
 
 

 

 

Thesis 

Surgical Internal Fixation Versus Conservative Treatment By 
Mechanical Ventilation For Management Of Flail Chest 

Submitted in partial fulfillment of M.Sc. degree in 

General surgery 

 
By 

Tamer Eid Sayed Fouda 
M.B.B.Ch., Faculty of medicine, Cairo University 

Under Supervision of 

 

Prof. Dr. Ahmed Farag 
Prof. of General surgery, Faculty of medicine, Cairo University 

 
Prof. Dr. Ashraf Helal 

Prof. of Cardiothoracic surgery, Faculty of medicine, Cairo University 

 
 Dr. Ahmed Mohamed Hashem 

Lecturer of General surgery, Faculty of medicine, Cairo University 

 

Faculty of Medicine 
Cairo University 

2010 
 



 
 

 

 

ACKNOLEDGEMENT 

First and foremost, thanks God the most gracious and merciful. 

I would like to express my deep thanks to Professor Dr. Ashraf 
Helal, Professor of Cardiothoracic Surgery, Faculty of Medicine, 
Cairo University for his generous aid and supervision.  

I would also like to express my gratitude and respect towards 
Professor Dr. Ahmed Farag, Professor of General Surgery, Faculty 
of Medicine, Cairo University for his continuous encouragement in 
completing this work. 

Special thanks to Dr. Ahmed Hashem, Lecturer of General 
Surgery, Faculty of Medicine, Cairo University for his generous 
support and help. 

I wish to express my continuous appreciation and gratitude for 
Dr. Mohammed Aboeldahab, Assistant Professor of Cardiothoracic 
Surgery, Faculty of Medicine, Cairo University for his step by step 
guidance, generous aid and supervision. His advices were 
illuminating the way for this work. There are no words enough that 
can express my gratitude to him. 

I am also very grateful to Dr. Tarek Mohsen, Assistant 
Professor of Cardiothoracic Surgery, Faculty of Medicine, Cairo 
University for his generous heartily cooperation. His advices were 
the corner stone in the building up of this study. 



 
 

 

 
 
 
 
 
For a love, unconditional……. 

         For a support, undeterred……. 

               And for a trust, unfailing……. 

 

 

                   This work is dedicated to      

                                  my Mother and Father. 

 

In gratitude beyond limits and affection beyond words……. 



 
 

 

Title 

CONTENTS 
Page 

List of abbreviations i 
List of tables iii 
List of figures iv 
Abstract vii 
Introduction and the aim of work 1 

Review of literature: 5 
Chapter 1:  Movements and mechanism of respiration 6 
Chapter 2:  Fractures in the thoracic cavity  12 
Chapter 3:  Pathophysiology and diagnosis of paradoxical           
respiration 

17 

Chapter 4:  Different lines for management of flail chest 27 
Chapter 5:  The use of internal pneumatic fixation in  
                    the  treatment of flail chest 

35 

Chapter 6:  Operative measures and different techniques in 
surgical fixation of flail chest 

40 

Chapter 7:  Complications of flail chest 59 
Patients and methods 64 
Results  81 
Discussion 91 
Summary 103 
References 106 
Arabic summary 112 



 

i 
 

ICU 

LIST OF ABBREVIATIONS 
: Intensive Care Unit 

O : Oxygen 2 

CO : Carbon Dioxide 2 

C.T. : Computed Tomography 

3D : 3 Dimension 

PO : Partial Pressure Of Oxygen 2 

PCO : Partial Pressure Of Carbon Dioxide 2 

T : Thoracic 

mm : Millimeter 

ml : Milliliter 

IPPV : Intermittent Positive Pressure Ventilation  

IMV : Intermittent Mandatory Ventilation 

NIPPV : Non Invasive Positive Pressure Ventilation 

PEEP : Positive End Expiratory Pressure 

CPAP : Continuous Positive Airway Pressure 

BiPAP : Biphasic Positive Airway Pressure 

ARDS : Adult Respiratory Distress Syndrome 

K-wire : Kirschner Wire 

RR : Respiratory Rate 



 

ii 
 

ER : Emergency Room 

CVP : Central Venous Pressure 

DVT : Deep Venous Thrombosis 

ABGs    : Arterial Blood Gases 

P-value : Probability Value 

N.S                  : Non Significant 



 

iii 
 

Table 

LIST OF TABLES 

Title Page 

1 Pre-management data of 20 patients with traumatic flail 
chest on admission 

82 

2  Site and number of rib fractures in 20 patients with 
traumatic flail chest 

84 

3 Stability of the chest wall in 20 patients with traumatic 
flail chest after management 

86 

4 Blood gas analysis in 20 patients with traumatic flail 
chest 

87 

5 Post-management data in 20 patients with traumatic 
flail chest 
 

87 

6 Morbidity and mortality in 20 patients with traumatic flail 
chest after management 

88 

 

 

 

 

 

 

 

 

 



 

iv 
 

Figure  

LIST OF FIGURES 

                       Title                                                         Page  

    1 The bucket  handle movement in breathing            9 

2A-E      The flail segments classification                                        16  

3            Flail chest mechanics                                                         20 

4            Blunt chest trauma with left flail chest and ipsilateral         22  
              severe pulmonary contusion and post-traumatic  
              pneumothorax on the right side 
5A-F      Left posterolateral flail segment (4th-10th left ribs) and     25 

              a moderate underlying pulmonary contusion 

6            Patient positioning for an intercostal nerve block 32 

7            Stabilization of an anterior flail chest  46 

8A, B     Titanium osteosynthesis plates on sternum and left  47 

               anterior ribs 

9            Chest radiograph after positioning Kirschner pins  48 

10          Postoperative X-ray that pointed out the chest  49 

              stabilized with the 50 cm. long bar and the Judet devices 

11         Chest x-ray film showing pinned fractured ribs  50 

12         Diagram of technique of chest wall fixation with K wires 51 



 

v 
 

13         Diagram showing lateral flail fixed by the use of 51 

             slender stainless steel bars    

14         Surgical stabilization of severe flail chest using Judet  52 

             and Sanchez plates     

15          Surgical stabilization using reconstruction plates  53 

16          Steps 1 through 6 are repeated sequentially first on  54 

              one side and then on the other side of the fracture 

17          Chest roentgenograms made (A) preoperatively,  55 
              (B) immediately postoperatively, and (C) 1 year    
              postoperatively        
18A-E    Non-absorbable sutures are passed through the 57 

               superior border of the ribs, on each side of the 

               rib fracture 

19              CT chest with 3D reconstruction of the thoracic 70 

              cage showing fracture ribs 

20A-D   A case of anterior flail, midline skin incision was done  71 

             with doing pectoral flap for fixation of the ribs fractures 

             parasternally using plates and screws 

21A,B   A case of posterolateral flail, lateral thoracotomy was  72 

             done  

 



 

vi 
 

22        A case with lateral flail. Posterolateral thoracotomy was  73 

            done.  Fixation of the fractured ribs was done using  

            stainless steel wires and vicryl. 

23A,B  A case of lateral flail chest. Fixation was done using   75 

            plates and screws 

24A,B  A case of posterolateral flail chest.  75 
25        Ribs after fixation.                                                                76 
26        Chest X-ray showing the patient’s chest after fixation 77 
            using plates, screws and stainless steel wires 
27        Patient with anterior central flail.  78 
28        Diagram showing mean age of each group in this study       83 
29      Diagram showing the site and number of rib fractures in     85 
            each group 

30  Diagram showing the difference between the stability of  86 
            the fractures in both groups after management 
31            Diagram showing the difference between mean duration  
           of MV, ICU stay and hospital stay in both groups        88 
32           Diagram showing the difference between incidences  89 
            of morbidity and mortality in both groups 
 

 

 

 



 

vii 
 

The strategy for treatment of flail chest remains controversial. 
Debate between MV and surgical fixation persisted for years. 
Methodology: Twenty patients were randomized into two groups, 
group I: was managed by MV. Group II was treated by surgical 
internal fixation. In group I, age ranged from 18-65 with mean 34.4 ± 
13.38, while in group II age ranged from 21-69 with mean 44.2 ± 
19.46. We used plates for fixation together with screws and stainless 
steel wires with which we observed more stability than the mere use 
of wires or absorbable sutures alone. Results: There was no 
statistical significant difference as regards the age, sex, associated 
injuries in both groups, the stability gained one month after the 
trauma, but there was significant difference regarding the mean 
duration of mechanical ventilation, ICU stay and incidence of chest 
infection in both groups. There was no statistical significant 
difference between both groups regarding hospital stay, morbidity 
and mortality although it is lower in the surgical group. Conclusion: 
Surgical fixation is a successful treatment modality in patients with 
traumatic flail chest as it avoids long term mechanical ventilation, 
resulting chest infection and allows early discharge from ICU with 
less mortality. 

ABSTRACT 

Key words: flail chest, mechanical ventilation, surgical internal 
fixation. 
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Introduction: 
            Flail chest complicates about 10% to 20% of patients with 
blunt chest trauma and is associated with a mortality rate ranging 
from 10% to 35% [1, 2]. Decelerational thoracic injuries occur when 
an individual is moving forward and stops suddenly striking some 
part of the thorax against an obstacle that is either immobile or 
moving at a much lower velocity. Flail chest is included to the major, 
often life-threatening decelerational injuries along with sternal 
fracture serving as a marker of significant intrathoracic injury. It is 
generally agreed that the most common cause is traffic accidents [3]. 
            The management of severe flail chest has gradually changed 
over years, as a consequence of improved ventilatory techniques 
and better understanding of the pathophysiology of the complex 
traumatic acute respiratory failure syndrome. Internal pneumatic 
stabilization with mechanical ventilation is the standard treatment for 
patients with flail chest and respiratory failure, or when associated 
head and/or abdomen injuries require mechanical ventilation [1, 2]. 
Even though volume-limited ventilation has reduced mortality of 
patients with severe flail chest, ventilator-associated pneumonia 
often occurs after prolonged ventilation [2].  
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         The treatment of flail chest injuries has evolved over the last 4 
decades from immediate endotracheal intubation for at least 7–10 
days with a mandatory tracheostomy until there was no movement of 
the flail segment, to the present when every effort is made to provide 
good analgesia and avoid intubation [4]. In patients with isolated 
blunt chest trauma who have severe flail chest without significant 
pulmonary contusion, prolonged internal pneumatic stabilization is 
not suitable because of the risk of ventilator-related infectious 
complications. Moreover, mechanical ventilation is not always 
successful in preventing chest wall deformities that may result in a 
subsequent respiratory restrictive dysfunction [2, 5].   
         In patients with mild or no pulmonary contusions, early surgical 
stabilization (within few days of internal pneumatic stabilization) may 
result in shorter intensive care unit stay with lower morbidity and 
prevention of pulmonary restrictive complications resulting in working 
incapacity [2, 5]. Moreover, prolonged paradoxical motion of the 
chest wall before spontaneous stabilization occurs can lead to 
additional mechanical impact on the contused lung area by the flail 
segment. Furthermore, the broken rib tips may disrupt the lung 
parenchyma [6]. This is because fractured ribs treated conservatively 
undergo progressive displacement during the healing phase, which 
results in considerable deformity, volume loss, and atelectasis. 
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Endotracheal intubation and ventilation may not be able to prevent 
rib cage distortion [6]. Early surgical stabilization can prevent 
additional injury as well as promote earlier weaning from the 
ventilator [4]. 

          The primary end point for this clinical situation is the 
prevention of late chest restriction due to an anatomically deformed 
spontaneous stabilization.  Surgical stabilization of a flail chest is 
also mandatory when the trauma patient is undergoing a 
thoracotomy for associated thoracic lesions. In this situation, chest 
wall stabilization does not add significant surgical morbidity [2]. 

Aim of work: 

         Although surgical management of patients with severe flail 
chest is at present controversial, we think that surgical stabilization is 
strongly indicated in specific clinical situations regarding reduction in 
morbidity and mortality, ICU stay, hospital stay, and the early return 
of the patient to work. The aim of this study is to compare two 
methods used for stabilization of the chest wall: the conservative 
method by mechanical ventilation and the method of surgical fixation 
of the flail segment. Through a prospective comparative study, the 
early results and the results at one month after trauma of both 
modalities of treatment will be compared together with their effect on  
 morbidity and mortality.


