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Abstract
Background
Spinal cord injury without radiographic evidence of trauma (SCIWORET) represents a significant portion of
cervical spinal cord injuries (SCIs), particularly in elderly patients. Despite its clinical significance, the risk
factors and their interactions remain poorly understood. This study aimed to identify key predictors of
SCIWORET by analyzing anatomical and biomechanical factors in cervical SCI patients at a single tertiary
emergency medical center.

Methods
We retrospectively analyzed consecutive patients with C3-C7 cervical SCI between April 2011 and November
2023. All patients underwent standardized neurological examination and comprehensive imaging studies,
including whole-spine computed tomography (CT) and cervical magnetic resonance imaging (MRI).
SCIWORET was defined as a neurological deficit without fracture, dislocation, or discoligamentous complex
(DLC) injuries on imaging. We evaluated the presence of cervical canal stenosis (CCS), ossification of the
posterior longitudinal ligament (OPLL), and diffuse idiopathic skeletal hyperostosis (DISH) using
standardized criteria. Two experienced orthopedic surgeons independently assessed all imaging studies.
Univariate logistic regression analysis was first examined to identify the associated factor of SCIWORET. We
evaluated multicollinearity using variance inflation factors (VIFs) and correlation coefficients between CCS,
OPLL, and DISH. Furthermore, multivariate logistic regression analysis was conducted to identify
independent predictors of SCIWORET.

Results
Among the study population, 203 of 348 patients (58.3%) were diagnosed with SCIWORET. CCS was present
in 174 of 348 patients (50.0%), with a significantly higher prevalence in the SCIWORET group (174 of 203
patients, or 85.7%) compared to the SCI with fracture group (78 of 145 patients, or 53.8%). OPLL was
identified in 68 of 203 patients (33.5%), showing a higher prevalence in the SCIWORET group versus the SCI
with fracture group (24 of 145 patients, or 16.6%). Regarding VIF, CCS, cervical OPLL, and DISH were 1.07,
1.12, and 1.19, respectively. Correlation analysis showed weak associations: CCS and DISH (r = 0.11), CCS
and cervical OPLL (r = 0.25), and DISH to cervical OPLL (r = 0.33). Multivariate logistic regression analysis
revealed that CCS (odds ratio (OR): 4.91, 95% CI: 2.78-8.70, p < 0.0001) and cervical OPLL (OR: 1.83, 95% CI:
1.01-3.29, p < 0.05) were independent predictors of SCIWORET, respectively.

Conclusions
CCS, with or without cervical OPLL, are independent predictors of SCIWORET. These findings emphasize the
importance of comprehensive spinal evaluation in trauma patients, particularly in those presenting with
neurological symptoms following low-energy trauma. Our results suggest that patients with pre-existing
CCS or OPLL may be at increased risk for SCI, even in the absence of obvious radiographic abnormalities.

Categories: Emergency Medicine, Trauma, Orthopedics
Keywords: associated factors, cervical canal stenosis, diffuse idiopathic skeletal hyperostosis (dish), ossification of
the posterior longitudinal ligament, spinal cord injury without radiographic evidence of trauma

Introduction
Cervical spinal cord injury without radiographic evidence of trauma (SCIWORET) represents a unique and
challenging clinical entity in spine surgery and emergency medicine [1]. First described by Allen in 1908,
SCIWORET is characterized by neurological deficits in the absence of obvious fractures or dislocations on
conventional imaging [2]. The reported incidence ranges from 52% to 54% of all cervical spinal cord injuries
(SCIs), with higher rates observed [3,4]. In Japan, similar incidence rates have been reported, ranging from
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38% to 60% [5,6]. These variations in incidence rates appear to be influenced by multiple factors, including
ethnicity, environmental conditions, and age. The clinical significance of SCIWORET has grown
considerably in recent decades, parallel to global population aging [3-7]. Elderly patients, particularly those
with pre-existing cervical conditions, appear to be at increased risk for this condition [5]. The mechanisms
underlying SCIWORET are complex and likely multifactorial, involving both anatomical and biomechanical
factors that may predispose individuals to SCI even in the absence of high-energy trauma [6].

Several structural factors have been proposed as potential contributors to SCIWORET. Cervical canal
stenosis (CCS) has been identified as a significant risk factor, as the narrowed spinal canal provides less
space for cord movement and increases vulnerability to injury [8,9]. Ossification of the posterior
longitudinal ligament (OPLL), particularly prevalent in Asian populations, may further compromise the
space available for the spinal cord and alter spine biomechanics [10]. Additionally, diffuse idiopathic skeletal
hyperostosis (DISH), characterized by flowing ossification along the spine, may influence spinal mobility
and stress distribution patterns [11-13].

Despite these observations, the relative importance and potential interactions between these factors remain
incompletely understood. Previous studies have focused on individual risk factors rather than their
combined effects [3-9]. However, previous studies have not comprehensively investigated SCIWORET
through the combined assessment of whole-spine computed tomography (CT), cervical magnetic resonance
imaging (MRI), injury mechanisms, and neurological severity simultaneously.

This study aimed to comprehensively investigate the factors associated with SCIWORET in cervical SCI
patients, with particular attention to the roles of CCS, cervical OPLL, and DISH.

Materials And Methods
Study design and ethics
This retrospective observational study was conducted at a tertiary emergency medical center that manages
over 200 severe trauma cases (Injury Severity Score ≥ 16) annually. The requirement for informed consent
was waived due to the retrospective design. All research procedures were conducted in accordance with the
ethical standards of the 1964 Declaration of Helsinki and its later amendments.

Study population and patient selection
This study analyzed consecutive patients diagnosed with cervical SCI at our institution between April 2011
and November 2023. From an initial cohort of 516 patients, we conducted a careful selection process based
on predetermined criteria. Patients were eligible for inclusion if they had sustained cervical SCI at C3-C7
levels, as confirmed by both clinical examination and imaging studies. Additionally, we required complete
imaging documentation, including whole-spine CT and cervical MRI, to ensure a comprehensive evaluation
of spinal pathology. Neurological status at emergency department admission needed to be reliably
classifiable according to the American Spinal Injury Association (ASIA) impairment scale to ensure accurate
baseline assessment [14].

We excluded patients with injuries at C1-C2 levels due to the distinct biomechanical and clinical
characteristics of upper cervical injuries. Cases with incomplete imaging studies were also excluded to
maintain consistency in the radiological assessment. Furthermore, patients whose neurological examination
was deemed unreliable were excluded to ensure data integrity. This included patients with consciousness
disturbance, severe sedation, delirium, intubation with the inability to participate in a complete
neurological assessment, and significant cognitive impairment that would prevent reliable examination.
This exclusion was necessary to ensure accurate classification of neurological status according to the ASIA
impairment scale. After applying these criteria, our final study population comprised 348 patients (267
males and 81 females), with a mean age of 65.5 ± 15.1 years.

Clinical assessment and data collection
All patients underwent a standardized neurological examination upon arrival at the emergency department.
Neurological status was evaluated using the ASIA impairment scale by experienced spine surgeons. The
following clinical data were collected: age, gender, mechanism of injury (categorized as high-energy or low-
energy trauma), neurological status, and associated injuries.

Neurological assessment
The ASIA impairment scale was used to classify neurological status at admission. This standardized
assessment tool categorizes impairment into five grades: Grade A, complete SCI with no sensory or motor
function preserved below the neurological level, including the sacral segments S4-S5; Grade B, incomplete
injury with preserved sensory but no motor function below the neurological level; Grade C, incomplete
injury with preserved motor function below the neurological level, with most key muscles having a strength
grade less than 3/5; Grade D, incomplete injury with preserved motor function below the neurological level,
with most key muscles having a strength grade of 3/5 or greater; and Grade E, normal sensory and motor
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functions.

In this study, we classified trauma mechanisms into high-energy trauma and low-energy trauma based on
established criteria from previous literature [15]. High-energy trauma was defined as motor vehicle
accidents, pedestrian or cyclist injuries, falls from a height greater than 2 m, direct impact from falling heavy
objects, and high-velocity sports injuries. On the other hand, falls on flat surfaces were classified as low-
energy trauma.

Imaging protocol and analysis
All patients underwent standardized imaging protocols upon admission. Whole spine CT was performed
using a 128-slice multidetector CT scanner (SOMATOM Definition AS; Siemens Healthcare, Forchheim,
Germany) with the following parameters: 120 kV, 380 mA, and 0.6 mm slice thickness. MRI was conducted
using a 1.5-T scanner (Achieva; Philips Healthcare, Amsterdam, the Netherlands) with a standardized
protocol.

Radiological definitions and assessment
SCIWORET was defined as the presence of neurological deficit without evidence of fracture, dislocation, or
discoligamentous complex (DLC) injuries on CT or MRI. In this study, we specifically used the definition of
SCIWORET, which excludes not only bony injuries but also all DLC injuries visible on MRI. However, not all
patients underwent functional X-ray at admission due to preventing exacerbation of neurological deficits.

CCS was assessed on T2-weighted sagittal MRI images using a validated grading system: Grade 1, no
compression of the spinal cord with subarachnoid space absent; Grade 2, compression of less than one-third
of the spinal cord; Grade 3, compression of more than one-third but less than two-thirds of the spinal cord;
and Grade 4, compression of more than two-thirds of the spinal cord. CCS was defined as Grade 2 or higher
at the most severely affected intervertebral disc level [16]. CCS was considered present when Grade 2 or
higher compression was observed at any cervical level. OPLL was evaluated according to the Japanese
Ministry of Health and Welfare criteria, using CT imaging [17]. DISH was diagnosed based on the Resnick
criteria, requiring flowing ossification along at least four consecutive vertebral bodies, with preservation of
disc height and absence of degenerative disc changes [11].

All imaging studies were independently evaluated by two experienced orthopaedic surgeons (K.N. and M.T.),
who were blinded to clinical information. Disagreements were resolved by consensus.

Statistical analysis
Statistical analyses were performed using JMP version 16-1 (SAS Institute Inc., Cary, NC, USA). Continuous
variables are presented as means ± standard deviations, and categorical variables as numbers and
percentages. Between-group comparisons were performed using Student's t-test for continuous variables
and Chi-square or Fisher's exact test for categorical variables.

Univariate logistic regression analysis was first examined to identify the associated factor of SCIWORET. We
evaluated multicollinearity using variance inflation factors (VIFs) and correlation coefficients between CCS,
OPLL, and DISH. Furthermore, multivariate logistic regression analysis was conducted to identify
independent predictors of SCIWORET.

Results are presented as odds ratios (ORs) with 95% confidence intervals (CI). Inter-observer reliability for
radiological assessments was evaluated using weighted kappa coefficients, with 95% CI. Statistical
significance was set at p < 0.05 for all analyses.

Reliability assessment
Inter-observer reliability analysis demonstrated substantial to excellent agreement for all radiological
parameters (κ > 0.78). The highest agreement was observed for OPLL assessment (κ = 0.91, 95% CI: 0.82-
0.92), followed by DISH evaluation (κ = 0.85, 95% CI: 0.78-0.92), and CCS grading (κ = 0.78, 95% CI: 0.71-
0.85).

Results
Patient demographics and clinical characteristics
Among the 348 patients included in the final analysis, there were 267 males (76.7%) and 81 females (23.3%),
with a mean age of 65.5 ± 15.1 years. SCIWORET was identified in 203 patients (58.3%). The mechanism of
injury was categorized as low-energy trauma in 81 cases (23.3%) and high-energy trauma in 267 cases
(76.7%). The distribution of injury mechanisms is shown in Table 1.
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Characteristic Value

No. of cases (male/female) 348 (267/81)

Age, years 65.5 ± 15.1

Prevalence of SCIWORET (%) 145 (41.7%)

Case by ASIA impairment scale (%)

Grade A 33 (9.5%)

Grade B 40 (11.5%)

Grade C 116 (33.3%)

Grade D 63 (18.1%)

Grade E 96 (27.6%)

Mechanical of injury (%)

Traffic accident 95 (35.3%)

Fall from height 123 (39.0%)

Falling of heavy objects, 8 (2.7%)

Diving 6 (2.0%)

Fall on level surface 81 (21.0%)

Others 35 (10.1%)

Prevalence of DISH (%) 160 (37.7%)

Prevalence of cervical OPLL (%) 92 (23.4%)

Prevalence of CCS (%) 252 (73.0%)

TABLE 1: Characteristics of the study group.
SCIWORET, spinal cord injury without radiographic evidence of trauma; DISH, diffuse Idiopathic skeletal hyperostosis; OPLL, ossification of posterior
longitudinal ligament; CCS, cervical canal stenosis; ASIA, American Spinal Injury Association

Severe paralysis (ASIA Grades A and B) was observed in 73 patients (21.0%). According to Table 2, severe
paralysis (Grades A and B) was observed in 40 patients (19.7%) in the SCIWORET group, compared to 34
patients (23.5%) in the SCI with fracture group (p = 0.4). The complete distribution of ASIA impairment
scales is presented in Table 2.

 

2025 Nakamura et al. Cureus 17(3): e80006. DOI 10.7759/cureus.80006 4 of 9

javascript:void(0)
javascript:void(0)


Characteristic SCIWORET group SCI with fracture p-value

No. of cases (male/female) 203 (159/44) 145 (108/37) 0.4

 Age, years 66.0 ± 13.7 64.8 ± 16.9 0.46

Case by ASIA impairment scale (%)

Severe paralysis (Grades A and B) 40 (19.7%) 34 (23.5%)
0.4

Non-severe paralysis (Grades C-E) 163 (80.3%) 111 (76.5%)

Mechanical of injury (%)

High energy (traffic accident, high fall, sports, etc.) 146 (72.3%) 121 (83.4%)
<0.05

Low energy (fall on level surface) 56 (27.6%) 25 (17.2%)

Prevalence of cervical OPLL (%) 68 (33.5%) 24 (16.6%) <0.001

Prevalence of CCS (%) 174 (85.7%) 78 (53.8%) <0.0001

Prevalence of DISH (%) 98 (48.3%) 62 (42.8%) 0.31

TABLE 2: Characteristics between presence of spinal cord injury without radiographic evidence
of trauma and spinal cord injury with fracture.
SCIWORET, spinal cord injury without radiographic evidence of trauma; DISH, Diffuse Idiopathic skeletal hyperostosis; OPLL, ossification of posterior
longitudinal ligament; CCS, cervical canal stenosis; ASIA, American Spinal Injury Association

Cervical OPLL was identified in 68 patients, showing a higher prevalence in the SCIWORET group (33.5% vs.
16.6%, p < 0.001). CCS was present in 174 patients, with a significantly higher prevalence in the SCIWORET
group compared to the SCI with fracture group (85.7% vs. 53.8%, p < 0.0001). DISH was observed in 98
patients, with a non-significant difference between groups (48.3% vs. 42.8%, p = 0.31).

Univariate analysis revealed several significant factors associated with SCIWORET: cervical OPLL (OR: 2.99,
95% CI: 1.57-5.70, p < 0.001), CCS (OR: 5.48, 95% CI: 3.15-9.52, p < 0.0001), and high-energy trauma (OR:
0.52, 95% CI: 0.31-0.86, p < 0.05 (Table 3).

Characteristic OR 95% CI p-value

Older age (>65 years) 1.44 0.90-2.29 0.13

Male vs. female 1.27 0.74-2.14 0.38

High energy trauma 0.49 0.26-0.91 <0.05

Presence of cervical OPLL 2.99 1.57-5.70 <0.001

Presence of CCS 5.48 3.15-9.52 <0.0001

Presence of DISH 1.25 0.81-1.92 0.31

TABLE 3: Univariate analysis for associated factor to spinal cord injury without radiographic
evidence of trauma.
OR, odds ratio; CI, confidential interval; DISH, diffuse Idiopathic skeletal hyperostosis; OPLL, ossification of posterior longitudinal ligament; CCS, cervical
canal stenosis

Regarding VIF, CCS, cervical OPLL, and DISH were 1.07, 1.12, and 1.19, respectively, indicating acceptable
levels of correlation that do not substantially affect our regression estimates. Correlation analysis showed
weak associations: CCS and DISH (r = 0.11), CCS and cervical OPLL (r = 0.25), and DISH and cervical OPLL (r
= 0.33).
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Multivariate logistic regression analysis revealed that CCS (OR: 4.91, 95% CI: 2.78-8.70, p < 0.0001) and
cervical OPLL (OR: 1.83, 95% CI: 1.01-3.29, p < 0.05) were independent predictors of SCIWORET. High-
energy trauma showed a negative association but was not statistically significant in the multivariate
analysis (OR: 0.72, 95% CI: 0.41-1.29, p = 0.27). DISH showed no significant association in the multivariate
analysis (OR: 1.00, 95% CI: 0.59-1.70, p = 0.99) (Table 4).

Characteristic OR 95% CI p-value

Older age (>65 years) 1.35 0.79-2.28 0.27

Male vs. female 1.13 0.63-2.03 0.68

High energy trauma 0.72 0.41-1.29 0.27

Presence of cervical OPLL 1.83 1.01-3.29 <0.05

Presence of CCS 4.91 2.78-8.70 <0.0001

Presence of DISH 1.00 0.59-1.70 0.99

TABLE 4: Multivariate analysis for associated factor to spinal cord injury without radiographic
evidence of trauma.
OR, odds ratio; CI, confidential interval; DISH, diffuse Idiopathic skeletal hyperostosis; OPLL, ossification of posterior longitudinal ligament; CCS, cervical
canal stenosis

Discussion
This study provides comprehensive evidence regarding the factors associated with SCIWORET in cervical SCI
patients. Our findings demonstrate the complex interplay between anatomical factors and injury
mechanisms in the development of this challenging clinical entity.

The strong association between CCS and SCIWORET (OR: 4.91, 95% CI: 2.78-8.70) represents the most
significant finding of our study. This relationship aligns with previous research by Koyanagi et al. [5], who
reported that pre-existing stenosis increases vulnerability to SCI, even in minor trauma. The reduced space
available for cord movement in stenotic canals may explain the increased susceptibility to injury without
obvious radiographic abnormalities [5,6]. Therefore, some studies have emphasized the significance of
prompt diagnosis of SCIWORET [5-9].

Our finding that CCS was present in 85.7% of SCIWORET cases is notably higher than the 65%-70% reported
in previous studies [5,6]. This high prevalence emphasizes the critical role of pre-existing stenosis in
SCIWORET pathogenesis, as the narrowed canal creates a vulnerable environment where even minor
mechanical stress can trigger SCI [18]. The reduced space available for cord movement in stenotic canals
significantly increases susceptibility to neurological damage, particularly in elderly patients, where
degenerative changes and vascular compromise may further exacerbate the risk of cord injury under minimal
trauma [19,20].

The significant association between cervical OPLL and SCIWORET (OR: 1.83, 95% CI: 1.01-3.29) builds upon
previous observations by Chikuda et al. [6], who identified OPLL as a risk factor for acute cervical cord injury.
Our results suggest that OPLL contributes to SCIWORET through several interconnected pathophysiological
mechanisms [10,21,22]. First, the ossified ligament directly compresses the spinal cord, reducing the
effective diameter of the spinal canal. Matsunaga et al. [21] demonstrated that this baseline compression
creates a precarious environment where even minor traumatic forces can trigger neurological symptoms.
The space available for the spinal cord becomes critically limited, particularly during dynamic movement
[23].

Second, OPLL fundamentally alters the mechanical properties of the posterior longitudinal ligament, leading
to reduced spinal canal flexibility. This decreased elasticity, as described by Kawaguchi et al. [10],
compromises the spine's ability to accommodate mechanical stress during trauma [24]. The normally flexible
ligament, which helps absorb and distribute traumatic forces, becomes rigid and potentially transfers these
forces directly to the spinal cord. This mechanism is particularly relevant in cases of low-energy trauma,
where the altered biomechanics may lead to cord injury despite the absence of obvious fractures.

DISH showed no significant association with SCIWORET in our multivariate analysis (OR: 1.00, 95% CI:
0.59-1.70). While previous studies have focused primarily on cervical DISH, our results align with recent
research suggesting that its influence on cervical spine vulnerability may be less direct than previously
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thought. This could be explained by the biomechanical alterations described by Westerveld et al. [25],
including increased spinal column rigidity and modified stress distribution patterns. This discrepancy may
be explained by several factors. First, our study specifically examined SCIWORET cases defined by the
absence of both bone fractures and DLC injuries on imaging, which differs from the broader definition of
cervical SCI used in some previous studies [25,26]. Second, while DISH increases vulnerability to fractures in
high-energy trauma due to altered biomechanics and reduced flexibility, it may not significantly influence
the specific pathomechanism of SCIWORET, which often occurs in the context of pre-existing canal stenosis.

The complex interplay between DISH, OPLL, and CCS in our multivariate model may also mask individual
associations, particularly when these conditions frequently co-exist in elderly patients.

Further studies focusing specifically on the biomechanical effects of DISH in low-energy trauma, and its
interaction with other degenerative conditions, such as CCS and OPLL, may help clarify this relationship.
Prospective studies with larger sample sizes and detailed biomechanical assessments would be particularly
valuable in this regard.

The negative association between high-energy trauma and SCIWORET (OR: 0.72, 95% CI: 0.41-1.29)
provides important insights into the pathophysiology of this condition. This finding is consistent with
studies by Morishita et al. [18] and Wilson et al. [27], suggesting that SCIWORET may be more common in
low-energy trauma situations, particularly in patients with pre-existing cervical pathologies such as CCS and
OPLL. The emerging understanding of the relationship between trauma severity and neurological outcomes,
in the context of pre-existing cervical pathology, has important implications for clinical practice [18,27].

Our findings regarding the interrelationships between CCS, OPLL, and DISH provide important insights into
the pathophysiology of SCIWORET. While these conditions can be clinically overlapping, our
multicollinearity analysis indicated that each factor contributes independently to SCIWORET risk. The
strong association of CCS with SCIWORET, regardless of OPLL presence, suggests that reduced space
available for the spinal cord is a critical pathophysiological mechanism. The analysis of OPLL effects,
stratified by DISH status, suggests complex interactions between these ossification disorders that warrant
further investigation. Clinically, our findings emphasize the importance of comprehensive radiological
assessment in trauma patients to identify these potentially overlapping risk factors for SCIWORET.

Our findings suggest early MRI for trauma patients with neurological symptoms, particularly when CCS or
OPLL is suspected. We recommend risk stratification to guide clinical decisions. Emergency departments
should implement protocols with lower thresholds for imaging in high-risk patients with CCS and OPLL in
order to ensure appropriate specialist consultation, potentially improving early diagnosis and patient
outcomes.

This study has several limitations. First, the retrospective design and inclusion of only trauma patients may
introduce selection bias. Second, we were unable to assess pre-injury flexibility and balance in these
patients - factors that recent research has shown to be potentially important in predicting injury risk. Third,
it should be noted that the presence of CCS may represent post-traumatic spinal cord edema rather than a
pre-existing anatomical condition, which could potentially confound the interpretation of its role as a risk
factor.

Conclusions
This study provides novel insights into the factors associated with SCIWORET in patients. Our findings
suggest that CCS is the strongest associated factor of SCIWORET, regardless of the presence or absence of
OPLL. The reduced space available for the spinal cord in patients with CCS may increase vulnerability to
neurological injury, leading to an elevated risk of SCIWORET, particularly in low-energy trauma situations.
These results emphasize the importance of comprehensive spinal evaluation in trauma patients, especially
those presenting with neurological deficits following minor trauma. Future prospective studies are needed to
further elucidate the complex relationships between these factors and to develop targeted prevention and
management strategies for patients at high risk of SCIWORET.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Masatoshi Teraguchi, Kenta Nakamura

Acquisition, analysis, or interpretation of data:  Masatoshi Teraguchi, Kenta Nakamura, Tomonori
Nakata, Takahiro Kozaki, Masanari Takami, Keiji Nagata, Yuyu Ishimoto, Kentaro Ueda, Shigeaki Inoue,
Hiroshi Yamada

 

2025 Nakamura et al. Cureus 17(3): e80006. DOI 10.7759/cureus.80006 7 of 9

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Drafting of the manuscript:  Masatoshi Teraguchi, Kenta Nakamura

Critical review of the manuscript for important intellectual content:  Masatoshi Teraguchi, Kenta
Nakamura, Tomonori Nakata, Takahiro Kozaki, Masanari Takami, Keiji Nagata, Yuyu Ishimoto, Kentaro Ueda,
Shigeaki Inoue, Hiroshi Yamada

Supervision:  Masatoshi Teraguchi, Hiroshi Yamada

Disclosures
Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. The Institutional Review Board of Wakayama Medical University issued approval
3915. Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Hassler O, Schlossman J, Engström CF: Cervical spinal cord lesions without radiographic evidence of

trauma. Acta Neurol Scand. 1969, 45:622-37.
2. Allen AR: Injuries of the spinal cord with the study of nine cases with necropsy . JAMA. 1908, 50:941-52.

10.1001/jama.1908.25310380013002c
3. Lenehan B, Boran S, Street J, Higgins T, McCormack D, Poynton AR: Demographic profile of traumatic

spinal cord injuries admitted to the National Spinal Injuries Unit. Spine (Phila Pa 1976). 2009, 18:938-42.
10.1007/s00586-009-0923-y

4. Pickett GE, Campos-Benitez M, Keller JL, Duggal N: Epidemiology of traumatic spinal cord injury in Canada .
Spine (Phila Pa 1976). 2006, 31:799-805. 10.1097/01.brs.0000207258.80129.03

5. Koyanagi I, Iwasaki Y, Hida K, Akino M, Imamura H, Abe H: Acute cervical cord injury without fracture or
dislocation of the spinal column. J Neurosurg. 2000, 93:15-20. 10.3171/spi.2000.93.1.0015

6. Chikuda H, Seichi A, Takeshita K, et al.: Acute cervical spinal cord injury complicated by preexisting
ossification of the posterior longitudinal ligament: a multicenter study. Spine (Phila Pa 1976). 2011,
36:1453-8. 10.1097/BRS.0b013e3181f49718

7. Machino M, Yukawa Y, Ito K, Nakashima H, Kanbara S, Morita D, Kato F: Can magnetic resonance imaging
reflect the prognosis in patients of cervical spinal cord injury without radiographic abnormality?. Spine
(Phila Pa 1976). 2011, 36:E1568-72. 10.1097/BRS.0b013e31821273c0

8. Hendey GW, Wolfson AB, Mower WR, Hoffman JR: Spinal cord injury without radiographic abnormality:
results of the National Emergency X-Radiography Utilization Study in blunt cervical trauma. J Trauma.
2002, 53:1-4. 10.1097/00005373-200207000-00001

9. Kothari P, Freeman B, Grevitt M, Kerslake R: Injury to the spinal cord without radiological abnormality
(SCIWORA) in adults. J Bone Joint Surg Br. 2000, 82:1034-7. 10.1302/0301-620x.82b7.10641

10. Kawaguchi Y, Nakano M, Yasuda T, et al.: Characteristics of ossification of the spinal ligament; incidence of
ossification of the ligamentum flavum in patients with cervical ossification of the posterior longitudinal
ligament - analysis of the whole spine using multidetector CT. J Orthop Sci. 2016, 21:439-45.
10.1016/j.jos.2016.04.009

11. Resnick D, Niwayama G: Radiographic and pathologic features of spinal involvement in diffuse idiopathic
skeletal hyperostosis (DISH). Radiology. 1976, 119:559-68. 10.1148/119.3.559

12. Westerveld LA, Verlaan JJ, Oner FC: Spinal fractures in patients with ankylosing spinal disorders: a
systematic review of the literature on treatment, neurological status and complications. Eur Spine J. 2009,
18:145-56. 10.1007/s00586-008-0764-0

13. Forestier J, Rotes-Querol J: Senile ankylosing hyperostosis of the spine . Ann Rheum Dis. 1950, 9:321-30.
10.1136/ard.9.4.321

14. Kirshblum SC, Burns SP, Biering-Sorensen F, et al.: International standards for neurological classification of
spinal cord injury (revised 2011). J Spinal Cord Med. 2011, 34:535-46. 10.1179/204577211X13207446293695

15. Yamashita M, Nagata K, Takami M, et al.: Mortality and complications in elderly patients with cervical spine
injuries. Injury. 2022, 53:2114-20. 10.1016/j.injury.2022.04.015

16. Nagata K, Yoshimura N, Muraki S, et al.: Prevalence of cervical cord compression and its association with
physical performance in a population-based cohort in Japan: the Wakayama spine study. Spine (Phila Pa
1976). 2012, 37:1892-8. 10.1097/BRS.0b013e31825a2619

17. Tsuyama N: Ossification of the posterior longitudinal ligament of the spine . Clin Orthop Relat Res. 1984,
184:71-84.

18. Morishita Y, Naito M, Hymanson H, Miyazaki M, Wu G, Wang JC: The relationship between the cervical
spinal canal diameter and the pathological changes in the cervical spine. Eur Spine J. 2009, 18:877-83.
10.1007/s00586-009-0968-y

19. Fehlings MG, Tetreault LA, Riew KD, et al.: A clinical practice Guideline for the management of patients
with degenerative cervical myelopathy: recommendations for patients with mild, moderate, and severe
disease and nonmyelopathic patients with evidence of cord compression. Global Spine J. 2017, 7:70S-83S.
10.1177/2192568217701914

20. Nouri A, Tetreault L, Singh A, Karadimas SK, Fehlings MG: Degenerative cervical myelopathy: epidemiology,

 

2025 Nakamura et al. Cureus 17(3): e80006. DOI 10.7759/cureus.80006 8 of 9

https://scholar.google.com/scholar?q=intitle:Cervical spinal cord lesions without radiographic evidence of trauma
https://dx.doi.org/10.1001/jama.1908.25310380013002c
https://dx.doi.org/10.1001/jama.1908.25310380013002c
https://dx.doi.org/10.1007/s00586-009-0923-y
https://dx.doi.org/10.1007/s00586-009-0923-y
https://dx.doi.org/10.1097/01.brs.0000207258.80129.03
https://dx.doi.org/10.1097/01.brs.0000207258.80129.03
https://dx.doi.org/10.3171/spi.2000.93.1.0015
https://dx.doi.org/10.3171/spi.2000.93.1.0015
https://dx.doi.org/10.1097/BRS.0b013e3181f49718
https://dx.doi.org/10.1097/BRS.0b013e3181f49718
https://dx.doi.org/10.1097/BRS.0b013e31821273c0
https://dx.doi.org/10.1097/BRS.0b013e31821273c0
https://dx.doi.org/10.1097/00005373-200207000-00001
https://dx.doi.org/10.1097/00005373-200207000-00001
https://dx.doi.org/10.1302/0301-620x.82b7.10641
https://dx.doi.org/10.1302/0301-620x.82b7.10641
https://dx.doi.org/10.1016/j.jos.2016.04.009
https://dx.doi.org/10.1016/j.jos.2016.04.009
https://dx.doi.org/10.1148/119.3.559
https://dx.doi.org/10.1148/119.3.559
https://dx.doi.org/10.1007/s00586-008-0764-0
https://dx.doi.org/10.1007/s00586-008-0764-0
https://dx.doi.org/10.1136/ard.9.4.321
https://dx.doi.org/10.1136/ard.9.4.321
https://dx.doi.org/10.1179/204577211X13207446293695
https://dx.doi.org/10.1179/204577211X13207446293695
https://dx.doi.org/10.1016/j.injury.2022.04.015
https://dx.doi.org/10.1016/j.injury.2022.04.015
https://dx.doi.org/10.1097/BRS.0b013e31825a2619
https://dx.doi.org/10.1097/BRS.0b013e31825a2619
https://pubmed.ncbi.nlm.nih.gov/6423334/
https://dx.doi.org/10.1007/s00586-009-0968-y
https://dx.doi.org/10.1007/s00586-009-0968-y
https://dx.doi.org/10.1177/2192568217701914
https://dx.doi.org/10.1177/2192568217701914
https://dx.doi.org/10.1097/BRS.0000000000000913


genetics, and pathogenesis. Spine (Phila Pa 1976). 2015, 40:E675-93. 10.1097/BRS.0000000000000913
21. Matsunaga S, Sakou T, Taketomi E, Komiya S: Clinical course of patients with ossification of the posterior

longitudinal ligament: a minimum 10-year cohort study. J Neurosurg. 2004, 100:245-8.
10.3171/spi.2004.100.3.0245

22. Hirabayashi K, Miyakawa J, Satomi K, Maruyama T, Wakano K: Operative results and postoperative
progression of ossification among patients with ossification of cervical posterior longitudinal ligament.
Spine (Phila Pa 1976). 1981, 6:354-64. 10.1097/00007632-198107000-00005

23. Ito K, Yukawa Y, Ito K, et al.: Dynamic changes in the spinal cord cross-sectional area in patients with
myelopathy due to cervical ossification of posterior longitudinal ligament. Spine J. 2015, 15:461-6.
10.1016/j.spinee.2014.10.001

24. Nolan JP Jr, Sherk HH: Biomechanical evaluation of the extensor musculature of the cervical spine . Spine
(Phila Pa 1976). 1988, 13:9-11. 10.1097/00007632-198801000-00003

25. Westerveld LA, van Bemmel JC, Dhert WJ, Oner FC, Verlaan JJ: Clinical outcome after traumatic spinal
fractures in patients with ankylosing spinal disorders compared with control patients. Spine J. 2014, 14:729-
40. 10.1016/j.spinee.2013.06.038

26. Segi N, Nakashima H, Machino M, et al.: Prognosis of cervical diffuse idiopathic skeletal hyperostosis-
related spine injuries in elderly patients: analyses of both fracture and spinal cord injury without fracture.
Global Spine J. 2023, 15:6757. 10.1177/21925682231186757

27. Wilson JR, Barry S, Fischer DJ, et al.: Frequency, timing, and predictors of neurological dysfunction in the
nonmyelopathic patient with cervical spinal cord compression, canal stenosis, and/or ossification of the
posterior longitudinal ligament. Spine (Phila Pa 1976). 2013, 38:S37-54. 10.1097/BRS.0b013e3182a7f2e7

 

2025 Nakamura et al. Cureus 17(3): e80006. DOI 10.7759/cureus.80006 9 of 9

https://dx.doi.org/10.1097/BRS.0000000000000913
https://dx.doi.org/10.3171/spi.2004.100.3.0245
https://dx.doi.org/10.3171/spi.2004.100.3.0245
https://dx.doi.org/10.1097/00007632-198107000-00005
https://dx.doi.org/10.1097/00007632-198107000-00005
https://dx.doi.org/10.1016/j.spinee.2014.10.001
https://dx.doi.org/10.1016/j.spinee.2014.10.001
https://dx.doi.org/10.1097/00007632-198801000-00003
https://dx.doi.org/10.1097/00007632-198801000-00003
https://dx.doi.org/10.1016/j.spinee.2013.06.038
https://dx.doi.org/10.1016/j.spinee.2013.06.038
https://dx.doi.org/10.1177/21925682231186757
https://dx.doi.org/10.1177/21925682231186757
https://dx.doi.org/10.1097/BRS.0b013e3182a7f2e7
https://dx.doi.org/10.1097/BRS.0b013e3182a7f2e7

	Associated Factors of Cervical Spinal Cord Injury Without Radiographic Evidence of Trauma: A Retrospective Study
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Study design and ethics
	Study population and patient selection
	Clinical assessment and data collection
	Neurological assessment
	Imaging protocol and analysis
	Radiological definitions and assessment
	Statistical analysis
	Reliability assessment

	Results
	Patient demographics and clinical characteristics
	TABLE 1: Characteristics of the study group.
	TABLE 2: Characteristics between presence of spinal cord injury without radiographic evidence of trauma and spinal cord injury with fracture.
	TABLE 3: Univariate analysis for associated factor to spinal cord injury without radiographic evidence of trauma.
	TABLE 4: Multivariate analysis for associated factor to spinal cord injury without radiographic evidence of trauma.


	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


