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Rib fractures are a common injury resulting from blunt chest trauma. The most important complications as-

sociated with rib fractures include death, pneumonia, and the need for mechanical ventilation. The develop-

ment of new osteosynthesis materials has stimulated increased interest in the surgical treatment of rib 

fractures. Surgical stabilisation, however, is not needed for every patient with rib fractures or for every pa-

tient with flail chest. This paper presents an easy-to-use evidence-based algorithm, developed by the authors, 

for the treatment of patients with flail chest and isolated rib fractures.
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Introduction

Rib fractures are a common injury. They comprise 

12% of all fractures seen in patients, particularly in 

the elderly [1], and approximately 10% of blunt trau-

ma patients have rib fractures [2].

Several studies have revealed significant morbidity 

and mortality to be associated with rib fractures, even 

with rib fracture(s) as an isolated injury [3]. Tanaka 

et al. [4] described a mortality rate up to 51%. Twenty- 

five percent of trauma deaths are due to blunt thora-

cic trauma, with two-thirds of these patients having 

rib fractures [5,6]. In trauma deaths due to motor 

vehicle accidents, over 55% of the casualties aged 65 

years or older only had rib fractures [3]. The most 

common complication of patients with rib fractures 

is pneumonia, with rates of up to 70% [4].

The major goal in the treatment of patients with 

rib fractures is reducing pain, thereby making the pa-

tient comfortable and subsequently improving respi-

ration and preventing pneumonia. If pain control is 

not optimised, breathing excursions will diminish and 

coughing will be prevented, increasing the risk of 

pneumonia.

Several treatment modalities have been described, 

ranging from simple non-operative management with 

painkillers to extensive surgical treatments that sta-

bilise rib fractures [7]. History has shown that stabi-

lisation has been achieved using several different de-

vices [8-10]. The introduction of dedicated new ma-

terials is again stimulating interest in the operative 

treatment of rib fractures. Surgical treatment has 

therefore experienced a boost, making it an interest-

ing option within the spectrum of treatment modal-
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ities [3,11-15]. However, no real consensus has been 

reached for determining which patients require sur-

gery and which do not. The challenge is to identify 

the right therapy for the right patient.

A treatment algorithm is proposed based on a 

combination of clinical experience and an analysis of 

the available literature that was conducted to identify 

the relevant risk factors.

Materials and methods

A literature search in Medline was performed us-

ing the key words: rib fracture, morbidity, mortality, 

and surgical stabilization. A total of 182 abstracts 

were found and analysed independently by 2 re-

viewers. For evaluating the clinical results, only ab-

stracts published after 2000 were used.

Two subgroups of abstracts were created. The first 

group described the morbidity and mortality of pa-

tients with rib fractures, regardless of the therapy 

given. The second subgroup described the results of 

surgical stabilisation in patients with rib fractures, 

flail chest, and isolated rib fractures.

The first subgroup was analysed to establish a 

baseline for the morbidity and mortality in patients 

with rib fractures. Factors determining morbidity and 

mortality were identified. After defining specific mor-

bidity and mortality levels relative to the risk factors, 

the reviewers analysed the second subgroup of ab-

stracts in order to determine whether the operative 

stabilisation of rib fractures may have additional val-

ue in the treatment of patients with rib fractures.

The second subgroup was then analysed to de-

termine whether the operative stabilization of rib 

fractures provided additional value in the treatment 

of patients with rib fractures.

Morbidity and mortality of patients 
with rib fractures

Significant morbidity and mortality was described 

in association with rib fractures. There was a sig-

nificant association between the number of rib frac-

tures and morbidity (p=0.027) [1,2,4,16,17].

The most commonly described complication was 

pneumonia, depending on which group of patients 

was analysed; in flail chest, a rate of up to 70% has 

been described [4]. Other frequently seen complica-

tions include increased hospital length of stay 

(HLOS), increased length of intensive care unit (ICU) 

stay, increased ventilator dependency, acute respira-

tory distress syndrome (ARDS), systemic inflamma-

tory response syndrome (SIRS), prolonged pain (＞2 

months), prolonged disability (＞2 months), and even 

the inability to return to work.

In addition to the number of rib fractures, age is a 

relevant factor in relation to morbidity and mortality. 

Holcomb et al. [16] identified a significant (p＜0.05) 

increase in both HLOS and ICU stay due to the age 

of the patient: 14.0±2.2 days and 7.5±1.8 days, re-

spectively, for patients older than 45 years compared 

to 8.0±1.0 days and 2±1 days, respectively, for 

younger patients. Mechanical ventilation was neces-

sary in 60% of patients for an average of 13 days, 

and ventilator days increased with age and the num-

ber of fractured ribs [16,17]. Unplanned intubation 

after hospital admission because of rib fractures was 

associated with increased rates of ARDS, pneumonia, 

and SIRS. Age over 45 years and having more than 4 

rib fractures were identified as significant risk fac-

tors [3,5,16].

Prolonged pain and disability have been well de-

scribed [18]. It was previously thought that pain and 

disability due to rib fractures would last no more 

than 6–8 weeks, but 59% of patients had prolonged 

(＞6 weeks) pain and 76% of patients had a pro-

longed disability [18]. Up to 29% of patients were 

unable to return to work after rib fractures. Quality 

of life was significantly reduced in patients with rib 

fractures [11].

Mortality was found to be significant in patients 

with rib fractures. The overall mortality was 10%, 

and patients with flail chest exhibited a mortality of 

up to 51% [17]. Patients older than 65 years with 

more than 3 rib fractures had a triple or higher 

chance of dying due to the rib fractures [1]. Bergeron 

et al. [2] analysed 4,325 cases of blunt chest trauma 

and found that the mortality increased 8-fold with 6 

or more rib fractures in patients older than 65. 

Holcomb et al. [16] performed a retrospective analy-

sis of 171 chest trauma patients and reported that 

the morbidity was greater in patients with more than 

4 rib fractures. Flagel et al. [17] performed a retro-

spective analysis of the national trauma database 

containing 731,823 patients. He found that 64,750 

patients (9%) sustained rib fractures, which is sim-
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ilar to the previously mentioned figure of 10%. 

Flagel et al. [17] also found the following correla-

tions between rib fractures and mortality: 4 rib frac-

tures increased the mortality rate from 5.8% to 

8.1%, 6 rib fractures increased the mortality rate to 

11.8%, and if a patient had more than 8 rib frac-

tures, the mortality increased to above 34%.

It is clear that age and the number of rib fractures 

are important factors concerning the prognosis of the 

patient.

Operative treatment of rib fractures

Analysing the literature reveals that there are 2 

main groups of patients with rib fractures. The first 

group are patients with flail chest, defined as a chest 

injury with 3 or more, consecutive, ipsilateral, dou-

ble-broken ribs. The second group are patients with 

multiple rib fractures with no flail component. The 

flail group has received the most attention from a 

scientific point of view. Many articles have been pub-

lished describing the benefit of operative treatment 

of flail chest using different kinds of osteosynthesis 

materials [4,11-14,19-23].

A comparison of the morbidity outcomes of surgi-

cal versus non-operative management of patients 

with rib fractures reveals the following. A significant 

reduction in pneumonia rates was found in surgically 

treated patients: 90% versus 22% at 21 days after 

surgery (p＜0.05) [4]. The HLOS and ICU stay were 

significantly reduced by up to 50% [11,19,20]. For 

example, Marasco et al. [11] found results of 359 

hours compared to 285 hours, in favour of the surgi-

cally stabilized patients (p＜0.03). Ventilator days 

were significantly reduced, not only in patients with 

flail chest, but also in patients with multiple rib frac-

tures who were unresponsive to pain medication 

[4,15,20,21]. Other outcomes, such as unplanned in-

tubation, tracheostomies, sepsis, and ARDS were sig-

nificantly reduced in surgically treated flail chest 

patients. Lung capacity after surgical stabilization was 

found to be higher than after conservative manage-

ment of flail chest (p＜0.0002) [21,22]. Marasco et al. 

[11] found no difference in spirometry after 3 months. 

The number of patients returning to work after 6 

months increased significantly after surgical stabiliza-

tion [4], and their long-term quality of life improved 

significantly [20].

The most important outcome measure is perhaps 

mortality, which has also been found to be sig-

nificantly reduced after surgical stabilization. Several 

publications have reported a reduction in mortality 

of up to 33% [4,20,21].

Some articles have mentioned a reduction of total 

healthcare costs for patients who undergo surgery to 

treat rib fractures, favouring surgical stabilisation de-

spite the cost of surgery [4,11,22].

Although most of the evidence available regarding 

rib fixation relates to the treatment of flail chest pa-

tients, some articles have only investigated patients 

with multiple rib fractures. These publications have 

also identified significant reductions in HLOS, ICU 

stay, ventilator days, pneumonia, and mortality, and 

an increase in vital capacity [13,20].

Discussion

Analysing the literature reveals that patients with 

rib fractures have considerable morbidity and 

mortality. However, one of the challenges in this 

analysis is that patients with flail chest and multiple 

rib fractures are often combined and regarded as 

one group. This makes interpreting these results dif-

ficult, as flail chest patients are obviously more seri-

ously injured, and one would expect the morbidity 

and mortality rates to be higher in this group. 

Patients with multiple rib fractures, however, repre-

sent a far larger and more interesting group from an 

economic health perspective.

The available data concerning flail chest patients 

and surgical fixation is of a higher scientific level 

than the data on single and multiple rib fractures, as 

several randomised controlled trials have been pub-

lished on flail chest patients. Only cohort studies are 

available for multiple rib fracture patients.

The injury patterns and effects of flail chest were 

well described even as far back as the early 20th 

century [10]. The physiological mechanism and ef-

fects resulting in pulmonary complications are well 

understood. Patients with flail chest have paradoxical 

movements of the flail part of the thorax, which re-

duces the efficiency of the ventilation in the lung. 

Less well known is that due to the pressure changes 

in the thoracic cavity, venous return of blood to the 

heart is reduced. This in turn has a negative effect 

on the cardiac output and thus the hemodynamic 
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Fig. 1. Algorithm for patients with flail chest.

status of the patient. Apart from injuries of the chest, 

the prognosis of a flail chest patient is of course also 

determined by other injuries. These patients have 

sustained high-impact trauma, which generally results 

in multiple injuries.

Pulmonary complications are well known. All flail 

chest patients have some degree of lung contusion, 

which in combination with reduced movement and 

pain leads to an elevated risk of contracting pneu-

monia. The rates in the literature range from 10% 

and 70%, predominantly between 20% and 40% 

[3-5,24]. The risk factors for pneumonia are age, the 

number of rib fractures, and whether pain is 

persistent.

Apart from pneumonia, mortality is a significant is-

sue with flail chest. Rates as high as 51% have been 

described [1,4]. Of course, this is not only deter-

mined by pulmonary-related problems, but also by 

the other injuries that a patient sustains. Nonetheless, 

it is interesting to note that mortality rates are re-

duced if the rib fractures of flail chest patients re-

ceive operative stabilisation [4,20,21].

Several studies have described considerable bene-

fits of the surgical repair of flail chest. Patients treat-

ed surgically have shorter ICU stays, less need for 

ventilator support, reduced pneumonia, reduced HLOS, 

and reduced mortality.

The highest level of evidence (level 2) has been 

provided by the randomized studies of Tanaka et al. 

[4], Granetzny et al. [21], Marasco et al. [11], and 

Wu et al. [20]. They all describe a beneficial effect of 

the surgical fixation of flail chest on the length of 

ICU stay, ventilator support duration, and hospital 

length of stay with a reduction of 8 days on average. 

Tanaka et al. [4] and Granetzny et al. [21] describe a 

reduction in mortality and an average reduction of 

pneumonia of 46%. A recent Cochrane review was 

also based on these studies [23]. They conclude that 

surgical stabilization seems to be beneficial in flail 

chest patients, but the patient numbers are relatively 

small and studies do not indicate which flail chest 

patients to treat operatively and which conservatively.

The English National Institute of Clinical Excellence 

has decided that operative repair of flail chest in-

juries can be offered routinely, based on the current 

level 2 evidence in the literature.

However, not every case of flail chest is the same. 

It is important to understand the difference between 

the radiological definition of flail chest as stated 

above and the clinical definition of flail chest which 

is: “a chest wall injury with ipsilateral consecutive 

double broken ribs resulting in paradoxical move-

ment of the chest wall.” A potential problem with a 

focus on the clinical definition is underestimating lat-

eral and posterior flail chest injuries. These regions 

of the chest are covered with thick layers of muscle 

and the scapula, making it virtually impossible to see 

the paradoxical movement. When operating on poste-

rior flail chest patients it becomes apparent that 

these lateral and posterior injuries are highly unstable. 

We therefore propose that the radiological definition 

be used when identifying patients with flail chest. It 

is important to understand that this is only possible 

using computed tomography (CT). A conventional 

X-ray for rib fractures may underestimate the amount 

and extent of rib fractures by as much as 50%, as 

well as missing other relevant intrathoracic injuries 

[25].

Using the radiological definition in turn poses the 

risk of identifying too many patients eligible for sur-

gical treatment of flail chest, resulting in over-

treatment. The subgroup of patients who need surgi-

cal treatment are those with an unstable chest caus-

ing pulmonary insufficiency. Identifying these patients 

can be done by first choosing the patients who clear-

ly exhibit pulmonary insufficiency (i.e., those who are 

ventilator-dependent). The next step is to look for 

radiological evidence of instability, as shown by some 

form of dislocation of the rib fractures on a CT scan. 

Dislocation is defined as displacement of 2 mm or 

more (“in the algorithm, these are referred to as B 

or C fractures”). These factors are incorporated into 

the following algorithm for patients with flail chest 

(Fig. 1).

In the above algorithm, patients can be shunted to 
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Fig. 2. Algorithm for rib fracture 

management. VAS, visual analogue 

scale.

the isolated rib fracture treatment protocol. The next 

algorithm for this protocol can be used for patients 

with rib fractures that have no flail component.

As stated previously, a review of the literature 

demonstrated a substantially larger number of pub-

lications on the flail group compared to the scientific 

evidence concerning patients with multiple rib frac-

tures. An analysis of the literature regarding the lat-

ter group has revealed several factors predictive of 

the prognosis of a patient. The first factor is age. 

There is a significant relationship between the age of 

a patient and the risk of rib fracture complications. 

Several articles have described the age of 45 years as 

a threshold between a relatively good prognosis and 

a poorer prognosis [3,5,16]. The second factor is the 

number of rib fractures. An exponential relationship 

has been observed between the number of rib frac-

tures and the risk of complications due to the frac-

tures, pneumonia, mortality, and so on. The third fac-

tor is pain, which is often underestimated. A sub-

stantial number of rib fracture patients have pro-

longed pain, defined as a period greater than 6 

weeks [18]. Pain itself causes decreased respiratory 

motion and decreased coughing, putting the patient 

at risk for developing pneumonia. In general, a visual 

analogue scale (VAS) score ＞6 is recognized in the 

scientific literature as substantial. As the fourth and 

final factor, the authors have included the amount of 

dislocation of the rib fractures. A dislocation of 2 

mm or more is considered substantial, because such 

dislocation is similar to that observed in flail chest 

patients. Dislocated rib fractures imply that there is a 

degree of instability, which in turn will have an ef-

fect on chest movement and pain, putting the patient 

at risk for pulmonary complications. Combining the 

above factors results in the following algorithm (Fig. 2).

In this algorithm, the operative stabilisation of rib 

fractures only occurs under the following conditions: 

(1) if a patient is older than 45 years of age and has 

more than 4 rib fractures that are painful, as shown 

by a VAS ＞6 (regardless of adequate painkillers), 

and has dislocated rib fractures; or (2) if a patient is 

younger than 45, has more than 6 rib fractures 

(which poses a risk for pulmonary complications, as 

described by Bergeron et al. [2] and Flagel et al. 

[17]) and the rib fractures are painful (VAS ＞6) and 

dislocated; or (3) if a patient is younger than 45 and 

has fewer than 6 rib fractures, but with substantial 

displacement causing a deformity/impalement. This 

pathway is also offered for older patients (＞45 years) 

with either a few fractures and a substantial de-

formity/impalement or low pain level (VAS ＜6) and 

a substantial deformity.

In all other cases, non-operative treatment is of-

fered to the patient.

Conclusion

The pathology surrounding patients with rib frac-

tures is substantial. Ten percent of cases of blunt 

chest trauma have rib fractures. Rib fractures are 

correlated with significant morbidity and mortality, 

and both age and the number of rib fractures are 

key prognostic factors.

Surgical therapy has proven to be beneficial for 

patients with rib fractures in reducing pulmonary 

complications. The level of evidence is greater for 

flail chest patients than for patients with isolated rib 

fractures. Depending on how aggressive the ther-

apeutic regime is, being ＞45 years of age and hav-

ing more than 4 rib fractures can be considered a 

cut-off point for surgical therapy to be beneficial.
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This paper has presented a powerful and easy-to- 

use clinical tool to assist in deciding between the 

surgical and conservative treatment of patients with 

rib fractures.
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