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Abstract: Type of study: Retrospective study. Objectives: To classify and analyze the morphological patterns of vertebral 

body fractures and report the clinical results. Summary of literature review: There have not been many reports on the 

classification of vertebral body fractures and treatment results, and it remains a matter of debate. Materials and methods: 

Among 107 patients diagnosed with an axis fracture from 2005 to 2019, 53 patients with fracture involving the vertebral body 

were selected. After the exclusion of 9 patients with a history of cervical spine surgery or who were lost to follow-up, 44 

consecutive patients were enrolled in this retrospective study. Patients were classified into 5 groups (coronal, sagittal, 

transverse, avulsion, and complex) according to the main fracture line. The demographic data, injury mechanism, 

discoligamentous injury, combined injury, neurological symptoms, and clinical treatment results were analyzed. Results: 

Patients’ average age was 61.7 years (range, 25–81 years). 24 patients were male and 20 were female. The average follow-up 

period was 14.2 months (range, 7–33 months). The coronal, sagittal, transverse, avulsion, and complex groups contained 5, 

5,8, 7, and 19 patients, respectively. Six patients were injured by slip-down accidents, 12 patients by falling height, and 26 

patients by traffic accidents. Eighteen patients were presented with a discoligamentous injury. Twenty-five patients showed a 

combination of fractures of cervical vertebrae and bones. Thirteen patients presented neurological symptoms. 16 patients were 

treated with a neck collar and 28 patients were treated with a halo-vest. Two patients eventually required surgical fusion 

because union was not achieved with conservative management. In the final follow-up, all neurological symptoms were 

resolved; however, 4 patients still complained of a mild tingling sensation in the upper extremity. Pin site infection occurred 

in 3 patients who were treated with a halo-vest, but it was controlled after antibiotic administration. Conclusion: Vertebral 

body fractures accounted for almost 50% of axis fractures in this study. Vertebral body fractures can be classified into 5 groups 

(coronal, sagittal, transverse, avulsion, and complex) according to the morphological pattern. Non-operative management can 

be a reasonable treatment option with good clinical results and bone union. 
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1. Introduction 

Cervical spine trauma accounts for 5% of all trauma patients, and among them, fractures of the axial spine 

are known to be the most common at 32% [1,2]. As the population ages, the number of patients diagnosed 

and treated for axial spine fractures is increasing, reaching 600 per year according to statistics [3,4]. Due to 

its anatomical specificity, the axial fractures appear in various forms such as odontoid fractures, hangman 

fractures, lateral body fractures, and vertebral body fractures, and the classification and treatment of 

fractures other than vertebral body have already been reported in several papers [5-8]. Fujimura and Benzel 
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et al. proposed a morphologic classification of fractures for vertebral body fractures of the axial spine, but 

it has limitations when applied to various types of fractures seen in clinical practice [9,10]. Therefore, we aim 

to report the morphologic classification of vertebral body fractures of the axial spine, their frequency, and 

treatment outcomes using plain radiographs and three-dimensional computed tomography (3D CT). 

 

2. Materials and methods 

Among 107 patients diagnosed with vertebral body fractures from 2005 to 2019, we excluded 12 patients 

with hangman fractures and 10 patients with fractures outside the vertebral body, such as the posterior arch 

and spinous process. Of the 3 types of spinous process fractures, those involving more than 1/2 of the 

spinous process bilaterally were classified as vertebral body fractures, and those involving less than 1/2 

were classified as spinous process fractures, and 32 patients were excluded. Among the 53 patients with 

vertebral body fractures, 9 patients with history of cervical spine surgery or showed no bone union after 6 

months of treatment were excluded. At last, 44 patients were retrospectively analyzed. 

Radiographs and 3D CT of the cervical spine were performed to analyze the appearance of the fracture 

line. The fracture lines were classified as coronal, sagittal, transverse, avulsion, and complex according to 

their morphology, and complex was defined as a combination of two or more different fracture lines. The 

mean age at presentation, gender ratio, mechanism of injury, intervertebral ligament injury, comorbidity, 

neurological symptoms, and clinical outcomes of each group were compared and analyzed. 

The mechanism of injury was categorized into slip, fall, and traffic accident. Intervertebral ligament 

injuries were assessed based on magnetic resonance imaging, and fractures in other parts of the spine were 

considered as comorbidities. Neurologic symptoms included radiating pain, tingling, and placebo sensation 

that occurred immediately after the injury. All patients were initially treated conservatively with a neck 

brace if the fracture was stable, and a halo-vest if unstable. Stability of the fracture was determined by a 

combination of the degree of dislocation of the fracture fragment, the presence of intervertebral ligament 

damage, the presence of fractures in adjacent vertebrae, and the presence of neurologic symptoms. If 

fracture instability persisted despite conservative treatment or if there was no evidence of bone union for 

more than 6 months, surgical treatment was carried out. Clinical outcomes included the evaluation of 

persistence of neurologic symptoms, fracture union, and local infection at the pin insertion site. Fractures 

were considered united when there was no pain at the fracture site and radiographic and 3D CT findings 

demonstrated trabecular union in at least one cortical bone [11] 

This study was approved by the Institutional Review Board (IRB No. 2020-09-064). 

 

3. Results 

The study subjects included 24 men and 20 women. The average age at the time of hospitalization was 61.7 

years old (25–81 years old). The average follow-up period was 14.2 months (7–33 months). The mechanism 

of injury was slip and fall in 5 cases, fall from height in 13 cases, and motor vehicle accident in 26 cases. 

Intervertebral ligament injury was observed in 18 cases. In 25 cases, fractures were present in areas other 

than the axial spine. Neurological symptoms at the time of presentation included radiating pain and tingling 

in the upper extremities in 10 cases and mild to moderate muscle weakness in 3 cases, totaling up to 13 

cases. Conservative treatment was performed using a neck brace in 16 cases and a halo-vest in 28 cases, 

and surgical treatment was performed in 2 cases that was treated with a halo-vest due to no evidence of 

union. 

At final follow-up, neurologic symptoms had resolved in all but four cases of mild upper extremity 

tingling. Osteosynthesis was achieved in all cases, including the 2 cases that underwent surgical treatment, 

and 4 cases showed evidence of malunion but no complaints of discomfort. The mean duration of union 

was 7.7 months (5–19 months). Of the 28 cases treated with a halo-vest, localized infection at the pin 
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insertion site occurred in 3 cases, but were all resolved with antibiotics, and there was no evidence of 

infection at final follow-up. 

 

4. Fracture classification 

Fractures can be classified into five categories according to the morphologic shape of the fracture line: 

coronal, sagittal, axial, diaphyseal, and combined. Coronal, axial, sagittal, and sagittal images from 

radiographs and 3D CTs taken at the time of presentation, as well as 3D reconstruction images, were 

considered. 

 

4.1. Coronal type 

The fracture line of coronal type fracture is at the vertebral body parallel to the coronal plane, in which five 

cases were included in this study. The fracture lines were mainly located in the posterior part of the vertebral 

body, starting from the area of the intervertebral transition between the spinous process and the spinal canal, 

extending to the inferior part of the vertebral body (Figure 1). It is thought that compressive and shear 

forces acted from the posterior superior to the anterior inferior in the extensor position. The patients were 

injured in two cases by falls and in three cases by automobile accidents. Two cases had concomitant 

intervertebral ligament injuries the other four had concomitant non-vertebral fractures. Conservative 

treatment included a neck brace in three cases and a halo-vest in two cases. As for neurological damage, 

two patients complained of right-hand numbness and mild placebo sensation at the time of presentation, 

but there were no symptoms at final follow-up. 

 

 
Figure 1. Coronal-type C2 vertebral body fracture depicted on an anatomical skeleton model and CT scan. The purple dotted 

line is the fracture line, located mainly in the posterior aspect of the vertebral body. It originates from the transitional zone of the 

odontoid process, moves to the vertebral body, which is connected to the spinal canal, and exits to the base of the C2 vertebral 

body (A-C). 

 

4.2. Sagittal type 

The fracture line of sagittal-type fracture is located at the vertebral body parallel to the sagittal plane, in 

which five cases were included in this study. The fracture line ran from the upper articular process to the 
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transverse process or the lower articular process (Figure 2). The fracture line was unilateral and was thought 

to have been subjected to lateral pressure above flexion. The patients were all motor vehicle accident 

victims. Conservative treatment was performed with a neck brace in 3 cases and a halo-vest in 2 cases. 

Neurological injuries included mild placebo sensation in the unilateral hand in 1 case at presentation and 

mild tingling at the final follow-up. 

 

 
Figure 2. Sagittal-type C2 vertebral body fracture depicted on an anatomical skeleton model and CT scan. The purple dotted 

line is the fracture line, originating from the superior articular process and extending to the ipsilateral side of the transverse 

foramen or inferior articular process (A-B). 

 

4.3. Transverse type 

The fracture line of transverse-type fractures is located at the vertebral body parallel to the axial plane, in 

which eight cases were included in this study. The fracture line included the supra-articular process or 

started from the outer side of the spinous process and continued to the contralateral transverse process or 

vertebral body lateralization, and the upper fragment included the spinous process (Figure 3), which are 

most likely caused by compressive and rotational forces. In 2 cases, the injury was caused by a slip and fall, 

1 case by a falling from a height, and 5 cases by a motor vehicle accident. 4 cases were accompanied by 

intervertebral ligament injuries, and 2 cases were accompanied by fractures other than axial vertebrae. 

Conservative treatment was performed with a neck brace in two cases and a halo-vest in six cases. In 1 case 

treated with a halo-vest, pain persisted and there was no evidence of fusion even after 6 months of treatment, 

so a 1-2 cervical interbody fusion was proposed using the posterior reach method, but the patient did not 
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consent. Therefore, the patient was monitored, and surgical treatment was performed 1 year later. Due to 

neurological damage, 1 patient complained of right upper extremity pain and numbness at the time of 

presentation, 1 patient complained of mild placebo sensation, and 1 patient complained of mild numbness 

at the time of final follow-up. One case treated with a halo-vest had a localized infection that required 

additional antibiotics, and there was no evidence of infection at final follow-up. 

 

 
Figure 3. Transverse-type C2 vertebral body fracture depicted on an anatomical skeleton model and CT scan. The purple dotted 

line is the fracture line, originating from the medial side or the middle of the superior articular process and extending to the 

contralateral side of the vertebral body (A-B). 

 

4.4. Avulsion type 

The fracture line of avulsion-type fractures runs from the anterior superior to the posterior inferior of the 

vertebral body (Figure 4), in which seven cases were included in this study. The fractures were all fractures 

of the anterior longitudinal ligament and were thought to have been caused by extensor forces. The injury 

was caused by a slip and fall in 1 case, a fall from a height in 2 cases, and a motor vehicle accident in 4 

cases. Two cases were accompanied with intervertebral ligament injuries, and five cases were accompanied 

with fractures other than the axial spine. Four cases were treated conservatively with a rigid brace and three 

cases with a Yoon vest brace. Neurologic injury included upper extremity numbness at presentation in 5 

cases and mild numbness at final follow-up in 1 case. Malunion was noted in 1 case, but there was no 
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discomfort at final follow-up. 

 

 
Figure 4. Avulsion-type C2 vertebral body fracture depicted on an anatomical skeleton model and CT scan. The purple dotted 

line is the fracture line, lying on the anterior-inferior side of the vertebral body, which corresponds to the insertion site of the 

anterior longitudinal ligament (A-B). 

 

4.5. Complex type 

 
Figure 5. Complex-type C2 vertebral body fracture, corresponding to a combination of more than one fracture line, depicted on 

a CT scan and an anatomical skeleton model. The purple dotted line is the fracture line, which is a combination of coronal and 

transverse fracture lines (A-C). 
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This group consisted of cases involving two or more fracture lines in the vertebral body (Figure 5), in 

which 19 cases were included in this study. The injury was caused by a slip and fall in 2 cases, a fall from 

a height in 8 cases, and a traffic accident in 9 cases. Five cases involved intervertebral ligament injuries, 

and 9 cases involved fractures other than the axial spine. Conservative treatment was performed with a neck 

brace in 4 cases and a halo-vest in 15 cases. In 1 case, the patient was treated with the halo-vest, but the 

patient did not cooperate with the medical staff, and despite multiple adjustments, there was still instability 

of subluxation and subjugation and worsening pain. Seven weeks after the treatment, a 2-3-4 level cervical 

interbody fusion was performed using the posterior approach. Neurological damage: Upper or lower 

extremity numbness was present in 3 cases upon presentation, and mild upper extremity numbness was 

present in 1 case at final follow-up. Malunion occurred in 3 cases, but there were no complaints of 

discomfort at final follow-up. Of the 15 cases treated with the halo-vest, 2 cases showed localized infection 

at the pin insertion site, which required additional antibiotics, and no infection was found at final follow-

up. 

 

5. Case analysis 

A 60-year-old female patient presents after falling from a height of 4 meters. She had a history of steroid 

use for rheumatoid arthritis, and on physical examination, she had a degloving injury on her face. Cervical 

spine radiographs showed fracture lines along the axial and sagittal planes of the vertebral bodies, with 

multiple rib fractures and orbital fractures as comorbidities (Figure 6). Interbody fusion of the 1st-2nd-3rd 

cervical vertebrae using the posterior approach could be considered for surgical treatment but considering 

the clinical outcome of the patient’s comorbidities and limited postoperative range of motion, conservative 

treatment with a halo-vest was performed. Twelve weeks later, the osteosynthesis was and halo-vest were 

removed, and there was no evidence of osteosynthesis or instability on the final follow-up radiographs, and 

good clinical outcome (Figure 7). 

 

 
Figure 6. A 60-year-old woman with a degloving injury on the forehead. (A) A lateral view of a plain radiograph of the cervical 

spine shows a complex fracture line. A coronal-type fracture line on the posterior aspect of the axis body and a transverse-type 

fracture line at the base of the odontoid process. (B) A sagittal image of a CT scan clearly demonstrates the radiographic findings. 

(C) The blue arrow indicates the fracture line. 
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Figure 7. Final follow-up of the same patient at post-traumatic 9 months. Plain radiography and computed tomography show 

formation of a callus and trabeculae across the fracture site (A-B). The flexion-extension view shows no evidence of instability 

(C). 

 

6. Literature review 

As the elderly population increases and diagnostic techniques become more common, fractures of the axial 

spine are on the rise [4]. Axial spine fractures are classified according to the anatomical location of the 

fracture line. The frequency, classification, treatment, and outcomes of odontoid fractures, hangman 

fractures, and lateral mass fractures have been reported in literature, but there are not many reports on 

vertebral body fractures [12]. 

In the United States, there are approximately 50,000 cases of cervical spine fractures per year, of which 

fractures of the axial spine are the most common, accounting for 32% [1,2]. The most common form of axial 

spine fracture is odontoid fracture, which is reported to be 58–75%, and the frequency of vertebral body 

fractures is reported to be about 10% of upper axial spine fractures. The proportion of vertebral body 

fractures varies widely, with Greene et al. reporting 67 of 340 vertebral body fractures (20%), Burke et al. 

reporting 31 of 165 (18%), Lomoschitz et al. reporting 7 of 90 (8%), and Bakhsh et al. reporting 11 of 26 

(42%) [12-16]. The reason for this variation in reported rates of vertebral body fractures is likely due to the 

lack of a clear definition and confusion in distinguishing vertebral body fractures from vertebral body 

fracture type 3. Spinous process fracture type 3 is generally defined as a fracture involving the spinous 

process on the unilateral side and the fracture line involving the cancellous bone portion of the vertebral 

body, but the clinical presentation, treatment policy, and prognosis are different from types 1 and 2 [14]. 

There are various disagreements on the classification of spinous process fracture type 3 as a vertebral body 

fracture, and in this study, cases involving more than 1/2 of the bilateral gastrocnemius process were 

classified as vertebral body fractures, which were included; and cases involving less than 1/2 were classified 

as spinous process fractures, which were excluded (Figure 8) [2]. Atypical hangman fractures were excluded 

from vertebral body fractures in this study because the main anatomical location of the fracture is the 

isthmus of the axial spine [8,17]. 

German et al. reported the morphologic classification and treatment results of 21 patients with 
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vertebral body fractures [18] and classified the fractures into two groups: vertical-coronal oriented and 

vertical-sagittal oriented. Benzel et al. reported fracture morphology, classification, and treatment results 

according to cervical spine posture and external force direction at the time of injury in 15 patients with 

vertebral body fractures and classified them into three groups: coronal, sagittal, and horizontal [9]. Fujimura 

et al. reported morphological classification and treatment results in 31 patients with vertebral body fractures, 

and classified them into four groups: avulsion, transverse, burst, and sagittal [10]. However, each study has 

limitations such as insufficient number of patients and inability to classify all types of vertebral body 

fractures seen in clinical practice. In this study, we analyzed the radiographic images of patients who visited 

our clinic and classified them into five morphological types: coronal, sagittal, transverse, avulsion, and 

combined. 

 

 
Figure 8. Example of a transverse-type C2 vertebral body fracture depicted on an anatomical skeleton model. The purple dotted 

line is the fracture line. It was classified as a transverse-type C2 vertebral body fracture because more than half of both superior 

articular processes was involed. It is difficult to distinguish from a type III dens fracture. 

 

Some studies have shown good results with conservative treatment for vertebral body fractures [18–19]. 

In this study, conservative treatment was performed first, which is using a neck brace or halo-vest 

depending on the stability of the fracture. Although there was no statistical significance due to the small 

number of cases, the rate of treatment with the halo-vest was high in the transverse and complex types (75% 

in the transverse type and 79% in the complex type), as shown in Table 1. Conservative treatment resulted 

in bone union in 42 of 44 cases (95%) with good clinical outcomes at final follow-up, which was similar to 

previous studies. This may be due to the fact that the vertebral body of the axial spine is composed of 

cancellous bone, has a good blood supply, and a large cross-sectional area of the fracture. 

A few articles have reported the outcomes of surgical treatment in vertebral body fractures. In a study 

of 28 patients, Zhang et al. performed conservative treatment when the fracture was stable and surgical 

treatment when there was adjacent joint instability or when the supraspinatus fracture fragment could not 

be treated [20]. Both groups reported good results in terms of osseointegration, but since cervical spine fusion 

causes movement restriction, surgical treatment should be decided with caution and the indications should 

be discussed further. In our institution, we performed surgical treatment in 1 case with no evidence of fusion 

despite conservative treatment and 1 case with persistent instability, which were transverse and complex 

types, respectively, and both cases achieved bone union at final follow-up. 
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Table 1. Demographics and complications of C2 vertebral body fracture 

 
 

This study is limited by the small number of cases. Other limitations include the difficulty in 

determining the exact direction of the external force at the time of injury. Although some biomechanical 

experiments have been conducted on the external forces acting on the vertebral body and fracture patterns, 

studies that consider the combined effects of fractures on anatomical structures such as ligaments and 

muscles around the vertebral body are lacking, and further research is needed [21]. 

 

7. Conclusion. 

Vertebral body fractures of the axial spine accounted for approximately 50% of axial spine fractures. The 

fractures could be categorized into five types according to their morphology: coronal, sagittal, transverse, 

and complex. Conservative treatment resulted in bone union without significant complications and good 

clinical outcomes. We believe that conservative treatment can be used as a first-line treatment. 
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