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Abstract

Background
Blunt high-energy trauma increase the risk of associated thoracic and accompanying abdominal organ
injuries in chest trauma. A higher overall injury severity has been shown for sternovertebral injuries
caused by a �exion-compression mechanism. Literature for a hyperextension-distraction mechanism
equivalent to a costal arch fracture combined with a thoracic spinal fracture is sparse. Therefore, we want
to show the clinical signi�cance of this entity.

Methods
A retrospective analysis of our level-one trauma center collective of severely injured patients was
performed. Patients from 2013 to 2019 that involved an Injury Severity Score (ISS) ≥16 were screened for
the combined thoracovertebral injury entity and analyzed concerning its accident mechanism, the injury
spectrum, and the clinical course.

Results
The thoracovertebral injury entity is rare. Three male patients (50–65 years old) with ISS of 57, 41, and 20
could be observed from over 1000 severely injured. All patients suffered from high-energy trauma and
from tearing of the thoracic vertebrae regions 7–9. The costal arch was torn in the anterior area. All cases
showed a posterolateral serial rib fracture, a traumatic intercostal pulmonary hernia, and an avulsion of
the diaphragm. Two patients sustained further life-threatening injuries, such as severely bleeding
avulsion to the azygos vein and a rupture of the spleen. The physicians performed exploratory
thoracotomy, closure of the pulmonary hernia, re-�xation of the diaphragm and angle-stable plate
osteosynthesis of the fractured ribs, including the costal arch. The spine was �xed dorsally using a screw-
rod system. The patients were discharged home with independent mobility and without neurological
damage.

Conclusions
This thoracovertebral injury entity is associated with high overall injury severity and life-threatening
thoracoabdominal injuries. Injuries to the costal arch can act as an indicator of severe trauma. They
should be detected thorough clinical examination and assessment of the trauma CT in the soft tissue
window.

Background
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Blunt trauma mechanisms dominate the causes of thoracic trauma and thoracolumbar abdominal
trauma (1, 2). Over 95% of the severely injured were harmed by a blunt trauma mechanism (1, 3).
Thoracic trauma remains the most common injury to the organ cavities, occurring in just under half of all
seriously injured people (4). Simultaneously, the abdomen was involved in only around 16% of all
polytrauma cases (1, 3).

High-speed accidents – where the accident mechanisms act on the trunk with high energy – are the most
feared. These multi-structural injuries often cause a high risk of death (5). A similar connection is known
and described for a sternovertebral injury when a thoracic vertebral fracture coincides with a sternal
fracture (6, 7). These injuries are more frequently associated with accompanying thoracic injuries, such
as lung contusion, cardiac contusion, pneumothorax, and hemothorax (5, 6, 8).

Injuries with the so-called hyperextension-distraction mechanism of the human trunk are considered to be
particularly risky. Individual cases with a ruptured spinal fracture and an anterior rupture of the chest wall
with torn sternum are described here (5). It can be assumed that these injuries are observed so rarely that
most patients die at the accident scene. Serious organ injuries between the sternum and spine with the
heart and large vessels’ involvement can quickly lead to death.

A similar accident mechanism can also lead to a tearing of the thoracic wall and a simultaneous spinal
column fracture with more frontal to side impacts. According to our hypothesis, the combined injury of
the costal arch and spinal column fractures at the level of the thoracic spine could be an indicator of very
severe trauma. The extent to which this injury entity is associated with severe accompanying injuries has
hardly been researched. This retrospective analysis aims to examine and discuss the clinical signi�cance
of a thoracic vertebra disruption in combination with a costal arch fracture.

Methods
The data of this survey are based on retrospective analyzes of our in-house collective of severely injured
patients in a level-one trauma center in Germany. Patient data from 2013 to 2019 that involved an Injury
Severity Score (ISS) of ≥ 16 and a primary admission to our trauma center via the emergency department
(ED) were included. We have limited the collective to severely injured patients with ISS > 16, since a
distraction fracture of a vertebral body corresponds to at least Abbreviated Injury Scale (AIS) of 3 and in
combination with a relevant chest trauma (AIS ≥ 3) this automatically results in at least ISS of 16.
Another inclusion criterion was the presence of a high-energy trauma (fall from > 3 m height, accident by
car or motorcycle, miscellaneous). Exclusion criteria consisted of several parameters: age <18 years,
thoracic injuries with an AIS less than 3, and early transfer to another hospital (since no outcome would
be available) (9).

Among the included patients, those suffering from severe combination injuries to the trunk were
identi�ed. The identi�ed patients’ �les were examined, and their medical history, injury morphology, and
outcome data were gathered. The overall injury severity was assessed using the ISS (10).
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All patients, or a legal guardian, gave their informed written consent for collecting and anonymously
publishing data. Due to the retrospective character of the analysis and the given informed consent, no
additional approval from the local ethics committee was necessary (University Hospital Erlangen, Ethics
Committee). Due to the small number of cases, no further statistical analysis was performed.

Results
Out of n = 1012 severely injured with ISS > 16, three striking cases could be identi�ed who suffered a
combination with a fracture of the thoracic spine and a costal arch fracture after high-energy trauma.
These patients were all male (50, 58, and 65 years old). They all suffered serious overall injury patterns
with ISSs of 57, 41, and 20 points. The �rst patient was buried by soil. High velocity tra�c accident with a
car (100 km/h) and a fall from a great height (6 m) were speci�ed as the other accident mechanisms.

The disruption of the thoracic spine affected thoracic vertebrae with one fracture in between the 7th and
the 9th level in all cases. The costal arch was monolaterally torn in the anterior area with fractures of the
ribs VII and VIII at their conjunction of the cartilage (two cases on the right site). All cases showed an
additional ipsilateral rib fractures series posterolateral with involvement at least of the ribs VII–IX (Case 1:
III–X; Case 2: VII–IX; Case 3: VI–X), a traumatic intercostal pulmonary hernia requiring intervention, and
an avulsion of the diaphragm (Fig. 1). Also, both the �rst and second patients sustained other life-
threatening injuries.

Case 1

also had severe tears of the right lower lobe of the lung and a heavily bleeding avulsion injury to the
azygos vein near the thoracic vertebral disruption, as well as blunt abdominal trauma. The blood leaked
freely into the pleural cavity, creating a massive hemothorax. A short time later, the patient was required
to be resuscitated and could be surgically resuscitated as part of an emergency thoracotomy. After
hemostasis, the thorax was closed according to damage control principles, and then the de�nitive
surgical intervention was carried out in stages.

Case 2

had a rupture of the anterior parasternal chest wall with fractures of the costal cartilages 3–8, an open,
torn epigastric abdominal wall with evisceration, and a rupture of the spleen.

Therapeutically, in all cases, the physicians performed a multistage procedure with the focus on damage
control surgery as �rst. Thus, Case 1 received emergency thoracotomy for hemorrhage control followed
by urgent laparotomy which has also been done in Case 2. The severe rupture of the diaphragm had been
�xed in both cases during this procedure in a supine position. Once the patient had been stabilized via
intensive care treatment, the next step was the �xation of the vertebral spine in a prone position by a
screw and rod system. Operative treatment had been completed by second look thoracotomy in a lateral
decubitus position. Within this procedure, surgical stabilization of rib fractures (SSRF; plates and locked
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screws) had been included as well as the closure of the intercostal hernia by direct suture of the
intercostal muscle layers (Fig. 2).

The neurological outcome of the patients showed good results without any relevant neurological
damage. Patients 1 and 2 had to be ventilated (prolonged) and tracheostomized. They were transferred to
a weaning clinic on days 41 and 23 and were discharged home with independent mobility and
spontaneous breathing after 3 and 4 months, respectively. Patient 3 was able to receive follow-up
rehabilitation treatment right after the stay in our clinic. In this way, the �rst and third patients could be
rehabilitated back to work (5 point at Glasgow Outcome Scale). The second patient was rehabilitated for
independent everyday mobility and daily life activities but had a limited capacity due to bilateral chest
trauma and could not return to work (4 point at Glasgow Outcome Scale).

Discussion
This study indicates that hyperextension fractures of the thoracic spine may result in high injury severity
and overall life-threatening thoracoabdominal injuries once the lower ribs at the costal margin show a
fracture at the same time. As suspected, injuries to the costal arch can act as an indicator of severe
trauma, especially in this context.

Caused by high-energy accidents, all of our patients suffered a hyperextension fracture of the central
thoracic spine in the thoracic vertebrae regions 7–9. The energy apparently continued over the intercostal
space to the costal arch. The intercostal space tore together with the thoracic spine; the energy was
diverted in the costal arch between levels 7 and 9, i.e., at the ribs’ point of con�uence. This created an
unstable situation for the anterior and lateral chest wall. This injury pattern is analogous to the one
described in the literature in the case of a rupture of the spinal column with an anterior rupture of the
chest wall due to the tearing of the sternum (5–7). In our three cases, the rupture of the intercostal space
resulted in a herniation of the lung parenchyma into the chest wall. In each case, the diaphragm was torn
out at the costal arch to create a two-cavity injury.

Although two patients suffered further life-threatening injuries, which had to be addressed as an
emergency, the outcomes were good. The only patient who was unable to work again had a bilateral
chest trauma with remaining limited capacity. It should be noted here that the left operated side showed a
signi�cantly better function than the conservatively treated right side, which initially appeared to be less
severely injured. We see this as a supporting argument for our treatment recommendation that surgical
stabilization of the thorax should be generously indicated for this severe combined injury entity. Although
the literature remains somehow controversial to surgical repair of rib fractures in general, we believe that
there are signi�cant advantages to surgical intervention, such as reduced respiratory failure (11–14).
Recent studies support our estimation of a bene�cial operative therapy strategy, especially in analogous
severe thoracic traumata as in �ail chest or costoclavicular injuries (11, 15–22). For other, similar injury
patterns with e.g. transdiaphragmatic intercostal hernia and other costal margin injuries, equivalent
therapeutic strategies as in our cases were used (23–25).



Page 6/10

The peculiarity of the injury combination of a distraction injury to the thoracic spine plus a fracture of the
costal arch is above all the risk of two major accompanying injuries: an intercostal tear with consecutive
lung herniation and a diaphragmatic tear leading to a consecutive two-cavity injury. The indicator
function for a severe trauma is again underlined: despite the severity of the associated injuries, two-cavity
traumata and particularly diaphragmatic injuries are often diagnosed only secondarily and delayed (23,
24).

An associated high ISS in case of an unstable costal arch injury combined with a distraction fracture of
the thoracic spine could be attributed to the high injury severity of the thorax itself, since serial rib
fractures in monolateral injuries are already related to AIS 3 and 4 (9). However, we were able to show
that there are also other severe concomitant injuries that are of considerable importance for the overall
injury severity. This is underlined by the high overall ISS values with 57, 41, and 20 points which is in the
majority signi�cantly higher than the inclusion criterion of ISS ≥ 16.

Due to the low number of cases, the �ndings reported here should be interpreted cautiously. As in every
retrospective evaluation, causal conclusions cannot be drawn. Since our selection criteria was ISS ≥16
due to the high AIS values of the respective single injury, only severely injured patients were analyzed.
Further research should investigate the relevance in low-energy accidents, e.g. in geriatric collectives, in
order to double-check a possible underestimation in the frequency of this injury entity. Also, further
prospective studies with larger sample sizes should attempt to validate our recommended therapeutic
strategies. However, case-related clinical details can be analyzed and in each case history involving the
fracture kinetic and morphological aspects, which is an advantage of our study in contrast to register
studies with large cohorts.

Conclusions
Because of their association with high overall injury severity, injuries to the costal arch should be detected
or excluded by thorough clinical examination and assessment of the trauma CT in the soft tissue window
which makes the difference to fractures series of the ribs in their shaft segment. This clinical
recommendation could lead to improved detection of associated life-threatening thoracoabdominal
injuries.

In summary, during the initial physical examination, attention should be given to instabilities in the thorax,
especially on the cartilaginous costal arch. If the radiologic imaging then shows a bony injury to the
thoracic spine, there is a higher risk of concurrent intercostal hernia and diaphragmatic rupture in the
sense of a two-cavity injury. In severe cases, life-threatening accompanying injuries can also be observed,
which underlines the clinical signi�cance of this injury entity. Thus, we con�rmed our hypothesis that a
hyperextension fracture of the thoracic vertebra plus costal arch fracture is an important indicator of very
severe trauma.
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Injury Severity Score – ISS

Abbreviated Injury Scale – AIS 

Emergency Department – ED

Surgical Stabilization of Rib Fractures – SSRF
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Figures

Figure 1

Clinical example of combined disruption of the thoracic spine and costal arch fracture, preoperative.
Initial x-ray of the chest shows left sided high riding diaphragm (A). CT scan proves anterior cartilage
fracture (B), intercostal hernia within the widened 7th intercostal space (C–F), disruption of the
diaphragm (G), and distraction fracture of the 7th thoracic vertebra (H). The sternum, the mediastinal
organs, the center of the diaphragm, and the great vessels did not show any injuries. The respective
injuries are marked with arrows.
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Figure 2

Clinical example of combined disruption of the thoracic spine and costal arch fracture, postoperative.
Postoperative x-ray of the chest (A) and CT scan (B) show normal intercostal spaces and normal shape
of the diaphragm. The lower costal margin has been �xed with a locking plate at the con�uence of the
7th and the 8th rib. The thoracic spine shows anatomic alignment after dorsal instrumentation with an
internal screw-rod-system (Viper, DePuySynthes, Switzerland). The respective injuries are marked with
arrows.


