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Thoracic spinal cord injury without major bone injury associated with ossification of the 1 

ligamentum flavum 2 

 3 

Introduction 4 

Spinal stenosis is becoming frequent with the ageing of the general population. Spinal 5 

cord injury without major bone injury, caused by minor trauma, is also becoming more frequent, 6 

with the cervical spine being the most common site [1-3]. 7 

In contrast to the cervical spine and lumbar spine, the thoracic spine is biomechanically 8 

stable because it is supported by costovertebral articulations and the rib cage [4, 5]. Therefore, 9 

thoracic spinal cord injury without major bone injury is uncommon [6-8]. Here we report three 10 

cases of thoracic spinal cord injury without major bone injury following injury by a low-energy 11 

mechanism. To our knowledge, they are the first reported cases of spinal cord injury without 12 

major bone injury of the lower thoracic spine associated with ossification of the ligamentum 13 

flavum (OLF). 14 

Consent for publication was obtained from all patients. 15 

 16 

Case report 17 

Case 1. 18 

A 73-year-old-male sustained an injury by a fall in the bathroom. He showed bilateral 19 

lower-extremity weakness and numbness after the injury. He had neurological impairment of 20 

American Spinal Injury Association impairment scale (AIS)-C at initial examination, which did 21 

not improve after 2 days. Thoracic spine plain radiography and computed tomography (CT) 22 

showed no bony injury. T2-weighted magnetic resonance imaging (MRI) revealed 23 
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intramedullary high-signal intensity (increased signal intensity: ISI) at the T10–T11 level. There 24 

was no evidence of bony and discoligamentous injury (Fig. 1a). CT myelography confirmed OLF 25 

at the same level (Fig. 1b). The patient underwent decompression surgery at the T10–T11 level. 26 

After en bloc laminectomy, conical laminoplasty was performed. Since its unique shape 27 

resembles a traditional Japanese conical hat (Sugegasa hat), we refer the method as the “conical 28 

laminoplasty” [9]. The day after the surgery, bilateral lower-extremity weakness and numbness 29 

improved. He had recovered gradually with symptoms in his lower extremities. One month later, 30 

the patient showed good recovery. His neurological symptoms improved to AIS-D 31 

postoperatively. He was followed up during 5 years after surgery. He was able to walk assisted 32 

with cane at his last follow-up (Figs. 2a-c). 33 

 34 

Case 2. 35 

A 77-year-old-male was sustained an injury after falling down the stairs at home. He showed 36 

bilateral lower-extremity numbness and gait disturbance after the injury. He was admitted to the 37 

hospital because of inability to stand. His neurological impairment was AIS-C at admission. 38 

Thoracic spine MRI and CT were performed because thoracic spinal cord injury was suspected. 39 

T2-weighted MRI revealed an ISI at the T9–T10 level (Fig. 3a). CT thoracic spine showed no 40 

bony injuries, and OLF was observed at the same level (Figs. 3b-c). We diagnosed thoracic 41 

spinal cord injury without major bone injury and performed conical laminoplasty after en bloc 42 

laminectomy at the T9–T10 level. One day postoperatively, bilateral lower-extremity numbness 43 

was reduced. He had recovered gradually with symptoms in his lower extremities. His 44 

neurological symptoms improved to AIS-D postoperatively. He was followed up after surgery 45 

during 3 years, was able to walk assisted with cane at his last follow-up (Figs. 4a-c). 46 
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 47 

Case 3. 48 

A 65-year-old-female sustained an injury after a fall from a motorcycle. She had bilateral 49 

lower-extremity weakness and numbness (AIS-C) after the injury. Plain radiograph and CT of 50 

the thoracolumbar spine showed no bony injury. T2-weighted MRI showed ISI at the T11–T12 51 

level, suggesting spinal cord injury (Fig. 5a). CT myelography showed OLF at the same level 52 

(Figs. 5b-c). We diagnosed thoracic spinal cord injury without major bone injury associated with 53 

OLF and performed conical laminoplasty after en bloc laminectomy at the T11–T12 level. One 54 

day postoperatively, bilateral lower-extremity numbness was reduced. She had recovered 55 

gradually with symptoms in her lower extremities. Two weeks later, the patient walked 56 

independently. Her symptoms improved from AIS-C to AIS-D postoperatively, and follow-up 57 

period was 7 years after surgery. She was able to walk unassisted at her last follow-up (Figs. 58 

6a-c). 59 

 60 

Discussion 61 

Spinal cord injury without major bone injury is associated with hyperextension injuries 62 

of the cervical spine. It is common after minor trauma in the absence of bony injuries in patients 63 

with preexisting pathology such as cervical spondylosis, ossification of the posterior longitudinal 64 

ligament, and spinal canal stenosis [3]. The importance of narrowing of the canal in the context 65 

of spinal cord injury without major bone injury, which is seen in elderly patients. Ligamentum 66 

flavum protrusion is also observed in the spinal canal in such patients [10, 11]. As such, spinal 67 

canal stenosis and OLF are important risk factors for spinal cord injury without major bone 68 

injury in adults. Smith et al described that the presence of previously asymptomatic spinal canal 69 
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narrowing may contribute to the pathenogenesis of this injury [8]. In thoracic spinal cord injury 70 

without major bone injury, neurological damage is frequently attributed to spinal hyperflexion 71 

injury [7, 8]. 72 

Unlike the cervical and lumbar spine, the thoracic spine is protected by ribs and their 73 

articulations. The rib cage restricts thoracic spine motion and contributes to its stiffness. The 74 

junction between the rigid thoracic spine and the mobile lumbar spine is exposed to concentrated 75 

stress levels, leading to a higher likelihood of injuries [4, 5]. OLF is also frequently observed in 76 

the lower thoracic spine or the thoracolumbar junction [12, 13]. In the present study, all patients 77 

showed OLF located in the lower thoracic spine. 78 

MRI clearly delineates ISI, and it is useful in accurately diagnosing spinal cord injury 79 

without major bone injury [2, 3]. Samsani et al reported a case of thoracic spinal cord injury 80 

without radiographic abnormality in a skeletally mature patient, and associated spinal 81 

ligamentous injuries were excluded by MRI [6]. CT is recommended because it demonstrates 82 

thoracic OLF distribution patterns. 83 

Management of cervical spinal cord injury without major bone injury has been a matter 84 

of debate [2, 3]. The therapeutic strategy for thoracic spinal cord injury without major bone 85 

injury is also controversial [4, 7]. The major goals of spinal cord injury treatment include 86 

reduction of neurologic deficit and limiting progression of the neurologic deficit. Spinal cord 87 

injury without major bone injury patients with OLF in the thoracic spine might have 88 

deterioration of symptoms and poorer outcomes. Therefore, decompression surgery should be 89 

considered to avoid secondary damage [12, 13]. In the present study, decompression surgery was 90 

performed in all patients with OLF because of the compressive etiology in the thoracic spine, and 91 

neurological symptoms improved postoperatively. 92 
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 93 

Conclusions 94 

We reported three cases of thoracic spinal cord injury without major bone injury 95 

associated with OLF. In geriatric populations, especially in patients with OLF, spinal cord injury 96 

without major bone injury of the lower thoracic spine should be suspected following injury by a 97 

low-energy mechanism. 98 

 99 

 100 

 101 

 102 
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 105 
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Figure legends 162 

Figure 1. Case 1 163 

Preoperative MR T2-weighted imaging sagittal view (A) and CT myelography sagittal view (B) 164 

at admission 165 

MRI showed the lesion with occurrence of ISI at the T10–T11 level. CT myelography confirmed 166 

the OLF at the same level. 167 

 168 

Figure 2. Case 1 169 

Postoperative MR T2-weighted imaging sagittal view (A), plain radiograph at final follow-up: 170 

anterior-posterior view (B) and lateral view (C) 171 

MRI showed decompression of the OLF at the lesion. Radiographs confirmed the laminoplasty at 172 

the T10–T11 level. 173 

 174 

Figure 3. Case 2 175 

Preoperative MR T2-weighted imaging sagittal view (A), CT myelography sagittal (B), and axial 176 

views (C) at admission 177 

MRI indicated compression of the spinal cord with occurrence of ISI at the T9–T10 level. CT 178 

myelography showed OLF at the same level. 179 

 180 

Figure 4. Case 2 181 

Postoperative MR T2-weighted imaging sagittal view (A), plain radiograph at final follow-up: 182 

anterior-posterior view (B) and lateral view (C) 183 

MRI showed decompression of the OLF at the lesion. Radiographs confirmed the laminoplasty at 184 
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the T9–T10 level. 185 

 186 

Figure 5. Case 3 187 

Preoperative MR T2-weighted imaging sagittal view (A), CT myelography sagittal (B), and axial 188 

views (C) at admission 189 

MRI showed ISI suggesting spinal cord injuries at the T11–T12 level. CT myelography showed 190 

OLF at the same level. 191 

 192 

Figure 6. Case 3 193 

Postoperative MR T2-weighted imaging sagittal view (A), plain radiograph at final follow-up: 194 

anterior-posterior view (B) and lateral view (C) 195 

MRI showed decompression of the OLF at the lesion. Radiographs confirmed the laminoplasty at 196 

the T11–T12 level. 197 
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