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ARTICLE INFO ABSTRACT
Keywords: Background: Cervical local kyphosis (CLK) is a common degenerative disorder with a potentially
Cervical spondylotic myelopathy debilitating and intractable condition. Currently, there is still debate on the optimal treatment of

Anterior cervical discectomy and fusion
Anterior cervical corpectomy and fusion
Local kyphosis

Neurological improvement

Axial symptoms

local kyphotic cervical spondylotic myelopathy (LKCSM) via different anterior approaches.
Objective: The objective of this study was to evaluate the surgical efficacy of anterior cervical
discectomy and fusion (ACDF) vs. anterior cervical corpectomy and fusion (ACCF) for the
treatment of LKCSM. In addition, the cervical sagittal alignment parameters and axial symptoms
(AS) severity after CLK correction were analyzed.

Materials and methods: From January 2016 and December 2020, 104 patients who suffered LKCSM
were retrospectively reviewed. These patients underwent ACDF (n = 53) and ACCF (n = 51). Pre-
and postoperatively, cervical sagittal alignment parameters were measured on the lateral X-rays,
including local kyphotic angles (LKA), C2-7 Cobb angle, T1 slope, and C2-7 sagittal vertical axis
(C2-7 SVA). The neurological recovery rate was calculated according to the Japanese Orthopedic
Association (JOA) score. The AS severity was evaluated using Neck Disability Index (NDI).
Results: Significant differences (P < 0.05) were demonstrated between ACDF and ACCF groups
regarding LKA, LKA correction, C2-7 Cobb angle, T1 slope, C2-7 SVA, NDI, NDI recovery and NDI
ranking system. However, no significant differences (P > 0.05) existed in JOA score, recovery
rate, and neurological recovery rate grade. In both groups, significant differences (P < 0.05) were
demonstrated between pre- and postoperative LKA, T1 slope, C2-7 Cobb angle, C2-7 SVA, JOA
score, and NDI. LKA correction showed the positive correlations with the recovery rate (r = 0.48,
P < 0.001), and with the NDI recovery in ACDF group (r = 0.49, P < 0.001) and in ACCF group (r
= 0.55, P < 0.001).

Conclusions: LKCSM with <3 segments of spinal cord compression can be improved with either
ACDF or ACCF, resulting in satisfactory neurological outcomes. CLK correction can significantly
improve the neurological function and AS, and increase the T1 slope and C2-7 SVA. However,
ACDF was more favorable than ACCF in the CLK correction.
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1. Introduction

Cervical spondylotic myelopathy (CSM) is a chronic degenerative disorder, which often involve the spinal cord compression or
ischemia, producing a gradual decrease in neurological function and patient’s quality of life. On X-rays, patients with CSM often show
cervical local kyphosis (CLK) due to the intervertebral height decrease and sagittal lordotic malalignment, as well as the discs and facet
joints degeneration [1]. Major symptoms include neck fatigue, neck pain, myelopathy, radiculopathy, horizontal gaze problems, and
swallowing and breathing abnormalities [2]. Non-surgical treatments may limitedly improve the neurological function and cervical
sagittal alignment to a certain extent. However, with the deterioration of neurological function, surgery remains to be the most
effective strategy for the treatment of local kyphotic cervical spondylotic myelopathy (LKCSM). The surgical goals are still spinal cord
decompression, local kyphotic correction, and spinal stabilization with solid bony fusion. CLK is a common degenerative disorder with
a potentially debilitating condition, which is treated intractably [3].

In the past decades, anterior approach, including anterior cervical discectomy and fusion (ACDF) and anterior cervical corpectomy
and fusion (ACCF), had been demonstrated effectively to improve the clinical outcomes in the treatment of cervical degenerative
disease due to radiculopathy and myelopathy [4,5]. Through anterior approach, spinal surgeon can be particularly propitious to
decompress the spinal cord, remove anterior bony spurs and disc fragments, restore intervertebral height and correct local kyphosis.
Nevertheless, the anterior approach for LKCSM has a high risk of complications, like dysphagia, hoarseness, iatrogenic spinal cord
injury, cerebrospinal fluid leakage, pseudarthrosis and graft failure [6,7]. Currently, there was no consensus on the surgical efficacy
between ACDF and ACCF for LKCSM. Recently, T1 slope and C2-7 sagittal vertical axis (C2-7 SVA) were proved to be important
radiological parameters for evaluating loss of cervical lordosis/kyphosis [8-11]. However, there were few reports on investigating the
changes of cervical sagittal alignment parameters after CLK correction.

The objective of this study was retrospectively to evaluate the surgical efficacy of ACDF vs. ACCF for the treatment of LKCSM. In
addition, we analyzed the cervical sagittal alignment parameters and axial symptoms (AS) severity after CLK correction.

2. Material and methods
2.1. Participants

From January 2016 and December 2020, a total of 151 patients with LKCSM were retrospectively reviewed at our hospital. In this
series, 70 patients underwent ACDF and 81 patients underwent ACCF.

Patient inclusion criteria were as follows: (1) < 3 segments of spinal cord compression with combined symptoms and signs of CSM;
and (2) C2-7 Cobb angle <0° on lateral neutral X-ray was defined as kyphosis. The exclusion criteria: (1) cervical trauma or injury (n =
8 in ACDF group; n = 13 in ACCF group); (2) > 3 segments of ossification of the posterior longitudinal ligament (OPLL); (3) active
infection; (4) severe cervical anatomic deformity; (5) tumor (n = 2 in ACDF group; n = 9 in ACCF group); (6) incomplete or poor-
quality images (n = 3 in ACDF group; n = 6 in ACCF group); (7) loss to follow-up (n = 4 in ACDF group; n = 2 in ACCF group).

Finally, this study included the remaining 104 patients (53 patients in ACDF group; 51 patients in ACCF group). The research
protocol was approved by the Investigational Review Board of The Third Hospital of Hebei Medical University, and signed written
informed consents were obtained from all participants prior to the research. The patients in this study consented to publish their
images.

2.2. Surgical techniques

As described by Robinson and Smith [12] and Cloward [13], we performed the conventional right-sided transverse incision to
expose the surgical segment according to the preoperative planning. In ACDF group, we removed the herniated disc, the posterior
longitudinal ligament, and osteophytes. We appropriately distracted the intervertebral space with a Caspar spreader, which kept the
intervertebral space wide in the anterior edge and narrow in the posterior edge. We removed the cartilaginous endplates using a
curette, and protected the bony endplates simultaneously to prevent cage subsidence. The uncinate processes were resected partially to
correct the deformity maximally. Great care was taken to avoid injuries to the vertebral artery. We implanted a proper sized lordotic
cage, in which filled with excised between-vertebral osteophytes. Finally, the cervical spine was fixed using a precontoured plate
according to the normal cervical lordosis. In ACCF group, either one- or multi-segmental corpectomy was performed to decompress the
anterior aspect of the dura. We properly distracted the intervertebral spaces across the corpectomy with a Caspar spreader. We
partially removed the bilateral uncovertebral joints until complete release. We scraped to blush the bony endplates. We implanted
either a titanium mesh cage with bone grafts or a long iliac crest graft, and fixed the cervical spine with a long lordotic plate. Post-
operatively, the patients of both groups stayed in bed for 1 to 3 days, followed by rehabilitation under protection using a Philadelphia
collar for 2 months.

2.3. Radiological assessments

Preoperatively, the patient routinely underwent MRI scans and X-ray tests (anteroposterior, lateral, and flexion/extension lateral
views). The patient underwent routine X-rays or CT scans 3, 6, and 12 months after surgery, as well as at the final follow-up. We
defined intervertebral fusion criteria as the presence of continuous bone connecting the endplates, absence of a radiolucent graft-host
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bony gap, and <3° measured motion between adjacent vertebral bodies on flexion-extension radiographs.

We measured cervical local kyphotic angle (LKA) between the tangents drawn at the posterior margins of the most cranial and the
most caudal vertebra of the kyphotic curve using the Harrison posterior tangent method [14]. Cervical lordotic angles were negative in
sign (-Rx), while the local kyphotic angles were positive in sign (+Rx). The largest + Rx was the angle of the local kyphotic curve
(Fig. 1). A positive angle was defined as a kyphotic curve. The C2-7 Cobb angle was obtained by the perpendicular lines drawn along
the C2 and C7 inferior endplates. The T1 slope was measured as the angle between a horizontal line and the superior endplate of T1
[15]. C2-7 SVA was defined as the distance between the posterosuperior endplate of C7 and the vertical line from the center of the C2
body [16] (Fig. 2). Cage subsidence was defined as reduction more than 2 mm in the midline disc height (MDH) at the postoperative
follow-up compared to 1 week postoperatively [17].

The first and second authors measured the pre- and postoperative cervical alignments independently three times on the standing
lateral X-ray (200% magnification), and the mean value was analyzed. The interobserver errors were <5%.

2.4. Clinical assessment

We assessed the patient’s neurological function using the Japanese Orthopedic Association (JOA) cervical score [18]. We calcu-
lated neurological recovery rate using the Hirabayashi method: (Postoperative JOA - Preoperative JOA)/(17 — Preoperative JOA) x
100%. Neurological recovery rates were graded as following: excellent (>75%), good (50% to 74%), fair (25% to 49%) and poor
(<25%).

We quantified axial symptom (AS) severity using the Neck Disability Index (NDI, 0 = no disability, 50 = total disability) [19]. Based
on the NDI ranking system, patients’ scores were ranked as no disability (0-4), mild disability (5—14), moderate disability (15-24),
severe disability (25-34), and complete disability (>35).

Postoperative complications, including dysphagia, hoarseness, cerebrospinal fluid leakage, pseudarthrosis, iatrogenic spinal cord
injury, vascular injury and wound problems, were recorded at any time.

Fig. 1. The posterior tangents located on any kyphotic area in the cervical curve. Cervical lordotic angles are negative in sign (-Rx), while the
kyphotic angles are positive in sign (+Rx). The largest + Rx is the angle of the local kyphotic curve.
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Fig. 2. Radiographic measurements. A: Cervical LKA was measured using the Harrison posterior tangent method. B: C2-7 Cobb angle. C: T1 slope.
D: C2-7 SVA. SVA indicates sagittal vertical axis.

2.5. Statistical analysis

We analyzed the data using IBM SPSS Statistics, version 21.0. (IBM Corp., Armonk, NY, USA). Continuous variables were shown as
means + standard deviation. The qualitative data were analyzed using the Chi square test. A paired t-test was used to evaluate the
statistical differences between pre and postoperative parameters. Statistical comparisons between ACDF group and ACCF group were
performed regarding the LKA, LKA correction, C2-7 Cobb angle, T1 slope, C2-7 SVA, JOA score, recovery rate, NDI and NDI recovery
using the independent sample t-test, regarding the neurological recovery rate grade using Pearson Chi-Square test, and regarding the
NDI ranking system using Mann-Whitney U test. Pearson’s correlation coefficient was used to examine the correlation between LKA
correction and recovery rate, and between LKA correction and NDI recovery in each group. Between-group subsidence was compared
using ANOVA and Student-Newman-Keuls test among the data obtained 6 months, 12 months after surgery, as well as at the final
follow-up. A P-value of less than 0.05 was considered statistically significant.

3. Results

This retrospective study consisted of 104 patients (53 patients in ACDF group; 51 patients in ACCF group) (Table 1). The patients’
age, gender, operating segments, presenting symptoms and follow-up time showed no significant differences (P > 0.05) between the
ACDF and ACCF groups. However, statistically significant differences were demonstrated between the two groups regarding the
operating time (¢t = 10.16, P < 0.001) and intraoperative blood loss (t = 7.15, P < 0.001).

3.1. Radiographic results

In ACDF group, statistically significant differences were shown between the pre- and postoperative parameters regarding the LKA
(t =29.30, P < 0.001), C2-7 Cobb angle (t = 12.85, P < 0.001), T1 slope (t = 7.34, P < 0.001), and C2-7 SVA (t = 4.56, P < 0.001)
(Fig. 3A-D). In ACCF group, statistically significant differences were also shown between pre- and postoperative parameters regarding
the LKA (t = 34.28, P < 0.001), C2-7 Cobb angle (t = 17.58, P < 0.001), T1 slope (t = 5.26, P < 0.001), and C2-7 SVA (t = 2.33, P <
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Table 1
Patient characteristics.

Characteristics ACDF group ACCF group Statistical P

Total (n = 104) (n =53) (n=51) Value Value

Mean Age, year (range)” 61.09 + 8.72 (46-75) 58.96 + 8.42 (45-73) 1.27 0.207

Gender
Male 35 31 0.31 0.578
Female 18 20

Operating segments
1 segment 11 3 4.98 0.083
2 segments 28 31
3 segments 14 17

Presenting symptoms

Weakness
Upper extremity 39 36 0.12 0.733
Lower extremity 24 22 0.05 0.826
Extremity numbness hyperesthesia 33 30 0.13 0.720
Gait instability 36 34 0.02 0.891
Hyperreflexia 41 38 0.12 0.734
Hoffman sign 38 37 0.01 0.923
Babinski sign 25 23 0.05 0.832
Clonus 12 13 0.12 0.734
Operating time (min)" 89.11 + 16.81 120.98 + 15.09 10.16 <0.001
Intraoperative blood loss (ml)* 91.00 + 26.03 136.18 + 37.58 7.15 <0.001

Complications ”
Dysphagia 15 19 129.00 0.005
Hoarseness 3 5
Cerebrospinal fluid leak 0 1
Pseudarthrosis 0 2

Follow-up time, month (range)” 29.7 + 5.4 (24-42) 30.8 £ 6.6 (24-42) 0.95 0.344

@ ttest.
® Mann-Whitney U test.

Fig. 3. A 53-year-old man who underwent ACDF. A: The preoperative lateral X-ray shows LKA, C2-7 cobb angle, T1slope, and C2-7 SVA were 16°,
10°, 14°, and 11 mm, respectively. B: Preoperative MRI showing C4-6 spinal cord compression combined with kyphosis. C: A postoperative lateral X-
ray showing ACDF. D: On the lateral X-ray of 2.5 years after surgery, the LKA, C2-7 cobb angle, T1slope, and C2-7 SVA were —8°, 9°, 18°, and 21
mm, respectively. A 60-year-old woman who underwent ACCF. E: The preoperative lateral X-ray shows LKA, C2-7 cobb angle, T1slope, and C2-7
SVA were 19°, 11°, 15°, and 18 mm, respectively. F: Preoperative MRI showing C4-6 spinal cord compression combined with kyphosis. G: A
postoperative lateral X-ray showing ACCF. H: On the CT image of 3 years after surgery, the LKA, C2-7 cobb angle, T1slope, and C2-7 SVA were —2°,

4°,19°, and 27 mm, respectively.
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0.001) (Fig. 3E-H). The preoperative LKA, C2-7 Cobb angle, T1 slope and C2-7 SVA showed no significant differences between the two
groups (P > 0.05). However, statistically significant differences were demonstrated between the two groups regarding the post-
operative LKA (t = 3.46, P = 0.001), LKA correction (t = 8.19, P < 0.001) (Fig. 4 A), C2-7 Cobb angle (t = 3.41, P = 0.001), T1 slope (t
= 2.77, P = 0.007) and C2-7 SVA (t = 2.58, P = 0.011). (Table 2).

3.2. Functional outcomes

Statistically significant differences were shown between pre- and postoperative JOA scores in ACDF group (t = 30.83; P < 0.001)
and in ACCF group (t = 24.81, P < 0.001), respectively. However, no significant differences were demonstrated between the two
groups regarding pre- and postoperative JOA scores (t = 0.18, P = 0.860; t = 0.99, P = 0.326). (Table 3).

The recovery rates were 77.72% =+ 10.87% after ACDF and 75.80% =+ 15.27% after ACCF, respectively. The recovery rate showed
no significant difference between the two groups (t = 0.74, P = 0.462). According to the neurological recovery rate grade, the
neurological recovery was excellent in 34 (64.2%) patients and good in 19 (35.8%) patients in ACDF group. In ACCF group, the
neurological recovery was excellent in 27 (52.9%) patients and good in 24 (47.1%). Based on the Pearson Chi-Square test, the
neurological recovery rate grade showed no statistically significant differences between the two groups (y? = 1.35, P = 0.246). LKA
correction showed positive correlations with the recovery rate (r = 0.48, P < 0.001) (Fig. 4 B).

3.3. Axial symptoms

Statistically significant differences were demonstrated between pre- and postoperative NDI in ACDF group (t = 33.19; P < 0.001)
and in ACCF group (t = 22.97, P < 0.001), respectively. The postoperative NDI also showed a significant difference between the two
groups (t = 2.72, P = 0.008). NDI recovery was 25.70 + 6.18 after ACDF and 22.86 + 7.22 after ACCF, respectively. NDI recovery
showed a significant difference between the two groups (t = 2.16, P = 0.034). LKA correction showed the positive correlations with the
NDI recovery in ACDF group (r = 0.49, P < 0.001), and in ACCF group (r = 0.55, P < 0.001) (Table 4; Fig. 4C).

According to the NDI ranking system, there was no disability in 16 patients and mild disability in 37 patients in ACDF group. In
ACCF group, there were no disabilities in 11 patients, mild disability in 27 patients and moderate disability in 13 patients (Table 4).
Based on the Mann-Whitney U test, the NDI ranking system showed a significant difference between the two groups (U = 432, P <
0.001).

3.4. Complications

In ACDF group, the patients suffered dysphagia (15/53; 28.3%) and hoarseness (3/53; 5.7%), respectively. In ACCF group, the
patients suffered dysphagia (19/51; 37.3%), hoarseness (5/51; 9.8%), cerebrospinal fluid leak (1/51; 2.0%) and pseudarthrosis (2/51;
3.9%), respectively. Based on the Mann-Whitney U test, ACCF group carried higher incidences of complications than ACDF group (U =
129, P = 0.005) (Table 1). There were no major iatrogenic neurological or vascular injury, or wound infection in the two groups.

In ACDF group, there were significant differences (F = 3.25, P = 0.041) regarding cage subsidence between postoperative 6 months
and the final follow-up, while no difference (P > 0.05) between postoperative 6 months and 12 months follow-up and between
postoperative 12 months and the final follow-up. In ACCF group, there were significant differences (F = 53.96, P < 0.001) regarding
cage subsidence among postoperative 6 months, 12 months and the final follow-up. There were statistically significant differences (P
< 0.05) between the two groups at the postoperative 6 months, 12 months and the final follow-up (Table 5).

2601 1000 ° o o o o

2501 9004
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NDI Recovery
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o o o o o o
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e © ACDF
o ACCF

A ACDF: R Linear = 0238

20 _ ACCF: R Linear = 0.306
: : w204 B P R2Linear = 0233 (@

ACDF ACCF 15 EY B EA % % B 15 B h EA % EY EY

Groups LKA Correction (°)

LKA Correction (°, 95% )
Recovery Rate (%)

LKA Correction (°)

Fig. 4. A: LKA correction in each group. The difference between the two groups for LKA correction was statistically significant (t = 8.19, P < 0.001).
B: Correlation between LKA correction and recovery rate (r = 0.48, P < 0.001). C: Correlation between LKA correction and NDI recovery (Axial
symptom severity) in ACDF group (r = 0.49, P < 0.001), and in ACCF group (r = 0.55, P < 0.001).
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Table 2
Pre- and postoperative final follow-up cervical radiological data in each group.
Parameter ACDF group (n = 53) ACCF group (n = 51) t value” P value
LKA" (°)
Preoperative 15.60 + 3.08 15.18 + 2.93 0.73 0.470
Postoperative follow-up —9.66+-5.47 —6.55+-3.45 3.46 0.001
t value” 29.30 34.28
P value <0.001 <0.001
LKA correction (°) 25.26 + 2.60 21.73 £1.70 8.19 <0.001
C2-7 Cobb angle
Preoperative 16.75 + 3.57 16.43 + 3.67 0.46 0.650
Postoperative follow-up 7.49 + 3.85 5.27 + 2.65 3.41 0.001
t value” 12.85 17.58
P value <0.001 <0.001
T1 slope (°)
Preoperative 18.96 + 5.24 18.61 + 4.46 0.37 0.711
Postoperative follow-up 25.89 + 4.45 23.39 £ 4.74 2.77 0.007
t value” 7.34 5.26
P value <0.001 <0.001
C2-7 SVA
Preoperative 16.58 + 5.84 16.16 + 5.66 0.38 0.705
Postoperative follow-up 22.13 + 6.67 18.88 + 6.17 2.58 0.011
t value” 4.56 2.33
P value <0.001 0.022
& LKA: Local kyphotic angles.
P ftest.
Table 3
Pre- and postoperative final follow-up JOA score and neurological recovery rate in each group.
Parameter ACDF group (n = 53) ACCF group (n = 51) Statistic value® P value
JOA score *
Preoperation 8.91 +£1.23 8.86 = 1.25 0.18 0.860
Postoperative follow-up 15.23 + 0.85 15.02 + 1.26 0.99 0.326
t value 30.83 24.81
P value <0.001 <0.001
Recovery rate (%)” 77.72 £ 10.87 75.80 + 15.27 0.74 0.462
Neurological recovery rate grade "
Excellent (>75%) 34 27 1.35 0.246
Good (50-74%) 19 24
Fair (25-49%) 0 0
Poor (<25%) 0 0
2 t-test.
b pearson Chi-Square test.
Table 4
Pre- and postoperative final follow-up Axial symptom severity (NDI) in each group.
Axial symptoms ACDF group (n = 53) ACCF group (n = 51) Statistic value® P value
NDI *
Preoperation 32.49 + 4.27 32.20 + 4.27 0.35 0.726
Postoperative follow-up 6.79 + 3.68 9.33 £ 5.69 2.72 0.008
t value 33.19 22.97
P value <0.001 <0.001
NDI recovery” 25.70 + 6.18 22.86 +7.22 2.16 0.034
NDI ranking system ”
No disability (0-4) 16 11 432.00 <0.001
Mild disability (5-14) 37 27
Moderate disability (15-24) 0 13
Severe disability (25-34) 0 0
Complete disability (>35) 0 0

t-test.
Mann-Whitney U test.

S
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Table 5

Postoperative cage subsidence in each group.
Parameter ACDF group (n = 53) ACCF group (n = 51) t value® P value
6 months after surgery (mm) 0.53 + 0.25 0.68 + 0.28 2.98 0.004
12 months after surgery (mm) 0.61 + 0.49 1.19 + 0.59 5.48 <0.001
Final follow-up (mm) 0.77 + 0.66 1.60 + 0.43 7.58 <0.001
F value” 3.25 53.96
P value 0.041 <0.001
@ t-test.

b ANOVO and Student-Newman-Keuls test.
4. Discussion

Currently, the optimal treatment of LKCSM through the different anterior approaches is still debated. We found that satisfactory
neurological improvement can be achieved using either ACDF or ACCF for the LKCSM patients who have <3 segments of spinal cord
compression. This study also confirmed that CLK correction caused significant improvement in neurological function and AS, as well as
the increase in T1 slope and C2-7 SVA. However, ACDF was more favorable than ACCF in the CLK correction.

Cervical local kyphosis is often seen and potentially debilitating condition [3]. Nearly half a century, the anterior approach was
widely applied for cervical degenerative disease due to radiculopathy and myelopathy [4]. The anterior approach can effectively
decompress the spinal cord, remove anterior bony spurs and disc fragments, restore intervertebral height, and correct segmental
kyphosis. Nevertheless, the anterior approach had a high incidence of complications, such as dysphagia, hoarseness, air-way
obstruction, iatrogenic spinal cord injury, cerebrospinal fluid leakage, pseudarthrosis, and graft failure [6,7]. Therefore, regarding
<3 segments of LKCSM, the optimal surgical strategy remains controversial for spinal surgeons.

Wu et al. [20] reported that CLK was associated with severe myelopathy symptoms, and the LKA threshold was probable to be 7°.
CLK may increase the spinal intramedullary pressure, and hinder neurological recovery. Zhong et al. [21] reported that MRI
T2-hyperintensity and congenital spinal stenosis may highly produce the rapid progressive CSM, and early decompression of the spinal
cord was suggested and can achieve good neurological recovery postoperatively. Our study showed that both ACDF and ACCF can
obtain satisfactory neurological improvement for <3 segments of the LKCSM, and LKA correction showed positive correlations with
the recovery rate. However, ACDF can correct cervical kyphosis more effectively than ACCF. Due to the large decompressive range of
the spinal cord, ACCF is suitable for LKCSM with calcification of the herniated disc or segmental OPLL, and then ACDF is more suitable
for LKCSM involving intervertebral disc herniation or spinal stenosis. Therefore, we speculated that LKA correction and adequately
intraoperative cord decompression may play vital roles in the early postoperative neurological recovery.

The incidence rate of axial symptoms (AS) can be as high as 29.9% after ACDF [22] and 46.7% after ACCF [23], respectively. The
pathophysiology of neck pain is complicated, and most likely associated with disc degeneration, herniation, and the loss of cervical
lordosis, as well as bio-mechanical abnormality of facet joints, muscles, and ligaments [24,25]. The loss of cervical lordosis and even
cervical kyphosis may gradually develop due to the long-term bad lifestyle. It remains unclear how cervical kyphotic correction
improves the AS through the anterior cervical approaches. Xu et al. [26] believed that postoperative alleviation of neck pain may be
associated with the transient relief of facet joint pressure when the vertebral distraction was performed. The loss of cervical lordosis
much more severely affected the neck extensors than the neck flexors in patients with neck pain. The present study illustrated that AS
was improved by cervical kyphotic correction with a positive correlation, and ACDF was more favorable than ACCF. Thus, we
speculated that CLK correction changed the bio-mechanical distribution of discs and facet joints, and decreased the stress of muscles
and ligaments, further contributing to postoperative neck pain alleviation.

Recently, the T1 slope and C2-7 SVA represent the assessment of global sagittal balance, and each parameter is considered as a
helpful radiographic index in predicting the presence of cervical kyphosis [27]. T1 slope has steady morphological value in an indi-
vidual and significantly affects the balance of cervical sagittal alignment. Lee et al. [28] supported that the T1 slope can be used to
predict the postoperative cervical kyphotic changes, and was also strongly associated with C2-C7 SVA. Wang et al. [29] demonstrated
that decreased T1 slope postoperatively prevented the cervical spine to tilt forward by regulating C2-7 SVA, and facilitates the
neurological recovery. In surgical planning and decision-making, the utilization of key radiological parameters can allow surgeons to
optimize clinical outcomes for CSM [30]. In this study, we observed that after CLK was corrected, the C2-7 Cobb angle was restored,
and the T1 slope and C2-7 SVA were increased. The increasing of T1 slope and C2-7 SVA can lead to a greater degree of lordotic
curvature, and maintain the C2-7 lordosis forward gaze. In contrast, as the LKA continues to be corrected, the angle of cervical lordosis
is increased, and then the C2-7 SVA moves backward. Lin et al. [27] reported that the patients with preoperative high T1 slope and
large C2-C7 SVA carried a higher risk of postoperative cervical malalignment. For treating LKCSM, careful preoperative planning with
special attention to radiographic parameters is mandatory as per the exhaustive assessment of global sagittal balance.

Transient dysphagia and hoarseness are the most frequent complications after anterior cervical approaches, with incidence rates
ranging from 2.7% to 33.3% and from 3.0% to 11%, respectively [31,32]. Multifactors were reported by previous studies [33,34],
including endocrine disorder, esophageal injury, the superior or recurrent laryngeal nerve injury, prevertebral or pharyngeal swelling,
hematoma, thicker cervical plate implanting, and the surrounding scar formation. In our study, dysphagia and hoarseness were usually
seen in patients with multisegmental spinal cord decompression, prolonged traction on the esophagus during surgery, and short wide
necks. Nonetheless, administration of low doses of glucocorticoid and dehydrant for 3 to 5 days can significantly improve dysphagia
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and hoarseness. CSF leak is a serious complication of spinal surgery, and the incidence rate is up to 0.6% for patients who undergo the
anterior cervical approaches [35]. Consistent with previous studies [36,37], our findings also demonstrated that the incidence rates of
CSF leak and pseudarthrosis were significantly low in ACDF, compared to ACCF. After repair of the teared dura during surgery, CSF
drainage was required within 3 to 5 days after surgery. No patient underwent secondary surgery due to the complication in the
follow-up period.

Cage subsidence is caused by the sinking of the cage into the endplate of adjacent vertebral body. Severe cage subsidence can
decrease the Cobb angle and intervertebral height, resulting in implant loosening or breakage [38]. The risk factors of cage subsidence
are associated with patient age, bone mineral density, device type, surgical segment, bone graft, intraoperative over-distraction, cage
material and geometry [17,38]. ACDF provides more rigid fixation points in correction of cervical kyphosis, while ACCF straightens the
cervical spine and only provides two fixation points, resulting in increased stress between the remaining vertebral bodies. It may be one
of the reasons that cage subsidence is more common in ACCF than ACDF. Consistent with the previous study [39], our results also
confirmed that ACCF had a higher rate of cage subsidence than ACDF. Therefore, cage subsidence may be inevitable due to multiple
factors. However, protection of bony endplate and rigid internal fixation can effectively prevent cage subsidence.

Adjacent disc disease (ADD) refers to new degenerative radiographic changes in the intervertebral discs adjacent to the previously
fused segment(s), accompanied by related symptoms, such as radiculopathy, myelopathy, or coronal-sagittal instability. Jackson et al.
[40] reported that nearly 25.6% of patients undergoing ACDF may develop symptomatic ADD and require reoperation within 10 years.
CLK correction may change the intervertebral angle of the adjacent segments, leading to axial load shifting from the posterior column
to the anterior column. The axial load shifting can increase the mechanical stress on the adjacent segments, which may interfere with
the nutrition supply of intervertebral discs and accelerate the process of ADD [41]. Segmental kyphosis was considered a risk factor for
ASD after ACDF [42]. However, the exact mechanisms underlying the progression of ADD remain not yet fully clear. The development
of ADD is a multifactorial situation, including natural degeneration, segmental kyphosis, surgical technique and fusion [43]. The
medium- and long-term study in this cohort is ongoing to investigate the occurrence and progression of ADD caused by cervical
kyphotic correction.

The limitations of our study includes: (1) this study only included the patients with <3 segments of LKCSM, and only ACDF and
ACCF were selected for the anterior approach; (2) all operations were performed by the same surgical team in a single hospital, which
may produce the selection bias; (3) the patient size was relatively small; (4) our retrospective design has inherent weaknesses, which
may produce a statistical bias; (5) the occurrence and progression of ADD caused by cervical kyphotic correction should be followed up
for a longer time to ascertain the outcomes better; and (6) there is still a need for long-term, prospective, multi-center, large-scale
clinical studies to clarify these results.

5. Conclusions

LKCSM with <3 segments of spinal cord compression can be improved with either ACDF or ACCF, resulting in satisfactory
neurological outcomes. CLK correction can significantly improve the neurological function and AS, and increase the T1 slope and C2-7
SVA. However, ACDF was more favorable than ACCF in the CLK correction.
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