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Abstract
Objective: Thoracic trauma may be a life-threatening condition. Flail chest is a severe chest
injury with high mortality rates. Surgery is not frequently performed and, in Literature, data
are controversial. The authors report their experience in the treatment of flail chest by an
extracortical internal-external stabilization technique with Kirshner’s wires (K-wires).
Methods: From 2010 to 2015, 137 trauma patients (109 males and 28 females) with an
average age of 58.89 ±19.74 years were observed. Seventeen (12.41%) patients presented a
flail chest and of these, 13 (9.49%) with an anterior one. All flail chest patients underwent early
chest wall surgical stabilization (within 48 hours from the injury).
Results: In the general population, an overall morbidity of 21.9% (n = 30 of 137) and a
30-day mortality rate of 5.1% (n = 7 of 137) were observed. By clustering the population
according to the treatment (medical or interventional vs surgical), significant statistically
differences between the two cohorts were found in morbidity (12.65% vs. 34.48%, P = 0.002)
and mortality rates (1.28% vs. 10.34%, P = 0.017). In patients undergoing chest wall surgical
stabilization, with an average Injury Severity Score of 28.3 ± 5.2 and Abbreviated Injury Score
(AIS) of 8.4 ± 1.7, an overall morbidity rate of 52.9% (n = 9) and a mortality rate of 17.6% (n = 3)
were found. Post-surgical device removal, in local anesthesia or mild sedation, was performed
42.8 ± 2.9 days after chest wall stabilization and no cases of wound infection, dislodgment
of the wires or osteosynthesis failure were reported. Moreover, in these patients, an early
postoperative improvement in pulmonary ventilation (ΔpaO2 and ΔpCO2: +9.49 and -5.05,
respectively) was reported.
Conclusion: Surgical indication for the treatment of flail chest remains controversial and
debated both due to an inadequate training and the absence of comparative prospective
studies between various strategies. Our technique for the surgical treatment of the anterior
flail chest seems to be anachronistic, but the aspects described, both in terms of technical
features and of outcome and benefits (health, economic), allow to evaluate the effectiveness
of this approach.
Keywords: Flail chest, Chest trauma, Kirschner’s wire, Injury Severity Score, Abbreviated
Injury Score.

Introduction
Thoracic trauma may be a life-threatening condition. In
the United States and Europe, mortality rates in chest
trauma patients amount up to 60%. In addition, about a
quarter of deaths in polytrauma patients can be attributed
to thoracic injury (1). An operative treatment of blunt
thoracic injury is required in less than 10% of cases; while
in the majority of cases, medical therapy or interventional
procedures (such as the placement of a chest drainage) are
needed.
Flail chest is a severe chest injury with high mortality rates.
In recent reports, it accounts for 9.1% (2) of thoracic traumas with a mortality rate of 20%-33% (3,4). Patients with
severe chest injury can develop not only early dramatic
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consequences, but also long-term effects and disability. In
addition, flail chest also presents local (respiratory impairment, shunt effect) and systemic (increased terminal complement components) pathophysiological effects causing
catastrophic results (5). The use of positive pressure ventilation (PPV) has been described in these patients (6).
However, this technique requires a prolonged mechanical ventilation which may arise in pulmonary complications (pulmonary infections, distress syndromes) with
mortality rates up to 36% (7). Moreover, a conservative
strategy does not always allow a stabilization of the bony
stumps, resulting in osteosynthesis failures, debilitating
chronic pain, secondary chest wall deformities up to 64%
of cases (8).

© 2017 The Author(s). Published by Kerman University of Medical Sciences. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits
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Surgery is not frequently performed and, in literature,
data are controversial. It is reported that less than 2% of
flail chests are surgically treated (2). The reasons of this
underutilization have to be found in many causes, including unfamiliarity with the surgical technique and the lack
of knowledge of the surgical indications for a prompt parietal stabilization (9). The operative treatment, on the
other hand, is characterized by a reduction of mechanical ventilation, intensive care unit (ICU) stay, hospitalization, tracheostomy, mortality rates (10,11) and only few
reports report post-operative long-term complications
(12,13). But rib surgical stabilization is difficult both for
the characteristics of the fractures (lack of uniformity and
alignment) and for clinical conditions of trauma patients.
Nowadays, many repair systems (cortical and intramedullary) are adopted in clinical practice. The authors report
their experience in the treatment of flail chest by an extracortical internal-external stabilization technique with
Kirshner’s wires (K-wires).
Methods
From 2010 to 2015, 137 trauma patients (109 males and
28 females) with an average age of 58.89±19.74 years were
observed in our department. Eighty-one (59.1%) presented a chest trauma, while others had polytrauma (thoraco-abdominal, cranial-thoraco-abdominal). In almost all
cases (n. 133 - 97.1%), a blunt trauma was reported (e.g.
direct trauma, precipitation) (Table 1).
On admission, all patients received a detailed clinical,
laboratory (blood chemistry, arterial blood gases), cardiological (ECG, echocardiogram) and radiological assessment (total body CT, abdominal ultrasound), in order to
evaluate clinical conditions and identify any early complications or undiagnosed injury. Moreover, all the urgent
monitoring maneuvers (venous incannulation, bladder
catheterization, saturation and cardiac rhythm monitoring) were set. The extent of trauma was stratified according to the Abbreviated Injury Scale (AIS) and the Injury
Severity Score (ISS).
Thoracic cage injuries were observed in 113 patients
(82.48%) with an average of 3.2 fractured ribs per patient
(mean 1.62 on the right and 1.75 on the left side). Sternal
fractures (24, 17.5%), clavicle fractures (19, 13.9%) and
vertebral ones (15, 10.9%) were also associated. Seventeen
(12.41%) patients presented a flail chest and of these, 13
(9.49%) had an anterior one due to the presence of multiple rib fractures with or without a sternal one causing
a paradoxical movement of the thorax. Considering the
extent and the dynamics of impact, parietal traumas were
associated with intrathoracic organ injuries such as pulmonary contusion (61, 44.5%), pulmonary laceration (9,
6.6%), pneumothorax (46, 33.6%), hemothorax, hemomediastinum or hemopericardium. Liver and spleen lacerations (13, 9.5%) and diaphragmatic rupture (5, 3.6%) were
reported in thoraco-abdominal polytraumas.
Thirty-four patients (24.8%) underwent urgency surgery
(thoracic, abdominal or both), while the remainings were
subjected to medical therapy (79, 57.7%) or to interven12

Journal of Emergency Practice and Trauma, 2017, 3(1), 11-17

tional procedures such as chest drain placement (24,
17.5%) (Table 2).
All flail chest patients underwent early chest wall surgical stabilization (within 48 hours from the injury). In case
of anterior paradoxical movement, we proceeded with an
external-internal substernal surgical stabilization with
crossed K-wires by anchoring them to healthy ribs immediately below or above those fractured. With the patient
in the supine position, the technique involves a crossed
placement (i.e. “Saint Andrew’s cross”) of these devices via
a minimally invasive subxiphoid access or via a bilateral
video thoracoscopic one (Figure 1). In open surgery, a
subxiphoid incision is performed in order to access into
the anterior mediastinum and to proceed with a blind-fingered dissection between the endothoracic fascia and the
parietal pleurae. Protecting the pericardium with the back
of the hand, K-wires are inserted laterally and beyond the
fractured ribs with an oblique course and crossing them
behind the sternum. The ends of these devices emerge to
the skin in correspondence of the intercostal space immediately above or below the rib stumps. The access and the
mediastinal digital dissection allow a rapid stabilization of
the chest wall with the patient in bipulmonary ventilation
and a chest drainage is usually not required. On the other
hand, the minimally invasive bilateral thoracoscopic technique for anterolateral flail chests requires a single-lung
ventilation and placement of a chest tube due to the access
into the pleural cavity (Figure 2) as well as to drain an hemothorax or suturing lung lacerations.
Results
In the general population, an overall morbidity of 21.9%
(30 of 137) and a 30-day mortality rate of 5.1% (7 of 137)
were observed. Anemia, respiratory failure and arrhythmias were the early most common complications. On
admission, an average ISS of 15.60 ± 10.76 and an AIS of
5.80 ± 3.12 were calculated. The average hospital stay was
7.92 ± 5.53 days (Table 1).
By clustering the population according to the treatment
(medical or interventional vs. surgical), in the first group
the average hospital stay was 5.47 ± 4.33, while in the second it was 11.26 ± 5.25 (P < 0.001). Moreover, significant
statistically differences between the two cohorts in morbidity (12.65% vs. 34.48%, P = 0.002) and mortality rates
(1.28% vs. 10.34%, P = 0.017) were found (Table 3). In particular, regarding the patients undergoing chest wall surgical stabilization (n = 17), the frequencies appear higher;
in fact, an overall morbidity rate of 52.9% (n = 9), mostly
attributable to anemia and post-operative respiratory
failure (Clavien-Dindo score = 3), and a mortality one of
17.6% (n = 3) were noted. This can be explained considering patient’s clinical conditions and the early respiratory
and metabolic effects that develop in flail chest patients,
rather than the surgical technique itself. In fact, the average ISS was 28.3  ± 5.2 with an AIS of 8.4  ± 1.7. Post-surgical device removal, in local anesthesia or mild sedation,
was performed 42.8  ± 2.9 days after chest wall stabiliza-
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Table 1. General population characteristics
Variable
Sex
Male
Female
Age
Kind of trauma
Blunt
Open
Type of trauma
Thoracic
Thoraco-abdominal
Head-thoracic
Head-thoracic-abdominal
AIS
ISS
Treatment
Medical
Surgical
Interventional
Hospital stay

No.

Morbidity

30

Average

109
28

%
79.6
20.4

58.89±19.74

(16.00-98.00)

133
4

97.1
2.9

81
34
14
8

59.1
24.8
10.2
5.8
5.8±3.12
15.6± 10.76

79
34
24

(2.00-12.00)
(4.00-50.0)
57.7
24.8
17.5

7.92±5.53

21.9

(2.00-33.00)
n = 11 Anemia
n = 7 Respiratory failure
n = 4 Pneumonia
n = 2 Myocardial infarction
n = 2 Sepsis
n = 2 Renal Failure
n = 1 Ventricular fibrillation
n = 1 Atrial fibrillation

Abbreviations: AIS, Abbreviated Injury Scale; ISS, Injury Severity Score.

Table 2. Trauma characteristics
No. of patients
Thoracic cage injuries
Rib fractures
Sternal fractures
Clavicle fractures
Vertebral fractures
Scapular fractures
Flail chesta
Intrathoracic organ injuries
Pulmonary contusion
Lung laceration
Great vessels injury
Pneumothorax
Hemothorax
Hemopericardium
Diaphragmatic injury
Intraabdominal organ injuries
Hepatic contusion/laceration
Spleen laceration
Intestinal laceration
Kidney injury
a
n =13 anterior; n = 4 antero-lateral.

%

113
24
19
15
3
17

82.48
17.5
13.9
10.9
2.2
12.14

61
9
4
46
28
7
5

44.5
6.6
2.9
33.6
20.4
5.1
3.6

4
9
1
4

2.9
6.6
0.7
2.9

tion and no cases of wound infection, dislodgment of the
wires or osteosynthesis failure were reported. Cumulative
reoperation rate was 0.0% (Table 4).
In the second part of the study, a descriptive analysis of
changes in respiratory (paO2, pCO2, SaO2) and metabolic

parameters (pH, lactate, glucose), derived from pre-operative and post-operative (third P.O.D.) arterial blood gas
analyses, was performed in K-wire patients. Data shows
surgery correlates with an early improvement in pulmonary ventilation (ΔpaO2 and ΔpCO2: +9.49 mm Hg and
-5.05 mm Hg, respectively) (Figure 3). Moreover, the bivariate analysis demonstrates that postoperative complications correlate with the count of postoperative blood
gas metabolites rather than the preoperative ones; in other
words, an early poor adaptation and a lack of improvement of the aforesaid parameters are predictors of postoperative morbidity (Table 5).
Discussion
With the advent of the internal pneumatic stabilization
and the early report by Avery et al (14) in 1956, the management of chest trauma veered towards non-operative
treatments, although since from the outset the relatedcomplications were clear (15). Today, a renewed interest in
surgical stabilization techniques occurs. In 2002, Tanaka
et al (16) reported the benefits of surgery for flail chest
treatment. Although these results are encouraging, but
surgical stabilization of the flail chest remains an underutilized procedure due to multiple factors, such as unfamiliarity and lack of knowledge of surgical indications
(7,9,17). Moreover, surgical indication for the treatment
of flail chest remains subject of extensive debate. Lardinois
et al (18) reported 66 patients with anterolateral flail chest
Journal of Emergency Practice and Trauma, 2017, 3(1), 11-17

13

Mucilli et al

Figure 1. Surgical technique for the stabilization of the anterior flail
chest with crossed Kirschner’s wires (subxiphoid access).

Figure 2. Surgical technique for the stabilization of the anterior flail
chest with crossed Kirschner’s wires (videothoracoscopic access).

who underwent 3.5 mm-plate surgical stabilization. The
authors posed surgical indication in non-intubated patients with refractory respiratory failure, in patients with
flail chest disalignment, in intubated patients without severe pulmonary contusion or brain injuries who did not
require prolonged intubation and in patients requiring an
emergency thoracotomy due to the presence of intrathoracic organ injury.
In the 2013 Eastern Association for the Surgery of Trauma
guidelines (5), the only two indications for surgical fixation are the respiratory decline of a flail chest patient failing to wean from the ventilator and the need to perform a
thoracotomy regardless the presence of a flail chest.
But, the same guidelines recommend that an early prophylactic chest stabilization should be avoided because it
does not show any benefit. Moreover, the presence of ex-

tensive pulmonary contusion is a relative contraindication
for surgery, as these patients require prolonged mechanical ventilation (19).
However, at the worsening of patient’s ventilation or at the
partial resolution of contusions, surgical stabilization can
be envisaged (20); while, in patients with severe isolated
parietal injury, an early surgical fixation (within 72 hours)
can reduce the risk of potential ventilator-related infectious complications, ICU stay and can prevent the onset
of post-traumatic restrictive pulmonary syndromes. Another indication for surgical stabilization is the extension
and location of the flail chest. In fact, in young patients
in case of an extended anterolateral flail chest, surgery is
immediately indicated, even in the absence of respiratory
complications, due to the high risk of dislocation of the
rib stumps. Posterior parietal defects are rarely surgically
treated, except for the presence of wedging fractured lines
within the pleural cavity that may lacerate intrathoracic
organs. Moreover, respiratory dynamics is ensured by the
bony structures of the shoulder girdle and the action of
the trapezius, serratus and latissimus dorsi.
In our experience, we take into account for surgical stabilization the extent of the flail chest, the onset of respiratory failure or muscle fatigue and the presence of a concomitant indication for urgency surgery for other reasons.
We also believe that a wait and see strategy could increase
the risk of morbidity and mortality. Moreover, older patients (> 70 years) do not have negligible comorbidity (i.e.
COPD, pulmonary emphysema) and need early surgical
chest stabilization avoiding serious deterioration of their
clinical conditions. Therefore, the early changes of respiratory parameters pose surgical indication, except for the
presence of severe organ injury (brain, diffuse pulmonary
contusions).
In literature, many surgical fixation techniques are reported with several devices that can be divided into: devices
for cortical stabilization (cerclage wires and clamping,
screw fixation ones) and those for intramedullary stabilization (K-wires, Rehbein plate, rib splints) (17).
The rationale is the mechanical function restoration of
the chest wall. Among the cerclage techniques, historically, Paris et al (21) introduced a 40 cm-length temporary
struts with four or five holes to anchor to the cortex of
fractured ribs.
The experiences by Judet (22) and by Sanches-Lloret et
al (23) are just historical notes. The modern evolution of
cortical fixation for fractured ribs has led to the development of anatomically shaped plates – U-plate (24), ana-

Table 3. Independent samples t test (medical and interventional/surgical treatment vs outcome)

Hospital stay (days)
Morbidity rate (%)
Mortality rate (%)
14

Medical
Interventional/Surgical
Medical
Interventional/Surgical
Medical
Interventional/Surgical

N

%

Average

SD (Δ)

79/137
58/137
10/79
20/58
1/78
6/58

57.66
42.34
12.65
34.48
1.28
10.34

5.47
11.26

4.33
5.42
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95% CI
Min
Max
-7.412
-4.168
-8.64
-4.43

P (χ2)
0.000

0.002
0.017

Figure n.3: Early postoperative changes in respiratory and metabolic parameters in
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n = 13 anterior
n = 4 lateral

17
9/17
3/17

52.9
17.6

pH

28.3 ± 5.2
8.4 ± 1.7
42.8 ± 2.9
0

Post-op

pCO2

Morbidity
Mortality
ISS
AIS
Post-surgical device
removal (days)
Reoperation rate

%

0

paO2

Flail chest patients

Average

Glucose

N

Post-op

SaO2

Table 4. Clinical finding and post-operative outcome in flail chest
patients undergoing surgical stabilization

Lactate

flail chest patients.

tomical rib plates (3,25,26). Nowadays, these latters can
also be fixed via a minimally invasive technique (minimally invasive plate osteosynthesis or MIPO) (27).
Intramedullary implants have also been described. Kwires have been reported in numerous reports with good
results, although cases of rotatory instability (28) or dislocation (29) have been described. In this regard, preformed
rib splints (30) have been introduced for fracture fixation
ensuring both radial and rotational stability; in addition,
they do not present risks of migration (31,32) as an extremity is fixed to the proximal portion of the fractured
rib. Finally, an emerging concept for treatment of rib
fractures is the use of bioabsorbable materials (33). Finally, Liović et al (34) have reported a new experimental
technique using an intramedullary telescoping splint anchored by bone cement.
Our proposed technique for the treatment of the anterior
flail chest may appear anachronistic, but the procedure
presents some peculiarities that should be considered in

Pre-op

Pre-op
Post-op
Pre-op
Post-op
Pre-op
Post-op
Pre-op
Post-op
Pre-op
0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

Figure 3. Early postoperative changes in respiratory and metabolic
parameters in flail chest patients.

case of a polytrauma patient.
First of all, it is of rapid execution and, in the subxiphoid
technique, it does not require a pleural drainage. The patient is placed in the supine position, therefore, limiting
any movements or tractions on the spine and the organs.
Finally, we did not record any procedure-related complication (rejections, infections, decubitus) or osteosynthesis
failure. The insertion of a 8 mm–K-wire can be safely performed both in open technique (the device flows between
the operator’s hand and the endothoracic fascia) and in
the video assisted one. The removal is typically 40 days
after the surgery under local anesthesia or mild sedation.
The result is the absence of foreign bodies or permanent
implants in the chest. Moreover, it is also economical
when compared to the costs of intramedullary fixation
(ORIF); in fact, for the latter the amount is from $15 000

Table 5. Blood gas analysis vs post-operative complications

paO2
(mm Hg)

pCO2
(mm Hg)

SaO2
(%)

pH

Lactate
(mg/dL)
Glucose
(mg/dL)

Preoperative
Postoperative
Complications
No Complications
Preoperative
Postoperative
Complications
No Complications
Preoperative
Postoperative
Complications
No Complications
Preoperative
Postoperative
Complications
No Complications
Preoperative
Postoperative
Complications
No Complications
Preoperative
Postoperative
Complications
No Complications

N

Average

SD

17
17
9
8
17
17
9
8
17
17
9
8
17
17
9
8
17
17
9
8
17
17
9
8

80.22
89.71
80.44
82.23
45.81
40.76
48.24
43.06
87.49
91.18
87.49
87.73
7.35
7.34
7.33
7.37
2.28
1.92
2.28
1.92
143.76
121.00
2.28
1.92

8.81
7.01
4.93
11.97
7.61
9.06
6.77
7.98
3.24
5.60
3.24
4.24
0.04
0.06
0.03
0.06
1.24
1.54
1.24
1.12
42.69
39.11
1.24
1.12

Δ
(post-pre)
(56.10-91.30)
(75.00-96.90)

95% CI
Min

+9.49

0.168
0.006

0.581
0.011

(93.00-254.00)
(80.00-225.00)

2.524
-1.364

-0.01

0.075
0.002
-0.091
-0.137

(1,00-5.70)
(0.60-4.10)

12.806
20.444

+3.69
-4.341
-8.855

(7.28-7.45)
(7.27-7.48)

9.260
0.985

-5.05
-2.442
4.097

(78.90-92.00)
(82.20-94.20)

0.005
-0.036

-0.36

-22.76

P (vs complications)
0.908
0.088

-8.296
-12.579
(29.90-59.90)
(29.90-45.80)

Max

0.244
0.042
-0.546
0.04372

1.991
2.130

-4.353
22.115

77.603
82.718

0.076
0.005
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to $30 000 (35,31).
Postoperative complication rate was 52.9% (n= 9 of 17)
but none related with surgery, except 2 cases of acute respiratory failure. In one of these, subjected to emergency
stabilization for an extended iatrogenic flail chest by an
external cardiac massage, the etiology referred to a diffuse
parenchymal injury. In the flail chest study arm, we observed a 17.6% mortality rate (n= 3 of 17), a slightly lower
occurrence than to those reported in the literature (34).
Extracortical surgical chest wall stabilization with K-wires
results in an early improvement of the respiratory parameters. As reported, in our experience we noticed a significant improvement in arterial blood gas parameters from
the third post-operative day (ΔpaO2 and ΔpCO2: +9.49
and -5.05, respectively) and the bivariate analysis demonstrated the complication rate correlates with the count of
postoperative blood gas metabolites rather than the preoperative ones; in other words, an early poor adaptation
and a lack of improvement of the aforesaid parameters are
predictors of postoperative morbidity.
Conclusion
Although these encouraging results, surgical indication
for the treatment of flail chest remains controversial and
debated due to both an inadequate training and the absence of comparative prospective studies between various
strategies. Nowadays, a gold standard technique is not still
present, resulting in a widespread fragmentation of experiences and results. Our technique for the surgical treatment of the anterior flail chest seems to be anachronistic
in an era of strong technological innovations. Despite this,
the aspects described, both in terms of technical features
and of outcome and benefits (health, economic), allow to
evaluate the effectiveness of this approach.
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