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Multiple-level noncontiguous spinal fractures (MNSF) are spinal fractures that involve at least 2 sites and are characterized by the presence of one intact vertebra or intact functional spinal unit between the fractured vertebrae. MNSF account for 2.5–19% of all spinal fractures. MNSF are easily missed or have a delayed diagnosis in clinical practice and their treatment is more complex than that for single-segment spine fractures. In this article, the authors briefly summarize the advances in the etiology and mechanisms of MNSF, the identification of their involved sites and their classification, diagnosis, treatment, and prognosis.

Keywords
 multiple-level noncontiguous; MNSF; spinal fractures; clinical diagnosis and treatment; neurological


1 Introduction

Multiple-level noncontiguous spinal fractures (MNSF) are spinal fractures that involve at least 2 sites and are characterized by the presence of at least one intact vertebra or intact functional spinal unit between the fractured vertebrae (1–8). Some scholars have reported that MNSF (2, 7–11) account for 2.5–5.9% of all spinal fractures, while others (3, 12–19) have concluded that MNSF account for 12–19% of all spinal fractures. Variations in the incidence of MNSF can be partially attributed to discrepancies in imaging techniques employed during patient diagnosis. Moreover, numerous studies have determined that multiple-level spine fractures constitute 26.2 to 45% of all spinal fractures. Within this subset, MNSF represent approximately 29 to 39% of cases (5, 15, 16, 19, 20). These reported data indicate that MNSF is a relatively frequent occurrence in the context of multiple-level spine fractures. Therefore, it is imperative to consider the potential presence of MNSF when diagnosing and treating multiple-level spine fractures. The primary epidemiological determinants influencing the incidence of MNSF can be categorized as follows: demographic factors, where age exerts the most significant impact; underlying conditions, with ankylosing spondylitis being the most influential; and trauma-related causes, predominantly traffic accidents. In several studies, researchers have also reported that MNSF occur in 6–12% of children and adolescents (1, 4, 21, 22), thereby insisting that the incidence of MNSF is not affected by factors such as age; however, in contrast, relevant studies have shown that young patients (age less than 60 years) are at higher risk of developing MNSF than older patients (age ≥ 60 years) (8). Furthermore, it is noteworthy that, according to Lu and Koivikko et al., the prevalence of MNSF in patients with ankylosing spondylitis combined with spinal fractures (23, 24) is as high as 17.2–25%, possibly because of the unique biomechanics of their spine (25). In recent years, the frequent occurrence of high-energy injuries resulting from traffic accidents has led to an increased incidence of MNSF. Age, BMI, and rheumatoid arthritis have been identified as potential risk factors for spinal fractures (26–28). However, their specific association with the incidence of MNSF, this particular type of spinal fracture, warrants further investigation. MNSF is often accompanied by complications such as neurological injuries and other complex traumas (3, 7, 8, 13, 29). These complications can significantly impact patient prognosis, underscoring the need for heightened vigilance among spine surgeons. MNSF is frequently overlooked or diagnosed late due to a lack of comprehensive understanding of the at-risk population, its underlying mechanisms, and clinical presentations. The repercussions of a missed diagnosis of MNSF include delayed neurological damage. Furthermore, the treatment of MNSF is challenging, with existing protocols being subject to debate. Therefore, this review aims to offer pertinent references to aid in the clinical diagnosis and treatment of MNSF. This article is a review of current research advances in the clinical diagnosis and mechanisms of MNSF, their involved sites and their classification, diagnosis, treatment, and prognosis.



2 Causes and mechanisms

High energy trauma is more likely to cause multiple-level noncontiguous spinal fractures (24, 30). The causes of MNSF include road traffic accidents, accidental falls from heights, diving accidents, and heavy object injuries, with traffic accidents and falls from heights being the main causes (3, 7, 10, 11, 31). Compared with low-velocity trauma, high-velocity blunt trauma has a 60% increased risk of MNSF and a 6.7% increased risk of mortality (14). Interestingly, in traffic accidents, we generally believe that seat belts prevent most spinal injuries, but in a report by Nourbakhsh et al., seat belts may also be a factor in the occurrence of multiple-level noncontiguous spinal fractures, where the upper and lower shoulder and abdominal straps act as two fulcrums, thus causing two nonadjacent fracture dislocations (32). Furthermore, the main causes of morbidity in pediatric patients with multiple-level noncontiguous spinal fractures are sports-related injuries in addition to traffic accidents and high falls, while the most common causes of morbidity in elderly patients with MNSF are mainly osteoporotic spine fractures and accidental falls from a low height (38.6 and 28.6%, respectively) (1, 5, 8, 22, 33, 34). And, in elderly patients with osteoporotic MNSF, most do not have a significant history of spinal trauma (35).

Iencean et al. (2) suggested that multiple-level noncontiguous spinal fractures may be associated with biomechanical patterns of violence conduction at the time of injury. This mechanism suggests that direct violence at the impact of a large trauma results in a first localized injury to the spine, thereby possibly causing a second injury at the vulnerable level of the spine due to the propagation of residual traumatic forces, and that spinal vulnerability may be related to the presence of spinal disease prior to spinal trauma or specific spinal body positions with discontinuous biomechanical conduction at the time of trauma (Figure 1A). In contrast, some scholars (36–38) suggest that MNSF result from the combination of excessive spinal flexion, compression, distraction and shear forces applied to the spine. This is similar to Takami et al. (7), who reported that MNSF is mainly caused by flexion, compression, distraction, and rotation forces applied to the spine, thereby resulting in injury (Figure 1B). When the spine is subjected to high-energy trauma, the spine is often subjected to several vectors of force acting together at the same time, so the exact mechanism by which MNSF occurs is complex.
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FIGURE 1
 Diagram of the pathogenesis of MNSF. (A) Vertical violence conducted through the cervical spine to the thoracic spine can lead to MNSF. (B) Two or more different forces applied to different parts of the spine can lead to MNSF.




3 Site of disease and typology

The sites of MNSF are different in different studies. Takami et al. (7) reported that 50% of MNSF occur in the cervical + thoracic region, 22.2% in the cervical + lumbar region, 11.1% in the thoracic + lumbar region, 5.6% in the cervical region, 5.6% in the thoracic region, and 5.6% in the lumbar region. While Seçer et al. (31) reported that 40% of MNSF were located in the thoracic + thoracic spine, 26.7% were located in the thoracic + lumbar spine, 20% were located in the lumbar + lumbar spine, and 13.3% were located in the cervical + lumbar spine. In addition, Korres et al. (10) showed that 28.4% of MNSF were found in the cervical spine, 24.7% in the thoracic + lumbar spine, 17.3% in the cervical + thoracic spine, 11.1% in the thoracic spine, 9.9% in the cervical + lumbar spine, 6.2% in the sacral spine, 1.2% in the thoracic + sacral spine, and 1.2% in the lumbar + sacral spine. Although the sites of MNSF are different in different studies, most of them involve the thoracic spine, reminding us of the importance of considering such fractures in this area when examining patients with spinal fractures. Notably, the unique anatomical and biomechanical factors in children, such as relative immaturity of the neck muscles, incomplete ossification of the spine, wedge-shaped vertebrae, large head proportions, and ligamentous instability, can lead to differences in fracture sites between children and adults (1, 5, 21, 30, 39–42), and the most predominant sites of MNSF in children are the cervical spine (4, 5, 39, 40). In addition, in a study on cervical MNSF by Tang et al. (19), the fractures most commonly involved C1 or C2 and C7, and their study showed that the probability of a C1 or C2 fracture in the presence of a C7 fracture was 11.9%. Regarding the classification of MNSF, in recent years, Kanna et al. (3) classified MNSF into five types based on the site of injury on the whole spine MRI scan; type I: cervical and thoracic fractures, type II: thoracolumbar and lumbosacral fractures, type III: thoracic and thoracolumbar fractures, type IV: cervical and thoracolumbar fractures, and type V: lumbosacral fractures and related injuries. This classification can effectively classify most patients with MNSF and has some clinical significance.



4 Diagnosis


4.1 Diagnostic methods and bases

Because the incidence of MNSF in patients with spinal fractures is not insignificant, the possibility of MNSF should be considered at the first visit and the adjacent and distant segments of patients with spinal fractures resulting from high-energy trauma should be evaluated (19, 43). Additionally, a delayed or missed diagnosis is common in patients with MNSF, Firth et al. (1) reported that, in their study, 16% of second spinal fracture diagnoses were delayed in 25 patients with MNSF; Wittenberg et al. (11) reported that, in their study, 23.1% of secondary spinal lesion diagnoses were delayed in 39 patients with MNSF, and that the mean delay in diagnosis was 2.8 days, with a maximum delay of 7 days. Takami et al. (7) also reported a 14-day delay in the diagnosis of a second spinal fracture in a patient with a MNSF at the time of the primary diagnosis via X-ray. Additionally, Kanna et al. (3) reported that, among 84 patients with MNSF, 24 patients (28.6%) had a missed diagnosis of secondary fractures on X-ray, five of whom had unstable secondary injury sites that caused persistent pain, deformity, and neurological deficits and required surgical fixation. MNSF is frequently overlooked or diagnosed late due to a lack of comprehensive understanding of the susceptible population, its underlying mechanisms, and clinical manifestations. The specific mechanisms through which MNSF occurs are intricate, and the secondary injuries resulting from the violence conduction mechanism in MNSF are often neglected during the diagnostic process. Several indicators would necessitate the full spine imaging, such as abnormal findings on the physical exam (tenderness, bruises, neurological deficits), presence of a cervical spine fracture or another major distracting injury and the presence of alcohol or drug intoxication (14). Firth et al. (1) recommended that plain radiographs of the entire spine should be obtained for all patients with a single-segment spinal injury and associated nerve injury on imaging to rule out the possibility of a discontinuous injury, whereas X-ray should include at least four spinal levels above and below the fracture for patients with a single-segment spinal fracture and no nerve injury. Compared to X-rays, computerized tomography (CT) scans have a higher sensitivity in determining whether a fracture is present (44). Takami et al. (7) found that the average delay in diagnosis of the second fracture was only 0.6 days in cases where CT scan was used for diagnosis at the first visit, and therefore, their recommendation is to perform whole spine CT scans at the first visit to improve the accuracy and efficiency of a MNSF diagnosis. CT scan can provide clear anatomical images of the bony structures of the spine, facilitating the diagnosis of complex bony injuries in patients with a MNSF (45); if an unstable discontinuous spinal fracture is suspected, further evaluation of occult vertebral fractures and posterior structural damage by CT scan is necessary (46). However, excessive CT scans can somewhat increase a patient’s risk of radiation exposure. Bunmaprasert et al. (12) developed a risk prediction model for the four risk factors for MNSF that can provide guidance on whether a patient should have a CT scan. To further improve the early detection of a MNSF, magnetic resonance imaging (MRI) has also been used, and Kano et al. (34) reported that MRI is more reliable than X-ray for the diagnosis of fresh fractures in patients with a MNSF; Kanna et al. (3) suggested that whole spine MRI should be considered for patients with high energy trauma-related spinal fractures when possible to avoid a missed or delayed diagnosis. For patients with a clear location of the impact injury and significant symptoms but no abnormal signs on X-ray and CT scan, MRI has high sensitivity for diagnosing soft tissue injuries, such as bone marrow lesions, without showing evidence of a cortical fracture, thereby resulting in the exclusion of subtle nonadjacent injuries (8, 47). However, MRI can also increase the cost of patient treatment, diagnostic time, and risk of complications to some extent (44), and the decision to perform MRI should ultimately be made by the physician on a case-by-case basis (Figure 2). Meanwhile, Wang et al. (8) suggested that the cervical and thoracolumbar regions should be the primary focus of the examination in patients with MNSF because these regions are more mobile and thus more vulnerable to injury. In addition, CT scanning of the entire spine is recommended as the primary diagnostic tool for patients with ankylosing spondylitis in combination with trauma, as they are more susceptible to MNSF (48).
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FIGURE 2
 Diagnostic flow chart of MNSF. The flow chart provides a comprehensive depiction of the diagnostic process for MNSF. The flow chart is summarized based on research and our experience.




4.2 Diagnosis of comorbidities (incidence of neurological symptoms and other compound injuries)

MNSF are prone to combined neurological injury, and the incidence of combined neurological symptoms in MNSF patients is reported to be 45.5–63.2% (3, 7, 8). Firth et al. (1) showed that patients with MNSF were 2.95 times more likely to experience nerve injury than patients with single-segment or multisegment adjacent spinal injuries. The incidence of a nerve injury and its severity are closely related to the number and instability of spinal fractures (49). The presence of multiple associated injuries can interfere with the diagnosis of a secondary spinal cord injury, especially in patients with combined craniocerebral injuries, which may be missed due to an altered mental status (3). Takami et al. (7) reported that a spinal cord injury occurred in the spinal segments close to the head in eight of nine MNSF patients (Asia A, According to the American Spinal Injury Association classification) with combined complete neurological deficits in their study. The high incidence of combined nerve injury in patients with MNSF suggests the need for timely improvement of relevant investigations, with an emphasis on the proximal cephalad spinal segments and, if necessary, full-length spine films and multisite CT/MRI. For the assessment of neurological deficits in patients with MNSF, most studies currently use the American Spinal Injury Association (ASIA) score for grading. In addition, Wang et al. (8) reported a significantly different incidence of neurological deficits between young and elderly MNSF patients (57.3 and 21.4%, respectively), while injury severity scores were significantly higher in young patients (23.9 ± 10.9) than in elderly patients (15.8 ± 4.8).

Because MNSF are often caused by high-energy trauma, they are prone to concomitant nerve injuries and other compound injuries. Reports show that other compound injuries combined with MNSF mainly include head injury, neck injury, chest injury, abdominal injury, pelvic injury, extremity injury, and clavicle fracture. The most common compound injuries are chest injury, upper and lower extremity injury, and head and neck injury (3, 7, 8, 13, 29). The presence of compound injuries not only increases the difficulty and risk of treatment for patients but may also affect their prognosis and quality of life. Therefore, at the time of initial diagnosis, physicians should conduct a thorough and detailed evaluation of patients to prevent an underdiagnosis or a delayed diagnosis of associated compound injuries. Although certain patients with missed diagnoses may not necessitate immediate treatment, this situation can result in dissatisfaction and complaints from both patients and their families. Conversely, patients who require treatment but experience missed or delayed diagnoses are at risk of severe complications, including delayed nerve damage and non-healing fractures.




5 Treatment


5.1 Treatment principles

The treatment of patients with MNSF should be evaluated based on the stability of the fracture and the presence of neurological impairment as well as the patient’s general condition (49). Lian et al. (29) concluded that if MNSF are stable (posterior eminence less than 30 degrees) and there is no neurological impairment, both fractures can be treated conservatively; however, if the first fracture is stable and there is no neurological impairment but the second fracture is unstable (posterior eminence greater than 30 degrees) or there is neurological impairment, only the second fracture should be treated surgically and the first fracture should be treated conservatively, whereas if both fractures are unstable (posterior eminence greater than 30 degrees) or there is neurological impairment, both fractures should be treated surgically (Figure 3). Conservative treatment of MNSF consists mainly of bed rest, Steroid therapy such as methylprednisolone, cranial traction and external brace fixation (10, 50). In contrast, surgical treatment of MNSF should follow the same principles of treatment as for single-segment spinal injuries, namely, decompression, correction of deformity, subluxation repositioning and restoration of spinal stability, with simultaneous fusion surgery of both sites if necessary (2, 5, 7, 29, 51, 52). For patients with multiple-level spinal cord injuries, early multisite decompression and internal fixation to stabilize the fracture is beneficial to improve the prognosis and reduce the risk of mortality (53). However, it is not advisable to operate on too many segments, as the preservation of segments is important to preserve the patient’s postoperative motor function (54). Cho et al. (55) reported poor KODI Disability Index scores in the long-term follow-up of MNSF patients, possibly due to too many surgically fused segments, and recommended minimizing the number of segments fused in multiple-level fractures and no reduction. In addition, the mechanism of MNSF is complex, and the management of its combined other compound injuries should follow the principles of treatment of multiple injuries, of which effective life support is a key aspect (29). However, the specific treatment plan for MNSF should be individualized according to the patient’s spinal injury site, spinal instability and deformity, severity, number of intact vertebrae between the two fractured segments, and combined neurological impairment (10, 29, 31, 56, 57).
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FIGURE 3
 Flow chart of MNSF treatment.




5.2 Choice of surgical approach

Wang et al. (8) reported that 66.2% (141 cases) of 213 patients with MNSF underwent surgical treatment, including 47 percutaneous vertebroplasties, 2 anterior minimally invasive surgeries, 2 posterior minimally invasive surgeries, 35 anterior open surgeries, 50 posterior open surgeries, and 5 combined anterior and posterior surgeries. Based on the high proportion of patients with MNSF who underwent surgical treatment, it is particularly important to choose the appropriate surgical procedure. Several studies (2, 43, 58) have reported that anterior single-segment decompression with implant fusion of unstable lesions is mostly used for patients with MNSF with single-focal unstable fractures of the cervical spine with an intact posterior vertebral column, and they concluded that anterior cervical surgery is safer and has less bleeding than posterior surgery and provides adequate decompression of the spinal canal. However, for MNSF patients with multisite instability fractures of the cervical spine and posterior vertebral column instability, three-column injury or difficult repositioning, Jin et al. reported (59) that posterior cervical surgery or combined anterior–posterior surgery should be considered, through which posterior surgery can directly release the joint strangulation and remove the lamina, synovial fragments and ruptured ligamentum flavum that protrudes into the spinal canal. In contrast, combined anterior–posterior surgery can achieve decompression and stabilization of multisegment spinal injuries in a short period, leading to favorable conditions for neurological recovery and facilitating early functional exercise (60). For unstable fractures of the thoracolumbar spine, several investigators have used posterior open reduction fusion with pedicle screw internal fixation and vertebral body formation (7, 61–66). The anterior approach to the thoracolumbar spine is relatively complex, and posterior subtotal resection decompression fusion surgery is an effective and safe method for treating thoracolumbar fractures, resulting in less intraoperative blood loss, fewer complications, shorter operative time, less postoperative pulmonary impairment, and adequate surgical visualization than the anterior approach, and anterior internal fixation can also be replaced by posterior cage placement and bone grafting through an extended posterolateral approach (67, 68). In addition, patients with MNSF who have severe comorbidities and cannot tolerate multisite open surgery can be treated with percutaneous surgical techniques. Sebastian et al. (69) reported a case of ankylosing spondylitis combined with C1 fracture, C7-T1 three-column fracture, occipital-cervical ligament injury with dislocation, and T9-T10 three-column extension fracture in a patient who underwent open occipitocervical and cervicothoracic fusion combined with percutaneous thoracolumbar stabilization, and the patient recovered well after surgery. This hybrid surgical approach minimized the trauma caused by open surgery and created good conditions for patient recovery. At the same time, when dealing with patients with complex MNSF, we should pay attention to the combination of available tools and relevant new technologies to achieve the best treatment goals. According to Ushijima et al. (70), a patient with traumatic multiple-level noncontiguous spinal fractures at the cervicothoracic and thoracolumbar junction who was treated with a computer-assisted open posterior internal fixation hybrid technique based on a CT navigation system and percutaneous pedicle screw fixation recovered well and was able to ambulate early.



5.3 Selection of surgical fixation

The choice of segment length for surgical fixation in MNSF patients is clinically controversial, and although long-segment posterior pedicle screw (LSPF) fixation can give greater immediate stability at the fracture site by increasing the length of longitudinal implant fixation, it does so at the expense of the corresponding motion segment, and long-segment internal fixation exposes patients to greater stress and may expose them to a high risk of segmental degeneration adjacent to the fixation (71). In contrast, although short-segment fixation preserves more motion segments with less surgical bleeding, it also carries the risk of spinal instability due to insufficient flexion resistance. To address these issues, Seçer et al. (31) suggested that when there are ≥5 intact vertebral bodies between two fracture segments in patients with MNSF, each fracture area should be stabilized with a separate surgical incision and approach (i.e., short-segment fixation); when there are ≤4 intact segments between two fracture segments, both fractures should be fixed with the same rod and screw system (i.e., long-segment fixation). Salehani et al. (6) reported that in MNSF patients with fractures involving the anterior, middle, and posterior columns, the traditional use of a posterior approach for three vertebrae above the level of the proximal head fracture and two vertebral segments below the level of the caudal fracture with incision and pedicle screw fixation is no longer sufficient to provide good stability to the damaged spine due to the instability of the intermediate segments between the two fractures, and the use of internal fixation extension and anterior–posterior multibar structural fixation is recommended. In addition, patients should be treated with external fixation when necessary, depending on the patient’s specific situation. Wang et al. (72, 73) developed a tandem external spinal fixation for MNSF, inspired by single-segment external spinal fixation, and demonstrated by finite element analysis that the tandem external spinal fixator had better stress distribution and higher overall mobility compared with long-segment internal spinal fixation. Hope et al. (74) treated a pediatric patient with multisegmental nonadjacent spine fractures of the cervical spine who was treated with a modified external fixation frame due to the unavailability of a suitable internal fixation implant and found good neurological recovery (from ASIA grade D to ASIA grade E) at the postoperative follow-up. Meanwhile, Sane et al. (42) reported that a pediatric MNSF patient with a modified external fixation frame who underwent cranial traction repositioning using a halo ring recovered full neurological function after surgery (from ASIA class A to ASIA class E). In addition, there are studies on the use of nonfusion fixation to treat MNSF. Kim et al. (75) treated a patient with a lumbar MNSF using a minimally invasive percutaneous short-segment pedicle screw fixation nonfusion technique with spinal decompression, after which the patient’s neurological function changed from ASIA class C to normal. This technique provides some stability and facilitates the preservation of the corresponding spinal motion segments, thus providing a new option for the treatment of patients with MNSF.




6 Prognosis

Patients with MNSF require longer hospital stays, more days of mechanical ventilation, and longer intensive care stays than patients with single-segment spinal fractures (14). The prognosis of patients with MNSF who are surgically treated versus that of patients who are nonsurgically treated also differed significantly. Lian et al. (29) showed that the time to use a wheelchair or crutches for mobility was 9.2 ± 1.1 weeks in conservatively treated patients with MNSF, which was significantly longer than that of patients in the single lesion surgery group (6.8 ± 0.7 weeks) and that of those in the double lesion surgery group (3.1 ± 0.4 weeks), and the neurological deficit rate, improvement rate and degree of correction of the posterior protrusion deformity at the postoperative follow-up were also better in the surgically treated patients than in the conservatively treated patients, while the angle of the posterior protrusion deformity of the nonsurgical lesion of the MNSF patients increased after treatment. Wittenberg et al. (11) also showed that patients with MNSF could be more active earlier and had a reduced incidence of kyphosis after surgical treatment. In contrast, in a case of a five-segment nonadjacent spinal fracture of the cervical spine reported by Guo et al. (36), the patient refused surgical treatment due to their financial status and was discharged with unsatisfactory neurological recovery, suggesting that aggressive surgical treatment for MNSF patients with surgical indications can be helpful in improving the prognosis. This was also found to be relevant for the MNSF patients in the study by Wang et al. (8), in which 9.4% (20/213) of patients with incomplete neurological deficits improved by 1 or > 1 Asia grade during hospitalization. In addition, there are relative peculiarities in pediatric patients. Firth et al. (1) reported the presence of mild scoliosis in their follow-up of pediatric MNSF patients with combined neurological injuries. A report by Mortazavi et al. (5) also concluded that the periosteum and surrounding soft tissue enveloping the spine are more elastic in pediatric MNSF patients than in adults; therefore, bone healing and remodeling are more likely, and long-term follow-up is recommended to understand the development of a spinal deformity.



7 Conclusion

In summary, MNSF is a common specific type of spinal fracture with a complex pathogenesis. MNSF are easily missed and prone to delayed diagnosis, thereby requiring imaging to further clarify the diagnosis based on a comprehensive evaluation of the patient’s condition, and treatment often requires individualized treatment plans. The treatment of MNSF, especially the preferred treatment option, is still unknown, and further research by spine surgeons is needed.



Author contributions

BL: Conceptualization, Methodology, Writing – original draft. HC: Conceptualization, Writing – review & editing. MZ: Writing – review & editing. YY: Supervision, Writing – review & editing. XO: Visualization, Writing – review & editing. CW: Conceptualization, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

We are grateful for the administrative and technical support of the Department of Spine Surgery at the First Affiliated Hospital of the University of South China.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviation


MNSF, Multiple-level noncontiguous spinal fractures.




References

 1. Firth, GB, Kingwell, SP, and Moroz, PJ. Pediatric noncontiguous spinal injuries: the 15-year experience at a level 1 trauma center. Spine (Phila Pa 1976). (2012) 37:E599–608. doi: 10.1097/BRS.0b013e31824079ea 

 2. Iencean, SM
. Double noncontiguous cervical spinal injuries. Acta Neurochir. (2002) 144:695–701. doi: 10.1007/s00701-002-0940-7


 3. Kanna, RM, Gaike, CV, Mahesh, A, Shetty, AP, and Rajasekaran, S. Multilevel non-contiguous spinal injuries: incidence and patterns based on whole spine MRI. Eur Spine J. (2016) 25:1163–9. doi: 10.1007/s00586-015-4209-2 

 4. Mahan, ST, Mooney, DP, Karlin, LI, and Hresko, MT. Multiple level injuries in pediatric spinal trauma. J Trauma. (2009) 67:537–42. doi: 10.1097/TA.0b013e3181ad8fc9


 5. Mortazavi, MM, Dogan, S, Civelek, E, Tubbs, RS, Theodore, N, Rekate, HL , et al. Pediatric multilevel spine injuries: an institutional experience. Childs Nerv Syst. (2011) 27:1095–100. doi: 10.1007/s00381-010-1348-y 

 6. Salehani, AA, Baum, GR, Howard, BM, Holland, CM, and Ahmad, FU. Floating thoracic spine after double, noncontiguous three-column spinal fractures. World Neurosurg. (2016) 91:670.e7–670.e11. doi: 10.1016/j.wneu.2016.03.082


 7. Takami, M, Okada, M, Enyo, Y, Iwasaki, H, Yamada, H, and Yoshida, M. Noncontiguous double-level unstable spinal injuries. Eur J Orthop Surg Traumatol. (2017) 27:79–86. doi: 10.1007/s00590-016-1855-y


 8. Wang, H, Xiang, Q, Li, C, and Zhou, Y. Multiple-level noncontiguous spinal fractures: difference between the young and the elderly. J Spinal Disord Tech. (2013) 26:E272–6. doi: 10.1097/BSD.0b013e31828674b1 

 9. Bensch, FV, Koivikko, MP, Kiuru, MJ, and Koskinen, SK. The incidence and distribution of burst fractures. Emerg Radiol. (2006) 12:124–9. doi: 10.1007/s0010140-005-0457-5 

 10. Korres, DS, Boscainos, PJ, Papagelopoulos, PJ, Psycharis, I, Goudelis, G, and Nikolopoulos, K. Multiple level noncontiguous fractures of the spine. Clin Orthop Relat Res. (2003) 411:95–102. doi: 10.1097/01.blo.0000068362.47147.a2


 11. Wittenberg, RH, Hargus, S, Steffen, R, Muhr, G, and Bötel, U. Noncontiguous unstable spine fractures. Spine (Phila Pa 1976). (2002) 27:254–7. doi: 10.1097/00007632-200202010-00010 

 12. Bunmaprasert, T, Chaiamporn, A, Laohapoonrungsee, A, Liawrungrueang, W, Chunjai, K, and Atthakomol, P. A system of predictive scores to evaluate the risk of multilevel noncontiguous spinal fractures in patients with traumatic cervical spine injury. Eur Spine J. (2024) 33:2340–6. doi: 10.1007/s00586-024-08277-8 

 13. Miller, CP, Brubacher, JW, Biswas, D, Lawrence, BD, Whang, PG, and Grauer, JN. The incidence of noncontiguous spinal fractures and other traumatic injuries associated with cervical spine fractures: a 10-year experience at an academic medical center. Spine (Phila Pa 1976). (2011) 36:1532–40. doi: 10.1097/BRS.0b013e3181f550a6 

 14. Nelson, DW, Martin, MJ, Martin, ND, and Beekley, A. Evaluation of the risk of noncontiguous fractures of the spine in blunt trauma. J Trauma Acute Care Surg. (2013) 75:135–9. doi: 10.1097/TA.0b013e3182984a08


 15. Rush, JK, Kelly, DM, Astur, N, Creek, A, Dawkins, R, Younas, S , et al. Associated injuries in children and adolescents with spinal trauma. J Pediatr Orthop. (2013) 33:393–7. doi: 10.1097/BPO.0b013e318279c7cb


 16. Sawyer, JR, Beebe, M, Creek, AT, Yantis, M, Kelly, DM, and Warner, WC Jr. Age-related patterns of spine injury in children involved in all-terrain vehicle accidents. J Pediatr Orthop. (2012) 32:435–9. doi: 10.1097/BPO.0b013e318259f2b9 

 17. Sharma, OP, Oswanski, MF, Yazdi, JS, Jindal, S, and Taylor, M. Assessment for additional spinal trauma in patients with cervical spine injury. Am Surg. (2007) 73:70–4. doi: 10.1177/000313480707300116


 18. Spota, A, Giorgi, PD, Cioffi, SPB, Altomare, M, Schiro, GR, Legrenzi, S , et al. Spinal injury in major trauma: epidemiology of 1104 cases from an Italian first level trauma center. Injury. (2023) 54:1144–50. doi: 10.1016/j.injury.2023.02.039 

 19. Tang, A, Pawar, J, Bridge, C, King, R, Kakarmath, S, Harris, M , et al. Traumatic cervical spine fracture patterns on CT: a retrospective analysis at a level 1 trauma center. Emerg Radiol. (2021) 28:965–76. doi: 10.1007/s10140-021-01952-z 

 20. Bensch, FV, Kiuru, MJ, Koivikko, MP, and Koskinen, SK. Spine fractures in falling accidents: analysis of multidetector CT findings. Eur Radiol. (2004) 14:618–24. doi: 10.1007/s00330-003-2090-6


 21. Carreon, LY, Glassman, SD, and Campbell, MJ. Pediatric spine fractures: a review of 137 hospital admissions. J Spinal Disord Tech. (2004) 17:477–82. doi: 10.1097/01.bsd.0000132290.50455.99


 22. Kim, C, Vassilyadi, M, Forbes, JK, Moroz, NW, Camacho, A, and Moroz, PJ. Traumatic spinal injuries in children at a single level 1 pediatric trauma centre: report of a 23-year experience. Can J Surg. (2016) 59:205–12. doi: 10.1503/cjs.014515 

 23. Koivikko, MP, and Koskinen, SK. MRI of cervical spine injuries complicating ankylosing spondylitis. Skeletal Radiol. (2008) 37:813–9. doi: 10.1007/s00256-008-0484-x


 24. Lu, AY, Blitstein, JS, Talbott, JF, Chan, AK, Dhall, SS, El Naga, AN , et al. Single versus dual operative spine fractures in ankylosing spondylitis. Neurosurg Focus. (2021) 51:E6. doi: 10.3171/2021.7.FOCUS21329 

 25. Vanhoenacker, FM, Vanhoenacker, C, and Lalam, R. Complications of the rigid spine. Semin Musculoskelet Radiol. (2023) 27:491–8. doi: 10.1055/s-0043-1770136 

 26. An, Y, Li, J-N, Wang, Y, Tian, W, and Li, N. Association of overweight and obesity with vertebral fractures: a systematic review and meta-analysis. Minerva Endocrinol. (2023) 48:459–72. doi: 10.23736/S2724-6507.21.03397-2 

 27. Chu, Y-R, Xu, S-Q, Wang, J-X, Zong, H-X, Chen, K-M, Wang, C , et al. Synergy of sarcopenia and vitamin D deficiency in vertebral osteoporotic fractures in rheumatoid arthritis. Clin Rheumatol. (2022) 41:1979–87. doi: 10.1007/s10067-022-06125-y 

 28. Tian, Y, Zhu, Y, Yin, B, Zhang, F, Liu, B, Chen, W , et al. Age-and gender-specific clinical characteristics of acute adult spine fractures in China. Int Orthop. (2016) 40:347–53. doi: 10.1007/s00264-015-3025-y 

 29. Lian, XF, Zhao, J, Hou, TS, Yuan, JD, Jin, GY, and Li, ZH. The treatment for multilevel noncontiguous spinal fractures. Int Orthop. (2007) 31:647–52. doi: 10.1007/s00264-006-0241-5 

 30. Murphy, RF, Davidson, AR, Kelly, DM, Warner, WC Jr, and Sawyer, JR. Subaxial cervical spine injuries in children and adolescents. J Pediatr Orthop. (2015) 35:136–9. doi: 10.1097/BPO.0000000000000341 

 31. Seçer, M, Alagöz, F, Uçkun, O, Karakoyun, OD, Ulutaş, M, Polat, Ö , et al. Multilevel noncontiguous spinal fractures: surgical approach towards clinical characteristics. Asian Spine J. (2015) 9:889–94. doi: 10.4184/asj.2015.9.6.889 

 32. Nourbakhsh, A, Patil, S, Vannemreddy, P, and Smith, D. A noncontiguous 2-level spinal injury in a young female driver due to a 3-point seat belt restraint. J Manip Physiol Ther. (2009) 32:592–6. doi: 10.1016/j.jmpt.2009.08.009


 33. He, H, and Zhang, YJ. Multiple-level spinal fractures due to adefovir-induced Fanconi syndrome and hypophosphatemic osteomalacia: a case report. Asian J Surg. (2023) 46:1712–3. doi: 10.1016/j.asjsur.2022.09.140 

 34. Kano, S, Tanikawa, H, Mogami, Y, Shibata, S, Takanashi, S, Oji, Y , et al. Comparison between continuous and discontinuous multiple vertebral compression fractures. Eur Spine J. (2012) 21:1867–72. doi: 10.1007/s00586-012-2210-6 

 35. Wang, F, Sun, R, Zhang, SD, and Wu, XT. Comparison of acute single versus multiple osteoporotic vertebral compression fractures in radiographic characteristic and bone fragility. J Orthop Surg Res. (2023) 18:387. doi: 10.1186/s13018-023-03874-7


 36. Guo, HG, Ma, XL, Li, FT, and Feng, SQ. Five-level noncontiguous spinal injuries of cervical region: report of a case and literature review. Chin Med J. (2012) 125:2777–80. doi: 10.3760/cma.j.issn.0366-6999.2012.15.025

 37. Ivancic, PC
. Head-first impact with head protrusion causes noncontiguous injuries of the cadaveric cervical spine. Clin J Sport Med. (2012) 22:390–6. doi: 10.1097/JSM.0b013e3182686789 

 38. Ketz, JP, and Molinari, RW. A unique two-level noncontiguous ligamentous flexion-distraction injury in the thoracolumbar spine. J Neurosurg Spine. (2005) 3:328–31. doi: 10.3171/spi.2005.3.4.0328


 39. Bansal, ML, Sharawat, R, Mahajan, R, Dawar, H, Mohapatra, B, Das, K , et al. Spinal injury in Indian children: review of 204 cases. Global Spine J. (2020) 10:1034–9. doi: 10.1177/2192568219887155 

 40. Compagnon, R, Ferrero, E, Leroux, J, Lefevre, Y, Journeau, P, Vialle, R , et al. Epidemiology of spinal fractures in children: cross-sectional study. Orthop Traumatol Surg Res. (2020) 106:1245–9. doi: 10.1016/j.otsr.2020.06.015


 41. Jones, TM, Anderson, PA, and Noonan, KJ. Pediatric cervical spine trauma. J Am Acad Orthop Surg. (2011) 19:600–11. doi: 10.5435/00124635-201110000-00004


 42. Sane, JC, Vianney Hope, JM, Diao, S, Kasse, AN, Diouf, JD, Nikiema, AN , et al. Modified external fixator in pediatric multilevel noncontiguous cervical spinal fracture dislocation: a case report. J Orthop Sci. (2021) 26:931–4. doi: 10.1016/j.jos.2018.11.015 

 43. Park, JB, Kang, SS, and Yeom, JS. Traumatic C1-2 posterolateral dislocation with dens fracture, injury of the transverse atlantal ligament, and unilateral facet fracture with subluxation of C6-7: a case report. Medicine. (2017) 96:e8913. doi: 10.1097/MD.0000000000008913 

 44. Franklin, DB 3rd, Hardaway, AT, Sheffer, BW, Spence, DD, Kelly, DM, Muhlbauer, MS , et al. The role of computed tomography and magnetic resonance imaging in the diagnosis of pediatric thoracolumbar compression fractures. J Pediatr Orthop. (2019) 39:e520–3. doi: 10.1097/BPO.0000000000001316 

 45. Park, JB, Ha, KY, and Chang, H. Traumatic posterior atlantooccipital dislocation with Jefferson fracture and fracture-dislocation of C6-C7: a case report with survival. Eur Spine J. (2001) 10:524–8. doi: 10.1007/s005860100334 

 46. Choi, SJ, Shin, MJ, Kim, SM, and Bae, SJ. Non-contiguous spinal injury in cervical spinal trauma: evaluation with cervical spine MRI. Korean J Radiol. (2004) 5:219–24. doi: 10.3348/kjr.2004.5.4.219 

 47. Green, RA, and Saifuddin, A. Whole spine MRI in the assessment of acute vertebral body trauma. Skeletal Radiol. (2004) 33:129–35. doi: 10.1007/s00256-003-0725-y 

 48. Schaefer, RO, Rutsch, N, Schnake, KJ, Aly, MM, Camino-Willhuber, G, Holas, M , et al. Rigid spine injuries – a comprehensive review on diagnostic and therapeutic challenges. Brain Spine. (2024) 4:102811. doi: 10.1016/j.bas.2024.102811 

 49. Acaroğlu, ER, and Alanay, A. Four-level noncontiguous fracture of the vertebral column: a case report. J Orthop Trauma. (2001) 15:294–9. doi: 10.1097/00005131-200105000-00010 

 50. Tannoury, TY, Zmurko, MG, Tannoury, CA, Anderson, DG, and Chan, DP. Multiple unstable cervical fractures with cord compromise treated nonoperatively: a case report. Spine (Phila Pa 1976). (2004) 29:E234–8. doi: 10.1097/00007632-200406010-00024 

 51. Waitt, T, Reddy, V, Grogan, D, Lane, P, Kilianski, J, Devine, J , et al. A case of dual three-column thoracic spinal fractures following traumatic injury. Surg Neurol Int. (2020) 11:150. doi: 10.25259/SNI_189_2020 

 52. Yu, ZS, Liu, ZJ, and Dang, GT. Clinical diagnosis and treatment of multiple-level injuries of the cervical spine. Zhonghua Wai Ke Za Zhi. (2004) 42:1182–4.

 53. Gupta, A, Dave, B, Nanda, A, and Modi, H. Concomitant noncontiguous level (thoracic & lumbar) spinal stenosis. Int Orthop. (2009) 33:483–8. doi: 10.1007/s00264-008-0545-8 

 54. Oitment, C, Thornley, P, Jentzsch, T, and Pahuta, M. Damage control Orthopaedics in spinal trauma. J Am Acad Orthop Surg. (2021) 29:e1291–302. doi: 10.5435/JAAOS-D-21-00312 

 55. Cho, Y, and Kim, YG. Clinical features and treatment outcomes of acute multiple thoracic and lumbar spinal fractures: a comparison of continuous and noncontinuous fractures. J Korean Neurosurg Soc. (2019) 62:700–11. doi: 10.3340/jkns.2019.0093 

 56. Polley, P, and Dunn, R. Noncontiguous spinal tuberculosis: incidence and management. Eur Spine J. (2009) 18:1096–101. doi: 10.1007/s00586-009-0966-0 

 57. Reilly, FO, Gheiti, AJ, Burke, N, and Timlin, M. Concomitant cervical fractures without neurological symptoms: a case report. Ir J Med Sci. (2016) 185:977–80. doi: 10.1007/s11845-016-1438-2


 58. Pirillo, V, Berti, PP, Prontera, A, Rizzo, P, and Broger, M. Biomechanics considerations in the treatment of double traumatic non-contiguous subaxial cervical lesions. Br J Neurosurg. (2023) 37:1781–5. doi: 10.1080/02688697.2021.1907309


 59. Jin, DD, Lu, KW, Wang, JX, Chen, JT, and Jiang, JM. The selection of the surgical approach in the management of fracture and dislocation of lower cervical spine combined spinal cord injury. Zhonghua Wai Ke Za Zhi. (2004) 42:1303–6.

 60. Yu, ZS, Wei, F, Liu, ZJ, Ma, QJ, Chen, ZQ, and Dang, GT. Single-stage combined anterior-posterior instrumentation for multiple level cervical spine fractures. Zhonghua Yi Xue Za Zhi. (2006) 86:1752–4.

 61. Cheng, LM, Wang, JJ, Zeng, ZL, Zhu, R, Yu, Y, Li, C , et al. Pedicle screw fixation for traumatic fractures of the thoracic and lumbar spine. Cochrane Database Syst Rev. (2013):Cd009073. doi: 10.1002/14651858.CD009073.pub2


 62. Cho, SK, Lenke, LG, and Hanson, D. Traumatic noncontiguous double fracture-dislocation of the lumbosacral spine. Spine J. (2006) 6:534–8. doi: 10.1016/j.spinee.2006.01.015


 63. Iyer, RD, Sarkar, B, Azam, MQ, and Kandwal, P. Floating thoracic spine due to noncontiguous fracture-dislocations of the thoracolumbar spine. Cureus. (2022) 14:e22955. doi: 10.7759/cureus.22955


 64. Nakao, Y, and Kajino, T. Two-level traumatic lateral lumbar fracture and dislocation in a heavy equipment operator: a case report. J Chiropr Med. (2013) 12:191–5. doi: 10.1016/j.jcm.2013.10.009 

 65. Sugandhavesa, N, Liawrungrueang, W, Kaewbuadee, K, and Pongmanee, S. A multilevel noncontiguous spinal fracture with cervical and thoracic spinal cord injury. Int J Surg Case Rep. (2021) 88:106529. doi: 10.1016/j.ijscr.2021.106529 

 66. Thomas, KC, Lalonde, F, O'neil, J, and Letts, RM. Multiple-level thoracolumbar burst fractures in teenaged patients. J Pediatr Orthop. (2003) 23:119–23. doi: 10.1097/01241398-200301000-00024


 67. Dalgic, A, Uckun, O, Acar, HI, Okay, O, Daglioglu, E, Ergungor, F , et al. Single-stage posterolateral Corpectomy and circumferential stabilization without laminectomy in the upper thoracic spine: cadaveric study and report of three cases. Turk Neurosurg. (2010) 20:231–40. doi: 10.5137/1019-5149.JTN.2510-09.3 

 68. Lin, B, Chen, ZW, Guo, ZM, Liu, H, and Yi, ZK. Anterior approach versus posterior approach with subtotal Corpectomy, decompression, and reconstruction of spine in the treatment of thoracolumbar burst fractures: a prospective randomized controlled study. J Spinal Disord Tech. (2012) 25:309–17. doi: 10.1097/BSD.0b013e3182204c53

 69. Sebastian, AS, Fogelson, JL, Dekutoski, MB, and Nassr, AN. Multiple noncontiguous spinal fractures and occipitocervical dislocation in a patient with ankylosing spondylitis treated with a hybrid open and percutaneous spinal fixation technique: a case report. Spine J. (2015) 15:e1–5. doi: 10.1016/j.spinee.2015.02.005 

 70. Ushijima, T, Kawaguchi, K, Matsumoto, T, Takagi, M, Kondoh, T, Nishimura, G , et al. Double non-contiguous fractures in a patient with spondylo-epiphyseal dysplasia with spinal ankylosis treated with open and percutaneous spinal fixation technique: a case report. BMC Res Notes. (2018) 11:106. doi: 10.1186/s13104-018-3227-7 

 71. Mcdonnell, M, Shah, KN, Paller, DJ, Thakur, NA, Koruprolu, S, Palumbo, MA , et al. Biomechanical analysis of pedicle screw fixation for thoracolumbar burst fractures. Orthopedics. (2016) 39:e514–8. doi: 10.3928/01477447-20160427-09 

 72. Chen, H, Kang, Y, Yan, Y, Wang, H, Peng, W, Liao, Y , et al. Biomechanical analysis of the tandem spinal external fixation in a multiple-level noncontiguous lumbar fractures model: a finite element analysis. Front Bioeng Biotechnol. (2024) 12:1395197. doi: 10.3389/fbioe.2024.1395197 

 73. Wang, C, Que, Y-C, Song, X-Z, Yan, Y-G, Chen, Y, and Wang, W-J. [new external spinal skeletal fixation combined with percutaneous injury vertebra bone grafting for the treatment of two-segment thoracolumbar fractures]. J Orthop Traumatol. (2018) 31:714–7. doi: 10.3969/j.issn.1003-0034.2018.08.006


 74. Hope, JMV, Sane, JC, Diao, S, Sy, MH, Mugabo, F, and Bitega, JP. Treatment of pediatric multilevel cervical spine fractures in resource-limited settings: a case report. Childs Nerv Syst. (2019) 35:195–7. doi: 10.1007/s00381-018-3966-8 

 75. Kim, JK, Moon, BJ, Kim, SD, and Lee, JK. Minimal invasive nonfusion technique for the treatment of noncontiguous lumbar burst fractures in young age patient: a case report. Medicine. (2018) 97:e0009. doi: 10.1097/MD.0000000000010009 


Copyright
 © 2024 Luo, Chen, Zou, Yan, Ouyang and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-15-1469425-g003.jpg
Multple-level
Noncontiguous
Spinal Fractures

Both fractures were
unstable or with
neurological deficit

The first fracture is stable
without neurological deficit;
the second fracture is
unstable or with
neurological deficit

Conservative
treatment for both
fractures






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Advances in the clinical diagnosis and treatment of multiple-level noncontiguous spinal fractures



		1 Introduction



		2 Causes and mechanisms



		3 Site of disease and typology



		4 Diagnosis



		4.1 Diagnostic methods and bases



		4.2 Diagnosis of comorbidities (incidence of neurological symptoms and other compound injuries)









		5 Treatment



		5.1 Treatment principles



		5.2 Choice of surgical approach



		5.3 Selection of surgical fixation









		6 Prognosis



		7 Conclusion



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Abbreviation



		References



















OPS/images/fneur-15-1469425-g001.jpg
Vertical violence - - - - - -

against the cervical spine Flexion force -~ = ==~
- - - Distraction force

Vertical violence - -

‘conduction to thoracic segment Shear force






OPS/images/fneur-15-1469425-g002.jpg
Single site pain or Muttiple sites of pain

Single site pain or
deformity without

deformity with
neurological deficit neurological deficit

Xerays and CT of
atleast four Whole spine x-ray, Xerays and CT of X-rays, CT and Xerays and CT of
ysan ys a
segments above CT and MRI of Al MR of the whole the whole spine
and below the ‘trauma site e spine -
trauma site

Mutiple-level
Noncontiguous
Spinal Fractures






OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Advances in the clinical diagnosis
and treatment of multiple-level
noncontiguous spinal fractures












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






