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Abstract 

10%-15% of all trauma events will present thoracic trauma [2]. Chest wall trauma is becoming more 
and more significant due to the rising number traffic accidents [4, 5]. This condition usually features flail chest, 
deformation of the chest wall with rib disposition, comminution fractures of the ribs or sternum, incidents 
which ultimately determine a retraction of the thorax and incapacity [6, 7]. The purpose of this paper is to 
review available literature about rib fracture treatment. A systematic review of randomized-controlled trials 
that compared surgical management of broken ribs against conservative treatment was conducted. Study 
identification was performed through PubMed, Trip Database and Medscape. Titles and abstracts of all 
matching keywords were screened for relevance prior inclusion. 1380 publications were screened in order to 
perform our study.  After excluding records that did not meet language and eligibility criteria, only 4 full texts 
remained. A total of 431 patients were pooled for analysis. 205 (47%) received surgical treatment and 226 
(53%) were treated using conservative methods. The age mean was 46.33 years in the surgical group and 
47.66 years in the conservative group. Surgically treated patients presented 6.3 fractured ribs (mean), while 
conservative treated patients 5.95 fractured ribs (mean). Pulmonary contusions were present in 90 operated 
patients and in 103 conservative treated patients. Thoracic deformity was noted in 71 patients treated 
surgically and in 94 non-surgically treated patients. The surgical group spent 5.62 days (mean) on mechanical 
ventilation and 8.19 days (mean) in the ICU, while the conservative group spent 7.66 days (mean) on 
mechanical ventilation and 10.14 days (mean) in the ICU. Hospital stay was shorter for surgically treated 
patients 16.09 days (mean) compared to 19.47 days (mean) for conservative treated patients. Pneumonia 
rates were also lower in the surgical group (32 patients developed pneumonia compared to the 53 patients in 
the other group). In terms of mortality, 10 patients died: 3 that received surgery and 7 that received 
conservative treatment. Although a relatively small number of patients were included in this study, the above 
results still raise the question of whether surgical intervention or conservative treatment provides the best 
outcomes (both short and long-term) of patients. Indications for operative management of fractured ribs are 
still shrouded in controversies, and challenges. Further research is required in this domain in order to properly 
establish a guideline regarding patient selection, stabilization method and outcome. 
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INTRODUCTION. 

 Nowadays trauma has become one of the main 

causes of death around the globe [1]. According to Eurostat 

statistics, in 2016 3.2% of all deaths were linked to various 

accidents. In the European Union young people are 

predisposed to be involved in road accidents, while older 

generations are more likely to suffer some kind of accident 

at home [2].   

10%-15% of all trauma events will present 

thoracic trauma [2,3].  Chest wall trauma is becoming more 

and more significant due to the rising number traffic  
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accidents [4,5]. This condition usually features flail chest, 

deformation of the chest wall with rib disposition, 

comminution fractures of the ribs or sternum, incidents 

which ultimately determine a retraction of the thorax and 

incapacity [6, 7].  

Thoracic trauma assessment includes all the usual 

exams and studies required in a major trauma patient 

(including blood gas). The exploration of choice is the CT 

scan, especially with 3D reconstruction. Laboratory results 

help in the process of monitoring the patients for imminent 

respiratory failure [12, 14]. 

Rib fractures can be caused due to sport 

activities, falls, blunt force trauma, non-accidental injury, 

severe coughing, cardiopulmonary resuscitation maneuvers 

or bone tumors. The more broken ribs a person presents, 

the more likely increased morbidity and mortality are likely 

to occur [41].The most frequently fractured ribs are the 

ones between the 4th and the 9th ribs. Fractures of the first 

two ribs are the result of a powerful trauma by which 

concomitant major vessel lesions or neurological injuries 

are mundane. Upper rib fractures favor direct penetration of 

the lung parenchyma while lower rib fractures favor pleura 

or the abdominal organs [8, 9, 10, 11]. 

Flail chest is a post- traumatic medical condition 

in which 3 or more ribs are fractured at least in 2 locations 

and a section of the chest wall moves independently of the 

rest of the thorax.  It interferes with respiratory physiology 

and can lead to an unfavorable evolution [12]. Flail chest 

can be classified as: anterior (associated with sternum 

pathology, with fracture foci concerning only the bone 

component or the bilateral costochondral joints); lateral or 

anterolateral (with fracture foci regarding both the bone and 

cartilage matrix of the ribs); and posterior or poster lateral 

[13]. 

The purpose of this paper is to review available 

literature about rib fracture treatment focusing on whether 

surgical approach provides better results compared to 

conservative management.  

 

MATHERIALS AND METHODS: 

A systematic review of randomized-controlled 

trials that compared surgical management of broken ribs 

against conservative treatment was conducted. Research 

was performed through PubMed, Trip Database and 

Medscape. Titles and abstracts of all matching keywords 

were screened for relevance prior inclusion.  

 The Centre for Reviews and Dissemination [46] 

recommendations were utilized in order to perform this 

study.  

Eligibility criteria 

 The studies fulfilled the following criteria: 

Target population: adult patients who had 

suffered traumatic fractures of the ribs, with or without flail 

chest.  

Intervention: any surgical procedure performed 

on the patients in order to stabilize the rib fractures.  

Comparator: any type of surgical fixation and 

conservative treatment.  

Outcome: duration of ICU stay, ventilator 

support, pneumonia rate and total length of hospitalization.  

Literature search 

Inclusion: Papers published between 2015 - 

2019 comparing surgical management in adults with rib 

fractures with conservative treatment were included in this 

study.  

Exclusion:  Studies that were written in a 

language other than English and Romanian 

Search Strategy:  

PubMed and Medscape were searched using “rib 

fracture”, “rib fractures” AND “surgery”, “surgical 

fixation”, “ostheosynthesis”  

Trip Database was searched using “surgical 

management rib fracture randomized controlled trials” 

AND“randomized controlled trials comparing rib fracture 

management” 

1380 publications were retrieved. After removing 

the duplicates we obtained 26 papers.  After applying the 

exclusion and eligibility criteria only 4 full texts papers 

remain. [47,48,49,50] 

 

RESULTS: 

The data regarding the patients, diagnosis, 

number of days spent in the hospital and in intensive care, 

mortality rate and treatment are presented in table I, II.  

A total of 431 patients were pooled for analysis. 

205 (47%) received surgical treatment and 226 (53%) were 

treated using conservative methods. Surgical approach 

included one of the following methods of rib fracture 

stabilization: Synthes MatrixRIB fixation system, AO 

standard 3.5 mm reconstruction plates and chancellors 

screws and nickel titanium alloy devices.  
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Table I. The data regarding the patients, diagnosis,  the hospital stay, mortality rate and treatment 

  Liu T et al [50] Meiguang Qiu et al [49] Wei-Ming Wu et al[48] Jaclyn Farquhar et al 

[47] 

 

Number of 

patients  

N = 50 N = 162 N = 164 N = 55 

Surgery No surgery Surgery no surgery Surgery no surgery Surgery no surgery 

25 25 86 76 75 89 19 36 

Gender (M/F) N/A N/A 61M: 2 F 54M:22 F  75 M:0F 89M:0F 15M:4F 25M:11F 

Age(years) N/A N/A 37.19±12.4 35.96±13.03 52 ± 4.5 51 ± 3.1 53.1 ± 

14.3 

56.5 ± 15.9 

Presence of 

pulmonary 

contusion (N 

pts) 

N/A N/A N/A N/A 71 82  19 21   

Thoracic 

deformity (N 

pts) 

2 9 3 with flail 

chest 

11 with flail 

chest 

67 77 N/A N/A 

Mechanical 

Ventilation 

(days, mean) 

7±4 days 9±5 days 5.71 ± 1.35 

days for 

patients with 

flail chest 

9.06 ± 3.58 

days for 

patients with 

flail chest 

3.7 ± 1.4 

days 

9.5 ± 4.3 

days 

6.1 ± 

5.9days 

3.1 ± 5.5 

days 

ICU stay 

(mean) 

10± 5days 12±6 days 7.19 ± 1.67da

ys for 

patients with 

flail chest 

10.29 ± 2.31 

days for 

patients with 

flail chest 

8.2 ± 

4.3days 

14.6 ± 

3.2days  

7.4 ± 

6.7days 

3.7 ± 6.0 

days 

Hospital 

stay(mean) 

N/A N/A 11.09 ± 1.88 

days  without 

flail chest 

15.93 ± 2.75 

days  without 

flail chest 

15.3 ±6.4 

days 

26.5 ± 6.9 

days 

21.9 ±13.2 

days 

16.0 ± 12.1 

days 

Pneumonia (N 

pts) 

12 20  3 without 

flail chest 

10  without 

flail chest 

5 17  N/A N/A 

Tracheostomy 

(N pts) 

N/A N/A 2 with flail 

chest 

8 with flail 

chest 

4 7 N/A N/A 
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Mortality 

(N pts) 

N/A N/A 1 flail chest 2  flail chest 1 4 1 1  

 

 

Table II 

Pooled analysis obtained from the 4 studies is portrayed in table 2.  

 

 Surgically treated patients Conservative treated 

patients 

Sex 46 male,33 female 79 male: 33 female  

Age mean(years) 46.33  47.66  

Nr. of fractured ribs 

(mean) 

6.3  5.95 

Presence of 

pulmonary 

contusion(number of 

patients) 

90  103  

Thoracic 

deformity(number of 

patients) 

71 94  

Mechanical 

Ventilation(mean 

number of days) 

5.62  7.66  

ICU stay (mean 

number of days ) 

8.19  10.14  

Hospital stay(mean 

number of days) 

16.09  19.47  

Pneumonia (number 

of patients) 

32  53  

Mortality (number of 

patients) 

3  7  

 

 

The most common causes of trauma described in 

the studies were road accidents, followed by falls and 

assault. Rib fractures are a frequent pathology after a 

traumatic event.  

Male patients seem to be commonly affected by 

thoracic trauma. The youngest patient involved in this 

study was 18 years old and the oldest 72.   

Patients who suffered pulmonary contusions 

spent almost the same period in ICU and on mechanical 

ventilation whether they were operated or received medical 

treatment. Patients that received surgical treatment spent 

less days on the ICU ward, were weaned faster from 

mechanical ventilation and had a lower pneumonia rate 

than patients that received conservative treatment.   

Drăgan I et al 



Volume 16 • Issue 2 • 1 

Volume 16 • Issue 3 • 1 
J Surgery, an open access journal 

ISSN: 1584-9341 

 

 

 

We also noted that after the intervention the 

patients left their bed earlier than the patients who did not 

suffer a surgical procedure - this helps with the restoration 

of the damaged lungs and avoids pulmonary complications. 

 

DISCUSSION:  
Surgical indication for rib fractures remains even 

today a controverted subject. It focuses on the full 

restoration of the integrity of the thoracic wall and aims to 

improve the physiological and social alterations that 

progress after rib fractures.   

The vast majority of trauma surgeons have 

neither executed nor observed a surgical intervention for rib 

fracture are not familiar with surgical indications and 

available literature.   

Rib fracture management includes appropriate 

ventilation, fluid therapy, pain management and 

management of the paradoxical movements of the thoracic 

wall. Internal stabilization achieved through mechanical 

ventilation has been proven lucrative in complicated cases 

[16] . 

Older methods of treating flail chest are 

represented by external traction and external stabilization. 

External traction is based on perpendicular traction of the 

fractured ribs to tie-rods. One of the primeval external 

stabilization methods implies strapping adhesive tape on to 

the chest wall or strapping and pressing sandbags on the 

thorax [17, 8].  

Some surgeons (Hagen, Elkin) [26, 27] sutured 

the fractures either with metal wires or sutures, while others 

conceived different plates to stabilize the chest [29, 30]. 

Kirschner described introduction of metal pins in the 

central cavity of ribs. Labitzke [31], Judet [32] and Sanchez 

[38] described plates which are based on the principle of 

grasping the soft bone of the ribs with flat hooks instead of 

relying on screws. Strasbourg thoracic osteosynthesis 

system is a system based on the same fixation mechanism 

as the Judet plate and includes bars that can be connected to 

the plates to bridge or suspend thoracic wall segments [28]. 

Osteosynthesis with titanium components has replaced steel 

due to the low friction coefficient and the high corrosion-

thermal-mechanical resistance, despite their low density. 

There are many types of plaques and their application 

methods s are assorted [13]. Absorbable plates agreeable 

for rib stabilization made from poly-L-lactide are 

conceived to dissolve within 18–24 months [35].  

Vacuum Assisted Closure®-is a new noninvasive 

method based on negative pressure in order to treat flail 

chest. Pieces of open-cell foam are applied externally and 

the entire damaged area is covered with a transparent 

adhesive membrane to a vacuum source. [20] 

Using surgical stabilization of rib fractures is 

starting to increase, although criteria necessary for 

intervention is still debated. Less than 1% of patients with 

flail chest undergo surgery. Fracture stabilization of rib 

fractures provides many short term benefits (less time spent 

in the ICU, less time on mechanical ventilation, shorter 

period of hospitalization, less pulmonary complications and 

smaller mortality rates), but no studies highlight long term 

effect [42, 43, 44]. 

 Should we stabilize one or both sides of a flail 

segment? Is fixation of every other broken rib as effective 

as stabilization of every fracture? Should we commonly 

omit certain ribs from the need to surgically mend?  

The first two ribs do not play a great role in the 

respiratory function and are laborious to expose when a 

surgical stabilization method is performed. In a similar 

fashion, free floating ribs situated very low do not 

command reconstruction. Selective stabilization is more 

rapid, straightforward, cheaper, and sometimes less 

invasive. This is a chapter that has not been scientifically 

addressed and further study is adamant [37, 38, 39, 40].  

 Although enrolled patients in our pool analysis 

represented a relatively small sample size and the 

investigated parameters were not completely consistent in 

all 4 studies, we were able to find the following:  

 male patients seem to be more prone to thoracic 

trauma and rib fractures rather than female 

patients, 

 recovery rate and time depend most on the 

severity of the sustained lesions, 

 patients that present a larger number of fractured 

ribs are more liable to receive surgical treatment 

than patients with less fractured ribs, 

 when pulmonary contusions are associated to rib 

fractures the amount of time spent in ICU is 

almost the same whether patients received 

fixation surgery or medical treatment, 

 Patients in the surgical groups seem to be weaned 

faster from mechanical ventilation, leave their 

bed earlier, present lower pneumonia and 

mortality rates and leave the hospital faster. 

 Three of the four studies involved in this analysis 

[48, 49, 50], suggest that surgical treatment of rib fractures 

brings substantial differences to a patient’s evolution, while 

the other paper suggests the contrary. The pooled analysis 

advocates in favor of surgical management of rib fractures.  
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 Available literature does not provide clinical 

randomized-controlled trials comparing which 

osteofixation method is better. Also, clinical trials that 

compare different surgical methods used to treat the same 

injury are deficient.  Further research is required in this 

domain in order to properly establish a guideline regarding 

patient selection, stabilization method and outcome.  

 

CONCLUSIONS. 

There is a  relatively small number of patients 

included in this study, the results still raise the question of 

whether surgical intervention or conservative treatment 

provides the best outcomes (both short and long-term) of 

patients.  

Surgical management of fractured ribs may 

provide some critical care advantages in the critical care of 

severe multiple trauma patients, including using less 

medical resources and smaller risk of respiratory 

complications. Further well-designed studies with a 

sufficient sample size are required to confirm these results 

and to establish a possible advantage also   in decreasing 

mortality. 

Indications for operative management of 

fractured ribs are still shrouded in controversies, and 

challenges. Further research is required in this domain in 

order to properly establish a guideline regarding patient 

selection, stabilization method and outcome.  

We consider that treating fractured ribs requires a 

team approach and that a favorable évolution of the patient 

requires attachment to the principles of orthopedic 

instrumentation, minimal tissue stripping, protecting the 

intercostal muscles, pleura and lung tissue, and adequate 

management of pain.  

 

Conflict of Interest. Authors have no conflict of 

interest to disclose 

REFERENCES: 

 

1.DiMaggio C, Ayoung-Chee P, Shinseki M, et al. 

Traumatic injury in the United States: In-patient 

epidemiology 2000-2011.Injury. 2016 Jul; 47(7):1393-403. 

2. Zhang S, Tang M, Ma J, Yang J, Qin X, Jin W, Qian J, 

Li F, Cheng Y, Chen H. Thoracic trauma: a descriptive 

review of 4168 consecutive cases in East China.Medicine 

(Baltimore). 2019 Apr; 98(14):e14993. 

3.Shields, Thomas W.; LoCicero, Joseph; Ponn, Ronald B.; 

Rusch, Valerie W. General Thoracic Surgery, 6th Edition 

2005 Lippincott Williams & Wilkins 

4. Cohen EA. Treatment of the flail chest by towel clip 

traction. Am J Surg. 1955; 90:517–521. doi: 10.1016/0002-

9610(55)90790-X. 

5.  Hudson TR, McElvenny RT, Head JR. Chest wall 

stabilization by soft tissue traction: a new 

method. JAMA. 1954;156:768–769 

6.  Coleman FP, Coleman CL. Fracture of ribs: a logical 

treatment. Surg Gynecol Obstet. 1950; 90(2):129–134. 

7. Crutcher RR, Nolen TM. Multiple rib fracture with 

instability of chest w+all. J Thorac Surg. 1956; 32:15–21. 

8. Shorr R.M., Crittenden M., Indeck M., Hartunian S.L., 

Rodriguez A.. Blunt thoracic trauma: Analysis of 515 

patients, Ann Surg, 1987, vol. 206 (pg. 200-205). 

9. Harris G.J., Soper R.T. Pediatric first rib fractures, J 

Trauma, 1990, vol. 30 (pg. 343-345) 

10. Bulger E.M., Arneson M.A., Mock C.N., Jurkovich 

G.J.. Rib fractures in elderly, J 

Trauma, 2000, vol. 48 (pg. 1040-1046) 

11. Demirhan R, Onan B, Oz K, et al. Comprehensive 

analysis of 4205 patients with chest trauma: a 10- year 

experience. Interact Cardiovasc Thorac Surg. 2009 Sep;9 

(3):450-3 

12. Perera TB, King KC. Flail Chest-. Source: Stat Pearls 

[Internet]. Treasure Island (FL): Stat Pearls Publishing; 

2019 Nov 29. 

13. Crisci, Roberto & Divisi, Duilio.). Chest wall surgical 

stabilization after thoracic trauma: indications and 

techniques. Shanghai Chest. 2017 1. 5-5. 

10.21037/shc.2017.05.04. 

14. Chardoli M, Hasan-Ghaliaee T, Akbari H, Rahimi-

Movaghar V. Accuracy of chest radiography versus chest 

computed tomography in hemodynamically stable patients 

with blunt chest trauma. Chin. J. Traumatol. 2013;16 

(6):351-4. 

15. Balci AE, Ozalp K, Duran M, Ayan E, Vuraloğlu S. 

[Flail chest due to blunt trauma: clinical features and 

factors affecting prognosis]. Ulus Travma Acil Cerrahi 

Derg. 2004, Apr;10(2):1029. 

16. Nishiumi N, Fujimori S, Katoh N, Iwasaki M, Inokuchi 

S, Inoue H. Treatment with internal pneumatic stabilization 

for anterior flail chest. Tokai J. Exp. Clin. Med. 200,7 Dec 

20;32(4):126 30.  

17. Heroy WW, Eggleston FC. A method of skeletal 

traction applied through the sternum in “steering wheel 

injuries of the chest.” Ann Surg. 1951; 133:127. 

18. Berry F. Treatment of injuries to the chest. Am J Surg. 

1941;5 4:280. 

19. Schrire T. Control of the crushed chest: the use of the 

“Cape Town Limpet.” Dis Chest. 1963; 44:141–5. 

20. Cristian Paleru, L Marinescu, V Popescu. Non-

operative external fixation of flail chest using vacuum-

assisted therapy, Interactive CardioVascular and Thoracic 

Surgery, Volume 25, Issue suppl_1, October 2017, 

ivx280.227, https://doi.org/10.1093/icvts/ivx280.227 

Drăgan I et al 

https://www.ncbi.nlm.nih.gov/pubmed?term=Perera%25252520TB%2525255BAuthor%2525255D&cauthor=true&cauthor_uid=30475563
https://www.ncbi.nlm.nih.gov/pubmed?term=King%25252520KC%2525255BAuthor%2525255D&cauthor=true&cauthor_uid=30475563
https://doi.org/10.1093/icvts/ivx280.227


Volume 16 • Issue 2 • 1 

Volume 16 • Issue 3 • 1 
J Surgery, an open access journal 

ISSN: 1584-9341 

 

 

 

21.  Marcheix B, Brouchet L, Renaud C, et al. Technique 

de l’ostéosynthèse costale. Encycl Méd Chir (Elsevier, 

Paris), Techniques chirurgicales – Thorax 2005, 42-473, , 

11 p. 

22. Ahmed Z, Mohyuddin Z. Management of flail chest 

injury: internal fxation versus endotracheal intubation and 

ventilation. J Thorac Cardiovasc Surg 1995;110 (6):1676-

80 

23. Fitzpatrick, D.C., Denard, P.J., Phelan, D., Long, W.B., 

Madey, S.M., & Bottlang, M. Operative stabilization of 

flail chest injuries: review of literature and fixation 

options. European Journal of Trauma and Emergency 

Surgery. (2010). 

24. Borrelly J, Grosdidier G, Wack B. Traitement 

chirurgical de l’instabilité pariétale thoracique par l’atelle-

agrafe à glissière (AAG). Rev Chir Orthop 1985;71:241-50 

25. Borrelly J, Aazami MH. New insights into 

pathophysiology of fail segment: the implications of 

anterior serratus muscle in parietal failure. Eur J 

Cardiothorac Surg 2005; 28:742-9 

26. Elkin D, Cooper F. Thoracic injuries: review of cases. 

Surg Gynec Obstet. 1943; 72:271. 

27. Hagen K. Multiple rib fractures treated with a drinker 

respirator: a case report. JBJS Am. 1945; 27(2):330–4. 

28. Bemelman M, Poeze M, Blokhuis TJ, Leenen 

LP.Historic overview of treatment techniques for rib 

fractures and flail chest. Eur J Trauma Emerg Surg. 2010 

Oct;36(5):407-15. doi: 10.1007/s00068-010-0046-5. Epub 

2010 Sep 23.   

29. Sillar W. The crushed chest. JBJS. 1961; 43B(4):738–

45. 

30. Paris F, Tarazona V, Blasco E, Canto A, Casillas M, 

Pastor J, Paris M, Montero R. Surgical stabilization of 

traumatic flail chest. Thorax. 1975; 30:521–7. 

31. Labitzke R, Schmit-Neuerburg K, Schramm G. 

Indikation zur thoracotomie und rippenstabilisierung beim 

thoraxtrauma im hohen lebensalter. Chirurg. 1980;51:567–

80. 

32. Judet R. Osteosynthese costale. Rev Chir Orthop. 1973; 

59(1):334–5. 

33. Sanchez-Lloret J, Letang E, Calleja MA, Canalis E. 

Indication and surgical treatment of the traumatic flail chest 

syndrome: an original technique. Thorac Cardiovasc Surg. 

1982; 30:294–7. 

34. Menard A, Testart J, Philippe JM, et al. Treatment of 

flail chest with Judet’s struts. J Thorac Cardiovasc Surg 

1983;86:300 -5 

35. Marasco SF, Sutalo ID, Bui AV. Mode of failure of rib 

fixation with absorbable plates: a clinical and numerical 

modeling study. J Trauma 2010;68: 1225-33. 

36. Mitchell JD. Blunt chest trauma: is there a place for rib 

stabilization? J Thorac Dis 2017;9 (Suppl 3):S211-S217. 

doi: 10.21037/jtd.2017.04.05 

37.Pieracci FM, Majercik S, Ali-Osman F, et al. Consensus 

statement: Surgical stabilization of rib fractures rib fracture 

colloquium clinical practice guidelines. Injury 2017;48: 

307-21.  

38. Mayberry J. Surgical stabilization of severe rib 

fractures: Several caveats. J Trauma Acute Care Surg 2015; 

79:515.  

39. Marasco S, Liew S, Edwards E, et al. Analysis of bone 

healing in flail chest injury: do we need to fix both 

fractures per rib? J Trauma Acute Care Surg 2014; 77:452-

8. 

40. Bhatnagar A, Mayberry J, Nirula R. Rib fracture 

fixation for flail chest: what is the benefit? J Am Coll Surg 

2012; 215:201-5. 

41. https://bestpractice.bmj.com/topics/en-

us/1009/pdf/1009.pdf 

42. Marasco SF, Martin K, Niggemeyer L, Summerhayes 

R, Fitzgerald M, Bailey M. Impact of rib fixation on quality 

of life after major trauma with multiple rib fractures.Injury. 

2019 Jan;50(1):119-124. doi: 10.1016/j.injury.2018.11.005. 

Epub 2018 Nov 3.   

43 Pieracci, Fredric M. et al. Consensus statement: Surgical 

stabilization of rib fractures rib fracture colloquium clinical 

practice guidelines. Injury, 2016,Volume 48, Issue 2, 307 – 

321 https://www.injuryjournal.com/article/S0020-

1383(16)30766-5/pdf 

44. Balci AE, Eren S, Cakir O, Eren MN Asian Open 

fixation in flail chest: review of 64 patients. Cardiovasc 

Thorac Ann. 2004 Mar; 12(1):11-5. 

45. Qiu M, Shi Z, Xiao J, Zhang X, Ling S, Ling H. 

Potential Benefits of Rib Fracture Fixation in Patients with 

Flail Chest and Multiple Non-flail Rib Fractures. Indian J 

Surg. 2016;78(6):458–463. doi:10.1007/s12262-015-1409-

2 

46. Centre for Reviews and Dissemination. Systematic 

Reviews - CRD’s guidance for undertaking reviews in 

health care: York Publishing Services, 2009 

47. Farquhar J, Almarhabi Y, Slobogean G, et al. No 

benefit to surgical fixation of flail chest injuries compared 

with modern comprehensive management: results of a 

retrospective cohort study [published correction appears in 

Can J Surg. 2017 Feb; 60(1):7. Almahrabi, Y [corrected to 

Almarhabi, Y]]. Can J Surg. 2016; 59(5):299–303. 

doi:10.1503/cjs.000515 

48. Wu WM, Yang Y, Gao ZL, Zhao TC, He WW. Which 

is better to multiple rib fractures, surgical treatment or 

conservative treatment?. Int J Clin Exp Med. 

2015;8(5):7930–7936. Published 2015 May 15. 

The “how” and the “why” of rib fracture stabilization- a literature review 

https://bestpractice.bmj.com/topics/en-us/1009/pdf/1009.pdf
https://bestpractice.bmj.com/topics/en-us/1009/pdf/1009.pdf
https://www.injuryjournal.com/article/S0020-1383(16)30766-5/pdf
https://www.injuryjournal.com/article/S0020-1383(16)30766-5/pdf


Volume 16 • Issue 2 • 1 

Volume 16 • Issue 3 • 1 
J Surgery, an open access journal 

ISSN: 1584-9341 

 

 

 

49.  Qiu M, Shi Z, Xiao J, Zhang X, Ling S, Ling H. 

Potential Benefits of Rib Fracture Fixation in Patients with 

Flail Chest and Multiple Non-flail Rib Fractures. Indian J 

Surg. 2016;78(6):458–463. doi:10.1007/s12262-015-1409-

2 

50. Liu T, Liu P, Chen J, Xie J, Yang F, Liao Y. A 

Randomized Controlled Trial of Surgical Rib Fixation in 

Polytrauma Patients With Flail Chest.J Surg Res. 2019 Oct; 

242 :223-230. doi: 10.1016/j.jss.2019.04.005. Epub 2019 

May 14. 

51. Schuurmans J, Goslings JC, Schepers T. Operative 

management versus non-operative management of rib 

fractures in flail chest injuries: a systematic review. Eur J 

Trauma Emerg Surg. 2017;43(2):163–168. 

doi:10.1007/s0006 

Drăgan I et al 


