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Background and Aim: Cervical hyperextension injury is very frequent with anterior longitudinal ligament (ALL) injury, and the 
ligament damage has a remarkable effect on whether and what type of operation should be performed. This study aims to establish 
a new scoring system for the accurate diagnosis of ALL damage.
Methods: The imaging data of the consecutive patients was measured and scored by four radiologists. Intraoperative exploration was 
performed by three surgeons. The crude and adjusted odds ratios (cOR and aOR) and receiver operating characteristic curve (ROC) 
were constructed to assess the diagnostic accuracy of the scoring system.
Results: A total of 255 patients with cervical spine trauma were included in this study. There was no statistical difference in the relationship 
between demographics and ALL injuries (P > 0.05). Thickness of prevertebral soft tissue (aOR = 11.922, P = 0.004), intervertebral disk 
angle (aOR = 13.21, P = 0.002), avulsion fracture of the anterior edge of the vertebral body (aOR = 13.844, P = 0.029), ALL disrupted in 
T1-weighted sequence (aOR = 18.349, P < 0.001), and high signal area in T2-weighted sequence (aOR = 20.898, P = 0.002) had significantly 
higher diagnostic accuracy. The scoring system’s sensitivity and specificity were 94.0% and 88.1%, respectively, and the accuracy was 
90.8%.
Conclusion: The study established a new scoring system for ALL injuries based on the analysis of a series of clinical data and 
statistics. A total of five scoring items, a total score of 7 points, and an ALL injury may be diagnosed when the score is not less than 3 
points. This scoring system enables an efficient and accurate diagnosis of all injuries.
Keywords: cervical hyperextension injury, anterior longitudinal ligament injury, cervical spine trauma, scoring system

Introduction
Cervical hyperextension injuries are spinal cord injuries in the hyperextended position caused by hyperextension violence and 
account for 35–60% of all types of cervical spine injuries.1,2 The cervical hyperextension injury is denoted by compression of 
spinal cord against the ligamentum flavum (posteriorly) and posterior aspects of the intervertebral discs and vertebral bodies 
(anteriorly).3,4 In the late 1800s, Sir William Thorburn reported a series of nine cervical spinal injuries in which one patient 
demonstrated hand function to be more severely affected than leg function.5,6 He hypothesized that this unique symptom was 
caused by a central gray matter hemorrhage in the spinal cord.4 Six decades later, Richard Schneider reported a series of 
patients with similar cervical spine trauma who had similar symptoms and more severe hand hypofunction than arm and leg, 
who introduced the concept of “cervical cord syndrome (CCS)” which is characterized by disproportionately more motor 
impairment of the upper than of the lower extremities, bladder dysfunction, usually urinary retention, and varying degrees of 
sensory loss below the level of the lesion.7

CCS is often accompanied by cervical spine fractures or soft tissue trauma. The most injured soft tissue is the anterior 
longitudinal ligament (ALL).8 The severity of the injury depends on whether the mechanical stability of the spine or the 
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integrity of the spinal cord has been compromised. Instability can lead to further injury, pain, or deformity and often requires 
surgery.9

Cervical fractures can be easily diagnosed by computed tomography (CT), but accurate diagnosis of ALL injuries 
remains challenging for the clinicians. At current, magnetic resonance imaging (MRI) is the most widely used in the 
diagnosis of the injury.10–17 However, the sensitivity of the MRI is low.5,18 In addition, Goradia et al19 reported the false- 
negative rate up to the 71%, which is very high.

Due to the lack of an objective and precise method for evaluating ALL injury, surgeons rely on the clinical expertise. 
The purpose of this study is to bring forward a new scoring system for accurately measuring ALL damage.

Patients and Methods
Data Collection and Study Protocols
A total of 255 consecutive patients with cervical spine trauma between 2015 and 2023 at the Department of Spinal surgery of our 
hospital were included in this study. The inclusion criteria were as followed: (1) If the mechanism of injury was hyperextension; 
(2) the sensorimotor function of the upper limb was more severe than that of the lower limb; (3) cervical X-ray, CT and MRI 
examination were completed within 3 days of injury; and (4) anterior cervical surgery. The exclusion criteria were as followed: 
(1) imperfect or incomplete imaging data; (2) patients less than 18 years old; (3) patients with history of severe head trauma or 
cervical trauma or surgery; (4) combined with fractures of limbs or pelvis; (5) cervical fracture and dislocation; (6) endotracheal 
intubation or tracheostomy before imaging examination; (7) conservative treatment; (8) patient or family refused to consent. 
A preliminary scoring system was established for 81 ALL-intact patients and 65 ALL injured cases. Fifty-nine ALL intact cases 
and 50 ALL injured cases were used as a validation set to test the diagnostic efficiency of the scoring system.

Initially, the data of 329 patients with cervical hyperextension injury without cervical fracture were recorded. Seventy-four 
patients were excluded, of which 15 patients had only hand myodynamia and hyperalgesia, and CT and MRI did not indicate 
cervical instability and spinal cord high signal. These patients received conservative treatment, including hormones, mannitol, 
nutritional nerves, etc. Their symptoms were significantly improved. Forty-three patients underwent posterior surgery, 
including laminectomy, laminoplasty and so on. Sixteen patients’ data were incomplete or loss of follow-up.

Ethical Statement
All case data and imaging materials included in this article have obtained explicit consent from the patients themselves. 
All patient information has undergone de-identification to ensure the protection of patient privacy. Additionally, the 
patient images displayed in Figure 1 have also obtained consent from the patients.

Clinical Assessment and Management
The age, sex, body mass index (BMI), injury mechanism, and injury segments of the patient were included in the study, 
and the American Spinal Cord Injury Association (ASIA) scoring system20 and Japanese Orthopaedical Association21 

(JOA) were used to grade the degree of spinal cord injury and quantify the motor-sensory function of the patients. MRI 
and CT scans were evaluated by four radiologists on an IMPAX EE workstation (Agfa HealthCare, Bonn, Germany). The 
gold standard for diagnosing ALL injury depends on intraoperative exploration.

Medical Imaging
All patients completed the imaging examination of X-ray, CT, and MRI within 48 hours after admission. The fracture, 
joint dislocation, or bone structure change of cervical vertebra mainly diagnosed on X-ray and CT, and soft tissue injury 
was detected mainly on MRI.17 MRI was performed with the use of a 1.5 T magnet and 3-mm section thickness for an 
axial and sagittal plane. CT and X-ray were used to evaluate the following indicators (Table 1 and Figures 2–4). Among 
them, thickness of prevertebral soft tissue (TOPST), intervertebral disk angle (IDA), avulsion fracture of the anterior 
edge of the vertebral body (AFOA), facet joint dislocation (FJD), ALL disrupted in T1-weighted sequence (T1D), T2- 
weighted sequence (T2HS), and articular capsule in T2-weighted sequence (T2AC) were measured by four radiologists.
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Statistical Analysis
All the patients included in this study were divided into two groups (ALL intact and ruptured group). The demographic 
characteristics of the patients (as sex, age, time of injury, etiology, ASIA score) were statistically evaluated. Continuous 
variables were presented in mean ± SD, and non-continuous variables were presented in frequency. The t-test and chi-square 
test of independent samples were used to compare the differences between the two groups. Receiver operating characteristic 
(ROC) curve was constructed to assess the diagnostic accuracy of the scoring system, and the accuracy was quantified by the 

Figure 1 A typical case, a 69-year-old male, had quadriplegia caused by fall and underwent imaging examination 12 hours after injury. (a) The flexion posture of the cervical 
vertebra depends on raising the head about 15cm. (b) The shoulder is raised about 10cm, and the cervical vertebra is in a hyperextension position. (c) There was no obvious 
instability in the state of cervical flexion. (d) When the cervical vertebra was overextension, the C3/ 4 was obviously unstable (white arrow).

Table 1 Indexes and Observation Methods

Index Observation Methods

X-ray or CT

TOPST The retropharyngeal space at the lower margin of the C3 vertebral body and the retro tracheal space at the lower margin of the C6 
vertebral body.

IDA The method of measurement was to select the following three points: 1) the first point was the midpoint of the posterior edge of the 

intervertebral space, 2) a second point was the anterior edge of the endplate of the upper vertebral body, and 3) a third point was at the 
front of the endplate of the lower vertebral body, making a straight line between the first and second points, and a straight line between 

the first and third points, and IDA was the angle formed between the two lines.

AFOA In the median sagittal position of cervical CT, cortical discontinuity was observed at the anterior edge of the vertebral body, and avulsed 
small bone blocks could be seen around it, or discontinuity of ossified anterior longitudinal ligament.

FJD Facet joint dislocation > 50% or widening > 2mm.

(Continued)
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area under the ROC curve (AUC). Univariate analyses were performed for all factors individually using binary logistic 
regression analysis. A multivariate binary logistic regression was applied to identify independent risk factors using variables 
with a P < 0.05 by univariate analysis. To manage any issues with multicollinearity, we used a stepwise method and applied an 
entry condition of P < 0.05 and removal condition of P > 0.05, and the final model included only significant variables having 

Table 1 (Continued). 

Index Observation Methods

MRI

T1D In T1-weighted sequence, the continuity of longitudinal low-signal shadow at the anterior edge of the vertebral body was disrupted, or it 

thickens, twists and turns at the upper and lower edge of the vertebral body.

T2HS The high signal area of the anterior edge of the vertebral body in the median sagittal position of T2 weighted sequence.
T2AC The articular capsule of the injured segment showed high signal intensity or widened more than 2mm on T2-weighted sequence 

compared with other segments.

Notes: T1D, ALL disrupted in T1-weighted sequence; T2HS, High signal intensity in the prevertebral soft tissue in T2-weighted sequence; T2AC, Articular capsule injury in 
T2-weighted sequence. 
Abbreviations: ALL, anterior longitudinal ligament; TOPST, thickness of prevertebral soft tissue; IDA, intervertebral disk angle; AFOA, avulsion fracture of the anterior 
edge of the vertebral body; FJD, facet joint dislocation; CT, computed tomography; MRI, magnetic resonance imaging.

Figure 2 (a) Rupture of the anterior longitudinal ligament was shown in the surgical field (blue arrow). (b) No obvious high signal intensity of prevertebral in T2-weighted 
phase. (c) On T1-weighted phase of MRI, the interruption of prevertebral low signal intensity at C5/6 (white arrow). (d) The CT showed interruption of prevertebral 
hyperplastic bone (green arrow) at C5/6. (e) The TOPST of C3 and C6 was 0.68cm and 1.48cm (yellow line), the red dot represents the three points of IDA, and the IDA of 
C5/6 was 28.14 ° (blue line).
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P < 0.05. Crude odds ratios (cORs) and adjusted odds ratios (aORs) and 95% confidence intervals (CI) were calculated for all 
variables. The result of sensitivity+specificity-1 is Youden’s index, and the maximum value of the index is cut-off value. P < 
0.05 was the statistically significant criterion, all tests were calculated using SPSSv26 (IBM, Armonk, New York), all figures 
were using Prism 9 and the data of all images were measured by Image J Version 1.2.4.

Result
Baseline Characteristics
A total of 146 patients (65 in ALL rupture group or group 2 and 81 in the ALL-intact group or group 1) (Table 1). The 
average age (year) of all the included patients was 57.64 ± 10.42 and 54.34 ± 12.27. No statistical differences were found 
in the baseline characteristics between the two groups (P > 0.05).

Injury Mechanism
Fall was the leading cause of injury, with 95 incidents (65.07%). In the ALL intact and rupture groups, 53 (65.43%) and 
42 cases (64.6%), respectively, were followed by traffic accident and falling objects. The number of car accidents in the 
two groups was 22 (27.16%) and 16 (24.6%), and the number of smashing injury (head and neck injuries caused by 
falling objects) was 6 (7.41%) and 7 (10.8%). The relationship between ALL injury and injury mechanism was not 
statistically significant (P > 0.05).

Patients’ ASIA and JOA Score
The ASIA D grade had the most patients (Table 2), 48 cases (59.26%) in the group 1 and 31 cases (47.7%) in the group 2, 
followed by ASIA C grade with a total of 50 cases (31.03%). There were 26 instances in the negative group (32.1%) and 
24 cases in the positive group (36.9%). There was no obvious correlation between ASIA grade and ALL injury in this 

Figure 3 (a) The blue arrow’s place was the ruptured anterior longitudinal ligament. (b) On the T2 weighted phase of MRI, the yellow arrow’s place was T2HS, and the area 
was 2.686cm ². (c) The low signal intensity of the anterior vertebra was interrupted in the C4/5 segment (white arrow). (d) The thickness of prevertebral soft tissue of C3 
and C6 was 0.9 cm and 1.7cm respectively (yellow line). (e) The IDA of C4/ 5 was 32.035° (blue line).
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study. The overall score of the two groups was 202.04 ± 70.02 and 203.12 ± 78.25, and there was no significant statistical 
difference between them. JOA scores (9.93 ± 3.85 vs 10.14 ± 4.6) were also not found to be significantly different 
between the two groups.

Univariate and Multivariate Analysis of Risk Factors for the Two Groups
The results of univariate and multivariate logical regression analysis showed that there were differences in TOPST (aOR 
= 11.922, P = 0.004), IDA (aOR = 13.21, P = 0.002), AFOA (aOR = 13.844, P = 0.029), T1D (aOR = 18.349, P < 0.001), 
and T2HS (aOR = 20.898, P = 0.002) between the two groups (Table 3).

Diagnostic Evaluation Index of the T1D and T2HS
In this study, the sensitivity for T1D was 80%, with a specificity of 92.5% and the accuracy of 86.9%. For T2HS, the 
sensitivity was 92.3%, specificity was 64.7%, and accuracy was 75.3% (Table 4).

Critical Value of TOPST and IDA
TOPST and IDA are continuous variables among the five indicators. The sensitivity and specificity values were 
calculated by ROC. Finally, a series of Youden’s index were obtained, in which the maximum value of the index was 
the boundary value of TOPST and IDA. The results showed that (Table 5), when TOPST is 2.3 and IDA is 17.2, the 
Youden’s index is the highest, which means that 2.3 and 17.2 were its cut-off value.

Figure 4 (a) Intraoperative exploration showed ALL damage in C3/4 (blue arrow). (b) the area of T2HS was 6.245cm² (yellow arrow). (c) The prevertebral low signal 
intensity of the C3/4 segment pointed to by the white arrow was interrupted. (d) The yellow lines represent the thickness of prevertebral soft tissue. The TOPST of C3 and 
C6 was 0.89 and 1.02cm. (e) The IDA of C3/4 in this patient was 13.814°(blue line).

https://doi.org/10.2147/IJGM.S446004                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2024:17 730

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 2 Patients: Demographics and Characteristics

ALL Intact (n=81) ALL Rupture (n=65) t/χ2 P

Age (year) 57.64±10.42 54.34±12.27 1.753 0.082
Height (cm) 171.81±6.2 172.62±4.86 −0.847 0.399

Weight (kg) 67.26±6.95 66.9±5.49 0.331 0.741

BMI (kg/m2) 22.73±1.44 22.41±0.88 1.553 0.123
Sex

Male 67 (82.72%) 56(86.2%) 0.321 0.571

Female 14(17.28%) 9(13.8%)
Cause of injury

Fall 53 (65.43%) 42 (64.6%) 0.551 0.759
Traffic accident 22 (27.16%) 16(24.6%)

Falling objects 6 (7.41%) 7 (10.8%)

ASIA grade
A 3(3.7%) 4(6.2%) 2.558 0.465

B 4(4.94%) 6(9.2%)

C 26(32.1%) 24(36.9%)
D 48(59.26%) 31(47.7%)

ASIA sence 153.75±52.7 150.18±56.57 0.394 0.695

ASIA motor 48.28±25.93 52.93±28.35 −1.034 0.303
ASIA total 202.04±70.02 203.12±78.25 −0.088 0.93

JOA 9.93±3.85 10.14±4.6 −0.304 0.762

Complication
DISH 0 6 (9.23%) 8.319 0.004

Osteoporosis 13 (16.05%) 11 (16.92%) 0.02 0.887

Intervertebral disc injury 4 (4.94%) 18 (27.69%) 14.589 0.001

Abbreviations: ALL, anterior longitudinal ligament; BMI, body mass index; AISA, American Spinal Cord Injury 
Association; JOA, Japanese Orthopaedical Association; DISH, diffuse idiopathic skeletal hyperostosis.

Table 3 Univariate and Multivariate Analysis of Risk Factors for the Two Groups

Group 1 Group 2 P Crude OR (95%CI) P Adjusted OR (95%CI)

TOPST (cm) 1.75±0.39 2.53±0.66 <0.001 18.24 (6.758–49.233) 0.004 11.922 (2.189–64.927)

IDA 13.97±2.45 21.58±5.61 <0.001 1.986(1.565–2.519) 0.002 13.21 (2.64–66.093)
AFOA 2 (2.5%) 16 (24.6%) <0.001 23.122 (5.206–102.698) 0.029 13.844 (1.31–146.354)

FJD 3 (3.7%) 7 (10.7%) 0.108 3.138 (0.778–12.656)

T1D 6 (7.4%) 52 (80%) <0.001 50 (17.851–132.739) <0.001 18.349 (3.796–88.689)
T2HS 31 (38.3%) 60 (92.3%) <0.001 19.355 (7.004–53.482) 0.002 20.898 (3.192–136.813)

T2AC 2 (2.5%) 6 (9.2%) 0.096 4.017 (0.783–20.614)

Notes: T1D, ALL disrupted in T1-weighted sequence; T2HS, High signal intensity in the prevertebral soft tissue in T2-weighted sequence; T2AC, 
Articular capsule injury in T2-weighted sequence. 
Abbreviations: TOPST, thickness of prevertebral soft tissue; IDA, intervertebral disk angle; AFOA, avulsion fracture of the anterior edge of the 
vertebral body; FJD, facet joint dislocation.

Table 4 Diagnostic Evaluation Index of the T1D and T2HS

Sensitivity Specificity Accuracy Positive Predictive Value Negative Predictive Value

T1D 0.8 0.925 0.869 0.897 0.852

T2HS 0.923 0.647 0.753 0.66 0.91

Notes: T1D, ALL disrupted in T1-weighted sequence; T2HS, High signal intensity in the prevertebral soft tissue in T2-weighted 
sequence.
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Cases Score and Distribution of Each Score
Imaging data of 146 cases were scored by other four radiologists. The score for each indicator is based on aOR, so T1D 
and T2HS score 2 points and the rest are 1 point (Table 6). The results showed that the total scores of group 1 were 
concentrated below 3 points, and the total scores of group 2 were mostly above 3 points (Table 7).

Critical Value of Total Score
The Youden’s index of the total points was calculated in the same way as above, and when the total score was 3 (Table 8), 
the Youden’s index was the highest. In other words, when the scoring system was used to analyze the rupture of the ALL 
if the total point is not less than 3 points, there was a strong possibility of correctly diagnosing the injury.

Diagnostic Evaluation Index of the Scoring System
One hundred and nine patients were included in the test group, including 59 patients with ALL intact and 50 with injury, 
and the cases were scored for each index using the same method (Table 9). The results showed that 7 of the 59 patients 
had a total score higher than 3, and only 3 of the 50 had scores lower than 3. Therefore, the sensitivity of this scoring 
system was 91.3%, the specificity was 88.1%, and the accuracy was 90.8% (Table 10). The ROC curve results showed an 
AUC of 0.9356 (95% CI = 0.8783–0.9928) for this scoring system (Figure 5).

Table 5 Critical Value of TOAST and IDA

Value Sensitivity Specificity Youden’s Index

TOAST 2.275 0.662 0.074 0.588
2.295 0.662 0.062 0.6†

2.305 0.615 0.062 0.553

IDA 17.11 0.785 0.099 0.686

17.15 0.785 0.086 0.699‡

17.24 0.769 0.086 0.683

Notes: †When TOAST=2.2, the Youden’s index is the highest. ‡When IDA=17.15, the 
Youden’s index is the highest. 
Abbreviations: TOAST, thickness of prevertebral soft tissue; IDA, intervertebral disk angle.

Table 6 The Score Value of Each Indicator

Boundary Value Score Group 1 Group 2

TOAST (cm) >2.3 1 0.12±0.33 0.66±0.47
IDA (°) >17.2 1 0.09±0.28 0.77±0.42

AFOA Yes 1 0.03±0.16 0.45±0.5

T1D Yes 2 0.15±0.52 1.6±0.8
T2HS Yes 2 0.77±0.97 1.85±0.53

Total 7 1.15±1.27 5.32±1.31

Notes: T1D, ALL disrupted in T1-weighted sequence; T2HS, High signal intensity in the 
prevertebral soft tissue in T2-weighted sequence. 
Abbreviations: TOAST, thickness of prevertebral soft tissue; IDA, intervertebral disk angle; 
AFOA, avulsion fracture of the anterior edge of the vertebral body.

Table 7 Distribution of Each Score

0 1 2 3 4 5 6 7 ≤ 2 >3

Group 1 37 20 17 4 1 1 1 0 74 (91.35%) 7 (8.6%)

Group 2 0 1 1 3 12 14 22 12 2 (3.1%) 63 (96.9%)
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Typical Cases
The typical cases of this study are presented in the attached Figures 2–4.

Discussion
Cervical hyperextension injury is the most common injuries treated in emergency departments in US hospitals with 
incidence rates ranging from 28 to 834 per 100,000 population each year and recently estimated at 300 per 100,000 
population in Western countries,22 which is mainly characterized by CCS. Those patients with no severe neurological 
symptoms, no fracture and no obvious compression of the spinal cord can be treated conservatively. However, patients 
with ligament injury must be treated by surgery as soon as possible, which means that the stability of the cervical spine is 
destroyed. Dietmar’s study suggests that hyperextension instability warrants decompression and ACDF, regardless of 
neurological symptoms’ severity. Non-surgical treatment risks repeated hyperextension and spinal cord compression 
during recovery, even with cervical orthosis, potentially hindering neurological healing.23 The most injured ligament is 

Table 9 The Score of Each Index of the Test Group

ALL Intact (n=59) ALL Rupture (n=50) T Value P Value

TOAST (cm) 0.36±0.48 0.62±0.49 −2.825 0.006

IDA (°) 0.29±0.45 0.78±0.41 −5.820 0.001

AFOA 0.19±0.39 0.44±0.50 −2.959 0.004
T1D 0.34±0.75 1.40±0.92 −6.853 <0.001

T2HS 0.44±0.83 148±0.88 −6.292 <0.001
Total 1.61±1.25 4.72±1.51 −11.657 <0.001

Notes: T1D, ALL disrupted in T1-weighted sequence; T2HS, High signal intensity in the prevertebral soft 
tissue in T2-weighted sequence. 
Abbreviations: ALL, anterior longitudinal ligament; TOAST, thickness of prevertebral soft tissue; IDA, 
intervertebral disk angle; AFOA, avulsion fracture of the anterior edge of the vertebral body.

Table 10 Diagnostic Evaluation Index of the Scoring System

Gold Standard (Intraoperative Exploration)

ALL Rupture ALL Intact N

Score system Score≥3 47 7 54
Score<3 3 53 55

N 50 59 109

Sensitive 94.0%

Specificity 88.1%
Accuracy 90.8%

Abbreviation: ALL, anterior longitudinal ligament.

Table 8 Critical Value of Total Score

Total Score Sensitivity Specificity Youden’s Index

1.5 0.985 0.444 0.541
2.5 0.969 0.086 0.883

3.5 0.923 0.037 0.886*

4.5 0.738 0.025 0.713
5.5 0.523 0.012 0.511

Notes: *When the total score is 3.5, the Youden index value is the largest, so 4 
is the cut-off value of the total score. Because the Youden’s index of 2.5 is like 
the 3.5, the Youden’s index is closer to 3 at its maximum than to 4.
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ALL. In addition, when the cervical spine was bluntly injured, there was a statistical link between the degree of ligament 
damage and spinal cord injury.14,24 As a result, accurate assessment of ALL injury is critical for determining whether the 
patients require surgical therapy. If yes, what type of procedure should be chosen.

Compared with MRI, the sagittal image of CT can clearly show the boundary of prevertebral soft tissue. Similarly, 
radiologists can clearly distinguish the boundary of the vertebral body on CT images and accurately measure IDA. 
Flexion and extension radiograph is a common method for the diagnosis of cervical instability. Although, some patients 
in this study underwent flexion and extension radiographic examination, however, this method is limited as cannot be 
applied to patients with quadriplegia or coma. Therefore, it is not included in the scoring system. For generalization 
examination including for those paralyzed, first, patient maintains the supine position, the hyperextension position 
depends on the shoulder cushion, and the flexion position is realized by the occipital cushion (Figure 1). A total of 19 
patients in this study accepted the test, and the test indicated that 7 of the unstable patients were accompanied by ALL 
injury (7/9, 77.78%). The sensitivity of this method was 63.64% (7/11). To improve the applicability of this method, the 
following issues need to be further explored, such as the height and position of the mat and the safety of the method. 
Diffuse idiopathic skeletal hyperostosis (DISH) is a systemic condition characterized by the presence of at least three 
bony bridges at the anterolateral spine opposite to the aorta. In this study, six patients were complicated with DISH, and 
all of them had ALL damage, all of which were in C5-7 (Figure 2). Whether DISH will affect the location and incidence 
of ALL damage has not been confirmed.

In this study, 146 cases were separated into ALL intact and rupture group according to the results of intraoperative 
exploration, the most vulnerable sector was C4/5. However, in the Thompson25 and Maeda’s findings,12 the most 
damaged region was C3/4, followed by C4/5. This difference in findings might be due to most of the patients with 
cervical hyperextension injury were ASIA D grade (54.1%, n = 81), primarily because most of the patients included at 
this time were without fracture and dislocation. The neurological symptoms were mild,25 and secondly, because cervical 
hyperextension injury frequently appeared central spinal cord injury syndrome, the common phenomenon being that 
severe nervous system symptoms appeared in a short time after injury, and early use of mannitol and methylprednisolone 

Figure 5 Receiver operating characteristic curve.
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will reduce the patient’s neurological symptoms. As a result, when some patients are examined by a doctor, their physical 
signs will be less severe than those observed at the scene of the injury.

The scoring system includes seven markers based on clinical experience and a review of a wide number of literatures, 
including TOPST, IDA, AFOA and so on.12,19,26–30 C3 prevertebral soft tissue shadow was utilized to represent C1-4 
because it is less impacted by skull base shadow and easier to measure. C6 indicates C5-7 because the prevertebral soft 
tissue shadow of C6 is less easily impacted by laryngeal movement than C4 or C5. Additionally, it is less concealed by 
the muscles and bones surrounding the cervicothoracic region than other lower cervical vertebral segments.26 Saifuddin’s 
research31 shows that in MRI’s T1-weighted image, 74–79% of ALL, T1-weighted images were the optimum pulse 
sequence for seeing the anterior longitudinal ligament because there was a substantial contrast between the anterior low 
signal ligament of the vertebral body and the intermediate and high signal intensity prevertebral soft tissue and 
intervertebral disc.5 Although the edema signal around the ALL damage can be seen during the acute phase of the 
ALL injury, it was a secondary indication that may have faded by the time the patient was checked by MRI. The results 
of this study showed that 91 (62.3%, n = 146) patients had prevertebral high signal intensity. Maeda’s study showed that 
83% of the patients with cervical hyperextension injury without obvious fracture and dislocation had different degrees of 
prevertebral high signal intensity.12 According to Jonas and Johnson’s research,32,33 the facet joint capsule of the cervical 
vertebrae was more significant than ligaments in preserving the stability of the cervical vertebrae. According to 
Samartzis’s study,34 articular capsules play a vital function in the stability of cervical vertebrae. Tanishima35 feels that 
cervical facet joint effusion was a component that contributes to cervical instability. As a result, the high signal intensity 
of cervical facet dislocation and T2 weighted joint capsule was included in the research; however, the findings were 
unsatisfactory. The cOR of FJD was 3.138 (P = 0.108) and T2AC was 4.017 (P = 0.096). The reason is that there were 
less joint dislocation or joint capsule effusion in the cases we included, so the diagnostic value was not great.

When the cervical X-ray results were normal, a dynamic flexion and extension examination was performed to look for 
symptoms of occult ligament and intervertebral disc damage caused by subluxation or angle changes of neighboring vertebrae 
from flexion to extension. However, if individuals with severe pain or muscular spasms do not extend enough, this might result 
in erroneous negative findings.36 Wang37 argued that taking cervical flexion and extension radiographs on a frequent basis in 
critically wounded individuals should be avoided, as they may lead to further harm to the patients. Vaccaro,13 on the other 
hand, feels that patients who do not have serious cervical fractures and dislocations can have the examination performed in the 
presence of a surgeon. Giuliano38 suggests used motion MRI to measure the extent of cervical soft tissue damage, and the 
findings of that investigation support this viewpoint. Song’s study27 demonstrates that MRI can properly assess the degree of 
cervical soft tissue injury and suggests a soft tissue injury grading technique based on the injury degree of ALL, disc, posterior 
longitudinal ligament (PLL), interspinous ligament (ISL), and posterior neck muscle (PNM) of cervical vertebrae. Grand 
I contains ALL damage, Grand II includes ALL and disc damage, and so on; Grand V includes the five structural 
damages listed above. However, there were several clear limitations to this study. If only individuals with disc and PLL 
injury were present, they will generally produce significant cervical spinal cord injury, but they will not be identified in the 
grading system. Therefore, at present, cervical whiplash injury still lacks an objective and appropriate grading standard to 
guide the next step of treatment.

Lee39 believes that both edematous shadow and adipose tissue were hyperintense in the T2-weighted phase of MRI, 
and the results showed that the use of fat-suppressed T2-weighted phase can accurately evaluate ligament damage. 
Molière’s40 research showed that the paraspinal fat pad (PFP) can be used as an indicator at CT of an injury of cervical 
spine posterior ligamentous complex (PLC). Similarly, the study of predicting ALL injury by paraspinal fat changes will 
be included in the next research plan.

A single imaging study alone cannot accurately determine ALL injury. Shiau et al26 analyzed radiographs of 826 patients 
with cervical spine trauma and concluded that C3 and C6 prevertebral soft-tissue thickening can predict upper and lower 
cervical soft-tissue injury, respectively, but further MRI is needed to determine whether ligament or disc injury is involved. 
Numerous studies recommended that patients with cervical trauma using CT since the utility of X-ray in acute cervical trauma 
is limited.26,41 Even if the CT results were negative, cervical ligament damage cannot be ruled out. This viewpoint was 
supported by Onoue’s study,42 which indicated that 31% of cervical CT negative cases had significant damage discovered by 
MRI, indicating that it is better to employ both MRI and CT in patients with blunt cervical trauma.43 Even MRI, which is 
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accurate in soft-tissue imaging, has been unsatisfactory in diagnosing ALL injuries. The results of Haris et al 18 showed that 
the sensitivity of MRI in the diagnosis of ALL injury was only 66.6%. Our results showed a sensitivity of 80% and an accuracy 
of 86.9% for T1D. The sensitivity of T2HS was 92.3%, but the specificity was only 64.7% (Table 4).

This study has several limitations. First, since cases of ALL injury are very valuable, to reduce bias in the data, 
statistical experts do not recommend grading injury with a small caseload as done in the current study. Secondly, if only 
TOPST and T2HS are positive, the system cannot confirm the location of the injury, because AFOA, IDA and T1D can 
localize the injury site. Therefore, localization of the injury should be the focus of future research. T

Conclusion
The study established a new scoring system (Table 11) for ALL injury (ALLISS) by measuring a series of clinical data 
and statistical analysis, a total of five scoring items, the total score of 7 points, and ALL injury may be diagnosed when 
the score is not less than 3 points. ALLISS enables efficient and accurate diagnosis of ALL injury. However, further 
studies especially prospective clinical trials are needed before the final recommendations are made.
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