Therapeutics and Clinical Risk Management Dovepress
Taylor & Francis Group

Clinical Efficacy of Endoscopy-Assisted Anterior
Cervical Discectomy and Fusion for
Single-Segment Cervical Spondylotic Myelopathy:
A Retrospective, Propensity Score-Matched Study

Tusheng Li*, Jingbo Ma*, Hanshuo Zhang, Qiang Jiang, Yu Ding
Orthopedics of TCM Senior Department, the Sixth Medical Center of PLA General Hospital, Beijing, People’ s Republic of China
*These authors contributed equally to this work

Correspondence: Yu Ding, Orthopedics of TCM Senior Department, the Sixth Medical Center of PLA General Hospital, Beijing, People’ s Republic of
China, Email cosmos_dingyu@163.com

Purpose: Endoscopy-assisted anterior cervical discectomy and fusion (EA-ACDF), which integrates the advantages of conventional
ACDF and spinal endoscopy, is an innovative technique for treating cervical spondylotic myelopathy (CSM). We compared the clinical
efficacy of EA-ACDF and ACDF for treating patients with single-segment CSM.

Methods: One-hundred and thirty-six CSM patients were retrospectively included from January 2021 to September 2023, of whom
61 underwent EA-ACDF and 75 underwent ACDF. Propensity score matching (PSM) was conducted to adjust for imbalances in
covariates between groups. Then, clinical and imaging outcomes, perioperative data, and complications were compared.

Results: After matching, 108 patients were included and followed for 15—38 months. Compared to the ACDF group, the EA-ACDF group
had less intraoperative bleeding volume, less drainage volume, and shorter postoperative hospital stays (P < 0.05). At 7 days and 3 months
after the surgery, the visual analog scale (VAS), Japanese Orthopedic Association score (JOA), and neck disability index (NDI) improved
more significantly in the EA-ACDF group (P < 0.05). Regarding imaging, intervertebral height index (IHI), C,_; cervical lordosis (C,_; CL),
and C,_; range of motion (C,_; ROM) exhibited no statistical differences between the two groups (P > 0.05). The complication rates between
the EA-ACDF (3.7%) and ACDF (14.8%) groups demonstrated statistical differences (P = 0.046).

Conclusion: Both EA-ACDF and conventional ACDF for single-segment CSM provide satisfactory clinical efficacy. The EA-ACDF
procedure provides a clearer surgical field, causes less trauma, allows faster recovery, and has the potential to reduce the risk of complications.
Keywords: cervical spondylotic myelopathy, anterior cervical discectomy and fusion, spinal endoscopy, complications, propensity
score matching

Introduction
Cervical spondylotic myelopathy (CSM) has a high prevalence in those older than 55 years of age, leading to spinal cord
dysfunction."* Clinically, patients with CSM mainly present with neck-shoulder pain, limb sensory deficits, and motor
dysfunction.>* Surgery is essential for patients with a clear diagnosis of CSM, which can prevent neurological deterioration.
Anterior cervical discectomy and fusion (ACDF) is the standard procedure for treating CSM, due to its advantages in adequate
neural decompression and restoration of cervical stability and lordosis.”® Nevertheless, the ACDF technique has inherent
shortcomings, such as a limited surgical field, difficulties in hemostasis, poor resolution of anatomical structures, and a high
risk of decompression of the posterior margin of the vertebral body and spinal cord surface.”*

With the advances in minimally invasive spine surgery, spinal endoscopic techniques are increasingly applied to cervical
ACDF procedures. Due to the presence of clear vision, easy identification of anatomical structures, and more convenient
hemostasis, endoscopic surgery can compensate for the inherent limitations of conventional ACDF, making minimally
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invasive ACDF possible.”” Endoscopic-assisted ACDF (EA-ACDF) is a new type of assisted ACDF procedure that fully
utilizes the advantages of aqueous and air media with the aim of providing better clinical guidance for the endoscopic
treatment of cervical spondylosis. This surgical approach allows for precise decompression under endoscopy, thus avoiding
damage to the spinal cord and nerves.” In 2024, Wu et al’ retrospectively analyzed data from 52 patients with CSM who
underwent EA-ACDF or ACDF. They indicated that EA-ACDF could provide better postoperative pain relief and improve
the clinical function of the cervical spine. However, the authors did not demonstrate postoperative imaging characteristics
and failed to balance confounders in the study design. Currently, there are few clinical studies on the treatment of cervical
spondylosis with EA-ACDF, and its feasibility and effectiveness need further exploration. Thus, we compared EA-ACDF
with ACDF for treating CSM in terms of clinical function, imaging, and complications. Meanwhile, we applied propensity
matching to balance between-group confounding factors and increase the reliability of our findings.

Materials and Methods
Patients’ Data

From January 2021 to September 2023, 136 consecutive eligible patients with CSM at our institution were retro-
spectively analyzed, of whom 61 underwent EA-ACDF (the EA-ACDF group) and 75 underwent conventional ACDF
(the ACDF group). This study was conducted according to the Declaration of Helsinki, with approval obtained from the
Ethics Committee of the Sixth Medical Center of PLA General Hospital (HZKY-PJ-2024-18). Patients signed informed
consent before surgery.

The inclusion criteria were (1) cervical spinal cord compression with a definitive diagnosis of CSM on imaging; (2)
patients with single-segment CSM; (3) ineffective conservative treatment; and (4) suitable for surgery under general
anesthesia. The exclusion criteria were (1) presence of cervical spine deformity, infection, or tumor; (2) patients with
severe hypertrophy of the ligamentum flavum and severe ossification of the posterior longitudinal ligament (OPLL); (3)
developmental cervical stenosis; (4) previous cervical spine surgery; (5) history of mental diseases; (6) incomplete
follow-up information.

Considering the nonrandomization of the design and the unbalanced preoperative characteristics, our study imple-
mented a propensity score matching (PSM) to control the influence of confounding factors on the experimental results.
Covariates considered to be of practical clinical significance were included, including (1) age, (2) gender, (3) body mass
index (BMI), (4) medical history, (5) operative segment, and (6) smoking history.

Surgical Procedure

The same team of surgeons performed all surgeries, following a procedure similar to that described by Wu et al.” The
operation was performed under general anesthesia, and the operative segment was recognized intraoperatively by
fluoroscopy. Then, an incision of about 3-4 cm was made in the right anterior neck. Subcutaneous tissues and the
platysma muscle were incised sequentially, and blunt and sharp detachments were conducted along the deep layers of the
platysma muscle. The deep fascia was incised along the inner edge of the sternocleidomastoid muscle and bluntly
separated from the underlying space between the visceral sheath and the vascular sheath to the prevertebral fascia. The
prevertebral fascia was cut open to expose the disc. Thereafter, the localization pins were placed in the proximal vertebral
body margin. After confirming the responsible segment under fluoroscopy again, the Casper retractor screws were placed
in the center of the vertebral body at the upper and lower levels of the responsible segment. Then, the Casper retractors
were attached to distract the vertebral body at both ends.

The EA-ACDF Approach

A spinal endoscopic imaging system was attached and the endoscope was inserted. Under aqueous media, the anterior
longitudinal ligament and the anterior fibrous ring were incised. Next, the nucleus pulposus was removed using nucleus
pulposus forceps, and the cartilaginous endplates were scraped using a small scraper. A power grinder drill and vertebral
plate forceps were applied to accurately abrade the osteophyte at the posterior edge of the vertebral body. Then, the fibrous
ring and posterior longitudinal ligament were dissected, and the epidural space was explored and decompressed. After
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confirming the adequate decompression of the dural sac, the proper type of interbody fusion device was placed and fixed
with screws. Finally, following sufficient hemostasis, a drain was positioned and the incision was sutured. Figures 1 and 2
depict an endoscopic diagram and a representative case of EA-ACDF, respectively.

The ACDF Approach

The patient was operated on with conventional ACDF without the assistance of spinal endoscopy. Under an air medium,
a curette was utilized to scrape the cartilaginous endplates and the remaining nucleus pulposus tissue from the disc.
Thereafter, vertebral plate bone forceps were applied to resect the hyperplastic posterior facet joints and the osteophyte of
the posterior edge of the vertebral body. After confirming the satisfactory decompression of the dural sac, a proper type
of interbody fusion device was placed and secured with screws. Following proper hemostasis, a drain was positioned and
the incision was sutured.

Perioperative Data Collection

Perioperative information for all matched CSM patients was compiled, including incision length, operative time,
intraoperative blood loss, drainage volume, and postoperative hospital stay. Intraoperative blood loss was estimated
based on the amount of change in hematocrit (Het),'” calculated based on the following formula: intraoperative blood
loss (mL) = [(preoperative HCT — HCT on postoperative day 2) / preoperative HCT] x body weight (kg) x 7% x 1000 +
intraoperative blood transfusion (mL).

Figure | Schematic diagram of EA-ACDF technique. (A) Conventional ACDF incision was made; (B and C) Placement of spinal endoscope and then operation; (D) The
nucleus pulposus was removed using a nucleus pulposus forceps under endoscopy; (E) A small scraper was used to scraped disc tissue and cartilaginous endplates; (F) Dural
sac decompression.
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Figure 2 Representative case from EA-ACDF. (A-C) Preoperative MRI and CT images indicated C4-5 segment disc herniation compressing the spinal cord (red arrow
indicating the herniated disc compressing the spinal cord); (D and E) MRI confirmed the removal of the herniated disc and adequate decompression of the spinal cord (red
arrow indicating the herniated disc was removed to decompress the spinal cord); (F) Interbody fusion with internal fixation after surgery.

Clinical Assessment

The visual analog score (VAS) was applied to evaluate patients’ neck and/or upper limb pain, whereas the Japanese
Orthopaedic Association Score (JOA) and the neck disability index (NDI) were used to determine the status of cervical
neurologic function. Questionnaires were evaluated preoperatively, at 7 days, 3 months, 6 months, and 12 months
postoperatively, and at the last follow-up.

Imaging Measurement

All patients underwent cervical spine X-ray examinations preoperatively, at 3 months postoperatively, and at the last
follow-up. The imaging data included intervertebral height index (IHI), C,_; cervical lordosis (C,_; CL) and C,_; range of
motion (C,.; ROM). The IHI is the height of the responsible intervertebral space normalized against the height of the
adjacent vertebrae. Based on a previously reported method,'' the heights of the anterior, middle, and posterior edges were
measured separately and averaged. The C,_; CL was measured using Cobb’s method,'? which refers to the angle between
the lower endplate of the C2 and C7. The C,.; ROM was the relative range of motion between hyperextension and
hyperflexion of the cervical C,_; angle. To minimize measurement error, the imaging data were obtained from two

independent evaluators and averaged (Figure 3).
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Figure 3 An illustration of imaging measurements. (A) The measurement of IHI, IHI = [2(b|+b2+b3)]/[(al +a2+a3) + (c|+c2+c3)] * 100%; (B) The measurement of C, 7 CL;
(C and D)The measurement of C,.; ROM in hyperflexion and hyperextension; C,.; ROM = a2 - (-al).

Statistical Analysis
Data analysis was conducted using IBM SPSS Statistics 25.0. The normality of continuous variables was assessed using the
Kolmogorov—Smirnov test (all group sample sizes > 50), with P > 0.05 indicating a normal distribution. An independent
samples #-test was conducted to compare normally distributed continuous data, and exhibited as mean + standard deviation.
Mann—Whitney U-test was applied for non-normally distributed continuous data, and expressed as median (Q1, Q3).
Categorical data were analyzed using the chi-square test or Fisher’ s exact test, and presented as frequencies and
percentages. Nonparametric tests for related samples and repeated measures analysis of variance were utilized to compare
data at different time points within groups. A p-value lower than 0.05 was considered statistically significant.

To reduce selection bias between the two groups, we performed PSM. Propensity scores were estimated using
a logistic regression model with group (EA-ACDF vs ACDF) as the dependent variable and age, gender, BMI, medical
history, operative segment, and smoking history as independent variables. Patients in the EA-ACDF group were then
matched 1:1 to those in the ACDF group on the propensity score using a caliper-based matching algorithm without
replacement, with a caliper width of 0.02 on the propensity score scale. Matching was implemented using the PSM
procedure in SPSS version 25.0, with randomized case order when drawing matches to minimize order-related bias.
Covariate balance before and after PSM was assessed by comparing baseline characteristics between the two groups
using appropriate statistical tests (independent samples #-test or Mann—Whitney U-test for continuous variables and chi-
square or Fisher’s exact test for categorical variables). A p-value < 0.05 was considered to indicate imbalance, whereas
P > 0.05 was regarded as acceptable balance.
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Results

Table 1 presents the preoperative general information before matching patients in the two groups, and two unbalanced
confounders were identified, including age and smoking history. After matching, 108 patients were included in this study and
all confounders exhibited balance (Table 2). The average follow-up length was 24.22 + 6.30 months (span of 15-38 months) in
the EA-ACDF group, compared to 24.06 £+ 6.11 months in the ACDF group (span of 15-38 months) (P = 0.889).

Perioperative Data

Table 3 summarizes the perioperative data in both groups. Compared with the ACDF group, the EA-ACDF group had
a longer operative time (P < 0.05). However, EA-ACDF showed less intraoperative bleeding, less drainage volume, and
shorter postoperative hospital stays (P < 0.05), indicating the advantages of less trauma and faster postoperative recovery.
The length of incision did not show statistical differences between the two groups (P > 0.05).

Clinical Outcomes

The clinical findings are presented in Table 4. Compared to the preoperative level, postoperative clinical functional scores
in both groups exhibited great improvements (P < 0.05), indicating that both surgical procedures were effective in

Table | General Information Before PSM

EA-ACDF Group (n = 61) | ACDF Group (n =75) | P value

Age (years) 53.00 (48.00, 59.00) 5741 + 850 0.037
Gender, n (%) 0.547

Male 31 (50.8) 42 (56.0)

Female 30 (49.2) 33 (44.0)
BMI (kg/m?) 24.09 + 2.84 24.02 + 3.09 0.892
Medical history, n (%)

Hypertension 20 (32.8) 27 (36.0) 0.695

Diabetes 13 (21.3) 20 (26.7) 0.469
Operative segment 0911

C3-4 4 (6.6) 7 (9.3)

C4-5 14 (23.0) 16 (21.3)

C5-6 23 (37.7) 30 (40.0)

Cé-7 20 (32.8) 22 (29.3)
Smoking, n (%) 10 (16.4) 24 (32.0) 0.037

Table 2 General Information After PSM
EA-ACDF Group (n = 54) | ACDF Group (n = 54) | P value

Age (years) 54.00 (48.75, 61.75) 55.63 + 7.45 0.547
Gender, n (%) 1.000

Male 27 (50.0) 27 (50.0)

Female 27 (50.0) 27 (50.0)
BMI (kg/m?) 2423 £ 2.73 24.15 + 3.16 0.891
Medical history, n (%)

Hypertension 15 (27.8) 15 (27.8) 1.000

Diabetes Il (20.4) 9 (16.7) 0.620
Operative segment 0.836

C3-4 3 (5.6) 4 (7.4)

C4-5 12 (22.2) 10 (18.5)

C5-6 21 (38.9) 25 (46.3)

Ce-7 18 (33.3) 15 (27.8)
Smoking, n (%) 10 (18.5) 10 (18.5) 1.000
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Table 3 Perioperative Data of the Two Groups

EA-ACDF Group (n = 54) | ACDF Group (n = 54) | P value
Length of incision (cm) 3.60 £ 0.23 3.64 £ 0.30 0.405
Operative time (min) 95.94 £ 7.90 83.48 + 6.80 <0.001
Intraoperative blood loss (mL) 31.28 + 496 56.33 + 9.06 <0.001
Drainage volume (mL) 28.76 + 7.47 53.50 + 10.36 <0.001
Postoperative hospital stay (d) 7(6,7) 7(7,8) 0.007

Table 4 Clinical Outcomes of the Two Groups

EA-ACDF Group (n = 54)

VAS score
Pre-op
Post 7 d
Post 3 m
Post 6 m
Post 12 m
Last follow-up
JOA score
Pre-op
Post 7 d
Post 3 m
Post 6 m
Post 12 m
Last follow-up
NDI (%)
Pre-op
Post 7 d
Post 3 m
Post 6 m
Post 12 m

Last follow-up

650+ 1.30 2
291 +£092°
2.66 + 0.87 ©
2.09 +0.73 ¢
1.59 +0.70 ©
109 + 057 f

10 (1o, 1) ®
14 (13, 15)°
15 (13, 15) >
15 (14, 15)
16 (14, 16) ¢
16 (15, 16) ¢

44.85 + 9.67 °
2648 + 594 °
23.26 + 6.06
20.89 + 4.78 ¢
15.56 + 4.94 ©
1226 + 5.11 f

ACDF Group (n = 54) | P value
642+ 1.13% 0.734
331 £098° 0.031
3.02+088°¢ 0.037
2.13 4089 ¢ 0.777
1.45 + 0.75 © 0.304
l11x072°f 0.882
10 (10, 1) ® 0.531
13(13, 14) ® 0.015
14 (13, 15) > 0.044
14 (14, 15) 0.055
15 (15, 16) ¢ 0.135
16 (15, 16) ¢ 0.598

4341 £ 862° 0.415
29.15 + 658 ° 0.029
25.70 + 6.45 © 0.045
2122 546 ¢ 0.736
1574 + 572 © 0.858
1237+ 6.16F 0919

Notes: Letters a—f indicate comparisons within groups at different time points. Identical letters indicate no
statistically significant difference between time points (P > 0.05), while different letters indicate statistically
significant differences (P < 0.05).

treating CSM. At 7 days and 3 months after surgery, compared to the ACDF group, greater improvements in VAS, JOA,
and NDI were found in the EA-ACDF group (P < 0.05), suggesting that EA-ACDF was superior to ACDF in pain relief

and neurological recovery after surgery.

Imaging Outcomes

Table 5 exhibits the imaging findings of the two groups. The differences in IHI, C,_; CL and C,_; ROM between the two
groups were not statistically significant (P > 0.05). However, postoperative IHI and C,_; CL were significantly improved
in both groups compared with preoperative values (P < 0.05), indicating that both procedures were effective in restoring
and maintaining intervertebral height and cervical curvature.

Complications

The EA-ACDF group included one patient who developed cerebrospinal fluid leakage and one patient who experienced
dysphagia (complication rate of 3.7%). In the ACDF group, two cases of cerebrospinal fluid leakage, two cases of
neurological dysfunction, two cases of dysphagia, and two cases of hoarseness were seen (complication rate of 14.8%).
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Table 5 Imaging Outcomes of the Two Groups

EA-ACDF Group (n = 54) | ACDF Group (n = 54) | P value

IHI (%)

Pre-op 39.99 + 446 40.29 £ 3.29 0.690

Post 3 m 43.01 £ 4.27* 43.05 £ 3.33* 0.965

Last follow-up 42.43 £ 4.25% 42.48 + 3.35% 0.953
C7 CL (")

Pre-op 11.71 £2.63 12.03 + 2.53 0.519

Post 3 m 17.26 + 2.78% 16.61 + 2.55% 0.210

Last follow-up 16.62 + 2.70% 16.22 + 2.59* 0.432
Cy.7 ROM (%)

Pre-op 42.25 + 2.66 42.32 £ 2.69 0.888

Post 3 m 40.57 £ 2.98* 39.94 £ 2.90*% 0.265

Last follow-up 41.61 £ 2.63* 41,11 £2.79* 0.339

Note: *Compared with the preoperative value, P<0.05.

Table 6 Complications of the Two Groups

EA-ACDF Group (n = 54) | ACDF Group (n = 54) | P value

Cerebrospinal fluid leakage
Neurological dysfunction
Dysphagia

Hoarseness

N ©O — O —
0 NN NN

Total number 0.046

The complication rates in both groups demonstrated significant differences (P = 0.046) (Table 6). During the follow-up
period, neither group of patients experienced serious complications such as adjacent segment disease (ASD) with
significant symptoms, fusion failure, implant displacement or fracture.

Discussion
This study aimed to compare the clinical efficacy, imaging outcomes, and complication rates of EA-ACDF versus
conventional ACDF in patients with single-segment CSM using a retrospective propensity score—matched design.

CSM is a chronic and progressive cervical degenerative disease whose incidence increases with aging.*'* In clinical
practice, patients with CSM frequently present with the symptoms of neurological dysfunction, mainly due to spinal cord
compression and subsequent neurological ischemic changes.*'* Several factors are involved in the pathogenesis of CSM,
including cervical disc herniation, OPLL, hypertrophy of the ligamentum flavum, and osteophyte formation at the posterior
margin of the vertebral body.' ™ Surgical intervention is the mainstay of clinical management of CSM, which decompresses
the spinal cord and nerve roots, restores cervical stability and curvature, and corrects deformities.'>"'¢

Since the 1960s, ACDF has gradually become the classic procedure for treating cervical degenerative diseases. ACDF
has proven to be effective in treating CSM in several studies.'”"'® Approaching from the anterior, the ACDF technique
can accomplish adequate decompression of the cervical spinal canal without interfering with the dural sac.'® In addition,
ACDF is effective in correcting cervical kyphosis and restoring cervical physiological curvature.”?® Nevertheless,
despite the reported strengths of ACDF, many limitations still exist in clinical practice. ACDF is prone to intraoperative
and postoperative complications due to limitations, such as a limited surgical field, and difficulty in distinguishing
anatomical structures, which seriously affect the clinical outcome of patients.”®

With the innovation of minimally invasive surgical techniques, microscopy combined with ACDF has been increas-
ingly adopted for treating cervical spondylosis. It enlarges the surgical field of view and provides a clearer vision and more
accurate anatomical separation.”'** However, compared to spinal endoscopy, microscopic techniques have some limitations,
such as poor hand-eye coordination, difficulty in maintaining the focus of the surgical field for a long time, aggravation of neck
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and shoulder strain for the surgeon, and the increased risk of wound infection due to frequent operation of the

microscope.”*** In a retrospective study, Higgins et al*’

found that the wound infection rate of lumbar decompression
surgery with microscope was 4.3%, significantly exceeding the rate observed in the control group. In addition, several studies
have shown that spinal endoscopy is an effective alternative to microscopy for the treatment of degenerative disc diseases.
Therefore, some scholars attempted to use spinal endoscopy instead of microscopy for ACDF, thereby providing a superior
surgical option for the treatment of cervical spondylosis. Recently, Wu et al’ and Tang et al’ reported that spinal endoscopy
combined with ACDF for CSM achieved satisfactory clinical outcomes, suggesting the feasibility of this technique.
Nevertheless, the authors did not explore the imaging characteristics of different procedures and/or balance confounding
factors in the study design, undermining the reliability of their findings. Therefore, this study utilized the PSM method to
control for covariates and compare imaging changes, thereby increasing the reliability of our findings.

The EA-ACDF technology integrates the features of conventional ACDF and spinal endoscopy and has new
advantages in clinical application. The water medium makes a clearer surgical field of vision, and the application of
endoscopic instrumentation allows for more precise decompression of the discs and hyperplastic osteophytes of the
posterior edge of the vertebral body, which effectively decreases the risk of spinal cord and nerve root injury. Static water
pressure can be maintained under endoscopy, which makes bipolar radiofrequency hemostasis more convenient. Besides,
continuous saline irrigation may be able to effectively avoid the risk of postoperative infection at the surgical site.?®
Notably, EA-ACDF is designed to maintain a clear surgical field by utilizing water flow rather than increasing water
pressure. Switching between air and water media allows for the maintenance of unobstructed water flow and a stable
static water pressure, which can effectively prevent complications, such as myeloid hypertension-like syndrome, cervical
soft tissue edema, and mediastinal effusion.’

In the present study, all postoperative clinical functional scores of patients greatly improved compared to their
preoperative levels. Thus, we believe that both surgical techniques for single-segment CSM can provide satisfactory
clinical efficacy. However, the two surgical approaches for CSM still have different characteristics. Compared to
conventional ACDF, clinical function scores improved more effectively in the EA-ACDF group at 7 days and 3 months
postoperatively, suggesting that EA-ACDF was superior to ACDF in pain relief and neurologic recovery postoperatively,
which may be related to the fact that the endoscopic operation of EA-ACDF led to less damage to the spinal cord and
nerve roots. Regarding perioperative data, the EA-ACDF group had less intraoperative bleeding volume, less drainage
volume, and shorter hospitalization length, suggesting minimal trauma and rapid recovery. In addition, compared to
conventional ACDF, EA-ACDF appeared to reduce the incidence of intraoperative and postoperative complications,
which may be related to the clear field of view in endoscopic operation and precise decompression. However, the
relatively small sample size of this study limits the ability to fully assess the advantage of EA-ACDF in reducing
complication rates. Notably, due to the short follow-up period of this study, the exploration of long-term complications is
insufficient. For example, long-term complications such as ASD with obvious symptoms, fusion failure, implant
displacement or fracture may require reoperation. Therefore, further long-term follow-up studies are needed in the future
to comprehensively understand the advantages of EA-ACDF in terms of complications.

In this study, both EA-ACDF and ACDF achieved adequate decompression of the spinal cord in the treatment of CSM.
Compared with conventional ACDF, the advantages of EA-ACDF mainly lie in clearer surgical visualization and more precise
endoscopic decompression. The indications and contraindications of EA-ACDF are basically the same as those of conven-
tional ACDF. Nevertheless, EA-ACDF as a new technique for treating cervical spondylosis has some limitations. For
example, the EA-ACDF technique has a long learning curve, which necessitates extensive experience in open surgery and
spinal endoscopic surgery. Furthermore, due to the mutual occlusion of the endoscope and instruments and the small size of the
surgical instruments, the efficiency of endoscopic decompression is relatively low, leading to a longer operative time.

EA-ACDF is an effective surgical procedure for the treatment of CSM and deserves further attention. From
conventional ACDF to microscope-assisted ACDF or EA-ACDEF, the innovation of technology mainly lies in how to
make the surgical field clearer, decompression more accurate, and hemostasis simpler, with fewer complications.
Therefore, further improvement of optical and endoscopic surgical instruments is necessary to increase decompression
efficiency and safety. In addition, in the future, the clinical efficacy of microscope-assisted ACDF should be compared
with that of EA-ACDF.
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This study had some limitations. Firstly, the features of this study were a retrospective analysis, which made it prone
to subjective bias in case selection. Although we applied PSM to control for between-group confounders, bias could not
be completely avoided. Furthermore, the sample size was small and all patients were from a single institution. Therefore,
prospective, multicenter randomized controlled trials with larger sample sizes and longer follow-up periods are needed to
validate our findings and to determine whether the advantages observed in this study can be sustained in the long term. In
addition, further research is needed to evaluate the learning curve, cost-effectiveness, and applicability of EA-ACDF in
multilevel CSM and other cervical pathologies.

Conclusion

Both EA-ACDF and conventional ACDF for single-segment CSM can provide satisfactory clinical efficacy. The EA-
ACDF procedure provides a clearer surgical field, causes less trauma, allows faster recovery, and has the potential to
reduce the risk of complications.
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