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Rib fractures

The treatment of rib fractures associated with blunt chest 
wall trauma is still commonly conservative. However, 
conservative management can be associated with 
complications in the acute phase following the trauma, 
due to its duration or to its inefficacity (1,2). Most usual 
complications consisted of infections and prolonged 
respiratory failure, leading to extended hospitalization 
and high mortality rate. It should be mentioned that 
mortality rate is not only associated with the thorax 
trauma itself but is also strongly dependent on other 
injuries, age and comorbidities. Several reports have 
shown that conservatively treated rib fractures can often 
be accompanied by impairment of the daily activity and 
of the quality of life, due to persistent pain or chest wall 
deformity, fracture nonunion, chest tightness (1-3). 
Bhatnagar observed a loss of an average of 70 days of work 
during recovery after conservative therapy of flail chest (2), 
Landerscaper described a long-term disability in up to 60% 
of the patients (3). In the last years, an increasing interest 
for stabilization of the chest wall in flail chest patients or 
for rib fixation has considerably raised. This was underlined 
by the development of new surgical fixation devices and the 
creation of several courses on chest wall surgery in order to 
make the indications and the techniques more familiar to 
the surgical community. This is a very important point since 
rib fractures are still often banalised and their long-term 
consequences underestimated. Indeed, many surgeons do 
not pay much attention on rib fractures and are unfamiliar 

with the indications and fixation techniques. Moreover, 
the level of evidence of the published data is relatively low, 
due to the heterogeneity of the indications for surgery, of 
the techniques used, and to the relatively small number of 
patients included. An often mentioned argument in favor 
of conservative management of rib fractures is the absence 
of solid data from prospective, randomized trials showing 
clear advantages for the patients after surgical fixation. The 
question is: do we really need such prospective randomized 
trials? I think it is not necessary because there are data from 
small prospective randomized trials, systematic reviews 
and meta-analysis or from other monocentric studies 
showing that early stabilization in flail chest can improve 
incidence of pneumonia, need for tracheostomy, duration 
of intubation, length of intensive care unit and hospital stay 
in comparison with conservative therapy (4-12). Moreover, 
for a surgeon who is experienced with the procedure and 
who is convinced of the potential positive results of the 
operation in selected patients with flail chest, the process 
of randomization would probably be not possible in 
many cases. Figure 1 gives an example of such a situation. 
A prospective, randomized study should include all the 
patients with flail chest potentially operable after exclusion 
criteria. For me, it would be impossible to randomize the 
young woman described in figure 1 and to risk offering 
her a prolonged conservative therapy. It is anyway true 
that there is a lack of solid data regarding the long-term 
results on functional outcome, pain control, quality of life, 
and survival. Such analysis could be assessed by comparing 
the results of large experienced centers treating the 
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patients either conservatively or surgically rather than by 
a prospective randomized study design. Some prospective 
monocentric studies have described a positive long-term 
outcome after rib fixation in patients with flail chest with 
a return to work rate at 2 months of 100% with a 95% to 
100% working capacity, no restriction in lung function 
test at 6 months (13,14). Majercik observed no residual 
pain after fixation already 5.4 weeks postoperatively with a 
mean satisfaction score of 9.2 on visual scala (10). A recent 
retrospective single institution study with an acceptable 
number of included patients showed a statistically significant 
proportion of patients with less pain and a return to normal 
activity after operative management than after conservative 
therapy (15).

The selection of the patients who should undergo rib 
fixation is an extremely important step. This selection 
requires a well-established cooperation between emergency 
station, traumatology, and thoracic surgery units. It is 
a considerable advantage if thoracic surgeons are early 
involved, due to the relatively high incidence of associated 
intrathoracic injuries but also to reach a rapid consensus 
immediately at admission at the emergency unit or latest at 
the intensive care unit. In most of the cases, the situation 

will be discussed 1 or 2 days after admission again. An 
interdisciplinary plan of the management of the patients 
should be given, according to the associated injuries. 
Regarding to the indications to surgical stabilization of 
the chest wall or to rib fixation, 5 situations can be pointed 
out (Figure 2). First, patients with flail chest presenting 
with associated thoracic injuries requiring immediate 
surgery (haemothorax with persistent bleeding and 
hemodynamically instable patient, diaphragm or heart 
injuries). Second, patients with severe flail chest (mostly 
antero-lateral) with respiratory failure but without cerebral 
injuries require a prolonged intubation time. These patients 
should be operated as soon as possible if severe lung 
contusion (from 30% of the lung) is absent. We should 
be aware that the complete extension of lung contusion 
is mostly visible about 2 days after trauma, which usually 
leads to renew chest CT. This group of patients should 
be operated as soon as possible, generally 2 or 3 days  
after admission to avoid pneumonia, which could ruin 
the potential advantages of the operation. In most of the 
cases (90%), extubation is possible immediately after 
operation or in the first 24 hours (1). If extended lung 
contusion is present, early operation should be avoided, 

Figure 1 A 35-year-old woman (farmer) after stump trauma (accident with a bull). (A) Chest X-ray showing bilateral dislocated rib fractures; 
(B) chest CT-scan with complicated multiple plurifragmentary rib fractures without extended lung contusion; (C) intraoperative situs 
showing the complexity of the fractures with instability and impaction of the chest wall.
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since complication rate is high and the patients can not 
benefit from the operation in term of early mobilisation (16).  
A special absolute indication for stabilization in this 
subgroup consists of patients presenting with bilateral 
parasternal fractures (costochondral separation), often 
resulting from cardiac reanimation. The sternum itself is 
the instable segment of the chest wall. A third indication 
consists of patients with severe flail chest with extended 
lung contusion requiring prolonged intubation. These 
patients can be operated later (often after 2, 3 weeks) if 
the weaning procedure is difficult. A fourth indication is 
observed in patients without initial respiratory failure. Most 
of these patients have been transferred on the normal ward 
with an adapted pain therapy. After a few days to 10 days, 

a progressive shrinkage of the chest wall is observed with 
increase of pain or respiratory failure. 

In the last years, indication for rib fixation was also 
extended in selected patients without flail chest. These 
patients suffer from multiple dislocated and painful rib 
fractures. Small series recently published suggest that 
patients benefit from the rib fixation in terms of pain 
control and functional results but there is no long-term 
outcome in these articles (7,14,15). Again, I also think 
that there is no absolute need for prospective randomized 
studies comparing conservative with surgical therapy in this 
subgroup of patients. The true question is not any more 
if a treatment is superior to the other one but to be able 
to select patients who can benefit from an operation. It is 

Figure 2 Indications for chest wall stabilization and rib fixation in selected patients.

Flail chest Dislocated series of fractures 

1. Associated thoracic 
injuries requiring emergency 
operation

4. No initial respiratory failure, 
patient on the normal ward

→progressive shrinkage of the 
chest wall with pain and possible 
respiratory failure (often after a few 
days)
→stabilization as soon as possible

5. Very early rib fixation in selected 
patients or after unsatisfactory 
conservative pain therapy (often 
after 5 to 7 days after admission) 

Initial respiratory failure, patient 
at the intensive care station

No extended pulmonary 
contusion on chest CT

2. Early stabilization (2-3 days 
after admission) (a)

Patient intubated, conservative 
therapy, internal stabilization

Extended pulmonary 
contusion on chest CT 

Conservative management 
successful

Legend
(a). often antero-lateral flail chest in patients without associated 
cerebral or neurological injuries requiring long-time intubation 
and after interdisciplinary consensus

Impossible to wean the patient
→3. Delayed stabilization
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clear that not all patients with multiple rib fractures should 
undergo fixation. In my opinion, there are 2 subgroups 
of patients who should be relatively early operated. First, 
young active and sporty patients who wish to be fit as soon 
as possible again and second, older patients who are living 
alone, independently and are still active with a good quality 
of life. In such patients, operations should be proposed early 
at admission or after some days. For the other patients, an 
adequate pain therapy should be initiated and optimized 
up to 1 week, consisting of different possible combinations 
of oral drugs, PCA (patient controlled anesthesia)-pump 
or peridural analgesia. Rib fixation should be offered in 
patients with persisting pain and dislocated ribs.

Special attention should be given during initial physical 
examination in order to correctly diagnose multiple rib 
fractures associated with dislocation of the costal arch. This 
dislocation is not always easy to notice and if several ribs 
are fractured, this situation leads to an instability. If only 
the ribs are fixed without reparation of the costal arch, 
shearing forces with rotation component will usually result 
in persisting pain, deformity and eventually to fractures or 
dislocation of the material. Reconstruction of the costal 
arch should be always performed, avoiding injury of small 
branches of intercostal nerves which could lead to an 
invalidating relaxation of a part of the superficial abdominal 
musculature. 

Regarding to the technique used for rib fixation, several 
devices are available (Figure 3). The choice of the material 
used depends on the localization of the fractures, of the 
quality of the bone and also of the own experience of the 
surgeon. The technique should be fast and as atraumatic 
as possible. Care should be taken to avoid to injuring 
the contused soft tissue. Ribs should not be denuded 
and attention should be given to the intercostal bundle. 
This point is of paramount importance, since injuries of 
the intercostal structures during operation often lead to 
disabling chronic pain. The majority of the modern devices 
are made of titanium, which allows optimal adaptation to 
the anatomy of the ribs and ensures good protection against 
infection. Systems with plates and screws can be used in 
each parts of the ribs and allow an optimal reposition of 
the fractures. These systems might be sometimes time 
consuming and be rather reserved for difficult situations 
and reconstruction of the costal arch. They can usually 
be used in cartilage too. Other techniques using screwless 
systems have the advantage to be quick. They can be 
applied through smaller incisions which protect the 
contused soft tissue. Through the same incisions, 3 to 4 ribs 

can be fixed. These system scan also be used in osteoporotic 
bones. However, ruptures of the material have been 
described, leading sometimes to reoperation in the case of 
pain or instability of the chest wall (17). Another system, 
consisting of nitinol (alloy of titanium and nickel) has 
been recently introduced. This system is based on thermic 
properties, since the material is malleable in cold water. 
After application on the fracture, simple contact with a 
warm dress allows return in the initial hard position, giving 
stability. 

Is it necessary to fix all the fractured ribs? The first two 
ribs do not need to be stabilized. In the case of associated 
fractures of the first rib and of the clavicle, then the clavicle 
should be operated to avoid instability of the shoulder 
girdle. Fixation of all the fractures is probably not necessary. 
However, care should be taken to avoid persistent deformity 
of the chest wall, leading to possible functional restriction. 
Generally, after reposition of the most dislocated fractures, 
the other fractures automatically take a normal alignment. 

Does rib fixation lead to stiffness of the chest wall? 
Stiffness of the chest wall is described in about 15% to 20% 
of the patients after blunt trauma, independently of the type 
of material used for fixation (1). Several reports suggest that 
stiffness is rather a consequence of the trauma itself than 
of the operation (1,10). Indeed, lung function testing at 6 
months has not revealed any restriction in these observations 
and our experience has shown that removal of the material 
does not lead to any improvement in most of the cases.

Possible complications of rib fixation include dislocation 
and rupture of the material and infection. Reported 
incidence of infection is usually low (3–5%) but is of course 
challenging, due to the presence of the osteosynthesis 
material (18). Titanium is relatively resistent against 
infection and often allows avoiding complete removal of the 
material. This leads in most of the cases to keep the stability 
of the chest wall. The use of VAC-device is compatible with 
further mobilisation of the patient and long-term antibiotics 
are delivered. 

Further development in the operation techniques 
should focus on minimal invasive approach. The problem 
in patients with flail chest is the movement of the instable 
segment inwards. A fixation from inside is then more 
physiological than from outside and should require less 
strength. This approach is also less traumatic for the soft 
tissue and reduces the risk of infection. We are developing 
such a minimal invasive thoracoscopic technique of fixation 
of the ribs.
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Sternum fractures

Sternum fractures are rare (<0.5% of total bone fractures) 
and mainly caused by blunt anterior chest wall trauma, 
but also by flexion-compression injury of the trunk or by 
hyperextension injury tearing the sternum. Fractures mainly 
occur to the sternal body. Treatment is conservative in most 
of the cases but there is no reports assessing long-term 
outcome. Additionally, there is no consensus regarding the 
surgical approach for a sternal fracture (19). The personal 
experience of the surgeon in the choice of the technique is 
important but sternal osteosynthesis should be rigid enough 
to offer protection to the mediastinal structures without 
impairing the movement of the chest wall, in order to ensure 
optimal functional results and quality of life. Transverse 
and oblique fractures are fixed longitudinally, whereas 
oblique fractures of manubrium, sternocostal separation 
and longitudinal fractures are fixed transversally from rib 
to sternum to rib (20). Immediate (within 1 month after 

injury) indications for surgical fixation consist of emergency 
operation, severe or persistent pain, respiratory failure or 
dependency on mechanical ventilation, shifted, overlapping 
or impacted fractures, sternomanubrial dislocation, and 
hunched posture and restricted movement of the trunk. 
Delayed (3–6 months) indications are chronic pain, fracture 
nonunion or for cosmetic reason (21). Sternomanubrial 
dislocation is an absolute indication, since sternomanubrial 
joint has a protective role for the mediastinum and assists 
the thoracic spine in upright stability (22). Exact diagnosis 
is made by multi-slice CT with three-dimensional 
reconstruction. There are different operation techniques 
using steel wires, non-locking steel plates, and locked plate 
fixation (21). These last plates consist of different systems 
[fixed angle LCP plate, locked plate TiFix, low profile 
titanium plate 1.5 mm (MatrixRib), and SternaLock (23)].  
Wires should be avoided in most of the cases due to the 
higher risk for secondary sternal fractures or sternal 
nonunion. The plates offer the advantage of a more secure 

Figure 3 Type of hardware often used in fixation of rib fractures and osteosynthesis of sternum. (A) Chest X-ray after rib fixation with 
titanium MatrixRIB Universal Plate and MatrixRIB Screw (Synthes®) and with Nitinol Rib Clip (alloy composed of titanium and nickel) 
(Eliamm®); (B) chest X-ray after rib fixation with titanium rib clip or rib clip articulated with bridging plate (MedXpert®); (C) intraoperative 
view after sternum osteosynthesis using parallel low profile titanium plates with depth limited drilling (Synthes®).
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reduction of the fracture with faster healing, enough rigidity 
and require minimal dissection of the soft tissues (24). 
Locked plates should be the material of choice whenever 
possible, since these plates have special biomechanical 
properties leading to reduced friction between plate and 
bone and to less failure. Small series have suggested that the 
use of titanium plates was associated with less complication, 
a better quality of life and is cost-effective compared to the 
steel plates and to the wires (22). The last improvement 
was introduced with the low-profile titanium plate system 
and the depth limited drilling to avoid injuries of the 
mediastinal structures. Two parallel longitudinal plates are 
usually placed. The technique is easy, fast and safe (24). 

In summary, although management of rib fractures after 
stump trauma remains a controversial topic, an increasing 
interest for operative fixation rose in the last years. This 
is on one hand the result of the development of new 
instruments and devices allowing a quick and safe procedure 
and on the other hand the raising awareness in the 
medical community that patients can clearly benefit from 
an operation in selected indications in comparison with 
conservative therapy. It is therefore recommended to offer 
chest wall stabilization and rib fixation early to most flail 
chest patients in the absence of extended lung contusion 
and neurological injuries and to patients with dislocated and 
painful series of fractures, considering the associated injuries 
and the prognosis for quality of life. Surgical fixation of 
sternal fractures is also an underperformed procedure. Early 
operation in selected cases is important and required to 
preserve functional capacity, to prevent pseudarthrosis and 
chest wall deformity, and to provide good quality of life. 
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