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Early and short-segment anterior spinal
fusion for cervical spinal cord injury
without fracture and dislocation can
achieve more significant neurological
recovery: a retrospective study based on
the current medical system in southern
China
Xiaoping Mu, Zhuhai Li, Yufu Ou* and Jianxun Wei*

Abstract

Objective: The purpose of this study was to investigate the effects of the number of fused segments, the timing of
surgery and their interaction on the prognosis of patients with cervical spinal cord injury without fracture and
dislocation (CSCIWFD), and to determine the appropriate time restrictions for early surgery in CSCIWFD patients
based on the current diagnosis and treatment system in southern China.

Methods: CSCIWFD patients who underwent anterior cervical decompression and internal fusion (ACDF) from
January 2012 to June 2017 were selected. The patients were grouped according to the timing of surgery and the
number of fused segments and evaluated based on their American Spinal Injury Association (ASIA) score, ASIA
impairment scale, and Japanese Orthopaedic Association (JOA) score before and after surgery. SPSS22.0 software
was used for the statistical analysis.

Results: The ASIA score, JOA score, and ASIA impairment scale in all follow-ups were significantly higher than before
surgery (p < 0.05). The ASIA and JOA scores at 6, 12, and 24months after surgery of the patients who underwent ACDF
within 72 h were significantly better than those of the patients who underwent ACDF after 72 h (p < 0.05). There were
significant differences in postoperative ASIA and JOA scores at 12 and 24months between the short-segment and
three-segment fusion groups (p < 0.05). The results of the interaction between the surgical timing and the number of
the fused segments showed that the postoperative ASIA and JOA scores at 6, 12, and 24months were significantly
higher in the patients who underwent early short-segment fusion than in those who underwent delayed short-
segment fusion (p < 0.05). However, no statistically significant difference was found between early and delayed surgery
in the patients who underwent three-segment fusion (p > 0.05).

(Continued on next page)

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: Ou.YF1972@gmail.com; JXWei1972@163.com
Department of Orthopaedics, The People’s Hospital of Guangxi Zhuang
Autonomous Region, Nanning 530021, China

Mu et al. Journal of Orthopaedic Surgery and Research          (2019) 14:414 
https://doi.org/10.1186/s13018-019-1487-0

http://crossmark.crossref.org/dialog/?doi=10.1186/s13018-019-1487-0&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:Ou.YF1972@gmail.com
mailto:JXWei1972@163.com


(Continued from previous page)

Conclusion: ACDF is safe and effective for the treatment of CSCIWFD. For patients with single- or double-segment
injury, early (within 72 h) ACDF is associated with a more satisfactory prognosis. Due to the limitation of the small
sample size, we cautiously recommend that 72 h can be used as a time limit for early surgery for CSCIWFD patients in
regions where earlier surgery cannot be provided by the current diagnosis and treatment system.

Keywords: Cervical spinal cord injury without fracture and dislocation, CSCIWFD, SCI, Early surgery, Timing of surgery,
Fused segments

Introduction
In recent years, with the development of transportation
and aerial work, increasing numbers of patients have
suffered from traumatic cervical spinal cord injury (SCI).
As one form of traumatic cervical SCI, the incidence of
cervical spinal cord injury without fracture and disloca-
tion (CSCIWFD) in adults is very high due to preexisting
cervical degeneration and that the actual rate is underes-
timated [1, 2]. Trauma is a major cause of CSCIWFD.
The manifestations of SCI may vary due to the involve-
ment of different injury mechanisms and trauma types.
Due to a lack of significant positive findings on radiog-
raphy and other imaging examinations, CSCIWFD is
easily misdiagnosed as post-traumatic spinal shock or
concussion; consequently, the best time for treatment
may be missed [3].
For these patients, conservative treatment is the main

option, but problems such as a long treatment cycle, a
high complication rate, high mortality, and long-term
functional decline are common [4, 5]. Therefore, most cli-
nicians prefer early surgical intervention [2]. Current stud-
ies indicate that changes in cervical spinal cord signals on
cervical magnetic resonance imaging (MRI) strongly indi-
cate that surgical treatment is required [6]. For patients
with anterior spinal cord compression limited within 3
segments, the anterior approach is preferred [7].
For patients with CSCIWFD, anterior cervical decom-

pression and fusion (ACDF) is mainly performed to ex-
plore the ruptured disc, remove the compressed tissue
anterior to the spinal cord, reconstruct the cervical
spine, and provide conditions for spinal cord functional
recovery and cervical segment stabilization. However, no
consensus has been reached regarding the effects of the
number of fused segments on postoperative efficacy and
adjacent segment degeneration (ASD) [8] or the optimal
surgical timing [2, 9, 10] in the academic community.
Previous studies mainly focused on the impact of a

single factor, the timing of surgery, on the prognosis of
patients with CSCIWFD. However, the factors affecting
the prognosis of these patients are often complex. We
think that the number of fused segments and the timing
of surgery may have an interactive effect on the progno-
sis of CSCIWFD patients. In addition, the current med-
ical system in our region cannot guarantee early surgery

according to the current definition of early surgical tim-
ing (e.g., 8 h or 24 h). Therefore, we carried out this re-
search to (i) explore the effects of the number of fused
segments and the timing of surgery on the prognosis of
CSCIWFD patients, that is, to answer the clinical ques-
tion of the best timing for these patients to undergo
ACDF for different numbers of segments, and (ii) deter-
mine the appropriate early surgical time limit for
CSCIWFD patients according to the current diagnosis
and treatment system in southern China.

Material and methods
Patient selection
The data of patients with CSCIWFD who underwent
ACDF from January 2012 to June 2017 were reviewed.
The inclusion criteria were as follows: (i) patients with a
clear history of trauma, such as a fall from height or a car
accident; (ii) patients with symptoms and signs consistent
with the vertebral level of injury, such as sensory and/or
motor dysfunction; (iii) cervical images revealing varying
degrees of cervical degeneration and abnormal signal of
the lesion site, but no obvious fracture or dislocation; (iv)
the injured segment located in the C3–C7 region and a
cervical spinal canal index greater than 0.75; (v) met the
ACDF operative indicators: the segment with T2 hyperin-
tensity in the spinal cord, the segment with T2 linear
hyperintensity in the disc, or the segment with spinal cord
compression; (vi) patients with complete data at each
follow-up point (preoperative; postoperative 1, 6, 12, and
24months; and final follow-up).
The exclusion criteria were as follows: (i) patients with

an uncertain diagnosis or meeting only one of the clin-
ical and imaging criteria; (ii) patients with posterior
spinal cord compression caused by ossification of the
posterior longitudinal ligament or the ligamentum fla-
vum; (iii) patients who could not tolerate surgery due to
aging or other concurrent diseases; (iv) patients with se-
vere osteoporosis and a risk of postoperative collapse or
failed internal fixation; (v) patients who were unable to
cooperate due to mental illness or other reasons; and
(vi) patients with a previous history of cervical spine
surgery.
The patients agreed with the treatments given by the

doctor, with a signed informed consent form provided
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before surgery. This study complied with the principles
of the Declaration of Helsinki and was approved by the
Ethics Committee of People’s Hospital of Guangxi
Zhuang Autonomous Region.

Perioperative management
Before surgery, organ function was assessed, and related
cervical imaging examinations were completed. Informa-
tion regarding the procedure and recovery was discussed
with the patients prior to surgery. The target segments
were identified according to clinical manifestations and
imaging examination results. The detailed criteria are (1)
MRI suggesting disc herniation at the level correspond-
ing to the spinal cord injury or (2) MRI suggesting no
disc herniation at the level corresponding to the spinal
cord injury but a T2-weighted image showing hyper-
dense signals in the intervertebral disc or anterior annu-
lus fibrosus of the disc. The target segments for surgery
were determined based on evidence of either (1) or (2)
in addition to corresponding symptoms and signs. Skin
preparation in the operative field was performed, and
prophylactic antibiotics (30 min before surgery) were
administered.
After successful anesthetic induction with tracheal

intubation, the patient was placed in the supine pos-
ition with the cervical spine tilting backward. A hori-
zontal incision was made on the ride side at the level
of the thyroid cartilage through the tissue layers to
access the anterior vertebrae. The intervertebral disc
was identified after dissection of the longus collis
muscle, and the injured intervertebral space was lo-
cated by fluoroscopy. After retractor needles and a
distractor were placed, a nerve stripper was routinely
used to explore the integrity of the intervertebral disc.
A scalpel was used to incise the annulus fibrosus, and
the nucleus pulposus was removed. A scraper was
used to curette the cartilage endplate, the residual nu-
cleus pulposus, and the annulus fibrosus until reach-
ing the posterior longitudinal ligament. After cage
testing, an interbody fusion cage and autologous bone
powder were placed into the intervertebral space. The
procedure for multisegment fusion was the same as
described above. A steel plate was placed in the
proper position and locked after C-arm fluoroscopy
showed that the plate was in a good position. A
drainage tube was placed, and the wound was closed
in layers.
Postoperative routine treatments, including neuro-

nutrition agents, diuretics, and analgesics, were applied,
and prophylactic antibiotics were continued until 48 h
after surgery. The drainage tube was removed when the
drainage volume was less than 50ml. Follow-up fluoros-
copy of the cervical spine was performed. One day after

surgery, an experienced technician helped with rehabili-
tation exercises at the bedside.

Observation indicators

i) American Spinal Injury Association (ASIA) score
and ASIA impairment scale;

ii) Japanese Orthopaedic Association (JOA) score of
the cervical spine: The JOA score was determined
according to the patient’s movement, sensation, and
bladder function scores. The highest possible score
is 17 points. A lower score corresponds to greater
dysfunction.

iii) Bazaz classification for dysphagia: According to the
severity of swallowing difficulties, dysphagia was
divided into 4 grades: none, mild, moderate, and
severe.

iv) Other complications: Infection or injury of the
surrounding tissues was evaluated.

Follow-up
A minimum of 2 years of follow-up was required in this
study. Considering the local medical insurance policy
and affordability for the patients, imaging data were
mainly obtained from cervical radiographs at the final
follow-up. Computed tomography and MRI were only
performed in patients requiring further clarification of
the cause of injury.

Statistical analysis
SPSS22.0 software was used for the statistical analysis.
Continuous variables are expressed as the mean ± stand-
ard deviation. Independent sample t tests were per-
formed to compare the relevant data between 2 different
operative timing groups. The chi-square test was used to
compare relevant data between three different fusion
segment groups. p < 0.05 was considered statistically
significant.

Results
Baseline patient characteristics and grouping
According to the above study protocol, a total of 78 pa-
tients (44 males and 34 females) were included in the
study. No significant differences in age, gender, and cer-
vical vertebral canal index were identified between the
groups (p > 0.05). The general data of each group are
shown in Table 1. Perioperative imaging data are shown
in Fig. 1.

Preoperative and postoperative ASIA and JOA scores for
the early (within 72 h) and delayed (after 72 h) surgery
groups
Thirty-eight patients underwent surgery within 72 h, and
40 patients underwent delayed surgery (after 72 h). The
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statistical results for the ASIA and JOA scores before
and after surgery are shown in Table 2. Significant dif-
ferences between the preoperative and postoperative
ASIA and JOA scores were found in each group (p <
0.05). No significant differences in preoperative ASIA
and JOA scores, and ASIA and JOA scores at 1 month
after surgery were found between the two groups (p >

0.05). Over the course of the follow-up, the postopera-
tive ASIA and JOA scores of both groups showed an up-
ward trend. At 6 months (p < 0.05), 12 months (p <
0.05), and 24months (p < 0.05) after surgery, the ASIA
and JOA scores of the patients who received early ACDF
were significantly better than those of the patients who
underwent delayed surgery.

Table 1 The patients’ demographics of each group

Items Lumbar segments No. Age (years) Gender (M/F) Cervical vertebral canal index

< 72 h 1 level 17 53.79 ± 11.49 10/7 0.91 ± 0.06

2 levels 13 56.44 ± 13.01 6/7 0.93 ± 0.08

3 levels 8 58.83 ± 12.95 5/3 0.84 ± 0.07

> 72 h 1 level 15 55.68 ± 11.75 9/6 0.92 ± 0.07

2 levels 14 56.59 ± 12.09 8/6 0.91 ± 0.07

3 levels 11 59.56 ± 11.86 6/5 0.82 ± 0.08

No. number, M male, F female, h hours

Fig. 1 Imaging findings and operative radiographs for patient with cervical spinal cord injury without fracture and dislocation. a and b Preoperative
cervical spine X-ray images with no obvious abnormal findings; c preoperative cervical computed tomography indicating no fracture or dislocation at
the C4/5 segment; d preoperative cervical MRI, with the red mark showing cervical disc herniation, epidural spinal cord compression, and an abnormal
spinal cord signal at the C4/5 segment; e and f postoperative cervical spine X-ray images showing cage and fixation devices in good positions
after surgery

Mu et al. Journal of Orthopaedic Surgery and Research          (2019) 14:414 Page 4 of 9



Preoperative and postoperative ASIA and JOA scores for
patients requiring fusion of different numbers of
segments
The 78 patients were divided into 3 groups according
to the number of fused segments, with 32 patients in
the single-segment fusion group, 27 patients in the
double-segment fusion group, and 19 patients in the
three-segment fusion group (Table 3). The postopera-
tive ASIA and JOA scores of each segment group
were significantly higher than the preoperative scores
(p < 0.05). No significant differences were found in
the preoperative ASIA and JOA scores, the postopera-
tive ASIA, and JOA scores at 1 month, the postopera-
tive JOA at 6 months among the three groups (p >
0.05). However, comparisons among the three groups
revealed that the postoperative ASIA and JOA scores
at 12 months and 24 months (p < 0.05) and ASIA
score at 6 months (p < 0.05) were better in the
single-segment and double-segment fusion groups
than those in the three-segment fusion group.

ASIA score, JOA score, and ASIA impairment scale under
the interaction of the timing of surgery and the number
of fused segments
Further comparison of the statistical differences in ASIA
and JOA scores at 1, 6, 12, and 24months (p < 0.05)
after surgery showed that the patients who underwent
early single-segment and double-segment fusion were
more likely to achieve good functional recovery after
surgery (Table 4). However, for the patients who under-
went three-segment fusion, no significant differences
were observed between the early and delayed surgery
groups (p > 0.05).
The ASIA impairment scale results (Table 5) showed

that for the patients who underwent surgery, postopera-
tive neurological function was significantly better than
preoperative neurological function (p < 0.05). For pa-
tients undergoing single- or double-segment ACDF,
early surgery (within 72 h) achieved better postoperative
neurological function recovery than delayed surgery.
However, for patients undergoing three-segment fusion,

Table 2 Comparison of ASIA and JOA scores before and after surgery between early and delayed surgery groups

Items Follow-up < 72 h (n = 38) > 72 h (n = 40) p

ASIA score Preoperative 49.81 ± 11.52a 51.33 ± 10.74a > 0.05

Postop. 1 month 62.13 ± 9.89 59.87 ± 12.03 > 0.05

Postop. 6 months 78.56 ± 6.44 64.28 ± 7.39 < 0.05

Postop. 12 months 81.77 ± 8.31 66.91 ± 9.27 < 0.05

Postop. 24 months 85.87 ± 7.43 71.06 ± 10.91 < 0.05

JOA score Preoperative 7.83 ± 1.72a 7.76 ± 1.72a > 0.05

Postop. 1 month 9.85 ± 1.73 9.78 ± 1.89 > 0.05

Postop. 6 months 12.77 ± 1.64 10.35 ± 1.64 < 0.05

Postop. 12 months 13.81 ± 1.46 10.90 ± 2.03 < 0.05

Postop. 24 months 14.79 ± 1.35 12.27 ± 1.74 < 0.05

ASIA American Spinal Injury Association, JOA Japanese Orthopaedic Association, Postop postoperative, h hours
aCompared with the ASIA and JOA scores at postoperative 1, 6, 12, and 24 months after surgery in the same group, p < 0.05

Table 3 Comparison of ASIA and JOA scores before and after surgery between the groups of different fused segments

Items Follow-up 1 level (n = 32) 2 levels (n = 27) 3 levels (n = 19) p

ASIA score Preoperative 51.08 ± 12.52 a 48.97 ± 9.88a 50.16 ± 10.52a > 0.05

Postop. 1 month 63.13 ± 8.79 59.87 ± 12.03 62.73 ± 9.89 > 0.05

Postop. 6 months 80.09 ± 6.86 78.91 ± 7.12 70.23 ± 6.72 < 0.05

Postop. 12 months 81.21 ± 7.84 80.02 ± 8.93 69.52 ± 9.01 < 0.05

Postop. 24 months 84.36 ± 7.58 82.91 ± 8.72 71.84 ± 8.20 < 0.05

JOA score Preoperative 7.89 ± 1.86a 7.74 ± 1.59a 7.68 ± 1.68a > 0.05

Postop. 1 month 9.87 ± 2.01 9.79 ± 1.56 9.96 ± 1.86 > 0.05

Postop. 6 months 11.47 ± 1.76 11.26 ± 1.61 11.04 ± 1.69 > 0.05

Postop. 12 months 13.04 ± 2.31 12.94 ± 1.88 10.98 ± 1.81 < 0.05

Postop. 24 months 13.87 ± 1.68 13.79 ± 2.09 11.85 ± 1.74 < 0.05

ASIA American Spinal Injury Association, JOA Japanese Orthopaedic Association, Postop postoperative
aCompared with the ASIA and JOA scores at postoperative 1, 6, 12, and 24 months after surgery in the same group, p < 0.05
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there was no significant difference in the ASIA im-
pairment scale grade between early and delayed surgery
(p > 0.05).

Complications
Seven patients had surgery-related complications, in-
cluding 2 patients with infection (1 patient with pneu-
monia and 1 patient with urinary tract infections) and 1
patient with postoperative hoarseness. All these patients
were cured and discharged from the hospital after ap-
propriate interventions. Four cases of dysphagia were
identified in the three-segment group at the 6-month
follow-up. The incidence was significantly higher in the
three-segment group than in the other two groups.

Discussion
Main findings
To the best of our knowledge, this is the first clinical
study to investigate the effect of the interaction between
surgical timing and the number of fused segments on
the prognosis of patients with CSCIWFD who under-
went ACDF. This study showed that ACDF with differ-
ent numbers of fused segments performed at different
times can lead to varying degrees of functional improve-
ment in CSCIWFD patients, and early ACDF (within 72

h) is associated with a better prognosis compared with
delayed ACDF (after 72 h). Comprehensive analysis of
the interaction between the timing of surgery and the
number of fused segments indicated that early surgery
can achieve superior postoperative functional recovery
in patients undergoing single- or double-segment fusion.
For patients undergoing three-segment fusion, both early
and delayed surgery provided effective neurological re-
covery, but early surgery did not show an advantage over
delayed surgery.

The effect of surgical timing on patients with CSCIWFD
Persistent mechanical compression caused by disc
fragments and hematoma can substantially reduce
blood perfusion and lead to neuronal death around
the lesion due to ischemia [11]. For patients with
SCI, mechanical compression combined with progres-
sive destruction of nerve tissue caused by secondary
cell damage [12] is often the main cause of a poor
prognosis in such patients. Several preclinical studies
[13, 14] have shown that decompression surgery can
improve functional recovery in animal models with
SCI-induced compression. Prevention of secondary in-
jury in animal models is also closely related to the
timing of surgical decompression [15].

Table 4 The results of ASIA and JOA scores under the interaction between the surgical timing and the number of the fused
segments

Items Follow-up 1 level 2 levels 3 levels

< 72 h (n = 17) > 72 h (n = 15) < 72 h (n = 13) > 72 h (n = 14) < 72 h (n = 8) > 72 h (n = 11)

ASIA score Postop. 1 month 64.14 ± 8.43 61.97 ± 7.91 60.38 ± 8.06 58.61 ± 7.83 63.97 ± 9.07 62.01 ± 8.75

Postop. 6 months 84.56 ± 10.22 76.41 ± 11.37a 81.74 ± 9.84 73.85 ± 10.08a 69.85 ± 8.01 70.34 ± 7.82

Postop. 12 months 86.22 ± 11.37 76.93 ± 10.24a 84.24 ± 9.37 74.63 ± 8.87a 70.72 ± 7.94 69.91 ± 8.27

Postop. 24 months 87.37 ± 8.98 78.15 ± 10.77a 86.04 ± 9.11 75.06 ± 9.68a 72.14 ± 8.27 71.48 ± 9.06

JOA score Postop. 1 month 9.95 ± 1.96 9.82 ± 2.07 9.75 ± 1.73 9.82 ± 1.47 9.83 ± 1.47 10.06 ± 2.14

Postop. 6 months 12.11 ± 1.59 11.03 ± 1.75a 11.81 ± 1.60 10.36 ± 1.52a 11.17 ± 1.75 10.94 ± 1.69

Postop. 12 months 13.83 ± 1.88 12.32 ± 2.01a 13.06 ± 1.94 11.90 ± 1.87a 12.41 ± 2.01 12.05 ± 1.77

Postop. 24 months 14.25 ± 1.66 13.17 ± 1.42a 14.42 ± 1.932 12.78 ± 1.88a 12.91 ± 1.82 12.17 ± 1.90

ASIA American Spinal Injury Association, JOA Japanese Orthopaedic Association, Postop postoperative, h hours
aCompared with < 72 h group, p < 0.05

Table 5 The results of ASIA impairment scale under the interaction between the surgical timing and the number of the fused
segments

Items Follow-up Preoperative Postop. 1 m Postop. 6 m Postop. 12 m Postop. 24 m

1 level < 72 h (n = 17) A, 1; B, 3; C, 5; D, 8 A, 1; B, 2; C, 5; D, 9 A, 0; B, 2; C, 6; D, 9 A, 0; B, 1; C, 5; D, 11 A, 0; B, 1; C, 3; D, 13

> 72 h (n = 15) A, 2; B, 3; C, 4; D, 6 A, 2; B, 3; C, 3; D, 7 A, 2; B, 3; C, 2; D, 8 A, 1; B, 3; C, 3; D, 8 A, 1; B, 3; C, 3; D, 8

2 levels < 72 h (n = 13) A, 2; B, 3; C, 3; D, 5 A, 2; B, 3; C, 2; D, 6 A, 2; B, 2; C, 2; D, 7 A, 1; B, 1; C, 3; D, 8 A, 0; B, 2; C, 2; D, 9

> 72 h (n = 14) A, 2; B, 2; C, 3; D, 7 A, 2; B, 2; C, 3; D, 7 A, 2; B, 2; C, 2; D, 8 A, 2; B, 2; C, 2; D, 8 A, 1; B, 2; C, 3; D, 8

3 levels < 72 h (n = 8) A, 2; B, 3; C, 2; D, 1 A, 2; B, 3; C, 2; D, 1 A, 2; B, 2; C, 2; D, 2 A, 2; B, 2; C, 2; D, 2 A, 1; B, 2; C, 3; D, 2

> 72 h (n = 11) A, 2; B, 4; C, 2; D, 3 A, 2; B, 4; C, 1; D, 4 A, 2; B, 4; C, 1; D, 4 A, 2; B, 3; C, 1; D, 5 A, 2; B, 1; C, 2; D, 6

ASIA American Spinal Injury Association, Postop Postoperative, m month(s), h hours
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Considering the negative effects of mechanical com-
pression on SCI, several clinical studies investigating the
efficacy of decompression surgery for SCI have been
published. However, the results of these studies are con-
troversial. Early observational studies led by Wagner and
Chehrazi [16] showed no difference in postoperative
neurological recovery among patients with cervical SCI
who underwent decompression surgery within 8 h versus
9–48 h. In addition, Marshal et al. [17] abandoned early
decompression surgery and advocated delayed surgery
for patients with cervical SCI due to neurological deteri-
oration observed within 5 days after early surgery. Early-
stage studies have tended to conclude that early surgery
is not beneficial for patients with cervical SCI or that the
benefit is not significant compared with delayed surgery.
However, with the development of spinal surgery, recent
preclinical studies based on animal models have ob-
tained theoretical evidence supporting early decompres-
sion surgery for patients with cervical SCI. To more
scientifically and accurately evaluate the impact of early
surgery on the prognosis of patients with cervical SCI,
Fehlings et al. [18] performed a multicenter randomized
trial. Their study showed that emergency decompression
surgery within 24 h after cervical SCI did improve
neurological recovery. Similar results have been reported
in subsequent studies [6, 19]. Unfortunately, due to con-
siderable differences in surgical timing in different stud-
ies, although consistent results have been obtained,
uniform and clear evidence supporting a specific early
surgical time limit is still lacking. Therefore, defining an
appropriate time window for early surgery remains chal-
lenging. Level 2 evidence shows that early surgery within
24 h is safe and effective [18]. However, completing the
necessary medical examinations, organizing a well-
equipped surgical team, and developing timely and ef-
fective backup plans within 24 h are often difficult tasks.
Under the current medical system in southern China,
most patients cannot undergo early surgery in qualified
hospitals within 24 h. Therefore, based on careful con-
sideration, the time limit for early surgery in this study
was 72 h. This study suggests that ACDF is a safe and ef-
fective treatment for CSCIWFD. Moreover, patients who
underwent surgery within 72 h had a significantly better
prognosis than those who underwent delayed surgery.
Our results reinforce the conclusion that early surgery
has a positive effect on neurological recovery in patients
with cervical SCI and suggests that the time limit for
early surgery can be defined as 72 h, especially for pa-
tients who cannot undergo earlier surgery.

The effect of the number of fused segments on patients
with CSCIWFD
Previous studies have focused on the impact of the num-
ber of fused segments on ASD [20]. In this study,

patients who had different numbers of fused segments
achieved different degrees of functional recovery after
surgery. However, during the 1-year follow-up and be-
yond, short-segment fusion (within 2 segments) was as-
sociated with a better prognosis in both the early
surgery and delayed surgery groups. The prognosis of
CSCIWFD patients is closely related to the degree of
cervical SCI. Although the preoperative ASIA and JOA
scores were not significantly different between the short-
and long-segment groups, the patients who underwent
three-segment ACDF often exhibited a greater degree of
disc degeneration. The injuries in the three-segment
group were mainly high-energy injuries caused by high-
impact forces. Nerve tissue repair is a slower process.
Therefore, extensive multiple-segment injuries require
more recovery time and often result in a limited extent
of recovery, which may explain why the postoperative
ASIA and JOA scores at 6 and final follow-up in the
three-segment fusion group were worse than those in
the short-segment groups. Considering the timing of
surgery, our findings tend to advocate early ACDF in pa-
tients with single- and double-segment injuries under
adequate preoperative preparation. For patients with
three-segment injuries, surgery is still required, but the
timing of surgery should be determined according to the
patient’s individual situation.

Complications
Complications are often an important aspect when
evaluating surgical outcomes. As a well-accepted and ef-
fective surgical approach, ACDF is widely used in clin-
ical practice [21]. Postoperative dysphagia is a relatively
common complication of ACDF in the short term. The
incidence of dysphagia after ACDF is not consistent
across studies, ranging from 3 to 21% [22]. In this study,
we found that the incidence of dysphagia at 6 months
after surgery was 5.13% (4/78), which is lower than the
incidence of dysphagia (13–21%) reported by Riley et al.
[23] at 1 year after surgery. In contrast, the incidence of
postoperative dysphagia was all from in the patients who
underwent three-segment fusion. Our results reinforce
the conclusions of other studies that multisegment sur-
gery is an important factor for postoperative dysphagia
[21, 24]. Reducing the traction time of the neck muscles
and the esophagus during surgery and using a static re-
tractor or a small, thin bone plate are effective measures
to reduce postoperative dysphagia. The surgeon should
carefully monitor surgery-related dysphagia in the peri-
operative period.

Limitations
Similar to other clinical studies, this study has some lim-
itations. First, the limited number of patients in each
group may reduce the statistical power of the results to
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some extent. Moreover, due to limitations of the local
medical system, many patients could not receive early
surgery because of multiple referrals. Therefore, this
study could not stratify the data regarding surgical tim-
ing. However, strong evidence indicates that surgery
within 72 h can be defined as early surgery in this study.
Another limitation is that some patients received differ-
ent treatments in other hospitals before surgery, and the
injury mechanism of the patients and the severities of
cervical SCI were not identical. In addition, although
hemodynamic monitoring is a very important factor in
the prognosis of these patients, whether operated or not
operated, we were not authorized to obtain the actual
data for the patients because the physicians’ orders and
the electronic medical records were sealed 3 months
after the patients were discharged from the hospital. The
combined effects of these factors may have an impact on
the results of this study.

Conclusions
In summary, ACDF is a safe and effective treatment for
CSCIWFD. Both early and delayed ACDF can benefit
these patients. For patients with single- or double-
segment injuries, early (within 72 h) ACDF is associated
with a more satisfactory prognosis. Although the efficacy
of three-segment ACDF is not superior to that of short-
segment fusion, ACDF still has a positive effect on the
prognosis of CSCIWFD patients, and the timing of sur-
gery should be based on each patient’s individual situation.
Due to the limitation of the small sample size, we cau-
tiously recommend that 72 h can be defined as an appro-
priate time limit for early surgery for these patients in
regions where earlier surgery cannot be provided by the
current diagnosis and treatment system. Large-sample-
sized, multicenter, high-quality studies are expected to ob-
tain a higher level of evidence.
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