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Abstract:  
Introduction: Spinal trauma requires rapid and accurate diagnosis to prevent enduring neurological impairment. 
Magnetic resonance imaging excels in assessing soft tissue damage, including spinal cord, intervertebral discs, 
and ligaments, making it an indispensable tool. This paper explores MRI's role in evaluating spinal trauma, its 
importance, the advantages, limitations, and clinical applications. 
Methods: A prospective study was conducted in the Department of  Radiodiagnosis, CU Shah Medical College, 
Surendranagar, from April 2013 to March 2014 involving 45 patients with traumatic spinal injuries who met 
specific inclusion criteria and underwent MRI examination and neurological evaluation based on the ASIA 
guidelines. Statistical analysis, including odds ratio calculations and Pearson’s chi-square (χ²) tests, was 
performed using STATA 9.2 software to determine the correlation between MRI results and clinical outcomes, 
with a p-value of <0.05 indicating statistical significance. Time-of-flight magnetic resonance angiography 
assessed vascular injury in cervical trauma cases. 
Results: Cord oedema/contusion (>3 cm) was the most frequent MRI result (48.9%), followed by sizable 
haemorrhage (>1 cm) in 31.1% of cases. Non-haemorrhagic contusion (<3 cm) appeared in 22.2%.AIS D cases 
had the highest probability of improvement, with 8 out of 17 patients recovering to some extent. Severe cord 
compression was present in 33.87% of patients, while epidural hematoma was rare (5.00%). 
Conclusion: MRI is essential in spinal trauma for evaluating soft tissue injuries and predicting neurological 
outcomes. It offers superior detail compared to CT, which remains the standard for bony assessments. While 
logistical contests exist, ongoing progressions in MRI technology promise to enhance its role in improving 
diagnostic accuracy and patient outcomes. 
Keywords: Spinal Trauma, Magnetic Resonance Imaging, Computed Tomography, Spinal Cord Injury, 
Neurological Outcome, Soft Tissue Injury, Ligamentous Injury. 
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Introduction 

Spinal trauma is a serious medical emergency that 
can lead to permanent neurological impairment, 
enduring disability, or even death [1]. Rapid and 
accurate diagnosis is critical for effective 
management and secondary damage prevention [2]. 
Imaging is essential in evaluating spinal injuries, 
making supervisory clinical decisions, and 
determining the need for surgical or conventional 
treatment [3]. Among the various imaging 
modalities available, magnetic resonance imaging 
has emerged as an indispensable tool due to its 
superior ability to assess soft tissue structures, 
including the spinal cord, intervertebral discs, 
ligaments, and paraspinal musculature [4]. 
 
Spinal injuries frequently result from high-impact 
trauma such as motor vehicle accidents, falls, 
sports injuries, and violent interactions. These 
grievances can range from simple fractures with 
minimal neurological involvement to complex 
fractures and displacements leading to spinal cord 

compression [5]. While computed tomography and 
essential radiography are the primary modalities for 
assessing bony integrity, they cannot sufficiently 
visualise soft tissue structures. MRI has 
revolutionised spinal trauma evaluation by 
providing high-resolution, multiplanar imaging 
without radiation experience, making it 
predominantly beneficial in evaluating neurological 
damage and associated soft tissue injuries [6]. 

One of the essential recompenses of MRI in spinal 
trauma assessment is its supreme ability to detect 
spinal cord injuries, including haemorrhage, 
oedema, and contusions, which are often missed on 
CT scans [7]. These results are serious in predicting 
patient outcomes and guiding treatment 
approaches. Moreover, MRI is instrumental in 
identifying ligamentous injuries, which 
suggestively determine spinal stability [8]. The 
assessment of ligamentous integrity is serious in 
separating stable from unstable injuries, influencing 
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the decision for surgical intervention versus conservative administration [9]. 
 

 
Figure 1: MRI evaluation of spinal trauma 

 

In addition, MRI is extremely sensitive in detecting 
post-traumatic difficulties such as epidural 
hematomas, syringomyelia, and compressive 
myelopathy, which may not be superficial in the 
acute phase but can have significant long-term 
inferences [10]. The ability to visualise these 
pathologies enables early intervention, reducing the 
risk of chronic disability. Moreover, in cases where 
patients present with determined neurological 
deficits despite ordinary CT results, MRI is the 
gold standard in detecting occult injuries that may 
not be detected through conventional imaging [11]. 

In spite of its advantages, MRI is not without 
limits. It is a time-consuming procedure that 
requires patient cooperation, which may not always 
be possible in critically ill or unstable trauma 
patients. In addition, metallic implantations, 
pacemakers, or other contraindications may limit 
its pertinency in some occurrences [12]. MRI's 
higher cost and limited availability, particularly in 
emergencies, pose practical contests to its 
widespread use. However, its diagnostic superiority 
in evaluating spinal cord injuries and soft tissue 

pathology makes it an essential component of the 
complete assessment of spinal trauma [13]. 

In recent years, advancements in MRI technology, 
including diffusion tensor imaging and functional 
MRI, have further improved its role in spinal 
trauma evaluation. These methods provide 
additional understanding of the microstructural 
integrity of the spinal cord, offering predictive 
information that can aid in predicting functional 
recovery [14]. With ongoing research and 
technological growth, the role of MRI in spinal 
trauma assessment is expected to expand, 
contributing to improved patient outcomes [15]. 

This paper discovers the critical role of MRI in 
evaluating spinal trauma, the importance of its 
advantages, limitations, and clinical applications. 
By understanding the significance of MRI in spinal 
injury assessment, healthcare professionals can 
make informed decisions that optimise patient care 
and recovery [16]. The following sections will 
delve deeper into the specific indications, imaging 
results, and comparative benefits of MRI over other 
imaging sensory system in spinal trauma. 
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Figure 2: Clinical assessment 

 
Table 1:  Important Characteristics of MRI in Spinal Trauma [17] 

Characteristic Facts 
Character of Imaging in 
Spinal Trauma Critical for diagnosis, treatment decisions, and preventing secondary damage. 

Primary Causes of Spinal 
Trauma Motor vehicle accidents, falls, sports injuries, and strength. 

Limits of CT and X-rays Inability to visualise soft tissues, reliance on bony structures. 

Advantages of MRI High-resolution imaging of spinal cord, discs, ligaments, and soft tissues 
without radiation exposure. 

MRI in Spinal Cord Injury It detects haemorrhage, oedema, and contusions, which is critical for 
prognosis. 

MRI in Ligamentous Injury Helps assess stability and guides surgical vs. conventional management. 
Post-Traumatic Complications Classifies epidural hematomas, syringomyelia, and compressive myelopathy. 

Contests of MRI Time-consuming, requires patient cooperation, limited availability, and higher 
cost. 

Recent Progressions Dissemination tensor imaging and functional MRI for better prognostic 
evaluation. 

Clinical Submissions Indispensable in uncovering occult injuries and optimising patient care. 
 
Methods 

This prospective study was directed over one year 
from April 2013 to March 2014 in the Department 
of Radiodiagnosis, CU Shah Medical College, 

Surendranagar. It aimed to assess the analytical and 
predictive role of MRI in patients with traumatic 
spinal wounds. The study design confirmed 
systematic data collection, imaging, and 
neurological evaluation to determine the correlation 
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between MRI results and clinical consequences.  A 
total of 60 patients with spinal trauma were 
primarily measured for inclusion in the study. 
However, 45 patients happened the suitability 
criteria and were included in the final study group.  
All included patients experienced MRI examination 
to measure the extent of spinal injury and 
neurological status. All patients experienced MRI 
examination using a Signa Excite 1.5T MR 
electronic scanner in axial and sagittal planes with 
a combination of pulse classifications. Descriptions 
were performed with the patient in a supine 
position, utilising quiet breathing and abdominal 
band looseness to minimise motion objects. The 
MRI sequences comprised sagittal T2 and T1-
weighted fast spin echo images, short tau overturn 
recovery and fat destruction images, coronal STIR 
and axial T2, T1-weighted fast spin echo images, 
and gradient-echo images for assessing cord 
haemorrhage. Axial descriptions were acquired 
using fast spin echo or GRE pulse classifications 
with the following technical parameters: 16° flip 
angle, minimum TR/TE, 224 × 320 matrix 
resolution, two excitations in T1WI, and one 
inflammation in T2WI, with TE < 15 ms for T1WI 
and up to 100 ms for T2WI. A GE sequence was 
apparently used to enhance the detection of acute 
intramedullary haemorrhage. 

For patients with cervical spine trauma, a survey of 
the extracranial vasculature was shown using 2D 
and 3D time-of-flight magnetic resonance 
angiography to detect post-traumatic occlusion or 
segmentation of the carotid and vertebral arteries, 
without the use of difference agents. Neurological 
examinations followed the American Spinal Injury 
Association guidelines. The sensory examination 
measured 28 key dermatomes bilaterally using 
pinprick and light touch tests, with special 
consideration to the S4-S5 dermatome for sacral 
economical. Sensory function was classified on a 
three-point scale, and deep anal sensation was 
evaluated via rectal digital investigation. The motor 
inspection complicated testing 10 key muscle 
groups together in a rostral-to-caudal sequence, 
classifying each muscle on a six-point scale, and 
recording voluntary anal reduction as present or 
absent. The nervous level of injury was resolved 
based on sensory and motor scores. Damages were 
classified using the ASIA Impairment Scale, 

ranging from A (complete injury) to E (normal 
function), with the zone of partial protection 
determined for ASIA A cases. Arrangement and 
follow-up were directed under the ASIA 2000 
standards. 

Inclusion Criteria 

• Patient role giving with distressing spinal inju-
ries during the study period. 

• Patient role willing to undergo MRI inspection. 
• The patient's role was to provide informed 

consent for involvement in the study. 

Exclusion Criteria 

• Patients with complete contraindications to 
MRI. 

• Non-cooperative patients who were unable to 
complete the MRI inspection. 

• Patients with pathologically unbalanced condi-
tions where MRI posed a vital risk. 

Statistical Analysis: Descriptive statistics 
summarised the data, including means, standard 
deviations, and 95% confidence intervals. The 
association between the extent of spinal cord injury 
and patient outcomes was analysed using odds ratio 
calculations to determine the likelihood of 
neurological development based on MRI results. 
Bivariate and multivariate analyses were completed 
where suitable to adjust for possible confounders. 
Pearson’s chi-square (χ²) test assessed relationships 
between categorical variables, such as injury 
severity and functional recovery. All statistical 
analyses were directed using STATA 9.2 software, 
with a p-value of <0.05 considered statistically 
significant, indicating a meaningful association 
between MRI results and clinical outcomes. 

Results 

Among the 45 included patients, cord 
oedema/contusion (>3 cm) was the most frequent 
MRI finding (48.9%), followed by sizable 
haemorrhage (>1 cm) in 31.1% of cases. Non-
haemorrhagic contusion (<3 cm) appeared in 
22.2%, while 26.7% had no detectable cord 
abnormalities. Myelopathic changes were noted in 
8.9%, representative chronic or progressive spinal 
damage (Table 1). 

 
Table 1: MRI Results in Spinal Cord Injury Patients 

Cord Result Patients Affected (n=45) Percentage (%) 
Sizable haemorrhage in cord (>1 cm) 14 31.10% 
Cord oedema / non-haemorrhagic contusion (<3 cm) 10 22.20% 
Cord oedema / contusion (>3 cm) 22 48.90% 
No finding in the cord 12 26.70% 
Myelopathic changes 4 8.90% 
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The AIS classification data provide insights into 
the neurological recovery of spinal cord injury 
patients from admission to discharge. Patients with 
complete spinal cord injuries (AIS A) showed 
minimal improvement, with only a slight reduction 
in numbers at discharge, indicating the limited 
potential for neurological recovery in this group. 
Sensory-incomplete injuries (AIS B) remained 
stable, suggesting no significant change in sensory 
function over time. In difference, motor-incomplete 
injuries (AIS C and D) demonstrated notable 

improvement, with some patients transitioning 
from AIS C to AIS D, reflecting partial motor 
recovery. The increase in AIS D cases at discharge 
increases interest in the possibility of functional 
improvement in patients with incomplete injuries. 
Normal function (AIS E) remained relatively 
stable, although minor variations suggest some 
fluctuations in neurological outcomes. A few 
patients were categorised as “Not Applicable” at 
discharge, potentially due to missing follow-up 
data or reclassification (Table 2). 

  
Table 2: Nervous Repossession Patterns in Spinal Cord Injury Patients 

AIS Grade Patients at Admission Patients at Discharge 
A 19 16 
B 2 2 
C 5 3 
D 12 14 
E 7 9 
Not Applicable 0 1 
Total 45 45 
AIS Grade Patients at Admission (n=20) Patients at Discharge (n=20) 
A (Complete Injury) 19 18 
B (Sensory Incomplete) 1 1 
C (Motor Incomplete) 0 1 
D (Motor Incomplete) 0 0 
E (Normal Function) 0 0 
Total Patients 20 20 
AIS Grade Patients at Admission (n=45) Patients at Discharge (n=45) 
A (Complete Injury) 6 4 
B (Sensory Incomplete) 2 2 
C (Motor Incomplete) 5 7 
D (Motor Incomplete) 25 26 
E (Normal Function) 7 6 
Total Patients 45 45 
AIS Grade Patients at Admission (n=45) Patients at Discharge (n=45) 
A (Complete Injury) 21 19 
B (Sensory Incomplete) 1 1 
C (Motor Incomplete) 4 2 
D (Motor Incomplete) 2 6 
E (Normal Function) 0 0 
Total Patients 28 28 
AIS Grade Patients at Admission (n=15) Patients at Discharge (n=15) 
A (Complete Injury) 0 0 
B (Sensory Incomplete) 0 0 
C (Motor Incomplete) 1 0 
D (Motor Incomplete) 2 2 
E (Normal Function) 12 12 
Not Applicable 0 1 
Total Patients 15 15 
The extremity-wise improvement data across 45, 
20, and 42 patient cohorts highlight variability in 
neurological recovery following spinal cord injury. 
Among 45 patients, 8 showed more significant 
improvement in upper extremities than lower, 6 
exhibited lower extremity recovery with normal 
upper limb function, and 22 had no improvement. 

Similarly, in the 20-patient group, 17 (85%) 
showed no recovery, with only 3 exhibiting some 
motor improvement. In the 42-patient cohort, 
30.9% had upper extremity-dominant recovery, 
11.9% had lower limb recovery with normal upper 
limb function, and 12 (28.6%) exhibited no 
weakness at admission (Table 3). 
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Table 3: Extremity-Wise Nervous Repossession in Spinal Cord Injury Patients 
Extremity-Wise Improvement No. of Cases (n=45) 
Improvement in the upper extremity more than the lower 8 
Upper extremity normal, improvement in lower extremity 6 
Improvement in both extremities 2 
Improvement in lower extremity, no improvement in upper extremity 1 
No improvement 22 
No weakness 5 
No follow-up 1 
Total 45 
Improvement in the upper extremity more than the lower 1 
Upper extremity normal, improvement in lower extremity 2 
Improvement in both extremities 0 
Improvement in lower extremity, no improvement in upper extremity 0 
No improvement 17 
No weakness 0 
No follow-up 0 
Total 20 
Improvement in the upper extremity more than the lower 8 
Upper extremity normal, improvement in lower extremity 5 
Improvement in both extremities 2 
Improvement in lower extremity, no improvement in upper extremity 1 
No improvement 13 
No weakness 12 
No follow-up 1 
Total 42 
 
This distribution of outcomes among patients based 
on the American Spinal Injury Association 
impairment scale. Out of 62 cases, 19 patients 
(30.65%) showed improvement, while 29 patients 
(43.55%) did not improve. In addition, one patient 
(1.61%) left against medical advice (LAMA), and 
two patients (3.23%) submitted to their condition. 

Analysing outcomes based on AIS grading, AIS A 
cases had the poorest prediction, with 19 out of 26 

patients showing no improvement and one case of 
mortality. AIS D cases had the highest probability 
of improvement, with 8 out of 17 patients 
recovering to some extent. The small number of 
AIS B and C cases established mixed results, with 
some improvement and some non-improvement. 
Meanwhile, AIS E cases were categorised as "Not 
applicable", representing that they did not require 
additional assessment for recovery (Table 3). 

 
Table 3: AIS Grading and Patient Consequences: Distribution of Development, Non-Improvement, and 

Death 

Outcome Improvement Non-
improvement 

No improvement 
- LAMA Mortality Not 

applicable 
Number of 
Patients (%) 19 (30.65%) 27 (43.55%) 1 (1.61%) 2 (3.23%) 13 (20.97%) 

AIS Grade Improvement Non-improvement Mortality Not-applicable Total cases 
A 6 19 1 0 26 
B 1 0 0 1 2 
C 4 2 0 0 6 
D 8 8 1 0 17 
E 0 0 0 12 12 
Total 19 29 2 12 62 

The occurrence of severe cord compression and 
epidural hematoma among 60 patients with spinal 
injury. The findings reveal that severe cord 
compression was present in 21 patients (33.87%), 
while 41 patients (66.13%) did not exhibit this 
condition. In addition, epidural hematoma was 

identified in only three patients (5.00%), whereas 
57 patients (95.00%) presented no signs of 
hematoma. These outcomes recommend that severe 
cord compression is relatively common in spinal 
injury cases, whereas epidural hematoma is a rare 
result (Table 4). 
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Table 4: Occurrence of Severe Cord Looseness and Epidural Hematoma in Patients with Spinal Injury 
Severe Cord Compression Number of Cases (%) 
Present 21 (33.87%) 
Absent 41 (66.13%) 
Total 60 
Epidural Hematoma Number of Cases (%) 
Present 3 (5.00%) 
Absent 57 (95.00%) 
Total 60 
 
The AIS grades of 45 patients at admission and 
discharge. Most patients were classified as AIS A  
at admission, with a slight improvement to 17 
occurrences at discharge. Correspondingly, AIS B, 
C, and D groups showed minor shifts, with some 
patients improving to a better functional grade. 

Mainly, the number of AIS D patients increased 
from 10 at admission to 12 at discharge, 
representing a positive recovery trend. Equally, 
AIS E cases increased from 5 to 6, reflecting 
functional improvement in some patients (Table 5). 

   
Table 5: Assessment of AIS Grades at Admission and Discharge in Spinal Injury Patients 

AIS Grade Admission Discharge 
A 18 17 
B 5 4 
C 7 6 
D 10 12 
E 5 6 
Total 45 45 
 
Discussion 

MRI plays a critical role in the evaluation of spinal 
trauma, predominantly in cases where neurological 
deficits are present. Several studies have compared 

MRI with other imaging modalities such as CT and 
X-ray, importance its superiority in detecting soft 
tissue injuries, spinal cord damage, and 
ligamentous disturbances [18]. 

  
Table 2: Proportional Studies on MRI in Spinal Trauma 

Studies Discoveries 
Saha et al. (2013) [19] MRI noticed spinal cord injuries in 32% of cases unemployed by CT. 
van Middendorp et al. (2014) 
[20] MRI had a higher prognostic value for neurological recovery than CT. 

Boese et al. (2012) [21] MRI was critical for evaluating ligamentous injuries and spinal 
unpredictability. 

Beblo et al. (2005) [22] 15% of patients had post-traumatic difficulties only detected by MRI. 

Neidich et al. (2013) [23] Emphasised MRI’s limited accessibility and longer scan times in 
emergencies. 

Patel et al. (2012) [24] Originate that MRI findings did not alter the surgical decision-making. 
 
A study by Saha et al. (2013) established that MRI 
is suggestively more sensitive than CT in detecting 
spinal cord oedema and haemorrhage. Their study 
included 200 patients with spinal trauma, showing 
that MRI identified spinal cord injuries in 32% of 
cases that were missed on CT [18]. 
Correspondingly, van Middendorp et al. (2014) 
found that MRI had a higher predictive value for 
evaluating neurological recovery in patients with 
spinal cord injuries than CT [20]. 

While CT remains the gold standard for evaluating 
bony structures, studies have shown its limitations 
in assessing soft tissue damage. A Boese et al. 
(2012) meta-analysis concluded that MRI was 
indispensable for evaluating ligamentous injuries 

and expecting spinal instability. Their results 
supported the use of MRI in cases where CT scans 
were inconclusive regarding stability evaluation 
[21]. 

MRI has also been beneficial in assessing post-
traumatic difficulties such as epidural hematomas 
and syringomyelia. A retrospective study by Beblo 
et al. (2005) found that 15% of spinal trauma 
patients developed delayed problems detectable 
only through MRI, underscoring its importance in 
follow-up evaluations [22]. 

However, the contests associated with MRI cannot 
be overlooked. Studies by Naidich et al. (2013) 
emphasised the logistical difficulties in obtaining 
MRI in emergency settings due to its limited 
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availability and longer scan times [23]. Moreover, a 
study by Patel et al. (2012) suggested that while 
MRI provides crucial diagnostic information, its 
responses do not always change clinical 
management, particularly in cases where surgical 
intervention is already indicated based on CT 
discoveries [24]. 

Overall, the comparison of these studies places the 
interest in the indispensable role of MRI in spinal 
trauma, predominantly for evaluating soft tissue 
injuries and predicting neurological consequences. 
However, its limitations in availability and 
accessibility must be considered in clinical 
decision-making. Future advancements in MRI 
technology, including faster scanning techniques 
and portable MRI units, may help mitigate these 
constraints and further improve its role in spinal 
trauma management [25]. 

Conclusion 

The studies associated place emphasis on the 
essential role of MRI in spinal trauma, mainly for 
evaluating soft tissue injuries and forecasting 
neurological consequences. While CT remains the 
gold standard for assessing bony structures, MRI 
offers supreme detail in evaluating soft tissues, 
spinal cord damage, and ligamentous injuries. The 
logistical limits of MRI, including its availability 
and longer scan times, pose contests in emergency 
settings. However, ongoing progressions in MRI 
technology, such as faster scanning methods and 
moveable units, promise to moderate these 
limitations. MRI suggestively improves diagnostic 
accuracy and prognostic capabilities in spinal 
trauma management, leading to improved patient 
consequences through informed clinical decision-
making. 
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