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Abstract
Purpose  Application of AOSpine subaxial cervical spine injury classification system to explore the optimal surgical decom-
pression timing for different types of traumatic cervical spinal cord injury (CSCI).
Methods  A single-center prospective cohort study was conducted that included patients with traumatic CSCIs (C3–C7) 
between February 2015 and October 2016. After enrollment, patients underwent either early (< 72 h after injury) or late 
(≥ 72 h after injury) decompressive surgery of the cervical spinal cord. Each group was divided into A0, A1-4, B, C/F4 and 
F1-3 subgroups. The primary outcomes were ordinal changes in the ASIA Impairment Scale (AIS) and the Spinal Cord 
Independence Measure III (SCIM version 3) at a 12-month follow-up. The secondary outcomes included length of hospital 
stay, postoperative neurological deterioration, other complications and mortality.
Results  A total of 402 patients were included. Of these, 187 patients underwent early decompression surgery, and 215 
patients underwent delayed decompression surgery. Statistical results included the following comparisons of the early vs 
late groups: AIS improvement ≥ 1 grade (combined groups: P < 0.0001; A0: P = 0.554; A1-4: P = 0.084; B: P = 0.013; C/
F4: P = 0.040; F1-3: P = 0.742); AIS improvement ≥ 2 grades, P = 0.003 for all groups; SCIM version 3 (combined groups: 
P < 0.0001; A0: P = 0.126; A1-4: P = 0.912; B: P = 0.006; C/F4: P = 0.111; F1-3: P = 0.875).
Conclusion  Type A and F1-3 fractures are not required to undergo aggressive early decompression. Type B and type C/F4 
fractures should receive early surgical treatment for better clinical outcomes.
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Parameter Early surgery 
N=173 

Late surgery 
N=211 

P values 

AIS 
improvement ≥1 
grade 

      

A0 16 18 0.554 
A1-4 18 14 0.084 
B 26 15 0.013 
C/F4 34 20 0.040 
F1-3 6 9 0.742 
Total 100 76 0.000 
AIS 
improvement ≥2 
grades 

      

A0 7 4 0.209 
A1-4 12 7 0.104 
B 4 2 0.297 
C/F4 5 2 0.157 
F1-3 3 2 0.499 
Total 31 17 0.003 
SCIM version 3       
A0 84.3±9.7 88.4±10.8 0.126 
A1-4 61.7±13.5 64.2±12.0 0.912 
B 43.5±10.7 37.2±11.3 0.006 
C/F4 28.8±7.6 27.5±8.2 0.111 
F1-3 78.9±14.4 79.3±12.5 0.875 
Total 58.7±12.9 53.1±11.7 0.000 

Take Home Messages 
 
1. Most spine surgeons are interested in early surgery when managing patients with a 

cervical spinal cord injury. However, whether all patients with different levels of 
trauma severity require early decompression surgery has not been studied.  
 

2. Our research showed that early surgery led to better neurological and functional 
recovery. However, there were no differences in neurological and functional recovery 
from type A or F1-3 fractures between the early and late groups. 
 

3. Early surgery for type A and type F1-3 fractures defined by the AOSpine system failed 
to show significant clinical advantages, and are not required to undergo aggressive 
early decompression surgery. Type B and type C/F4 fractures should be surgically 
treated early for better clinical outcomes.  
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Introduction

The incidence of acute traumatic cervical spinal cord injury 
(CSCI) has been increasing worldwide, and surgical decom-
pression is considered to be the most effective means of 
treatment; whether it is anterior decompression, posterior 
decompression or anterior–posterior combined decompres-
sion, there is still some controversy about surgical timing. 
At present, most scholars support the idea that early decom-
pression can lead to better neurological recovery outcomes 
[1–4], so most spine surgeons are interested in early surgery 
when managing patients with a CSCI. However, whether all 
patients with different levels of trauma severity require early 
decompression surgery has not been studied. In addition, 
other factors such as length of hospital stay, neurological 
deterioration, other complications and mortality should also 
be taken into account.

In recent years, with the introduction of the AOSpine 
subaxial cervical spinal cord injury classification system 
(SCSICS), various types of cervical trauma have been sum-
marized in detail. This classification system can comprehen-
sively reflect the situation of patients at the time of injury 
and allows for the effective combination of imaging and 
clinical manifestations to facilitate doctor–patient commu-
nication and academic exchanges. Testing has shown that 
the system has a high reliability, validity and repeatability 
and is simple and clear [5–7]. However, the current classifi-
cation cannot objectively and systematically guide clinical 
diagnosis and treatment, nor can it provide a good judgment 
on the prognosis of an injury [8]. Therefore, we used this 
classification system to explore the surgical decompression 
timing of each type of AOSpine SCSICS.

Materials and methods

A prospective cohort study was designed in the Western 
Orthopedic Trauma Center in China, and patients who suf-
fered a traumatic CSCI were enrolled between February 
2015 and October 2016 after the approval of the Xi’an Jiao-
tong University-affiliated Honghui Hospital Ethics Commit-
tee. Inclusion criteria included the following: 1. age 16–80; 
2. initial ASIA Impairment Scale (AIS) grade A-D; 3. spinal 
cord compression or injury confirmed by MRI or CT mye-
lography; 4. patients and their families willing to incorporate 
this study after reading informed consent forms; 5. cervical 
spinal injury level C3–C7; 6. Subaxial Injury Classifica-
tion (SLIC) score ≥ 4; and 7. treatment with decompres-
sion, fusion and fixation surgery. Exclusion criteria included 
the following: 1. penetrating injuries to the neck; 2. major 
neurological deficits or illness before the injury; 3. serious, 

life-threatening injury that prohibited early surgical decom-
pression; 4. arrival at the orthopedic trauma center > 72 h 
after the CSCI; 5. surgery > 7 days after the CSCI; 6. lower 
cervical vertebral infection, tumors or ankylosing spondylitis 
with cervical spinal stenosis; and 7. CSCI combined with 
thoracolumbar fractures or multiple system injuries. After 
enrollment, patients underwent either early (< 72 h after 
injury) or late (≥ 72 h after injury) decompressive surgery 
of the cervical spinal cord. Surgical indications are based on 
the SLIC system, where a total score ≥ 5 recommends surgi-
cal treatment and a total score = 4 indicates that the decision 
for surgery should be based on the specific circumstances of 
patients, such as vital signs, patient’s intention for surgery 
and life quality requirements. The timing of the operation 
intervention was based on the time required for prehospitali-
zation transportation, preoperative examination and medi-
cal preparation. Surgical planning for the patient, such as 
the surgical approach and number of decompression levels, 
was determined by the lead doctor. All patients underwent 
internal fixation and fusion at the same time as decompres-
sion. In addition to the surgical plan, all patients received 
appropriate medical support according to the 2002 American 
Association of Neurological Surgeons cervical SCI guide-
lines [9, 10]. Other appropriate medical treatments of assis-
tive drugs such as methylprednisolone were used in strict 
accordance with the recommendations of the NASCIS-2 
[11], with routine fluid and diet intake limitations after sur-
gery. Patients underwent a postoperative review of cervical 
CT images to identify whether the internal fixation, spinal 
canal decompression and fracture reduction were satisfac-
tory. If neurological function was found to deteriorate after 
surgery, MRI examinations were used to assess the state of 
the spinal cord to remove potential or continued pressure.

The patients were assessed by the AIS and Injury Sever-
ity Score within 12 h after admission, which recorded the 
patient’s gender, age, cause of injury, level of lesion and 
Charlson Comorbidity Index. The patient’s type of injury 
determined by the AOSpine SCSCICS was independently 
judged by two senior doctors who were familiar with the 
classification system, and consensus was achieved after 
discrepancies were resolved through discussions between 
the doctors. After surgery, patients were analyzed in 
groups according to the timing of their operative inter-
vention. Each group was divided into an A0, A1-4, B, C/
F4 or F1-3 subgroup according to the AOSpine SCSCICS. 
In the literature, a type A0 injury means no bony injury 
or a minor injury such as an isolated lamina or spinous 
process fracture associated with CSCI [6], so we divided 
type A fractures into two independent subgroups: type A0 
and types A1-4. Type F4 was introduced with a low reli-
ability (K = 0.06) [6], and we found that it was difficult 
to distinguish between type F4 and type C due to simi-
larities between clinical and radiographic findings as well 
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as the severity of injury and causes of injury. Therefore, 
two cases with F4 fractures were combined with the C 
subgroup, with types F1-3 as a separate subgroup. The 
primary outcomes were ordinal changes in the AIS and 
the Spinal Cord Independence Measure III (SCIM version 
3) at a 12-month follow-up [12]. The secondary outcomes 
included length of hospital stay, postoperative neurologi-
cal deterioration, other complications and mortality. AIS 
and SCIM version 3 scores were evaluated and recorded 
at a 12-month follow-up by an independent research assis-
tant, blinded to the timing of patients’ surgical treatment. 
The data from patients who did not complete the follow-up 
due to attrition and death were not included in the analysis.

Student’s t tests were used for statistical analysis of 
continuous variables. Mean values are presented as the 
mean ± SD. For quantitative data, the Chi-square test was 
used. A significance level was set a = 0.05. All statisti-
cal analyses were performed using Statistical Product and 
Service Solutions Version 18.0 (SPSS, Inc., Chicago, IL, 
USA).

Results

Study population

From February 2015 to October 2016, the study center 
received a total of 473 patients with traumatic CSCIs, and 
ultimately only 402 were included in the study after the 
screening, with an average age of 46.8 ± 15.3 years and 281 
males (69.9%). Of these patients, 187 underwent surgical 
decompression treatment within 72 h after their injury and 
were included in the early group; this group had a mean 
age of 45.4 ± 14.9 years and included 135 males (72.2%). 
Two hundred and fifteen patients underwent the delayed 
decompression surgery and were included in the late group, 
which had a mean age of 47.7 ± 15.6 years and included 
146 males (67.9%). There were no significant differences in 
sex, age, causes of injury, level of lesion, surgical approach, 
Charlson Comorbidity Index, severity of injury, incidence 
of complete SCI, ratio of methylprednisolone received or 
AIS grade at admission between the early and late groups. 
Details are shown in Table 1. All patients were followed up 
with 12 months after discharge; five patients died, and nine 
patients were lost in the early group, leaving 173 patients 
with complete data. There were two cases of death and two 
cases lost to follow-up in the late group, leaving 211 patients 

Table 1   Patient demographic 
data

Parameter Overall Early surgery Late surgery P values

Number of patients 402 187 215
Age (years) 46.8 ± 15.3 45.4 ± 14.9 47.7 ± 15.6 0.133
Male (%) 281 (69.9) 135 (72.2) 146 (67.9) 0.350
Cause of injury 0.087
Motor vehicle accident (%) 220 (54.7) 113 (60.4) 107 (49.8)
Fall (%) 88 (21.9) 34 (18.2) 54 (25.1)
Hit by object (%) 43 (10.7) 18 (9.6) 25 (11.6)
Sports (%) 33 (8.2) 16 (8.6) 17 (7.9)
Other (%) 18 (4.5) 6 (3.2) 12 (5.6)
Level of lesion 0.688
C3 and/or C3–C4 25 (6.2) 13 (6.9) 12 (5.6)
C4 and/or C4–C5 87 (21.6) 38 (20.3) 49 (22.8)
C5 and/or C5–C6 140 (34.8) 63 (33.7) 77 (35.8)
C6 and/or C6–C7 111 (27.6) 51(27.3) 60 (27.9)
C7 and/or C7–T1 39 (9.7) 22 (11.8) 17 (7.9)
Surgical approach 0.916
Anterior (%) 270 (67.2) 127 (67.9) 143 (66.5)
Posterior (%) 87 (21.6) 40 (21.4) 47 (21.9)
A–P combined (%) 45 (11.2) 20 (10.7) 25 (11.6)
Charlson Comorbidity Index ≥ 1 108 (26.9) 51 (27.3) 57 (26.5) 0.863
Injury severity score 18.6 ± 6.7 17.9 ± 6.6 19.1 ± 7.9 0.098
Complete SCI (%) 83 (20.6%) 31 (17.9) 52 (24.6) 0.111
Received methylprednisolone (%) 140 (34.8) 68 (36.4) 72 (33.5) 0.546
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who completed the study. Patient flow is shown in Fig. 1. 
A total of 140 (34.8%) of the patients enrolled in the study 
were treated with methylprednisolone before admission or 
upon admission. There was no significant difference in the 
rate of hormone therapy between two groups (P = 0.546).

The corresponding AOSpine type of injury was judged 
based on CT and MRI, and then, patients were divided into 
A0, A1-4, B, C/F4 or F1-3 groups, for a total of five sub-
groups. As shown in Table 2, the early group was divided 
as follows: A0 subgroup, 25 (14.5%); A1-4 subgroup, 
37 (21.4%); B subgroup, 41 (23.7%); C/F4 subgroup, 60 
(34.7%); and F1-3 subgroup, 16 (9.2%). The late group was 
divided as follows: A0 subgroup, 32 (15.2%); A1-4 sub-
group, 45 (21.3%); B subgroup, 60 (28.4%); C/F4 subgroup, 
53 (25.1%); and F1-3 subgroup, 21 (10.0%). There was no 

Fig. 1   Patient flow

Table 2   Detailed data of AOSpine subgroups

Values in bold are statistically significant (P < 0.05)

AOSpine group Overall
N = 384

Early 
surgery 
N = 173

Late surgery 
N = 211

P values

A0 (%) 57 25 (14.5) 32 (15.2) 0.905
A1-4 (%) 82 37 (21.4) 45 (21.3) 0.989
B (%) 101 41 (23.7) 60 (28.4) 0.294
C/F4 (%) 113 60 (34.7) 53 (25.1) 0.041
F1-3 (%) 37 16 (9.2) 21 (10.0) 0.816
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significant difference between the early and late groups, but 
some differences occurred between the C/F4 subgroups.

Neurological and functional recovery at 12 months

The neurological and functional recovery of patients 
was evaluated 12 months after surgery, and details of 
the AIS grade at admission and at follow-up in the early 

and late group are shown in Table 3; details of AIS grade 
improvements and functional recovery in each subgroup 
are shown in Table 4 and summarized in Fig. 2. One hun-
dred patients in the early group and 76 patients in the late 
group showed an AIS improvement ≥ 1 grade (P < 0.0001 
for the combined groups; A0: P = 0.554; A1-4: P = 0.084; 
B: P = 0.013; C/F4: P = 0.040; and F1-3: P = 0.742); the 
early group showed obvious AIS improvements, and the B 
and C/F4 subgroup results support this finding, while there 
were no significant differences in the A0, A1-4 or F1-3 
subgroups. Thirty-one patients in the early group and 17 
patients in the late group showed an AIS improvement ≥ 2 
grades, (P = 0.003 for the combined groups). The results 
of SCIM version 3 also showed that the early group had 
better functional recovery, and the B subgroup results sup-
port this finding, while there were no statistically signifi-
cant differences in the A0, A1-4, C/F4 or F1-3 subgroups 
(early vs. late: P < 0.0001, for the combined groups; A0: 
P  = 0.126; A1-4: P = 0.912; B: P = 0.006; C/F4: P = 0.111; 
F1-3: P = 0.875).

Table 3   Ordinal changes in 
ASIA Impairment Scale grades

Grade at admission Grade at follow-up

A B C D E

Early surgery group
A 31 19 8 4
B 55 2 12 27 9 5
C 53 2 18 20 13
D 34 1 19 14
Total 173 21 22 50 48 32
Late surgery group
A 52 39 11 2
B 71 2 45 17 7
C 65 1 32 31 1
D 23 16 7
Total 211 41 57 51 54 8

Table 4   AIS grade improvements and functional recovery measure-
ments at 12 months

Values in bold are statistically significant (P < 0.05)

Parameter Early surgery N = 173 Late surgery N = 211 P values

AIS improvement ≥ 1 grade
A0 16 18 0.554
A1-4 18 14 0.084
B 26 15 0.013
C/F4 34 20 0.040
F1-3 6 9 0.742
Total 100 76 < 0.0001
AIS improvement ≥ 2 grades
A0 7 4 0.209
A1-4 12 7 0.104
B 4 2 0.297
C/F4 5 2 0.157
F1-3 3 2 0.499
Total 31 17 0.003
SCIM version 3
A0 84.3 ± 9.7 88.4 ± 10.8 0.126
A1-4 61.7 ± 13.5 64.2 ± 12.0 0.912
B 43.5 ± 10.7 37.2 ± 11.3 0.006
C/F4 28.8 ± 7.6 27.5 ± 8.2 0.111
F1-3 78.9 ± 14.4 79.3 ± 12.5 0.875
Total 58.7 ± 12.9 53.1 ± 11.7 < 0.0001

Fig. 2   AIS grade improvements at 12 months by subgroup: early ver-
sus late surgery
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Length of stay and postoperative neurological 
deterioration

As shown in Table 5, it was clear that the length of stay 
in the late group was longer than that of the early group 
(P < 0.0001), and the results from each subgroup were con-
sistent with that of the previous comparison. Neurological 
function deteriorated after the operation in eight patients 
(4.6%) in the early group and three (1.4%) in the late group. 
There was no significant difference between the two groups. 
No significant differences were found in subgroups.

Postoperative complications and mortality

The detailed complications in the early and late groups 
are shown in Tables 5 and 6; 56 (32.4%) patients in the 
early group and 97 (43.6%) patients in the late group 
showed one or more severe or minor complication. The late group showed more complications than the early 

group (P = 0.007). However, it is surprising that we did 
not find any differences in the incidence of complications 
between the early and late surgery in the five subgroups. In 
the early group, five patients (2.8%) died, three of whom 
died in the ICU due to adverse events such as respiratory 
failure and multiple organ failure and two of whom died 
from bed-related complications after discharge. In the late 
group, one (0.4%) patient died in the ICU due to respira-
tory failure and one patient died due to thrombosis, pneu-
monia and other related complications after discharge. 
Although the mortality in the early group was higher than 
that of the late group, there was no significant difference 
between groups (P = 0.157), and there were no significant 
differences among the subgroups (P > 0.05). The results 
from the B and C/F4 subgroups were consistent with the 
former finding, but in the A0, A1-4 and F1-3 subgroups, 
the mortality of the early group was not different from that 
of the late group.

Multivariate analysis

Considering age, AIS grade at admission, injury severity 
score, complete cervical spinal cord injury and received 
methylprednisolone therapy were the five major confounding 
factors in this study. Finally, multivariate analysis was used 
to determine the degree of influence of confounding factors 
on the results and to determine the credibility of the study 
results. Multivariate analysis showed that ISS (Injury sever-
ity score) was identified as a definite confounding factor can 
affect neurological recovery outcome of AIS improvement 
=2 grade (Online Resource 1) (P = 0.027), it means the 
ISS in late group, relative to that of in early group, every 
increased by one point, the probability of AIS improvement 

Table 5   Length of stay, complications and mortality

Values in bold are statistically significant (P < 0.05)
LOS length of stay

Parameter Early surgery N = 173 Late surgery N = 211 P values

LOS
A0 12.9 ± 2.6 14.1 ± 2.9 < 0.0001
A1-4 14.8 ± 2.8 16.6 ± 3.1 < 0.0001
B 15.5 ± 3.1 18.7 ± 3.4 < 0.0001
C/F4 16.4 ± 3.2 20.1 ± 3.7 < 0.0001
F1-3 13.2 ± 2.5 14.9 ± 2.9 < 0.0001
Total 15.8 ± 3.1 18.1 ± 3.4 < 0.0001
Neurological deterioration postoperation (%)
A0 1 (0.6) 0 (0) 0.270
A1-4 1 (0.6) 0 (0) 0.270
B 3 (1.7) 2 (0.9) 0.498
C/F4 3 (1.7) 1 (0.5) 0.226
F1-3 0 (0) 0 (0) –
Total 8 (4.6) 3 (1.4) 0.061
Other complications (%)
A0 2 (1.2) 3 (1.4) 0.819
A1-4 11 (6.4) 17 (8.1) 0.609
B 21 (12.1) 35 (16.6) 0.219
C/F4 22 (12.7) 40 (19.0) 0.098
F1-3 0 (0) 2 (0.9) 0.199
Total 56 (32.4) 97 (43.6) 0.007
Mortality (%)
A0 0 (0) 0 (0) –
A1-4 1 (0.6) 0 (0) 0.682
B 1 (0.6) 0 (0) 0.224
C/F4 3 (1.7) 1 (0.5) 0.371
F1-3 0 (0) 1 (0.5) 0.376
Total 5 (2.8) 2 (0.9) 0.157

Table 6   Detailed data of serious and minor complications

Complications Early surgery Late surgery

Serious complications
Thromboembolic event (%) 6 (3.5) 13 (6.2)
Acute respiratory distress syndrome 

(%)
2 (1.2) 0 (0)

Unplanned return to OR (%) 3 (1.7) 2 (0.9)
Unplanned return to ICU (%) 2 (1.2) 1 (0.5)
Minor complications
Pneumonia (%) 40 (23.1) 41 (19.4)
Urinary tract infection (%) 13 (7.5) 25 (11.8)
Decubitus ulcer (%) 7 (4.0) 16 (7.6)
Surgical site infection (%) 3 (1.7) 4 (1.9)
Systemic infection (%) 5 (2.9) 7 (3.3)
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=2 grade will decrease by 9.7%, but it does not show a sig-
nificant effect on AIS improvement =1 grade (P = 0.083).

Discussion

Traumatic CSCI can cause serious consequences or even 
be life-threatening. It is estimated that approximately 2.5 
people per million suffer from a traumatic CSCI every year 
worldwide [13], while the surgical treatment can relieve spi-
nal cord compression and restore cervical stability to avoid 
the long-term compression caused by a direct injury and 
the resulting secondary injury; however, the optimal timing 
of surgery is still controversial. Furlan et al. [14] study the 
timing of the surgical treatment of acute SCIs through an 
evidence-based medicine method, and animal experiments 
results showed that a timely decompression surgery after a 
SCI can effectively promote postoperative neurological func-
tion recovery. Fehlings et al. [2] conducted a multicenter, 
prospective cohort study and showed that for patients with 
an acute CSCI, surgery within 24 h was proven to be safe 
and effective and led to better neurological function recov-
ery. A multicenter retrospective study by Liu et al. [15] 
divided patients with an acute CSCI into two groups based 
on a dividing line of 72 h after injury: an early surgery group 
and delayed operation group. Follow-up assessments showed 
that the patients in the early group had shorter hospital stays. 
However, there were no significant differences in ICU hos-
pital stay, auxiliary ventilation time or complication rate 
(pneumonia, pulmonary embolism, wound infection, sepsis 
and urinary tract infection) between the early group and the 
delayed group, and the early group had a higher incidence 
of neurological deterioration and mortality, which dem-
onstrated that surgery within 72 h after injury is safer and 
more effective. In 2004, a meta-analysis of results showed 
that operations < 24 h after SCI can lead to better clinical 
results than surgery ≥ 24 h after injury or conservative treat-
ment [16]. In 2010, Fehlings et al. [17] conducted a sys-
tematic analysis of the literature and performed a prospec-
tive investigation that found that most spine surgeons tend 
to perform surgery within 24 h after an injury in patients 
with a complete or incomplete CSCI. Recent studies tend 
to define the early surgery as operations within 24 h after 
injury and suggest performing surgical treatment as early as 
possible [18]. The reason this study adopted a 72-h cutoff is 
because the research center is the largest in Western China 
and has the highest level of emergency traumas, and the 
tertiary nature of referral patterns require that patients must 
first receive treatment in a primary medical institution before 
being transferred to the larger center if the primary medical 
institution does not have the ability or conditions to treat the 
patient; thus, the majority of patient arrivals at this health 
center are more than 24 h after a CSCI.

A recent systematic review showed that most studies 
currently support the idea that the early surgical decom-
pression leads to better neurological recovery results [18]. 
However, whether all types of lower CSCIs should be pri-
oritized for the early decompression surgery has not been 
studied. Hence, we used the AOSpine SCSCICS to focus 
on this problem. This system can allow for the compre-
hensive evaluation of all cases with a high degree of cred-
ibility and repeatability and is easy to use clinically. How-
ever, the interobserver reliability of the F4-type fractures 
described in a previous paper was poor (k < 0.2), which is 
possibly explained by the fact that we found type F4 was 
easy mistaken as type C due to similarities in clinical and 
radiographic findings as well as the severity of injury and 
causes of injury. Therefore, we integrated type F4 and type 
C into one subgroup.

Our research showed that the early surgery led to better 
neurological and functional recovery, which is in accordance 
with the conclusions of most of the literature about the opti-
mal timing for CSCI surgeries [1–4]. However, there were 
no differences in neurological and functional recovery from 
type A or F1-3 fractures between the early and late groups. 
Based on our experience, the reason for this finding may be 
that a component of the A0 and F1-3 fractures’ mechanism 
of injury is mainly a transient cervical dislocation caused 
by a whiplash injury in a sagittal plane or a transient, exces-
sive lateral flexion in the coronal plane that thereby results 
in a slight contusion of the cervical spinal cord, unlike type 
B, C or F4 fractures, where there is sustained mechanical 
bone compression due to severe traumatic violence. A1-4 
fractures except for A4 are all caused by a mild form of 
violence without severe mechanical compression of the spi-
nal canal. Therefore, the spinal cord will not show further 
degeneration, necrosis or secondary injury. Type A4 injuries 
are burst fractures caused by relatively severe violence that 
sends fractured pieces into the vertebral canal and causes 
space-occupying compression, but the limited number of 
patients with type A4 fractures was not large enough to 
divide this type into an independent subgroup; this is also 
a limitation of this study. In addition, there was no signifi-
cant difference between the early and late groups in terms 
of the functional recovery of patients with C/F4 fractures 
at a 12-month follow-up, but there is currently no definite 
explanation for this finding.

Our study also emphasized non-neurological outcomes 
relative to the timing of the surgical intervention. We 
reported that the length of hospital stay in the early group 
was significantly shorter than that of the late group, which 
may be due to earlier surgery and earlier activity in the early 
group. Moreover, all patients with a traumatic CSCI at the 
center are transferred to a professional rehabilitation insti-
tution for long-term recovery after completing the surgery. 
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Therefore, the length of hospital stay in this study is gener-
ally short.

Liu et  al. [15] retrospectively analyzed the clinical 
outcomes of 212 patients who underwent decompression 
within 72 h and 383 patients who underwent surgery after 
72 h. The study found that the rate of neurological function 
deterioration in the early decompression group (6.6%) was 
significantly higher (0.7%) than that of the late decompres-
sion group. However, our research showed that the rate of 
postoperative neurological deterioration for the early surgery 
group was higher than that of the late surgical decompres-
sion group, but this difference was not statistically signifi-
cant, which is contrary to the findings of Liu et al. Concern-
ing complications, Liu et al. indicated that complications in 
the early group were significantly lower than those in the 
late group, and in this, Liu’s findings are consistent with our 
results. Samule et al. [19] identified that the timing of sur-
gery was a risk factor for minor complications, and the later 
the surgery, the higher the risk of the occurrence of minor 
complications; as shown in Table 6, most of the complica-
tions in this study were minor complications, so the results 
of our study were supported by the research conclusions 
of Samule et al. However, this difference did not occur in 
each subgroup, which may be because the subgroups were 
divided too much and the significant difference was diluted.

Mortality is another risk factor that must be taken into 
account in the selection of surgery options for traumatic 
CSCIs. Croce et al. [20] found that patients with an injury 
severity score greater than 25 points had higher mortality 
following an early surgery than a late surgery. Samule et al. 
[19] identified the timing of the intervention and the Charl-
son Comorbidity Index as two risk factors for mortality. 
With a delay in surgery, the risk of death was significantly 
reduced, demonstrating that the late surgery was safer than 
the early surgery. However, our research showed no signifi-
cant difference despite the mortality of early surgery being 
higher than that of the late surgery.

After a multivariate analysis, only ISS was identified as 
a confounding factor in our study. The higher the patient’s 
ISS, the less possibility of neurological recovery. The ISS 
of subgroups B and C/F4 was generally higher; due to this 
confounding factor, the number of patients in the late group 
that obtained a neurological recovery = 2 grade may be 
lesser compared with patients in the early decompression 
group, resulting in false-positive results. However, it failed 
to show a significant influence on number of patients in the 
late group that obtained a neurological recovery = 1 grade. 
Overall, the confounding factor did not significantly affect 
the credibility of the results of this study.

There are some limitations in this study. Subgroup analy-
ses may dilute the significant differences between the early 
and late cohorts, which may add some bias to the find-
ings. Confounding factor ISS has a potential that results in 

false-positive results. Additionally, surgeries were performed 
by different surgeons. Variations in patient management 
and evaluation may have led to the observed differences in 
results. Despite these limitations, this large sample research 
provides clear guidance on the timing of surgery for different 
types of AOSpine subaxial cervical fractures.

Conclusion

The early surgery for type A and type F1-3 fractures defined 
by the AOSpine system failed to show the significant clini-
cal advantages and is not required to undergo aggressive 
early decompression surgery. Type B and type C/F4 frac-
tures should be surgically treated early for better clinical 
outcomes.
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