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Abstract
Background – Flail chest occurs when the thoracic wall is compromised secondary to a significant blunt-force trauma, which 

produces a free-floating segment. This injury is particularly debilitating when sustained on both sides of the chest wall. Despite 

the severity of this injury, literature regarding the treatment and prognosis of patients sustaining bilateral flail chest (BFC) is 

sparse.

Material & Method – A PRISMA-guided literature search was conducted using Medline, Cochrane, and Web of Science 

databases. Initially, all studies published in English referring to bilateral flail chest in either the title or abstract were included.  

Letters to the editor, opinion pieces, and studies pertaining to unilateral flail chest or pediatric patients were excluded.

Results: A total of 29 studies were identified. After review of the title, abstract, and body of each study, five met inclusion 

criteria. One additional study with information regarding bilateral flail chest was later identified and included bringing the total 

to six articles.  

Limitations - Limitations of this article are similar to all PRISMA-guided review articles: the dependence on previously 

published research and availability of references as outlined in our methodology.

Conclusion - Recent literature regarding thoracic wall injury has explored the potential benefits of operative intervention in 

flail chest patients but this approach has not been frequently described for BFC despite the high mortality rate associated with 

such trauma. Pulmonary complications are commonly found in BFC patients, however there is little published information 

about this subset of patients as a whole. These injuries have a significant negative impact on the lives of patients and further 

research is required to gain a better understanding of BFC and the optimal management approaches.
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Background
Rib fractures commonly occur in the setting of blunt-force 
trauma. When multiple adjacent ribs are broken in more 
than one location, a free-floating segment of chest wall is 
created—thus a flail chest [1]. Historically, flail chest had 
been managed with external stabilization in an attempt to 
reduce paradoxical motion of the chest wall [2]. As 
technology advanced, positive pressure ventilation was 
increasingly utilized as a means of internal support through 
“pneumatic stabilization”, and eventually became the main 
form of treatment for flail chest [3]. In 1975, Trinkle 
published a study that displayed a major shift in conventional 
thinking, by citing that pulmonary contusion—not 
paradoxical chest wall motion—was the primary 
pathophysiology of these injuries [4]. Recent literature has 
focused on the potential benefits of operative intervention in 
unilateral flail chest, however little data regarding 
management of bilateral flail chest (BFC) exists. Information 
regarding treatment, associated complications, and prognosis 
of BFC is sparse and must be inferred from studies 
predominantly involving unilateral fractures.

Methods
A PRISMA-guided literature search was conducted using 
Medline, Cochrane, and Web of Science databases. Searches 
were conducted with medical subject heading (MESH) 
terms of “flail chest” in Medline and Cochrane, and “trauma” 
in Medline. Web of Science was searched using “flail chest 
AND trauma”. Initial inclusion criteria were all articles 
referring to bilateral flail chest in either the title or abstract. 
Letters to the editor, opinion pieces, and results pertaining to 
unilateral flail chest or pediatric patients were excluded (see 
figure 1).

Results
After screening for studies that contained “bilateral” in the 
title or abstract, a total of 29 potential studies were identified. 
After examining the titles, abstracts, and content for each, 18 
studies were thoroughly reviewed. Of these, five met all 
inclusion criteria. In addition to the studies found using the 
literature search, one additional study with information 
regarding bilateral flail chest was identified and subsequently 
included in this review.  To date, there are not any Level I or 
II studies regarding this specific injury pattern in the 
literature. Of the six studies identified for this review, two are 
Level III and the remaining are Level V. [See tables 1, 2]

Discussion
The diagnosis of flail chest is presumably diagnosed when a 
floating segment of chest wall is directly observed or when 
serial segmental rib fractures are evident on chest x-ray or 
other imaging studies including chest CT. However, a 
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clinically apparent deformity is not obvious in all patients 
as flail chest injuries may appear later in the hospital 
course. Management strategies of unilateral flail chest have 
been reported in the literature for the past several decades. 
However, the treatment for BFC is often based upon 
anecdotal reports and expert opinion. Though current 
literature favors operative intervention for unilateral flail 
chest injuries, the application of operative stabilization has 
not been commonly reported for BFC. 

Level of evidence
The majority of evidence regarding treatment of BFC 
includes retrospective studies. [See tables 1-3]  Of the six 
studies identified in this search, only two were prospective 
case series, neither of which had a control group. The 
remaining studies were retrospective—one of which was 
conducted using database information. The complete 
absence of Level I and II evidence further emphasizes the 
need for additional research regarding this injury pattern.

Pathophysiology
Multiple theories exist regarding the pathophysiology of 
flail chest injuries and how they contribute to subsequent 
outcomes.  Historically, the free-floating flail segment was 
deemed responsible for an  the increased work of 
breathing with subsequent hypoxemia and decreased vital 
capacity; this belief was based upon the “Pendelluft” 

phenomenon, which describes the movement of air 
between alveoli when regions of the lung differ in 
compliance or resistance [3,4]. Over time, theories moved 
away from this original explanation and towards Trinkle’s 
belief that pulmonary contusion, pain, retained respiratory 
secretions, and pneumonia are significant driving forces 
behind the evolution of the condition [4]. More recent 
literature describes the pathophysiology of flail chest 
resulting from a combination of respiratory factors and 
circulatory collapse: decreased lung parenchymal volume 
produces hypoxia and hypoperfusion, while inflammatory 
mediators often trigger acute respiratory distress 
syndrome (ARDS). Specific mechanisms unique to BFC 
have not been clearly established in the literature though 
the general implication belief exists that involvement of 
larger lung surface areas leads to increased mortality [5,6].

Clinical Features and Etiology
Rib fractures are common among trauma patients and are 
seen in 10-40% of trauma admissions however the 
incidence of flail chest however is significantly lower, 
representing only 1% of blunt trauma. Some studies 
suggest that increasing age is a risk factor for the 
development of flail chest after a traumatic event [7,8]. 
Flail chest patients often present following a motor vehicle 
crash (MVC) or a fall from height [8]. The etiology of 
BFC, however, has not been well described in the 
literature. One study that reviewed the national trauma 
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Figure 1 - PRISMA-Based Approach



registry did report 34 incidences of BFC over a period of 
60 months, which accounted for 13% of all flail chest cases 
[7]. 
Flail chests rarely occur in isolation; 90% of all reported 
cases have an associated injury, most frequently pulmonary 
contusion [9,10]. Pulmonary contusions have been 
identified in up to 80% of patients who underwent 
preoperative CT scan after sustaining multiple rib fractures 
[11]. Fractured ribs also pose a potential threat to the lungs 
as they can produce laceration of the lung parenchyma and 
subsequent hemo/pneumothorax [8,12]. Traumatic brain 
injury (TBI) and spinal fractures, especially those 
involving the thoracic spine, have been observed in these 
patients as well [10,12]. There is no documented 
incidence for associated injuries that specifically occur in 
the setting of BFC.

Treatment
Historically, flail chest was treated with external 
stabilization techniques, such as strapping [3,4,13]. This 
idea was described by Malgaigne as early as 1859 where the 
use of a “body-bandage, or a towel folded twice or thrice, 
surrounding the chest and fastened with three or four pins” 
was noted in his publication “A Treatise on Fractures” [14]. 
This approach remained popular until Avery described the 
concept of “pneumatic stabilization” in 1956, which 

corresponded to the advances made in ventilator 
technology at that time [4,13]. By 1975, it became 
increasingly evident that effective pulmonary hygiene and 
the aggressive treatment of often-associated pulmonary 
contusions were essential to a successful outcome in flail 
chest injuries [4]. Since then, the concept of mandatory 
mechanical ventilation has been abandoned in favor of 
selective methodology. However when a patient presents 
with flail chest in the presence of associated head injuries, 
endotracheal intubation may be required [3, 11]. In flail 
chest, ventilation has been shown to reduce atelectasis and 
facilitate removal of airway secretions [11]. In addition, 
thoracostomy tubes are frequently required due to 
associated of hemo and/or pneumothorax. In one study, 
77% of flail chest patients required chest tube placement 
while 14% required bilateral chest tube insertion [13].
Over the past two decades, conservative treatment has 
been utilized as the mainstay of treatment for flail chest 
injury, though much of the recent literature regarding this 
injury pattern suggests that surgical intervention may 
reduce the number of hospital days, the duration of 
mechanical ventilation, and rate of associated 
complications [15,16]. The preferred surgical technique as 
surveyed by Mayberry is stabilization with metal plates 
secured with bicortical screws. Other reported methods 
include the use of metal plates secured with wire cerclage, 
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Table 1 - Levels of Evidence

Table 2 - Levels of Evidence of Published Studies, Bilateral Flail Chest

Year 
published 

Author Total N (bilateral flail 
chest) 

Level of 
evidence 

1990 Freeland[13] 57 (7) V 
2001 Lardinois[11] 66 (6) III 
2006 Borman[7] 262 (34) V 
2010 Kilic[8] 23 (10) III 
2012 Bailey[12] 1 (1) V 
2015 Kim[5] 1 (1) V 

TOTAL  410 (59)  
 



intramedullary wire fixation, absorbable plates secured 
with bicortical screws or suture cerclage, external fixation, 
and Judet struts [17]. In the presence of mounting 
evidence to support operative intervention, surgical repair 
for rib fractures has been described as “likely underused” 
[18]. A survey of trauma surgeons, orthopedic trauma 
surgeons, and general thoracic surgeons revealed that only 
26% of respondents had either assisted or were the primary 
surgeon involved in a rib fracture repair [17]. When asked 
about the role of rib fixation in the setting of flail chest, 
only 8% favored surgical repair in patients not requiring 
mechanical ventilation and 34% preferred operative repair 
in those unable to be weaned from mechanical ventilation 
after 7 days [17]. 
There is little information provided in the literature 
regarding specific treatment of BFC injuries.  Of the data 
currently available, only anecdotes from larger studies and 
cases reports are available.  In a study of 66 patients with 
flail chest who underwent surgical stabilization, six had 
BFC; three had bilateral fixation, and the remaining three 
had unilateral fixation. Specifically, the three patients who 
had bilateral anterolateral flail chest received bilateral 
fixation through a transverse sub-mammary approach. The 
other three patients had unilateral repair of an anterolateral 
flail chest while the contralateral side with posterolateral 
displacement was treated conservatively [11]. Despite this, 
outcomes regarding morbidity or mortality of either group 
were not reported.
Kim reported one case of bilateral flail chest that was 

successfully managed by a Nuss procedure using the Park 
method [5]. The Nuss procedure, originally described in 
1998, involves the insertion of a convex steel bar through a 
small lateral thoracic incision, which allows for correction 
of pectus excavatum without rib incision or resection [19]. 
The “Park method” is a modification of the Nuss 
procedure centered around the elevation of the deepest 
point of depression rather than the center of the sternum 
[20]. In this case, the patient was successfully weaned from 
the ventilator on post-op day one and subsequently had an 
uneventful hospital course. The authors of this case report 
that the Nuss procedure is an option for patients with 
severe BFC with concurrent pectus excavatum [5]. 
Another case of BFC, occurring alongside an unstable T9 
hyperextension injury, was reported by Bailey [12]. After 
initial stabilization and control of thoracic pain with 
epidural anesthesia, the patient underwent fixation of 
bilateral clavicle fractures, sternal fractures and a T9 
fracture to stabilize the thoracic cage; rib plating, however, 
was not performed. The patient was readmitted with an 
empyema three weeks after discharge but fully recovered 
after a video-assisted pleural decortication [12]. 
Kilic reported a series of 23 patients with flail chest [8]. 
Ten patients had “bilateral costochondral disruption” 
although it is unclear if all ten had BFC. In this series, three 
patients underwent internal fixation and thoracotomy to 
control pulmonary or intercostal hemorrhage, however it 
was not identified if those patients had unilateral or 
bilateral flail chest [8]. It has also been suggested by some 
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Table 3 - Summary, Bilateral Flail Chest

Year 
published 

Author N 
(bilateral 

flail) 

Mortality Morbidity Description 
of morbidity 

Intervention 

1990 Freeland 
[13] 

7 3/7 6/7 Pneumonia, 
sepsis 

Ventilatory 
support 
without 
chest tubes 

2001 Lardinois 
[11] 

6    Bilateral 
fixation (3), 
unilateral 
fixation (3) 

2006 Borman[7
] 

34 17/34    

2010 Kilic[8] 10 3/10 3/10 Pneumonia  
2012 Bailey[12

] 
1 0/1 1/1 Empyema Surgical 

fixation 
2015 Kim[5] 1 0/1 0/1  Surgical 

fixation 
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authors that surgical stabilization should be avoided in 
patients with severe pulmonary contusions, as the 
underlying lung injury and respiratory failure will prohibit 
early weaning of mechanical ventilation [8,11]. 

Complications 
Complications, specifically those involving the pulmonary 
system, are commonly found in association with flail chest 
injuries and are well documented in the literature. For 
example, prolonged ventilatory support is associated with 
an increased risk of pneumonia [8]. Another study cited 
flail chest and bilateral rib fractures as factors that 
increased the risk of developing pulmonary complications 
including pneumonia, respiratory failure, and need for 
tracheostomy [9]. This risk can be reduced to a certain 
degree by effective pulmonary toilet, which may include 
the use of flexible bronchoscopy [8]. Cases of empyema 
have also been reported in this patient population and are 
likely related to a retained hemothorax [12]. Other case 
reports cite formation of lung pseudocysts, though this 
may not be a sequelae of flail chest but instead a result of 
this may be due to the initial traumatic event and not as a 
sequelae of the flail chest itself [21]. In Lardinois study, 
patients who underwent surgical stabilization experienced 
a complication rate of 18% [11]. In this series, in addition 
to pulmonary complications there were three cases of 
acalculous cholecystitis, two cases of myocardial infarction, 
and two cases of wound infection that required re-
operation [11]. The rate of complications in patients with 
BFC however is unknown – available studies do not 
specify whether complications occurred in patients with 
unilateral or bilateral flail chest. 

Prognosis 
In a study from the national trauma registry, Borman found 
a the mortality rate of for flail chest patients to be 21% in 
flail chest patients [7,11]. In his series, several prognostic 
factors demonstrated correlation between flail chest injury 
mortality; for example, anterior flail chest had a higher 
associated rate of mortality compared to lateral flail chest. 
This is likely because anterior flail chest has the potential 
to affect both lung parenchyma, producing a larger area of 
contusion [6,8]. It has also been demonstrated that 
increased injury severity score (ISS), increased age, and 
flail chest occurring in the setting of head trauma, are also 
associated with an increased mortality [7,8]. The need for 
chest tube placement has been shown to increase the 
requirement for ventilator support, but was not shown to 
increase in mortality [13]. According to the available 
literature, BFC is associated with a 50% mortality rate 
[6,7]. BFC by definition is the  requires the presence of 
severe injury to the thoracic cage, which is often 
accompanied by significant associated injuries [7]. It is the 
presence of these associated injuries that are often 
responsible for the majority of deaths in flail chest patients 

[13].
Compared to other aspects of flail chest, return of 
pulmonary function has been frequently studied. 
Operative intervention does not guarantee improvement 
of pulmonary function following stabilization with 
reconstructive plates [11]. Anterolateral dislocations are 
more prone to developing late restriction and 
pseudoarthosis, which may compromise pulmonary 
function [11]. Pulmonary function within six months is 
possible in patients without extensive pulmonary 
contusions despite having residual chest wall deformity 
[22]. Those with pulmonary contusions however, have 
prolonged impairment of functional residual capacity [22]. 
The long-term morbidity in patients sustaining significant 
rib fractures includes pain, disability, and deformity of the 
chest wall [1]. Decreased quality of life, made evident 
through return-to-work rates as low as 40% and significant 
reduction of function present in 60% of patients at 24 
months, highlight that although this is often studied as an 
acute condition, the ramifications of rib fractures and flail 
chest carry long-term consequences [1,23,24]. Pain and 
disability experienced by the patient at 8 weeks post-injury 
have been correlated with intensity of pain experienced 
during the first few days after the injury [25]. In one study 
measuring functional outcome of patients sustaining flail 
chest, shoulder girdle function was symmetric in 90% of 
flail chest patients at 6 months follow up. However, for 
patients with co-existing shoulder girdle or brachial plexus 
injuries, long term shoulder function was impaired. 
Shoulder abduction was limited to an average of 100 
degrees in the ipsilateral shoulder for this subset of patients 
[11]. While bilateral rib fractures are predictive of chronic 
disability, the presence of flail chest is not [26]. There is no 
specific information about the long term prognosis of 
patients sustaining bilateral flail chest in particular. 

Limitations
Limitations of this article are similar to all PRISMA-guided 
review articles: the dependence on previously published 
research and availability of references as outlined in our 
methodology. In addition, a complete lack of level I and II 
evidence highlights the need for further research before 
broad conclusions can be applied to patients sustaining 
bilateral flail chest

Conclusion
Flail chest contributes a significant portion of morbidity 
and mortality in patients sustaining blunt thoracic trauma. 
Current literature favors the use of early operative 
intervention to stabilize the flail segment, however 
prospective randomized controlled trials to support this 
recommendation are unavailable. In particular, lack of 
literature regarding the treatment and outcome of bilateral 
flail chest emphasizes the fact that this type of injury is 
significantly under-reported and understudied. Operative 
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