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The purpose of this editorial is to perform an extensive review of the literature about stable (simple) compression fractures of the 
thoracic spine in children, to indicate that diagnosis may be easily delayed or missed, to emphasize the value of the secondary radio-
graphic signs, and to present illustrative cases.

Fractures of the thoracic spine account for 25 - 30% of spinal injuries in children. Thoracic vertebrae (T) are defined by their ar-
ticulations with the ribs, while the thoracic cage offers an inherent stability of the thoracic spine, requiring larger forces to cause bony 
injury to this region of the spine [1]. It has been found that high traumatic stresses are usually distributed in the anterior column of the 
spine in children, predisposing this area to fracture [2,3]. Stable compression fractures resulting in wedging, primarily in the sagittal 
plane with loss of anterior vertebral height, are the most common fracture pattern [4,5], while the posterior half of the vertebral body, 
the posterior osseous components, and the posterior ligamentous complex are by definition intact [6-9]. Stable compression fractures 
are significantly more prevalent in the non-junctional (T2-T10) than in the junctional (T1, T11, or T12) thoracic segments [10-12].

Axial load with a degree of flexion is the common traumatic mechanism of the stable compression fractures of the thoracic spine, 
while the percentage of lost height defines the severity of injury. The majority of compression injuries in children occur as the result of 
high energy trauma, such as falls from a height or climbing stage [13]. They may also be due to sporting impact injuries, motor vehicle 
crashes, and to child abuse in younger patients. In the thoracolumbar spine, childhood injuries have a potential for physeal separation 
of the endplate, the superior endplate being more common, which is akin to Salter-Harris Type I fractures of the long bones, and disk 
spaces are usually not disrupted [14,15]. Considering that a degree of anterior wedging is normal in children and that the cause of these 
injuries, such as a fall, is fairly common, it is at times necessary to make a radiographic differential diagnosis of the traumatic wedging 
from a normal variant, Scheuermann’s kyphosis, or an old injury [16-18].

The traumatic force required to create a stable compression fracture of the thoracic spine is often enough to result in additional 
injuries. Multiple spinal fractures may be evident in 30 - 40% of children with a diagnosed fracture of the thoracolumbar spine [19]. 
Fractures of the ribs or sternum as well as pulmonary, visceral, vascular and neurologic injuries may also occur. Older patients tend 
to have more than one lesion, moreover, the more damaged a spine is, the more likely is a missed injury of the thoracic spine [20-22].

After the airway, breathing and circulation have been assessed and stabilized; a history of the mechanism of injury may indicate the 
risk of thoracic spine injury. Clinical examination can localize pain to the site of the fracture in acute injuries, but absence of pain in 
the back does not exclude injury [1]. Since thoracic and lumbar spine injuries are most commonly seen in children > 9 years of age, it 
may be appropriate to apply adult clinical decision rules to the pediatric population [23,24]. An alert, cooperative patient without pain, 
localized tenderness, ecchymoses and deformity in the thoracic region of the spine can be evaluated without radiographs [25,26]. In 
addition, symptoms and signs of a spinal fracture may be obscured by a painful injury elsewhere in the body or when the patient is im-
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mobilized in the backboard [15,27,28]. It has been reported that the most common clinical finding in children with thoracolumbar spinal 
fracture is local tenderness [29]. The sensation of respiratory arrest at the moment of injury has been considered as a predictive factor 
for thoracolumbar fractures. This ‘breath arrest’ sign should be integrated into the assessment grids in pediatric medical and surgical 
emergency units [30].

The vast majority of compression fractures are stable and early detection is difficult because the clinical examination may provoke 
little pain. This argues in favor of screening children with thoracolumbar trauma with radiographs, regardless of clinical symptoms. How-
ever, a low fracture rate of 5.6% has been detected following injuries of the thoracolumbar spine in children and adolescents. With regard 
to the expected stable fracture morphology and the absent surgical consequences, the indication for emergency radiographs should be 
provided restrictively. In addition, children are at inherently higher risk from exposure, because of both the highly radiosensitive region 
and the longer life expectancy. No national pediatric guidelines are currently available to inform clinicians whether an imaging examina-
tion would be beneficial or not in asymptomatic trauma patients [1,31-36].

Radiographs often show relatively subtle findings because the vertebrae are still cartilaginous, and consequently incompletely visual-
ized. A fractured thoracic spine should be considered as a stable injury only when there is minimal to moderate anterior height loss (< 
50%) and intact posterior cortex of the vertebral body. Direct or indirect primary radiographic signs of fractures and of potential instabil-
ity should be carefully evaluated in the anteroposterior (AP) and lateral views of the thoracic spine taken in the emergency unit [37]. The 
direct primary signs include the cuneiform aspect or a decrease in the anterior and lateral height of one or several vertebrae compared to 
the adjacent levels. The height of each vertebral body should be assessed anteriorly and posteriorly, and a difference of more than about 
3 mm treated as pathological. Similar comparisons can be made with regard to interpedicular distance and interspinous spacing. The 
indirect primary radiographic signs include a retracted displacement of the posterior vertebral wall, a loss of congruence of the posterior 
joint surfaces, or a scoliotic posture resulting from muscle contracture [1,38-42].

Careful scrutiny of the plain radiographs is always prudent; however, computed tomography (CT) will nearly always be used to clarify 
any suspected bone lesions in higher definition than radiographs. Plain radiographs have been interpreted as pathological in only 26% of 
the children who had a thoracolumbar fracture [30]. The sensitivity of plain radiographs has been reported to be 70% for pediatric spinal 
trauma, whereas it was 100% for CT scanning [43]. 

Magnetic resonance imaging (MRI) of acute thoracolumbar spinal injuries allows excellent evaluation of the neurologic and soft tissue 
structures [44-48]. Owing to recent advances in imaging techniques that permit greater spatial resolution and more detailed imaging of 
tissue, MRI now affords effective visualization of injury to the ligaments, intervertebral disk, bones, and spinal cord after trauma. MRI is 
the imaging modality of choice in pediatric thoracolumbar fractures associated with neurological deficits [49-52]. MRI can visualize both 
cartilaginous and cancellous bone lesions, which may produce functional symptoms, explaining the pain phenomena on radiographically 
obscure lesions [53]. The presence of bone bruising (contusion) of the vertebral body without other bony lesions has been considered as 
an indirect imaging sign of a benign vertebral injury [54]. It has been reported that radiographs missed 22% of fractures when compared 
to MRI in children with thoracolumbar trauma [30]. However, the information that may be obtained from a MRI must be weighed against 
the increased time and expense of the study, as well as the risks associated with sedation, when necessary [55]. According to the literature, 
the use of CT or MRI of the thoracic spine without IV contrast as the initial screening examination of children younger than 16 years of age 
with suspected thoracic spine trauma is controversial but may be appropriate [36].

Secondary signs may also prove significant information in the radiographic investigation of the pediatric thoracic spine following acute 
injury. A paravertebral (paraspinal) haematoma associated with widening of the mediastinum may be present, and blood in the pleural 
space may be seen as a pleural cap [1]. On the AP radiograph, mediastinal soft tissue shadows may be widened by the paravertebral 
haematoma. The linear thoracic paravertebral shadow was primarily described in 1942 as an enigma to radiologists and other clinicians 
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[56,57]. The left paravertebral line (stripe) is a feature of frontal chest radiographs, which is more commonly seen than the right one. This 
radiographic displacement of the paravertebral contour is of great importance in the diagnosis of lesions involving the thoracolumbar 
spine. The most common associated pathologic entities may be haematoma from vertebral fractures, spinal inflammatory disorders, ma-
lignancy, mediastinal pathology or trauma, etc. The left paravertebral line and the lateral margin of the descending aorta should be clearly 
distinguished from one another [58-61]. A displaced fracture of the thoracic spine may occasionally produce significant widening of the 
mediastinal shadow on the AP chest radiograph. The clinical and radiographic findings may be similar to that of an aortic injury. In adults, 
the radiographic differential diagnosis between vascular and skeletal injuries associated with mediastinal widening may be impossible 
[62,63]. It has been shown that a widened mediastinum on chest radiographs after trauma is not a specific finding of aortic rupture [64-
66]. In these cases, the upper thoracic spine should be examined closely on the initial frontal chest radiograph for evidence of fracture. If 
a fracture of the upper thoracic spine is identified, an aortic rupture is unlikely in the absence of clinical signs and symptoms supporting 
this diagnosis [67]. Children with clinical and radiographic findings consistent with mediastinal haematoma mimicking or due to aortic 
rupture have also been reported [68,69].

Intestinal obstruction may be mechanical and non-mechanical (functional). The latter, may be partial or complete and it is also called 
ileus or paralytic (adynamic) ileus. Paralytic ileus is a major clinical concern that may lead to severe patient morbidity in orthopaedic 
surgery and trauma patients. It may commonly occur postoperatively, usually following spinal or chest surgery, joint replacement, or 
even minor orthopaedic procedures [70-72]. Retroperitoneal trauma and haemorrhage, spine or rib fractures, severe trauma outside 
the abdomen, or the application of a plaster jacket may also be complicated with paralytic ileus [73,74]. In adults, acute pelvic or lumbar 
spine fractures have been recognized as a potential cause of acute retroperitoneal or extrapleural haemorrhage [75-78]. However, cases 
with paralytic ileus associated with compression fractures of the thoracic spine have rarely been reported [79,80]. Compression fractures, 
especially in the elderly and patients on long-term corticosteroid therapy, should be considered in the differential diagnosis in cases pre-
senting with an acute abdomen and any magnitude of lower back pain [81].

Fractures of the lower thoracic and upper lumbar spine may be complicated with intraabdominal injuries in up to 50% of pediatric 
trauma cases [82]. In children suffering from thoracolumbar fractures after motor vehicle collisions, especially when they had abdominal 
wall ecchymoses, the most common findings at laparotomy were hollow viscus injury, mesenteric tear, and solid organ injury [83]. Pediat-
ric abusive thoracolumbar fractures complicated by fatal retroperitoneal haemorrhage have also been reported [84,85].

In children and neonates, localized, transitory paralysis in a segment of gut secondary to regional events, such as retroperitoneal hae-
matoma due to fractures of the lower thoracic or lumbar spine, may also be diagnosed. The resultant focal paralytic ileus, involving one 
or two loops of small or large bowel (sentinel loop), due to peritoneal irritation, may be suspected from gaseous distention of isolated 
segments of intestine in the upright AP abdominal radiograph [86,87].

In stable thoracic compression spinal fractures, conservative treatment with bed rest, and cast or brace immobilization should be 
the treatment of choice in children. After adequate analgesia is obtained, mobilization in a thoracolumbosacral orthosis is started and 
continued for 6 weeks. Favorable outcomes, absence of significant deformity, and persistent stability have been reported [88-91]. Long-
term studies have suggested modest remodeling capacity of compression fractures occurring in childhood. Asymmetric growth at the 
endplates seems to allow some correction in the wedged alignment over time in the skeletally immature patient. Thoracic fractures 
have a higher remodeling potential than lumbar fractures and it is easier to correct a thoracic kyphosis, than a lumbar one, decreas-
ing compressive forces with an antikyphotic brace [92-94]. In addition, compensatory mechanisms in adjacent structures have been 
suggested for children and adolescents, which exclude the only hypothesis of bone remodeling [95]. It may be prudent to conclude that 
early diagnosis and management as well as long-term follow-up are imperative [96-98]. Stable vertebral fractures in childhood with no 
neurologic deficits at injury do not render more degenerative changes than can be expected according to age, but they are associated with 
more Schmorl’s nodes at adjacent disc levels [99].
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Four illustrative cases with stable compression fractures of the thoracic spine are presented. Anterior wedging with loss of less than 
50% of the anterior vertebral body height, and an intact posterior half of the vertebral body were evident in all patients. They were all 
treated conservatively and an uneventful healing was reported in all of them.

Patient 1: A 10 year-old boy injured his back after a fall on it from his skateboard a week ago. Restriction from physical activities was 
the only offered treatment. He was referred due to persistent back discomfort. On physical examination, a localized area of tenderness was 
evident over the midthoracic spine. A lateral radiograph was only performed, which indicated a compression fracture with mild anterior 
wedging of the vertebral body of T8 (Figure 1).

Patient 2: A 12 year-old boy injured his back after a fall on it trying a bicycle (overhead or scissors) kick in football. On physical exami-
nation, an area of tenderness was evident over the midthoracic spine. A lateral radiograph indicated a compression fracture with mild 
anterior wedging of the vertebral body of T6. Lateral displacement of the left paraspinal line was evident on the frontal chest radiograph 
(Figure 2).

Patient 3: A 13 year-old boy injured his back after a fall from a tree. On physical examination, an extensive area of tenderness was 
evident over the midthoracic spine. A lateral radiograph indicated compression fractures with anterior wedging of the vertebral bodies 
of T5 to T8. Lateral displacement of both paraspinal lines was detected on the frontal chest radiograph (Figure 3a). Complete remodeling 
was evident 21 years later (Figure 3b).
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Figure 2: Stable compression fracture with anterior wedging of T6 in a 12 year-old boy. Bulging of the left paraspinal line (arrows), lateral 
to the aortic arch, was evident on the frontal chest radiograph.

Figure 3: Stable compression fractures with anterior wedging of T5 to T8 in a 13 year-old boy. Bulging of both paraspinal lines (arrows) 
due to paravertebral haematomas secondary to vertebral body fractures, with no evidence of lateral wedging, was evident on the frontal 

chest radiograph (a). Complete remodeling of the compression deformity 21 years later (b).

b

a
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Patient 4: A 10 year-old girl fell off the trampoline landing flat on her back. On physical examination, an area of tenderness was evident 
over the lower thoracic spine. AP and lateral radiographs indicated a compression fracture with anterior wedging of the vertebral body of 
T11. Sagittal CT views also showed slightly wedged anterior part of T9 and T10 (Figure 4a). The difference of the assessed height between 
the anterior and posterior vertebral body cortex of T9 and T10 was more than 3 mm, which is more likely due to the traumatic injury. 
However, a secure differential diagnosis between fracture and a normal variant could only be based on the potential finding of bone bruis-
ing (contusion) on both vertebrae on the MRI, although this would not have required any specific additional treatment. Axial CT view of 
T11 indicated mild displacement of the hemidiaphragm from the prevertebral haematoma on the right side (Figure 4b). A potential focal 
paralytic ileus (sentinel loop) was diagnosed on the AP and lateral scanograms. Gas accumulation was more pronounced in the colon than 
the small bowel (Figure 4c). There were no imaging findings of air-fluid levels, elevated diaphragm, and mechanical obstruction. Examina-
tion by a pediatric surgeon indicated diminished bowel sounds, including a reduction in the loudness, tone, and regularity of the sounds. 
No abdominal pain or abnormal clinical symptoms and signs were diagnosed. Elimination of all oral intake, continuous intravenous hydra-
tion, and check serum electrolyte levels was the initial management. Bowel function recovered within a couple of days, and the diet was 
advanced to a clear liquid diet and then to regular solid food within a few days.

a

b
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Figure 4: Stable compression fracture with anterior wedging of T11 in a 10 year-old girl. Sagittal CT view indicated compression fracture 
with anterior wedging of T11 and mild anterior wedging of T9 and T10 (a). Axial CT indicated slight displacement of the hemidiaphragm 

(arrow) by the prevertebral haematoma on the right side at the level of the T11 (b). Vertebral vascular foramina, also known as Hahn canal 
or cleft, were evident in the midline of the posterior aspect of the vertebral bodies in both sagittal and axial CT views. AP and lateral scano-

grams indicated a potential sentinel loop of paralytic ileus (c).

In conclusion, plain radiographs are the first line of diagnosis of stable compression fractures of the thoracic spine, and they can 
be used either as the definitive diagnostic investigation or to guide further investigation. The relative high prevalence of children with 
minimal anterior wedging, in stable compression fractures, underscores the need for comprehensive history and physical examination. 
Considering that the most valuable information in such cases is based on the lateral radiograph, the value of AP radiograph is often under-
estimated. The aim to obtain the required diagnostic information using the minimum radiation dosage in children was evident in patient 
1, in whom the thoracic spine was evaluated only with the lateral radiograph. However, the AP radiograph of the thoracic spine may pro-
vide useful secondary signs in acute stable compression fractures. That was evident in patients 2 and 3, in whom lateral displacement of 
the paraspinal line was diagnosed on the left and both sides, respectively. In addition, a sentinel loop was diagnosed in patient 4 on both 
the AP and lateral views. Radiographs showing a distended segment of bowel have constantly been observed at our service in children 
with acute lower thoracic or lumbar fractures. A short segment of temporary paralytic ileus was the potential diagnosis in all cases. Bowel 
rest was the only offered treatment. It should be emphasized that in stable compression fractures of the thoracic spine in children, the 
AP view should be carefully evaluated for secondary signs of an acute vertebral fracture, such as displacement of the paraspinal lines and 
dilated, gas-filled loops of the intestines.
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