes, and endothelial cells, 

guide the inflammatory response of the nerve [7]. 

Neuroinflammation further exacerbates the degeneration 

of the spinal cord, creating a vicious cycle. 

 

1.4 Apoptosis  
 

Apoptosis, a programmed cell death process requiring 

energy and protein synthesis, frequently occurs within 

hours of cellular inflammation [8]. This process occurs in 

neurons, oligodendrocytes, microglia, and even astrocytes. 

While surgical decompression does not completely 

abrogate apoptosis, it significantly mitigates neuronal 

apoptosis levels in animal models of CSM, thereby 

improving neurological function [9]. 

 

2 Treatment 
 

CSM should be treated with an individualized plan 

according to the patient's symptoms, signs and imaging 

tests, mainly including conservative treatment and surgical 

treatment. Fehlings et al. [10] suggested that prophylactic 

surgery should not be performed in patients without 

neurogenic or myeloid symptoms. Conservative treatment 

can be adopted in patients with mild cases, and surgical 

interventions should be considered if the conservative 

treatment is ineffective and the symptoms progress. 

Patients with moderate or severe CSM can be directly 

treated with surgery. 

 

2.1 Conservative treatment 
 
2.1.1 Pharmacotherapy   

At present, there is no specific drug to cure CSM. 

Treatment primarily targets symptom management to 

alleviate patient discomfort and enhance quality of life. 

Commonly used western medicines include non-steroidal 

anti-inflammatory drugs, nutritional neurotrophic agents, 

nerve decongestants, and muscles relaxants. In acute or 

postoperative scenarios, steroids hormone may be 

considered. However, prolonged usage at high dosage is 

cautioned against [11]. 

According to Chinese medicine, internal factors 

contributing to CSM are closely linked to liver, spleen, and 

kidney functions, while external factors encompass wind, 

cold, dampness, and extended physical labor [12]. Chinese 

Medicine classifies CSM into five categories: liver and 

kidney deficiency, qi and blood deficiency, blood stasis 

and collateral obstruction, dampness and heat invasion, 

and yin and blood deficiency. Corresponding Chinese 

herbal medicines are prescribed accordingly [13]. Zhu et 

al. [14] advocated a treatment approach focusing on 

nourishing the liver and kidney, invigorating qi and blood, 

and activating blood circulation to remove blood stasis. 

They have developed the "Yishen Yangsui Prescription" to 

"nourish the kidneys and marrow, and eliminate bi 

(obstruction)", and have used this formula for symptomatic 

treatment of 35 CSM patients. Follow-up observation of 

changes in spinal cord function showed that the formula 

had a good effect in treating CSM [15]. Prof. Shi believes 

that the treatment of CSM should focus on harmonizing qi 

and blood, activating blood and removing stasis, and 

nourishing the liver and kidneys. His team used the "Qi-

activating and blood-activating kidney-nourishing 

prescription" formulated by Professor Shi Qi to treat 109 

CSM patients and found that this formula had a certain 

effect on the treatment of mild and moderate CSM through 

follow-up [16]. Moreover, various scholars have 

substantiated the efficacy of Chinese medicine in treating 

mild CSM [17]. Chinese medicine may enhance local 

spinal cord blood circulation and reduce ischemia, thereby 

alleviating symptoms. 

 

2.1.2 External treatment  

For patients with poor response to oral pharmaco- 

therapy alone, external interventions are often combined. 

Common modalities include Chinese medicine 

physiotherapy such as acupuncture, traction, and manual 

therapy. Combinations of multiple external therapies are 

frequently employed to enhance therapeutic outcomes. Wu 

et al. combined acupuncture with dihuang drink 

supplementation to treat 30 CSM patients, noting 

significant improvement in neck pain and diastasis in the 

acupuncture group, underscoring acupuncture's 

therapeutic potential [18]. Prof. Li proposed that 

standardized Tuina can improve blood circulation in the 

neck, promote the absorption of edema and inflammation 

around the nerve roots, and relax muscles, improving the 

state of cervical spine disorder and reducing mechanical 

compression. Thirty-four CSM cases treated with Tuina 

techniques and traction showed symptom alleviation in 30 

cases [19]. However, most studies primarily focus on early-

stage and mild CSM. For advanced and severe cases where 

conservative treatment proves ineffective, surgical 

intervention should be actively considered. 

 

2.2 Surgical treatment 
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2.2.1 Anterior cervical surgery 

Anterior cervical surgery includes anterior cervical 

discectomy and fusion (ACDF), anterior cervical 

corpectomy and fusion (ACCF), anterior controllable ante 

displacement and fusion (ACAF), and artificial cervical 

disc replacement (ACDR). The Smith-Peterson approach 

is usually used for the anterior cervical approach, and a 

transverse incision is usually made in the anterior cervical 

dermatome to bluntly detach the cervical vastus muscle, 

and reach the anterior edge of the vertebral body from the 

gap between the medial border of the sternocleidomastoid 

muscle, the carotid sheath, and the trachea and esophagus, 

and then the anterior longitudinal ligament is incised to 

visualize the vertebral body and the intervertebral discs. 

The vertebral body and discs are visualized by incision of 

the anterior longitudinal ligament, and then operated 

accordingly to different surgical approaches. 

The main advantage of ACDF is that it can directly 

decompress the spinal cord and nerve roots with stable 

efficacy and safety, which is the gold standard for the 

treatment of CSM. The shortcomings of ACDF are also 

more obvious, such as incomplete decompression due to 

the narrow field of view during the operation, and 

postoperative complications such as difficulty in 

swallowing, non-fusion of prosthesis, and sinking of 

fusion device. To solve these problems, clinicians have 

optimized the surgical approach and improved the 

interbody fusion device. The zero-track interbody fusion 

device is hidden behind the anterior margin of the vertebral 

body after implantation, which better solves the problem 

of postoperative dysphagia, and there is no significant 

difference in the restoration of intervertebral height and 

cervical spine physiological curvature compared with the 

traditional ACDF [20]. The 3D-printed interbody fusion 

device solves the problems of pseudoarthrosis, prosthesis 

subsidence, and other complications due to its better 

elasticity modulus, and its micropore and trabecular 

structure which is easy for the bone tissues to crawl [21]. 

Compared with ACDF, ACCF has a larger 

decompression range, a broader field of view, and more 

complete decompression, which is especially suitable for 

the cases where the compression mainly comes from the 

posterior part of the vertebral body, severe stenosis of the 

cervical canal, and other cases where decompression 

through the intervertebral space is difficult. However, a 

large number of studies have shown that in the treatment 

of multi-segmental CSM, the difference between ACDF 

and ACCF in terms of fusion rate, JOA score and other 

efficacies is not statistically significant, and the 

performance of ACCF in terms of intraoperative 

hemorrhage, prosthesis settling rate, and complication rate 

is poorer than that of ACDF [22]. Han et al. [23] applied 

3D printed artificial vertebral body to ACCF surgery and 

found that compared with traditional titanium mesh, its 

contact area with the upper and lower vertebral endplates 

was larger, stress was more dispersed, and the contact 

surfaces were more coincidental, which was better able to 

prevent prosthesis settling. 

In 2017, Prof. Shi's team creatively proposed the 

concept of ACAF based on Yamaura's floating anterior 

approach, which provides a new idea and method for the 

surgical treatment of severe cervical posterior longitudinal 

ligament ossification (OPLL) [24]. This surgical technique 

achieves decompression of the spinal canal by 

longitudinally dissecting the vertebral body near the 

bilateral hook vertebral joints and lifting it anteriorly. Due 

to the outward position of the groove and the fact that the 

dura mater is not separated from the posterior longitudinal 

ligament during the decompression process, the risk of 

spinal cord injury and cerebrospinal fluid leakage is greatly 

reduced, and the complications of excessive posterior 

displacement of the spinal cord, such as the pulling of the 

nerve roots, are also reduced compared with posterior 

cervical spine surgery. And the procedure has also 

achieved good long-term efficacy in clinical [25]. However, 

there are fewer reports on the complications of ACAF so 

far, and in-depth study and long-term follow-up are still 

needed. 

Although anterior fusion surgery is effective, the loss 

of joint mobility (ROM) in the operated segment after 

fusion and the greatly increased mobility of the adjacent 

discs can lead to accelerated adjacent segment disease 

(ASD). Therefore, ACDR was developed for this purpose. 

The advantage of this procedure is that the ROM of the 

cervical spine can be preserved while decompressing the 

cervical spine, which reduces the incidence of ASD in the 

adjacent vertebrae [26]. The occurrence of heterotopic 

ossification (HO) of the operated segments after ACDR 

was first reported in 2005[27]. It has been found that HO 

does not affect the clinical outcome of ACDR, but due to 

the occurrence of HO, the ROM of the adjacent segments 

gradually rises, and the advantage of ACDR in preventing 

ASD of the adjacent vertebrae gradually shrinks [26]. The 

limitations of ACDR lie in the long learning curve and the 

large number of contraindications to the procedure, and it 

is not appropriate to perform ACDR on patients with more 

than three surgical segments, cervical instability, 

degenerative changes in the synovial joints, and allergy to 

endoprosthetic plants. ACDR is not suitable for patients 

with more than 3 segments, cervical instability, 

degeneration of the synovial joints, or allergy to 

endoprosthesis. 

In recent years, microscopes have gradually emerged 

in anterior cervical spine surgery, and the application of 

microscopes has solved the problem of the field of vision 

in anterior cervical spine surgery. First, microscopes 

provide a stable light source and field of view for the 

narrow surgical field. Second, microscopes can present the 

structures in three dimensions, making the surgical 

operation more delicate, realizing precise hemostasis and 

decompression, making the operation safer, and at the 

same time greatly reducing the probability of anterior 

cervical hematoma and complications [28]. However, the 

learning curve for microscopy is steeper and spine 

surgeons need a lot of practice to master microscopic 

operations. 

 

2.2.2 Posterior cervical spine surgery 

Posterior cervical spine surgery mainly includes 

laminectomy and laminoplasty, the former includes total 
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laminectomy and hemilaminectomy, and laminoplasty has 

the difference between single-opening and double-opening. 

The main purpose of the surgery is to indirectly 

decompress the spinal cord by opening up the posterior 

wall of the spinal canal and allowing the spinal cord to drift 

backward away from the pressure-causing objects in front 

of the spinal canal. The advantages of posterior cervical 

spine surgery are complete decompression and higher 

safety, but there are more complications, such as 

postoperative axial pain, cervical instability, C5 nerve root 

palsy, and deterioration of neurological function in the long 

term [29]. In order to reduce the incidence of 

complications, many scholars have conducted in-depth 

research and exploration of posterior cervical surgery. 

For example, in single-door cervical laminoplasty, 

three types of fixations, suture suspension, anchoring, and 

titanium plates, are widely used. Mo et al. [30] analyzed a 

large amount of literature and found that titanium plates 

were more advantageous than suture suspension or 

anchoring, with a greater range of motion after cervical 

spine surgery, and a lower incidence of axial symptoms and 

C5 nerve root paralysis. Liu et al. [31] found that, in the 

long-term follow-up of 98 patients with CSM who 

underwent single-door cervical laminoplasty, fixating 

titanium plates to the lateral block had a lower rate of hinge 

fracture, and fixation to the plate had less chance of C5 

nerve root paralysis and less severity of axial symptoms. 

hinge fracture rate was lower when fixed to the lateral 

block, and the probability of C5 nerve root palsy and 

severity of axial symptoms were less when fixed to the 

plate. 

Although total laminectomy is effective in 

decompression, it can greatly destabilize the cervical spine, 

which is not conducive to the long-term recovery of the 

patients. Ohtonari et al. [32] preserved the small joints and 

the collateral ligaments during laminectomy and 

demonstrated that the decompression effect of 

laminectomy was similar to that of conventional 

laminoplasty, and its imaging performance was not inferior 

to that of laminoplasty through a noninferiority test. Liu et 

al.[33] observed 68 multisegmental CSM patients and found 

that laminectomy and decompression combined with 

internal fixation of lateral screws and rods was better than 

laminoplasty combined with wire fixation in terms of 

surgical bleeding, postoperative recovery time, JOA score, 

physiological curvature recovery, cervical spine mobility, 

and the incidence of postoperative complications, thus 

confirming that laminectomy and decompression 

combined with internal fixation of lateral screws and rods 

has a definite clinical efficacy. 

Although posterior cervical laminectomy and 

laminoplasty are effective, both require complete exposure 

of the spinous processes and vertebral plates, and have the 

shortcomings of being traumatic, bleeding, and prone to 

complications. For patients with single-stage CSM, open 

surgery can be endoscopically performed to reduce 

surgical trauma, and endoscopic laminectomy and 

laminoplasty (Endo-LOVE) can be used to partially 

decompress and remove the vertebral plate and 

synchondrosis in the necessary areas only. Some studies 

have shown that the use of this technique is safe and 

effective in the treatment of CSM. However, due to the 

poor endoscopic field of view, it is prone to 

instrumentation injury, inadequate hemostasis, and 

incomplete decompression, which further cause 

complications such as nerve injury, hematoma formation, 

and recurrence of the operated segment. 

Due to the thinness of the cervical pedicle, manual 

pinning is prone to deviation, resulting in adverse 

outcomes. Robotic and navigation-assisted pinning greatly 

improves pinning accuracy and reduces surgical trauma. 

Zhang et al. [34] analyzed 369 cases of cervical spine 

surgery with navigation or robotic assistance, and the 

clinical effect of navigation and robotic-assisted pinning 

technology is clear. However, there are still some problems 

with this technique, i.e., it is difficult to accurately attach 

the data to the target vertebrae during surgery, which may 

cause the nail placement route to deviate from the planned 

route. With the continuous development of science and 

technology, it is believed that spinal surgery will move 

forward in the direction of more delicate and minimally 

invasive. 

 

2.2.3 Combined anterior and posterior approach 

Anterior approach can better solve the compression 

from the anterior part of the spinal cord and better maintain 

the balance of the sagittal and coronal positions of the 

cervical vertebrae, but when the spinal stenosis is severe, 

the anterior approach alone has the risk of causing spinal 

cord injury; whereas, posterior approach can solve the 

compression from the posterior part of the spinal cord or 

severe spinal stenosis resulting from extensive anterior 

approach; and when the responsible gap is more than three 

and the bone quality is poorer, then the combined anterior 

and posterior approach should be considered. Patients with 

poor bone quality [35], or severe anterior compression and 

severe spinal stenosis, should consider a combined anterior 

and posterior approach. Kuo et al. [36] followed 41 

patients who underwent combined anterior and posterior 

surgery for more than 2 years, and the spinal cord function 

scores of the patients at the end of the follow-up were 

significantly improved compared with those of the 

preoperative period. Although there was a risk of 

cerebrospinal fluid leakage, the incisions healed well and 

no adverse long-term complications were found, 

confirming that combined anterior and posterior surgery 

has a good long-term clinical outcome. 

 

2.3 Post-operative rehabilitation 

 
In the treatment of CSM, although surgery can 

instantly relieve the compression of the spinal cord, the 

damage produced by the long-term compression of the 

spinal cord, or the irritation symptoms on the spinal cord 

during decompression during surgery will remain for a 

period of time after the operation, so postoperative 

rehabilitation is also a very important part of the treatment 

process of CSM. Some studies have found that appropriate 

postoperative interventions can effectively relieve patients' 
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discomfort and accelerate their recovery. 

Guo et al. [37] applied the Internet telecare model to 

the postoperative care of CSM, and found that this method 

performed better than conventional care in relieving 

symptoms and restoring neurological function. Dong [38] 

adopted the care model under the concept of rapid 

rehabilitation surgery for postoperative CSM patients, and 

compared with conventional care, the implementation of 

the concept of rapid rehabilitation surgery can to a certain 

extent promote the recovery of patients, reduce 

postoperative complications, and alleviate the pain of 

patients. Liu et al. [39] developed an individualized and 

precise exercise rehabilitation method for cervical spine 

stabilization through finite element biomechanical analysis 

of bony structural alterations in CSM patients after 

implementation of minimally invasive surgery. 

 

3 Summary 

 
Existing studies have mainly concluded that the 

pathogenesis of CSM is mainly ischemia, blood-spinal 

cord barrier damage, inflammation and apoptosis caused 

by spinal cord compression, and most of the clinical 

treatment plans for this disease are also focused on 

resolving the spinal cord compression, thus relieving the 

ischemic state of the spinal cord. However, studies have 

shown that these therapeutic measures can resolve spinal 

cord tissue ischemia after relieving spinal cord 

compression, but they cannot completely terminate spinal 

cord cell apoptosis, and certain neurological dysfunction 

still remains and requires prolonged rehabilitation and 

treatment. The pathogenesis of CSM has not yet been fully 

clarified, and the current therapeutic goals of spinal cord 

spondylosis are mainly focused on relieving symptoms, 

guiding the disease toward benign development, and 

improving the patient's quality of life and other aspects. 

Through the previous literature study, it was found that the 

treatment of this disease is mainly categorized into 

conservative and surgical treatments. Oral medication 

alone or combined with external therapies is suitable for 

most of the patients with mild CSM, but for those who do 

not have obvious effect of conservative treatment or whose 

disease continues to progress, surgical treatment should be 

performed as soon as possible. For limited compression 

from the ventral side of the spinal cord that does not 

involve the posterior border of the vertebral body, ACDF 

surgery can be used to locally decompress the compression; 

ACCF and ACAF can both relieve ossified compression 

from the posterior side of the vertebral body, but the 

difference in efficacy lies in the fact that ACAF is superior 

to ACCF in terms of complications and recovery of spinal 

cord function. ACDR surgery can preserve part of the 

mobility of the operated segments for a short period of time, 

but long-term follow-up studies have shown that it is more 

effective for patients with mild CSM than for those with 

progressive disease. However, long-term follow-up studies 

have shown that the problem of heterotopic ossification of 

the operated segments will make the long-term efficacy of 

this procedure not much different from that of ACDF. 

Compared with anterior surgery, the biggest advantage of 

posterior surgery is that it is safer, but there are more 

postoperative complications than anterior surgery. 

Combined anterior and posterior surgery is very traumatic, 

with high blood loss, and it is not recommended to choose 

this procedure easily if there is not severe compression on 

both the ventral and dorsal sides of the spinal cord. With 

the development of science and technology, the input of 

microscope, robot, navigation system and other equipment 

makes cervical spine surgery more refined and minimally 

invasive. Care should be taken in developing a surgical 

plan that seeks to address the patient's most predominant 

symptoms with minimal trauma. Postoperative 

rehabilitation care is also an essential part of the treatment 

of CSM, which can optimize the surgical effect and reduce 

the patient's postoperative discomfort to a certain extent. 

In the future, basic research related to the pathogenesis of 

CSM and clinical research related to its treatment should 

be linked together to realize mutual complementarity and 

common progress. 
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