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SUMMARY
Concomitant chest wall fractures (sternal and/or rib 
fractures) with unstable thoracolumbar fractures that 
require surgical fixation are rare but highly morbid 
injuries that mandate a multidisciplinary approach to 
treatment. There is limited evidence in the literature 
regarding optimal timing and order of surgical fixation 
of these patients with multiple injuries. Here, we present 
our experience with two patients at a single institution 
that demonstrates the challenges that present with this 
patient population. We advocate for earlier fixation of 
the chest wall fractures in the appropriately indicated 
patients, prior to prone positioning for spinal fixation.

INTRODUCTION
Thoracic trauma occurs in up to 60% of polytrau-
matized patients. Despite advancements in treating 
these patients, thoracic injury is reported as the cause 
of mortality in up to 25% of polytrauma patients.1–3 
Blunt injuries, including chest wall trauma, account 
for 70% of these injuries.4 In cases with concurrent 
chest wall and spinal column injuries, management 
of unstable spinal fractures complicates matters, 
particularly if subsequent prone spine surgery is 
required. In recent years, there has been increasing 
interest in a multidisciplinary approach with initial 
surgical fixation of sternal and rib fractures with 
the aim of reducing cardiopulmonary complica-
tions and subsequent morbidity and mortality in 
these patients.

Current literature favors surgical rib fixation 
in patients with flail chest in the polytraumatized 
patient.5–7 Sternal fractures, though less common, 
carry a significant morbidity burden, particularly 
with concomitant injuries such as spinal fractures 
or pulmonary contusions. A study by Krinner et al 
demonstrated that surgical fixation of sternal frac-
tures was associated with a significant reduction 
in mortality in patients with concomitant spinal 
fractures.8 Other studies have confirmed similar 
results, reporting surgical fixation of sternal frac-
tures resulted in improved pain control, respiratory 
function, and overall patient satisfaction compared 
with non-surgical management.9 10 The optimal 
timing and sequence of surgical intervention in 
these patients are critical, as decision is influenced 
by multiple considerations, including the severity 
and location of both the chest wall and spinal 
fractures, the patient’s overall health and neuro-
logic status, and the potential risks associated with 

surgery. However, literature describing the ideal 
order of treatment when there are both unstable 
spine and chest wall fractures remains scarce. Some 
studies have advocated for early surgical interven-
tion in patients with severe or multiple chest wall 
fractures,11 12 whereas others suggest alternative 
approaches, including delaying surgery until after 
the spine has been stabilized.9 13 14

Lebhar et al presented an algorithm for surgical 
intervention in a patient with thoracic instability, 
advocating for anterior stabilization prior to spinal 
fixation.15 Here, we report on our experience with 
two polytrauma patients with unstable sternal/rib 
fractures and unstable spine fractures requiring 
prone spine surgery to highlight different operative 
approaches and to recommend what we think to be 
the optimal timing and order of treatment for these 
patients.

CASES
Patient 1
A patient in their 60s (weight: 151.7 kg, body mass 
index (BMI): 44.12 kg/m2) was transported to our 
trauma center from a referring hospital after a 
high-speed motor vehicle collision with prolonged 
extrication. On initial presentation at the referring 
hospital, the patient had normal Glasgow Coma 
Scale (GCS), but soon after arrival became hypoxic. 
Tension pneumothorax and hemorrhagic shock 
were noted, requiring bilateral chest tubes, intuba-
tion, and volume resuscitation with 4 units of packed 
red blood cells. On arrival at our institution, the 
patient presented with GCS3T and a hypermobile 
sternum, but no further obvious signs of external 
injury. CT of the chest revealed a distraction injury 
at T3–4 disc space with no apparent bony fracture 
(figure 1), as well as sternal manubrial dislocation, 
and multiple rib fractures (ribs 4, 5, 6, 7 and 8 on 
the right; and ribs 3 and 4 on the left). Additionally, 
MRI of the T-spine showed no compressive hema-
toma at the level of distraction injury. On physical 
examination after improvement in GCS score, the 
patient strength was 3/5 to upper extremities and 
0/5 to lower extremities.

Given concern for gross instability of the 
thoracic spine, a decision was made to urgently 
stabilize the spine initially. However, upon posi-
tioning the patient prone, they became hypoten-
sive, tachycardic, and hypoxic. The patient was 
quickly repositioned supine and returned to base-
line preoperative hemodynamics without losing 
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pulses. A transesophageal echo was performed revealing no 
structural abnormalities, contusion, or pericardial effusion, 
with direct visualization of the right ventricle showing no wall 
motion abnormalities or contusion, with appropriate function 
and filling. It was felt that proning caused this patient’s hemo-
dynamic instability due to right ventricular compression in 
the setting of unstable sternal/rib fractures. Spine surgery was 
aborted and the patient was transferred to the surgical intensive 
care unit (ICU) for monitoring. The following day, the patient 
was taken back to the operating room for spinal fixation given 
concerns for ongoing severe spinal instability. The patient was 
placed in the left lateral decubitus position to avoid hemody-
namic instability and underwent T1–T6 lateral instrumented 
fusion. The patient tolerated the procedure with no complica-
tions (figure  2). On postoperative day 2 (POD2), the patient 
underwent open reduction and internal fixation (ORIF) of the 
sternum in the supine position, followed by surgical stabilization 
of right ribs 4, 5, 6, 7, 8 and repair of a traumatic lung laceration 
in the lateral decubitus position. On POD4, the patient further 
underwent ORIF of left ribs 3 and 4. Sternal and rib fixation was 
performed with bicortical anterior plate systems. The patient 
remained in the hospital for 28 days and was then discharged 
to an inpatient rehabilitation facility in stable condition with no 
neurologic sequelae from his initial episode of intraoperative 
hemodynamic instability.

Patient 2
A patient in their 20s (weight: 94.3 kg, BMI: 39.83 kg/m2) was 
transferred from a referring hospital to our trauma center after a 
motor vehicle collision with ejection from the vehicle. At initial 
evaluation, the patient was unconscious with a GCS of 3 and 
absent bilateral breath sounds requiring intubation, and emergent 
bilateral chest tubes were placed. The patient was transferred 
to the trauma ICU at our institution for further management 
on the same day as the injury. Further workup demonstrated an 

unstable sternal fracture through the sternal-manubrial junction, 
right 3–7 rib fractures, and left 2–6 rib fractures. Spine injuries 
included T3–5 unstable three-column injury and cord compres-
sion, right C6 facet fracture, C7–T5 spinous process fractures, 
and C7/T1 transverse process fractures (figure  3). There was 
no evidence of intracranial hemorrhage or other injuries at the 
time of evaluation at the referring hospital. Upon arrival at our 
institution, sedation was weaned to obtain a neurological exam-
ination, and the patient was able to follow commands and move 
upper extremities; however, motor examination was notable for 
0/5 in the bilateral lower extremities, and no sensation below the 
level of nipples. Absent volitional tone, lack of perianal sensa-
tion, negative bulbocavernosus reflex, and negative Babinski 
reflex bilaterally were noted.

Decision was made to perform initial ORIF of the sternum 
with a bicortical anterior plate system on the third day after 
injury, and after the sternum and chest wall were confirmed to 
be stable, the patient was immediately proned and underwent 
T1–T9 posterior spinal fusion with T3–T7 laminectomy with no 
intraoperative complications (figure  4). Postoperative hospital 
course was notable for only hypervolemia requiring diuresis. 
The patient was discharged on POD23 to an acute inpatient 
rehabilitation facility in stable condition.

DISCUSSION
The sternum and upper thoracic spine along with the ribs form 
a mechanical and anatomic unit called ‘the upper thoracic cage,’ 
and the added stability of the sternum to the thoracic spine 
has led some to label the sternum as the ‘fourth column of the 
spine’.16 Combined injuries to these structures place patients at 

Figure 1  Patient 1 initial injury films. (A) Initial injury chest X-ray. (B) 
Sagittal thoracic spine CT scan demonstrating the distraction injury at 
the T3–T4 level.

Figure 2  Patient 1 postoperative anteroposterior and lateral chest 
X-rays showing instrumentation of the chest and spine.

Figure 3  Patient 2 initial injury films. (A) Initial injury chest X-ray, (B) 
sagittal thoracic spine CT scan and (C) sagittal MRI cut showing initial 
injury.

Figure 4  Patient 2 postoperative images. (A) Postoperative 
posteroanterior chest X-ray and (B) sagittal CT scan showing 
instrumentation of the chest and spine.
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higher risk than isolated injuries and therefore order of planned 
interventions must be critically considered. The role for early 
surgical intervention for unstable traumatic spinal cord injury 
is well documented, particularly in those with incomplete 
neurologic deficits.17 In the polytraumatized patient, this can be 
complicated in the presence of chest wall trauma. These patients 
require co-management through a multidisciplinary approach 
between the trauma surgeons and spine surgeons, as well as 
other involved services. Given the complex fracture pattern, 
prone positioning during spine surgery can complicate cardio-
pulmonary stability in addition to multiple other concerns.18

The challenges of prone positioning during spine surgery in 
patients with coexisting chest wall trauma are sparsely discussed 
in the literature. These challenges include hemodynamic insta-
bility secondary to increase in intrathoracic pressure and venous 
return compromise, concurrent potential cardiopulmonary 
injury, and proximity of anterior chest wall to major vascula-
ture. Pennington et al described two cases with flail chest that 
had previously experienced hemodynamic collapse during 
prone positioning for spine surgery. After implementing a novel 
technique using the anterior portion of a thoracolumbar sacral 
orthosis during positioning, both patients were then able to 
tolerate proning for successful spinal fixation.19

In the largest review of patients with combined chest wall and 
spine fractures to date, Alvi et al discussed a retrospective study 
of 57 patients with concomitant rib fractures who underwent 
spinal fixation.20 Only seven patients (12%) had received rib 
fixation surgery and only one of which was performed before 
spinal surgery. Furthermore, four spinal fixation cases had to be 
aborted, three of which were due to cardiopulmonary compli-
cations and a fourth case due to increased intracranial pressure 
in the setting of a traumatic brain injury. Similarly, Wessell et al 
published a case of flail chest physiology associated with unstable 
cervical and thoracic fractures that tolerated proning only after 
rib fixation.21 This patient was scheduled to undergo occipital-
cervical-thoracic fusion for C1 burst fracture, C2 lamina frac-
ture, left C5–7 lateral mass fractures, and T1 three-column 
injury. He developed hemodynamic instability shortly after 
prone positioning that was refractory to pressor therapy. He was 
repositioned supine, spine surgery was aborted, and the trauma 
team performed internal fixation of right fifth and sixth ribs, the 
left fifth rib, and sternum. Three days later, the patient under-
went successful occipital to T3 fusion with no complications.

Here, we presented two cases: the first patient initially had an 
attempted prone spine surgery that was aborted due to hemo-
dynamic instability during prone positioning and later had a 
delayed and more technically demanding spinal fixation in the 
lateral decubitus position followed by sternal and rib fixation. 
The second patient underwent sternal fixation first, followed by 
uncomplicated and timely spinal fixation in the more traditional 
prone position. These patients highlight the unique clinical 
predicament in the management of these polytrauma patients. 
The findings of this study advocate for initial sternal and chest 
wall stabilization prior to proning for spinal surgery. Further 
larger-scale studies to demonstrate optimal timing and order of 
surgical interventions are warranted.
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