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Abstract 

Background: At present, surgery is the primary clinical treatment for SCIWORA patients, but conservative treatment 
still plays an important role in patients with incomplete spinal cord injury. As an important index of cervical spine 
degeneration, cervical curvature has an impact on the prognosis of spinal cord injury patients. This paper studied 
the prognosis of conservatively treated patients with SCIWORA and the correlation between cervical curvature and 
neurological prognosis.

Methods: A retrospective study was conducted in all the patients with SCI admitted to the Third Affiliated Hospital of 
Hebei Medical University between January 2017 and June 2020. Data were recorded in 106 eligible patients, including 
sex, age, injury factors, Cobb angle, CCI, CSA, and ASIA motor and sensory scores. The Wilcoxon sign rank sum test was 
used to analyze the data postinjury and at the 1-year follow-up. Pearson correlation analysis was performed for the 
Cobb angle, CCI and CSA. Simple linear regression analysis and multiple linear regression analysis were performed for 
each group of variables.

Results: The Wilcoxon signed rank sum test confirmed that the Cobb angle, the CCI and the CSA of the patients were 
not significantly different at the 1-year follow-up when compared with the postinjury values, and the ASIA motor and 
sensory scores were significantly improved. The Pearson correlation analysis showed correlations among the Cobb 
angle, the CCI and the CSA. Simple linear regression analysis and multiple linear regression analysis showed that the 
nerve recovery rate was negatively correlated with age and was positively correlated with the Cobb angle.

Conclusion: Conservative treatment of incomplete SCIWORA can achieve a good prognosis. There is a clear cor-
relation between the Cobb angle, CCI and CSA, and the Cobb angle, as an important influencing factor, needs to be 
considered. For SCIWORA patients undergoing nonsurgical treatment, improving cervical curvature is beneficial to 
the prognosis of patients. Age negatively affects the neurological prognosis.
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Introduction
Pang et  al. [1] first proposed the concept of spinal cord 
injury without radiographic abnormality (SCIWORA) in 
1989. In recent years, with the continuous improvement 
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of MRI technology, the clinical evaluation and under-
standing of SCIWORA have significantly evolved [2]. In a 
retrospective analysis, Tewari et al. [3] found that patients 
with SCIWORA accounted for up to 12% of patients with 
traumatic spinal cord injury, and most of these patients 
had incomplete spinal cord injury. Therefore, the treat-
ment of spinal cord injury without radiographic abnor-
malities has always been controversial. At present, there 
is still a lack of consensus on the ideal treatment of SCI-
WORA. The detailed and accurate imaging classifica-
tion evaluation has clinical value in guiding the choice of 
treatment for these patients [4, 5]. In recent years, sev-
eral studies have been conducted on the injury mecha-
nism and clinical treatment of SCIWORA. New findings, 
new diagnoses and treatment techniques are evolving, 
management methods are ever changing, and the debate 
between surgical treatment and conservative treatment is 
ongoing [6].

Normal cervical curvature plays an important role 
in maintaining effective motor function, and a series of 
vertebral biomechanical imbalances caused by abnormal 
cervical curvature may lead to further development of 
cervical degenerative diseases [7]. Cervical curvature is 
not obvious in infancy but becomes more or less fixed in 
adulthood as bone develops. Lateral cervical radiographs 
were initially used as a basic method for measuring cer-
vical curvature and as a reference index for determin-
ing treatment plans and evaluating efficacy. At present, 
cervical curvature is mainly used in evaluating patients 
with cervical spondylosis, but there are few studies on 
the relationship between cervical curvature and spinal 
cord injury [8, 9]. Studies on the prognosis of spinal cord 
injury mainly focus on MRI findings, injury segment, 
ASIA grade, spinal canal to vertebral body ratio, trauma 
mechanism, degenerative changes around the interverte-
bral disk and other factors, but there are few studies on 
the influence of cervical curvature changes [10, 11]. Pat-
wardhan et al. [12] studied the effect of cervical curvature 
on surgical outcome and nerve recovery, but there are 
few reports on the nonsurgical treatment of spinal cord 
injury.

This research aims to study the conservative treatment 
outcomes in patients with incomplete SCIWORA and 
the correlation between cervical curvature and progno-
sis in SCIWORA patients. In this study, the correlation 
between nerve improvement and cervical curvature was 
analyzed to further verify whether cervical curvature is a 
suitable index for spinal cord injury.

Data and methods
A retrospective study was conducted on the data of all 
the adult patients with SCI admitted to the Third Affili-
ated Hospital of Hebei Medical University from January 

2017 to June 2020. The 623 hospitalized patients were 
identified as having spinal cord injuries according to the 
International Classification of Diseases, Ninth Revision. 
The International Classification of Diseases is designed 
to promote international comparability in the collection, 
processing, classification, and presentation of mortality 
statistics. The following exclusion criteria were used: (1) 
age ≤ 18  years old; (2) radiographic evidence of trauma 
(fracture, dislocation or subluxation); (3) SCI of the tho-
racic or lumbar spine; (4) history of spinal pathological 
changes or spinal surgery; (5) complications including 
brain, chest, abdominal injury or limb trauma; (6) surgi-
cal treatment was ultimately administered; (7) patients 
with mental disorders or other factors who were unable 
to cooperate. After the eligible patients were admitted 
to the hospital, they received a fixed neck collar. Other 
interventions included strategies to reduce swelling and 
steroid treatment. All patients needed a fixed neck col-
lar or cervical collar for at least 3  months and were 
instructed to limit high-risk activities for 6  months. 
Patients were examined every 2  months to determine 
whether the patient had cervical instability. Symptoms 
were exacerbated during the observation period, and 
MRI showed that surgical intervention was needed [13]. 
A total of 106 patients, between the ages of 23 years and 
81  years, met the study requirements, with an average 
age of 50.5 years. In this study, the data were measured 
by two attending physicians with more than 10  years 
of experience in the spinal field. After each doctor per-
formed the measurements, the average value of the two 
measurements were taken to reduce errors. If there was a 
large difference in the data, then the third surveyor com-
pleted the evaluation. All measurements were obtained 
on MRI. The measurement data included the Cobb angle, 
the cervical curvature index (CCI), and the cervical spine 
angle (CSA). Cobb angle: For the extension lines of the 
lower endplates of C2 and C7, draw the perpendicular 
lines of the two lines, and the acute angle formed by the 
intersection of the two lines is the Cobb angle (Fig.  1). 
CCI: The line connecting the posterior and lower edges 
of the C2 and C7 cervical vertebrae is line A, and the ver-
tical lines from the posterior lower edge of the C3 to C6 
vertebra to Line A are a1, a2, a3 and a4. If the posterior 
lower edge of C3-C6 is located on the dorsal side of line 
A, the value of A is recorded as negative. CCI = (a1 + a
2 + a3 + a4)/A * 100% (Fig. 2). CSA (Harrison’s method): 
Parallel lines of the posterior margins of the C2 and C7 
vertebral bodies. The acute angle at which it intersects 
is the cervical spine angle (Fig.  3). Length data are eas-
ily affected by factors such as the height of the patient, 
enlargement or reduction on imaging examination, etc. 
Angle and proportion data are more objective and accu-
rate [14].
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The American Spinal Injury Association (ASIA) score 
was obtained to determine the neurological function 
of the patients. Motor score: Motor function score of 
10 pairs of key muscles in the upper and lower limbs, 5 

points for each muscle, with a total score of 100 points; 
Sensory score: The left and right 56 sensory scores, 
including light touch and needling sensation, 4 points 
for each, with a total score of 224 points. Neurological 
recovery rate = (ASIA motor and sensory scores at the 
follow-up—ASIA motor and sensory scores postinjury)/
(324-ASIA motor and sensory scores postinjury) 100%.

The SPSS version 21.0 statistical software (IBM, 
Armonk, NY, USA) was used for statistical analysis. The 
Kolmogorov–Smirnov test was used to verify whether 
the data conformed to the normal distribution.

Results
Patient population and disposition
The 106 patients who met the inclusion criteria were 
characterized as 68 cases of fall injury (64.15%), 26 
cases of car accident injury (24.53%), 10 cases of heavy 
object smashing injury (9.43%), and 2 cases of traction 
injury (1.89%). Fall injury was the main injury factor for 
SCIWORA patients. In this study, all 106 patients with 
incomplete SCI had ASIA Impairment Scale [9] grade 
C or D at admission, and 18 of them had AIS grade E 
at the 1-year follow-up. All patients underwent cervical 
X-ray, CT and MRI examinations after admission. MRI 
scanning results of 106 patients showed no obvious spi-
nal cord compression, no spinal canal stenosis, and no 
MRI abnormalities in or outside the spinal cord. Seven 
cases of cervical kyphosis. During the study period, 623 
hospitalized patients were identified as having spinal 

Fig. 1 For the extension lines of the lower endplates of C2 and C7, 
draw the perpendicular lines of the two lines, and the acute angle 
formed by the intersection of the two lines is the Cobb angle

Fig. 2 The line connecting the posterior and lower edges of the C2 
and C7 cervical vertebrae is line A, and the vertical lines from the 
posterior lower edge of the C3 to C6 vertebra to Line A are a1, a2, a3 
and a4. CCI = (a1 + a2 + a3 + a4)/A * 100%

Fig. 3 Parallel lines of the posterior margins of the C2 and C7 
vertebral bodies. The acute angle at which it intersects is the cervical 
spine angle (CSA)
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cord injuries. Of these, 22 and 43 patients were excluded 
because they had spinal cord injuries at C1-2 and the tho-
racic or lumbar region, respectively. Thirty-one patients 
had complete spinal cord injuries and were categorized 
as AIS Grade A. In addition, 59 patients were excluded 
from the analysis because they had a craniocerebral or 
thoracoabdominal injury. Of the remaining 468 patients, 
only 424 underwent cervical X-ray, CT, or MRI examina-
tion. A total of 197 patients diagnosed with fractures by 
CT scan were excluded, so the data analysis included the 
remaining 227 patients diagnosed with SCIWORA. Of 
these, 119 patients eventually underwent surgery, and 2 
patients were lost to follow-up. The follow-up period was 
1 year. Notably, none of the patients treated in this study 
developed serious complications (Table 1).

Nonparametric test
The Kolmogorov–Smirnov test showed that age, Cobb 
angle, CCI and CSA data did not conform to a normal 
distribution. The Wilcoxon sign rank sum test was used 
to analyze Cobb angle, CCI and CSA postinjury and at 
the 1-year follow-up, and the results were not statistically 
significant. The postinjury and 1-year follow-up ASIA 
motor and sensory scores were analyzed (P < 0.05). The 
neurological function of SCIWORA patients was sig-
nificantly improved after conservative treatment, and 18 
patients achieved complete recovery. Conservative treat-
ment could benefit patients with SCIWORA (Table 2).

Pearson correlation analysis
Pearson correlation analysis was conducted for the Cobb 
angle, CCI and CSA, in which the Cobb angle and CCI 
analysis result was 0.91, the Cobb angle and CSA analysis 
result was 0.90, the CCI and CSA analysis result was 0.88. 
There was a positive correlation among the three groups 
of cervical curvature, Cobb angle, CCI and CSA.

Simple linear regression analysis
Sex, age, Cobb angle, CCI, CSA, ASIA motor and sen-
sory scores, postinjury and neurological recovery rates 
were analyzed by simple linear regression. The observed 
values in this study are independent of each other. The 
results showed that there was no significant correlation 
between the neurological recovery rate and sex or age. 
There was a linear correlation between the nerve func-
tion recovery rate and the Cobb angle, CCI and CSA, 
and the Cobb angle had a more significant correlation 
(F = 40.79, adjusted R2 = 0.275) (Fig.  4). The Cobb angle 
could explain 27.5% of the variation in the nerve recovery 
rate, further indicating that among the indices of cervical 
curvature, the Cobb angle was more closely related to the 
neurological recovery rate (Table 2).

Multiple linear regression analysis
According to the simple linear regression analysis, P < 0.2 
was used as the inclusion criterion, and age, Cobb angle, 
CCI, and CSA were included in the multiple linear regres-
sion analysis (adjusted R2 = 0.313, F = 12.96, P < 0.05). The 
final results showed that there was a certain correlation 
among the neurological recovery rate, age and the Cobb 
angle. There was a negative correlation with age and a 
positive correlation with the Cobb angle. These variables 
accounted for 31.30% of the variation in the neurologi-
cal recovery rate (Table 3). In the simple linear regression 
analysis, there was no significant correlation between neu-
rological recovery rate and age. However, CCI and CSA 
were positively correlated with the neurological recovery 
rate in the simple linear regression, which did not indicate 
an obvious correlation in the multivariate linear regres-
sion analysis. After removing the Cobb angle, the results 
showed that the neurological recovery rate was positively 
correlated with age and the CCI. After removing the Cobb 
angle and the CCI, the results showed that there was a cer-
tain correlation among the neurological recovery rate, age 
and the CSA. The Cobb angle, CCI and CSA are correlated 
with each other. Therefore, confounding variables were 
generated after the data of the three groups were recorded 
in the multiple linear regression analysis. As a confound-
ing variable, age should be included in the multiple linear 
regression analysis. The results show that the older the age 
is, the worse the neurological recovery rate, but the correla-
tion is not high. The Cobb angle, CCI and CSA groups of 

Table 1 Comparative analysis of postinjury and 1-year follow-up 
data

*Values are expressed as the mean ± SD. P < 0.05 was considered statistically 
significant

Post-injury 1-Year follow-up P

Cobb angle 15.07 ± 10.67 15.39 ± 10.10 0.34

CCI 0.15 ± 0.11 0.15 ± 0.11 0.14

CSA 19.93 ± 10.89 19.94 ± 10.87 0.40

ASIA motor and 
sensory score

255.08 ± 19.95 307.43 ± 15.03  < 0.05

Table 2 Simple linear regression analysis results

*P < 0.2 was included in multiple linear regression analysis

F P Durbin–Watson Adjusted R2

Age 2.14 0.15 1.84 0.011

Sex 0.84 0.36 1.81 − 0.002

Cobb angle 40.79 < 0.05 1.68 0.275

CCI 38.03 < 0.05 1.65 0.261

CSA 33.13 < 0.05 1.76 0.234

ASIA motor and sen-
sory score postinjury

0.109 0.74 1.80 − 0.009
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independent variables affected the results of the multiple 
linear regression analysis due to the linear relationship, but 
the comprehensive evaluation showed that the Cobb angle 
was the main influencing factor, and correcting the Cobb 
angle in conservatively treating patients with SCIWORA 
could help improve the neurological recovery rate (Fig. 5).

Discussion
The mechanism of SCIWORA has been well studied, 
and most of cases are caused by cervical hyperexten-
sion injury [15]. There are many studies on the treat-
ment of SCIWORA, and surgery is still the preferred 

treatment for SCIWORA patients. Kawano et  al. [16] 
found that surgical treatment was not beneficial when 
compared with conservative treatment, and conserva-
tive treatment was also suitable for SCIWORA patients. 
The 106 patients in this study experienced an improve-
ment in neurological function with conservative treat-
ment, which is consistent with Kawano’s study and 
confirms that SCIWORA patients benefit from conserva-
tive treatment. Maeda et  al. [17] confirmed that neuro-
logical improvement in SCIWORA patients was mainly 
related to the initial injury mechanism, the spinal canal 
diameter, patient age, the injury degree, the presence of 

Fig. 4 Simple linear regression results showed that there was a positive correlation between the neurological recovery rate and the Cobb angle, 
the CCI and the CSA but no significant correlation with age

Table 3 Multiple linear regression analysis results

*P < 0.05 was statistically significant

B β t P F Adjusted R2

Age − 0.003 − 0.23 − 2.773 0.01 12.958 0.313

Cobb 0.008 0.49 2.072 0.04

CCI 0.260 0.17 0.817 0.42

CSA − 0.001 − 0.08 − 0.384 0.70
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disk-ligament injury and the severity of the neurologi-
cal syndrome, therefore, guiding further research on the 
surgical indications of SCIWORA and its related prog-
nosis. However, the surgical indications for SCIWORA 
may require a deeper consideration. Surgical treatment 
should be reserved for patients with clear MRI evidence 
of extraneural findings, including spinal cord compres-
sion, ligamentous injury, and instability, along with wors-
ening neurological symptoms or lack of improvement 
[18]. All 106 patients in this study had incomplete SCIs, 
and surgical treatment is still recommended for patients 
with complete SCIs.

The focus of cervical curvature research has ranged 
from the original correction of developmental malfor-
mations to cervical degenerative degeneration, and the 
current research focus is to determine whether surgical 
treatment is needed to restore a normal cervical curva-
ture. Many methods have been developed to measure 
cervical curvature, but a unified standard on the ideal 
cervical curvature measurement is unavailable. In clini-
cal practice, there are many methods for cervical curva-
ture measurement [19]. In this study, cervical curvature 
values were measured on MRI, without reference to tra-
ditional X-ray lateral measurement. The main reason is 
that patients with a cervical spinal cord injury need to be 
immobilized by neck brace, and early standing examina-
tion is not possible. In addition, a standing X-ray some-
times fails to fully expose the C6-7 vertebral body, which 
affects the measurement results. Jun et al. [20] conducted 
a study on the correlation between the MRI and X-ray 
measurements of cervical curvature, and the results con-
firmed that the MRI measurements were also feasible. 
Regarding the influence of position on cervical curvature, 
Wang et  al. proposed that the numerical measurement 
of cervical curvature on MRI performed in the supine 
position was more consistent with the condition of the 
patients’ cervical spine during surgery, thus providing a 

reference for the improvement of the patients’ cervical 
curvature during surgery [21]. The authors considered 
that in the early stage of a spinal cord injury, patients are 
mainly bedridden, so the measurement obtained with the 
patient in the supine position is closer to the actual cervi-
cal vertebral status.

In this study, there were correlations among the three 
groups of cervical curvature values, and the repeat-
ability, accuracy and reliability of each value were 
compared, which were similar to the results of other 
studies [22–26]. However, among the 106 patients, 
there were no "S"-shaped cervical vertebrae or those 
with definite scoliosis and kyphosis, and the correla-
tion between cervical curvature values in these patients 
needs further study. Cervical curvature is mainly used 
for cervical lateral curvature and cervical degenera-
tion. Suda et  al. [27] suggested that the cervical spine 
sequence with kyphosis was considered abnormal and 
adversely affected the recovery of cervical nerve func-
tion. Further studies by Mohanty et  al. combined the 
sagittal parameters of the cervical spine and found that 
changes in cervical curvature and sagittal parameters 
were correlated with neurological prognosis [28]. How-
ever, Glassman et  al. [29] conducted a study on post-
operative sagittal imbalance of the cervical spine and 
believed that postoperative cervical curvature changes 
were related to postoperative pain, neurological recov-
ery and the neck disability index (NDI). Liu et  al. [30] 
found that surgery to restore cervical curvature to the 
normal range was beneficial to the spinal cord drift-
ing backward and effectively reduced the occurrence 
of axial symptoms. Several studies have suggested that 
the recovery of cervical curvature is one of the surgical 
treatment objectives. The recovery of cervical curva-
ture improves the surgical effect and obviously influ-
ences nerve prognosis and neck pain relief [31–34]. 
The authors disagree that surgical treatment improves 
cervical curvature, relieves spinal cord compression or 
enhances spinal stability, which may be the root cause 
of neurological improvement rather than cervical cur-
vature improvement. Further research is needed on 
whether surgical improvement of cervical curvature 
will affect surgical results. It is important to note that 
cervical curvature in patients with total spinal balance 
is also affected by nonsurgical treatment, so whether 
the cervical vertebra is simple convex or straight 
because of cervical spondylosis remains controversial. 
The cervical curvature is closely related to the overall 
sagittal balance of the spine. Sagittal imbalance of tho-
racic or lumbar vertebrae will affect the parameters of 
the cervical sagittal position, which has guiding sig-
nificance for spinal orthopedics. [35–38]. In this study, 
the correlation between the Cobb angle, the CCI, the 

Fig. 5 Multiple linear regression results showed that the rate of 
neurological improvement was positively correlated with the Cobb 
angle and negatively correlated with age, but the correlation was not 
significant
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CSA and the nerve improvement rate was studied. The 
results showed that the Cobb angle, the CCI, and the 
CSA all had a positive effect on nerve prognosis, but 
after a comprehensive analysis, the Cobb angle had 
a greater effect, which may be related to the correla-
tion between the Cobb angle, the CCI, and the CSA. 
Age influences the improvement of neurological func-
tion, so for patients treated with surgery, the older the 
patient, the better the neurological function, which 
may be related to the injury mechanism of the patient. 
The younger the patient, the greater the injury energy, 
and neurological recovery is poor [39]. None of the 106 
patients in this study had a high energy injury, and the 
data showed that older patients had poor neurological 
improvement. However, the influence of age on patients 
undergoing surgery needs further study.

Conclusion
For some patients with SCIWORA, conservative treat-
ment can achieve a good therapeutic effect. The prog-
nosis of spinal cord injury worsens with age. There was 
a clear correlation between the Cobb angle, the CCI 
and the CSA. The Cobb angle, as an independent risk 
factor, should be considered and has a positive effect 
on the prognosis of spinal cord injury within a certain 
range. For patients with SCIWORA, improvement 
of the cervical curvature is beneficial to the patients’ 
prognoses. The clinically abnormal manifestations of 
cervical curvature are mainly straightness or kyphosis 
of the cervical curvature, and there are few patients 
with excessive lordosis of the cervical spine. Further 
research is needed to determine whether excessive lor-
dosis will affect the neurological prognosis.

Abbreviations
SCIWORA: Spinal cord injury without radiographic abnormality; CT: Computed 
tomography; MRI: Magnetic resonance imaging; ASIA: American Spinal Injury 
Association; AIS: ASIA Impairment Scale; CCI: Cervical curvature index; CSA: 
Cervical spine Angle; NDI: Neck Disability Index.

Acknowledgements
Not applicable.

Author contributions
CQ wrote this manuscript. JC, DM, YL and ZL collected the data. JG and HX 
analyzed the data. ZH revised and finalized the study. All authors read and 
approved the final manuscript.

Funding
This research was supported by the Medical Science Research Project of Hebei 
Province (20221214). Science and Technology Project of Hebei Education 
Department (SLRC2019046).

Availability of data and materials
The datasets used and/or analyzed during the present study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study and all the medical records used in the study were approved by the 
Institutional Review Committee of Third Hospital of Hebei Medical University, 
China. Informed consent was obtained from all patients who participated in 
this study. All surgical procedures were in accordance with the relevant surgi-
cal principles and guidelines.

Consent for publication
Written informed consent for publication was obtained from all participants.

Competing interests
The authors declare no conflict of interest.

Author details
1 Department of Orthopaedic Surgery, Third Hospital of Hebei Medical Uni-
versity, Shijiazhuang, Hebei Province, China. 2 Key Laboratory of Biomechanics 
of Hebei Province, Third Hospital of Hebei Medical University, Shijiazhuang, 
Hebei Province, China. 3 Department of Spinal Surgery, Third Hospital of Hebei 
Medical University, Shijiazhuang, Hebei Province, China. 4 The Department 
of Radiology, Third Hospital of Hebei Medical University, Shijiazhuang, Hebei 
Province, China. 5 NHC Key Laboratory of Intelligent Orthopaedic Equipment, 
Shijiazhuang, Hebei Province, China. 

Received: 8 June 2022   Accepted: 15 July 2022

References
 1. Pang D, Pollack IF. Spinal cord injury without radiographic abnormality in 

children—The SCIWORA syndrome. J Trauma. 1989;29(5):654–64.
 2. Asan Z. Spinal cord injury without radiological abnormality in adults: clini-

cal and radiological discordance. World Neurosurg. 2018;114:e1147–51.
 3. Tewari MK, Gifti DS, Singh P, Khosla VK, Mathuriya SN, Gupta SK, et al. 

Diagnosis and prognostication of adult spinal cord injury without radio-
graphic abnormality using magnetic resonance imaging: analysis of 40 
patients. Surg Neurol. 2005;63(3):204–9 (discussion 9).

 4. Yue JK, Chan AK, Winkler EA, Upadhyayula PS, Readdy WJ, Dhall SS. A 
review and update on the guidelines for the acute management of cervi-
cal spinal cord injury—part II. J Neurosurg Sci. 2016;60(3):367–84.

 5. Yue JK, Upadhyayula PS, Chan AK, Winkler EA, Burke JF, Readdy WJ, et al. 
A review and update on the current and emerging clinical trials for the 
acute management of cervical spine and spinal cord injuries—part III. J 
Neurosurg Sci. 2016;60(4):529–42.

 6. Lauweryns P. Role of conservative treatment of cervical spine injuries. Eur 
Spine J: Off Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv Spine 
Res Soc. 2010;19(Suppl 1):S23–6.

 7. Miyazaki M, Hymanson HJ, Morishita Y, He W, Zhang H, Wu G, et al. 
Kinematic analysis of the relationship between sagittal alignment 
and disc degeneration in the cervical spine. Spine (Phila Pa 1976). 
2008;33(23):E870–6.

 8. Smith JS, Shaffrey CI, Lafage V, Blondel B, Schwab F, Hostin R, et al. Spon-
taneous improvement of cervical alignment after correction of global 
sagittal balance following pedicle subtraction osteotomy. J Neurosurg 
Spine. 2012;17(4):300–7.

 9. Iyer S, Nemani VM, Nguyen J, Elysee J, Burapachaisri A, Ames CP, et al. 
Impact of cervical sagittal alignment parameters on neck disability. Spine 
(Phila Pa 1976). 2016;41(5):371–7.

 10. Aebli N, Wicki AG, Ruegg TB, Petrou N, Eisenlohr H, Krebs J. The Torg–
Pavlov ratio for the prediction of acute spinal cord injury after a minor 
trauma to the cervical spine. Spine J. 2013;13(6):605–12.

 11. Qi C, Xia H, Miao D, Wang X, Li Z. The influence of timing of surgery in 
the outcome of spinal cord injury without radiographic abnormality 
(SCIWORA). J Orthop Surg Res. 2020;15(1):223.

 12. Patwardhan AG, Khayatzadeh S, Havey RM, Voronov LI, Smith ZA, 
Kalmanson O, et al. Cervical sagittal balance: a biomechanical perspective 
can help clinical practice. Eur Spine J: Off Publ Eur Spine Soc Eur Spinal 
Deform Soc Eur Sect Cerv Spine Res Soc. 2018;27(Suppl 1):25–38.



Page 8 of 8Qi et al. Journal of Orthopaedic Surgery and Research          (2022) 17:361 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 13. Boese CK, Lechler P. Spinal cord injury without radiologic abnormalities in 
adults: a systematic review. J Trauma Acute Care Surg. 2013;75(2):320–30.

 14. Machino M, Yukawa Y, Hida T, Ito K, Nakashima H, Kanbara S, et al. Cervical 
alignment and range of motion after laminoplasty: radiographical data 
from more than 500 cases with cervical spondylotic myelopathy and a 
review of the literature. Spine (Phila Pa 1976). 2012;37(20):E1243–50.

 15. Schneider RC, Cherry G, Pantek H. The syndrome of acute central cervical 
spinal cord injury; with special reference to the mechanisms involved in 
hyperextension injuries of cervical spine. J Neurosurg. 1954;11(6):546–77.

 16. Kawano O, Ueta T, Shiba K, Iwamoto Y. Outcome of decompression 
surgery for cervical spinal cord injury without bone and disc injury in 
patients with spinal cord compression: a multicenter prospective study. 
Spinal Cord. 2010;48(7):548–53.

 17. Maeda T, Ueta T, Mori E, Yugue I, Kawano O, Takao T, et al. Soft-tissue 
damage and segmental instability in adult patients with cervical 
spinal cord injury without major bone injury. Spine (Phila Pa 1976). 
2012;37(25):E1560–6.

 18. Atesok K, Tanaka N, O’Brien A, Robinson Y, Pang D, Deinlein D, et al. 
Posttraumatic spinal cord injury without radiographic abnormality. Adv 
Orthop. 2018;2018:7060654.

 19. Scheer JK, Tang JA, Smith JS, Acosta FL Jr, Protopsaltis TS, Blondel B, et al. 
Cervical spine alignment, sagittal deformity, and clinical implications: a 
review. J Neurosurg Spine. 2013;19(2):141–59.

 20. Jun HS, Chang IB, Song JH, Kim TH, Park MS, Kim SW, et al. Is it possible 
to evaluate the parameters of cervical sagittal alignment on cervical 
computed tomographic scans? Spine (Phila Pa 1976). 2014;39(10):E630–6.

 21. Wang ZL, Xiao JL, Mou JH, Qin TZ, Liu P. Analysis of cervical sagittal bal-
ance parameters in MRIs of patients with disc-degenerative disease. Med 
Sci Monit. 2015;21:3083–8.

 22. Harrison DE, Harrison DD, Cailliet R, Troyanovich SJ, Janik TJ, Holland 
B. Cobb method or Harrison posterior tangent method: which to 
choose for lateral cervical radiographic analysis. Spine (Phila Pa 1976). 
2000;25(16):2072–8.

 23. Harrison DE, Harrison DD, Cailliet R, Janik TJ, Holland B. Radiographic 
analysis of lumbar lordosis: centroid, Cobb, TRALL, and Harrison posterior 
tangent methods. Spine (Phila Pa 1976). 2001;26(11):E235–42.

 24. Takeshita K, Murakami M, Kobayashi A, Nakamura C. Relationship 
between cervical curvature index (Ishihara) and cervical spine angle 
(C2–7). J Orthop Sci: Off J Jpn Orthop Assoc. 2001;6(3):223–6.

 25. Ferracini GN, Chaves TC, Dach F, Bevilaqua-Grossi D, Fernandez-de-
Las-Penas C, Speciali JG. Analysis of the cranio-cervical curvatures in 
subjects with migraine with and without neck pain. Physiotherapy. 
2017;103(4):392–9.

 26. Kitade I, Nakajima H, Takahashi A, Matsumura M, Shimada S, Kokubo Y, 
et al. Kinematic, kinetic, and musculoskeletal modeling analysis of gait in 
patients with cervical myelopathy using a severity classification. Spine J. 
2020;20(7):1096–105.

 27. Suda K, Abumi K, Ito M, Shono Y, Kaneda K, Fujiya M. Local kyphosis 
reduces surgical outcomes of expansive open-door laminoplasty for cer-
vical spondylotic myelopathy. Spine (Phila Pa 1976). 2003;28(12):1258–62.

 28. Mohanty C, Massicotte EM, Fehlings MG, Shamji MF. Association of pre-
operative cervical spine alignment with spinal cord magnetic resonance 
imaging hyperintensity and myelopathy severity: analysis of a series of 
124 cases. Spine (Phila Pa 1976). 2015;40(1):11–6.

 29. Glassman SD, Bridwell K, Dimar JR, Horton W, Berven S, Schwab F. The 
impact of positive sagittal balance in adult spinal deformity. Spine (Phila 
Pa 1976). 2005;30(18):2024–9.

 30. Liu Y, Zhou XZ, Li N, Xu TG. Relationship between cervical curvature and 
spinal cord drift distance after laminectomy via lateral mass screw fixa-
tion and its effect on clinical efficacy. Medicine (Baltimore). 2021;100(36): 
e26220.

 31. Batzdorf U, Batzdorff A. Analysis of cervical spine curvature in patients 
with cervical spondylosis. Neurosurgery. 1988;22(5):827–36.

 32. Jang JS, Lee SH, Min JH, Kim SK, Han KM, Maeng DH. Surgical treatment 
of failed back surgery syndrome due to sagittal imbalance. Spine (Phila Pa 
1976). 2007;32(26):3081–7.

 33. Tang JA, Scheer JK, Smith JS, Deviren V, Bess S, Hart RA, et al. The impact 
of standing regional cervical sagittal alignment on outcomes in posterior 
cervical fusion surgery. Neurosurgery. 2015;76(Suppl 1):S14-21 (discus-
sion S).

 34. Sun Y, Yu K, Wang H, Shen Y, Kong L, Zhang J. Diagnosis and treatment of 
hidden lesions in “mild” cervical spondylotic myelopathy patients with 
apparent symptoms. Medicine (Baltimore). 2017;96(30): e7623.

 35. Villavicencio AT, Babuska JM, Ashton A, Busch E, Roeca C, Nelson EL, et al. 
Prospective, randomized, double-blind clinical study evaluating the cor-
relation of clinical outcomes and cervical sagittal alignment. Neurosur-
gery. 2011;68(5):1309–16 (discussion 16).

 36. Lee SH, Kim KT, Seo EM, Suk KS, Kwack YH, Son ES. The influence of tho-
racic inlet alignment on the craniocervical sagittal balance in asympto-
matic adults. J Spinal Disord Tech. 2012;25(2):E41–7.

 37. Yu M, Zhao WK, Li M, Wang SB, Sun Y, Jiang L, et al. Analysis of cervical and 
global spine alignment under Roussouly sagittal classification in Chinese 
cervical spondylotic patients and asymptomatic subjects. Eur Spine J: Off 
Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv Spine Res Soc. 
2015;24(6):1265–73.

 38. Diebo BG, Challier V, Henry JK, Oren JH, Spiegel MA, Vira S, et al. Predicting 
cervical alignment required to maintain horizontal gaze based on global 
spinal alignment. Spine (Phila Pa 1976). 2016;41(23):1795–800.

 39. Rozzelle CJ, Aarabi B, Dhall SS, Gelb DE, Hurlbert RJ, Ryken TC, et al. Spinal 
cord injury without radiographic abnormality (SCIWORA). Neurosurgery. 
2013;72(Suppl 2):227–33.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Does cervical curvature affect neurological outcome after incomplete spinal cord injury without radiographic abnormality (SCIWORA): 1-year follow-up
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Data and methods
	Results
	Patient population and disposition
	Nonparametric test
	Pearson correlation analysis
	Simple linear regression analysis
	Multiple linear regression analysis

	Discussion
	Conclusion
	Acknowledgements
	References


