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Introduction

Traumatic sternal fractures are found in up to 8% of blunt 
chest trauma patients and 18% of polytrauma patients with 
thoracic injuries, amid only sporadic cases secondary to 
penetrating trauma (1,2). They usually result from a direct 
blow to the anterior chest wall or forced deceleration. The 
leading mechanism is motor vehicle collision found in 68% 
of patients, followed by falls (7.9%), motorcycle injuries 
(7.9%), pedestrian-struck (3.4%), and cyclist injuries  
(1.4%) (3). The incidence of sternal fractures in motor 
vehicle collisions ranges from 3% to 6.8% (4). In civilized 

society, the introduction of seat belt legislation requiring 
shoulder restraints has led to an increased incidence of 
sternal fractures (5). Moreover, the widespread use of 
computed tomography (CT) scan for trauma evaluation 
increased the diagnosis of even minor sternal fractures (6). 

The morbidity of traumatic sternal fractures is typically 
determined by their presentation and associated injuries, rather 
than the fracture itself. Isolated sternal fractures have a lower 
incidence of cardiorespiratory compromise and more favorable 
trauma scores. In a review of 1,867 patients from the National 
Israeli Trauma Registry, Odell et al. found that none of the 
patients with isolated sternal fracture required endotracheal 
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intubation, pleural tube insertion, or thoracotomy compared 
to 16.9% of polytrauma patients (7). Isolated sternal fractures 
are rarely associated with blunt cardiac injury (8) and have a 
low mortality rate of 0.8% (9). Conversely, polytrauma patients 
with sternal fractures often have severe associated injuries, with 
mortality of up to 7.9% (3). 

With the increase in the diagnosis of traumatic sternal 
fractures, it is important for the clinician to understand the 
clinical significance of these injuries, outline their work up 
and initial evaluation, and review the treatment strategies 
available, which is the purpose of the current review. 
We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/med-21-27).

Presentation

Patients with sternal fractures typically present with 
moderate to severe pain localized to the sternum, 
exacerbated with coughing or sneezing. Dyspnea may be 
present and could be a manifestation of an underlying 
pulmonary contusion or hemopneumothorax. On physical 
examination, overlying ecchymosis or “seat belt sign” can 
be encountered. Palpation reveals exquisite tenderness and 
bony crepitus. Laboratory values are often unremarkable 
or may reveal elevated cardiac enzymes in patients with 
concomitant blunt cardiac injury.

A portable CXR is often the first imaging test obtained 
in the trauma bay and is typically unremarkable in a 
patient with isolated sternal fracture. Ultrasonography is 
a rapid and inexpensive tool that can be used to diagnose 
a sternal fracture and associated injuries (10). The sternal 
fracture appears as a step-off in the anterior cortex at the 
site of maximal tenderness, running transversely across the 
sternum (11).

CT scan remains the gold-standard for diagnosis of 
sternal fracture and is superior to lateral radiography (12). 
In a large retrospective study of patients with thoracic 
trauma, 94% of sternal fractures were visible only on chest 
CT (6). Furthermore, in patients with traumatic sternal 
fracture, CT scan detects associated thoracic injuries in 
over 80% of patients (6). The degree of sternal fracture 
displacement is not necessarily associated with blunt cardiac 
injury (13). 

Associated injuries and blunt cardiac injury

Initial evaluation of patients with traumatic sternal fractures 

should follow the same general principles of primary and 
secondary survey. Most patients with traumatic sternal 
fractures present with polytrauma and multiple associated 
injuries, while only 26% exhibit isolated sternal fracture (7). 
The most common associated injuries include rib fractures, 
pulmonary contusions, pneumothoraces, mediastinal 
hematoma, and thoracolumbar vertebral fractures (3,7).

A cardinal point in the evaluation of traumatic sternal 
fractures is the identification of the rare patient with a 
blunt cardiac injury (14). The Eastern Association for 
The Surgery of Trauma released a practice management 
guideline in 2012 summarizing the available evidence 
for screening of blunt cardiac injury (15). The reader is 
referred to this document for review. Briefly, an admission 
ECG should be performed in all patients in whom blunt 
cardiac injury is suspected. If the ECG is abnormal, the 
patient should be admitted for continuous monitoring and 
consultation with cardiology. In case of a normal ECG, a 
Troponin I level should be obtained. In patients with both 
normal ECG and Troponin I level, blunt cardiac injury 
is ruled out and the patient can be safely discharged from 
the hospital. For patients with hemodynamic instability or 
persistent new arrhythmia, an echocardiogram should be 
obtained (15).

Trans-thoracic echocardiogram is a diagnostic study that 
can show myocardial wall motion abnormalities that would 
otherwise not be detected by ECG or elevated cardiac 
enzymes (16). In addition to its ability to detect blunt cardiac 
injury, echocardiography can stratify the patients with 
associated moderate injuries (Injury severity score 6 to 15) 
into groups of those who need continuous cardiac monitoring 
and those who do not require close surveillance (16).

Treatment

Most patients that present with isolated sternal fractures 
are treated conservatively with good results (7-9,17). 
Adequate analgesia plays an important role to minimize the 
risk of pulmonary complications (18,19). More recently, 
sternal fixation has gained popularity to fasten recovery and 
minimize pain although, the overall quality of the studies 
that support this approach is poor, with the majority being 
single-surgeon small series (Table 1). 

Indications for operative fixation of sternal 
fractures

Currently, there are no published guidelines to make 
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recommendations on operative fixation for sternal fractures. 
This is probably related to the lack of high-quality evidence 
in published literature along with patient heterogeneity. 
In the acute setting, a few studies have shown some 
improvement in narcotic use and decrease pain severity 
scores following sternal plating (21,29,31). When malunion 
or non-union occurs as a delayed complication, surgical 
stabilization has shown to accomplish sternal healing in 
most cases (21,24,25,29,31). In summary, surgery should be 
considered in patients who have unstable fractures, severe 
displacement or subluxation, symptomatic malunion or 
non-union (25,29,30). 

Surgical technique

The first description of fixation for a sternal fracture was 
done in 1943 by McKim (32). Over the last several years, 
multiple reports have been published regarding different 
fixation materials including stainless steel wires (33), 
absorbable plates (34), non-absorbable plates (25,29,30), 
and internal cemented screws (35). The most accepted 
technique involves using titanium plates and screws for 
plate osteosynthesis (Figure 1), primarily based on data 
extrapolated from biomechanical testing (36,37) and clinical 
studies on sternal closure techniques (38,39). A metanalysis 
by Harston (40) of 12 articles and 76 patients with traumatic 
sternal fractures (plates were used in 52 patients and wiring 
in 24 patients), showed healing in all patients regardless of 
the technique however, sternal plates had a higher removal 
rate of 15.4%. This finding has not been consistent in more 
recent studies that are summarized in Table 1. 

Most surgeons advocate for an open repair; however, 
a minimally invasive approach has been described (41). 

Sternal stabilization after nonunion can be combined with 
different constituents to aid in fracture healing and restore 
bone integrity, such as autologous bone grafting (42), 
synthetic parathyroid hormone (Teriparatide) (43,44) or 
bone morphogenetic protein (45).

Surgical outcomes

Clinical outcomes after sternal plating for traumatic sternal 
fractures are difficult to define given that most of the studies 
are case reports (42-48) and small retrospective series which 
are summarized in Table 1. In two retrospective studies, plate 
osteosynthesis was shown to have an acceptable morbidity 
rate of 0–18% with no evidence of recurrence or hardware 
failure (25,29). One of the larger series from Zhao et al. (29) 
of 64 patients with acute fracture and non-union showed 
decreased pain severity scores and healing in all cases, with a 
6 month follow up. Christian et al. (49) queried the Trauma 
Quality Improvement Program database for patients with 
sternal fractures (n=9,460) and found that 1.2% of patients 
underwent surgical stabilization (n=114). They found lower 
mortality in the surgical group (2.7% vs. 11.2%, P=0.008) 
but increased median length of stay and ventilator days. 
There was no difference in the incidence of pulmonary 
complications after propensity score matching (49).  
Choi and colleagues (50) analyzed the 2016 National 
Trauma Data Bank for patients with traumatic sternal 
fractures after blunt trauma (n=14,760) and found surgical 
stabilization was performed in 1.8% of patients (n=270). 
They also found decreased odds of mortality, but no 
difference in pulmonary complications (50). 

A recent metanalysis of 16 studies including 191 patients 
over recent decades showed a 98% healing rate of sternal 

A B

Figure 1 CT of the chest showing nonunion of sternal fracture (A), and postoperative CXR at 1 year of follow up after plate 
osteosynthesis (B). 
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Table 1 Published literature on surgical stabilization of traumatic sternal fractures*

Author Year N Indication Implant-related complications Mortality (%) Mean f/u Outcomes

Al-Qudah (20) 2006 4 Acute fx. None 0 NR Healing in all cases

Richardson (21) 2007 35 Acute fx. and 
nonunion

1 hardware removal for clicking 2.8% NR Decreased narcotic use. 
Healing in all cases

Ciriaco (22) 2009 6 Acute fx. None 0 2–7 yr. Healing in all cases

Divisi (23) 2011 11 Acute fx. None 0 NR Healing in all cases

Gloyer (24) 2011 3 Acute fx. and 
nonunion

0 NR Healing in all cases

Queitsch (25) 2011 12 Acute fx. and 
nonunion

1 wound infection, 1 hardware 
removal for painful scar

0 NR Healing in all cases

Schulz-Drost (26) 2014 10 Acute fx. None 0 3 mo. Healing in all cases

Schulz-Drost (27) 2016 3 Acute fx. None 0 3 mo. Healing in all cases

Krinner (28) 2017 11 Acute fx. None 0 3 mo. Healing in all cases

Zhao (29) 2017 64 Acute fx. and 
nonunion

None 0 6 mo. Decreased pain severity 
score and improved 
spirometry

Kalberer (30) 2020 15 Acute fx. 3 implant removals due to 
irritation

0 3 mo. No difference in activities 
of daily living

Bauman (31) 2021 13 Acute fx. None 0 NR Decreased pain severity 
score and narcotic use

*, all studies are retrospective. Case reports are excluded. F/u, follow up; fx., fracture; N, number of patients; NR, not reported; yr., year(s); 
mo., months.

fracture following surgical fixation with only a 2% morbidity 
rate (51). The authors recognized that the overall quality 
of the studies was poor, with significant methodological 
and publication bias. Further studies are needed to define 
the indications and outcomes of surgical stabilization of 
traumatic sternal fractures. 

Complications 

Patients with sternal fractures can present with complications  
related to the fracture itself or its associated injuries. 
Acute intrinsic complications are rare, such as pericardial 
impingement, but can be seen with severely displaced 
fractures (52). Delayed complications of sternal fractures 
include malunion or non-union (25,33,43-46,48), infection 
(47,53), and chronic pain (48).

There is no unified definition of sternal fracture 
nonunion, yet the diagnosis can be made when patients have 
a persistent fracture without evidence of healing for greater 
than 3–6 months (33,46). Patients often present with chronic 

pain exacerbated by deep inspiration or coughing (48).  
The diagnosis is clinical with physical exam often eliciting 
pain and clicking at the sternal fracture. When the diagnosis 
is not clear or the body habitus obscures physical exam, 
advanced imaging may be obtained (Figure 1). Malunion 
occurs when the sternal fracture heals in an abnormal 
position. Patients often complain of a step off at the site of 
the fracture without clicking.

Chronic pain, symptomatic malunion, and nonunion are 
the most common indications for operative repair. These 
recommendations are based on expert opinion and there 
is no consensus regarding optimal timing from injury. 
The aims of surgery are to restore the damaged bone 
surrounding the fracture, stabilize the sternum, manage 
bone gap if present, and stimulate bone healing.

Sternal infection following trauma is rare (47,53) but 
is associated with significant morbidity and is treated in 
a similar fashion to sternal wound infections of other 
etiologies. The management of sternal wound infections is 
beyond the scope of this work and is reviewed elsewhere. 
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Conclusion

Traumatic sternal fractures are rare, with two distinct 
clinicopathologic entities with different prognosis and 
management. Isolated sternal fractures are commonly 
benign injuries that can be managed conservatively in 
an outpatient setting. Polytrauma patients with sternal 
fractures should be carefully screened for associated injuries. 
Surgical stabilization of sternal fractures is feasible and 
safe, and should be considered in unstable fractures, severe 
displacement, symptomatic malunion or non-union. 
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