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Purpose: Clinical reports on treatment outcomes of sternal fractures are lacking. This study details 
the clinical features, treatment approaches, and outcomes related to traumatic sternal fractures over 
a 10-year period at a single institution. 
Methods: A retrospective cohort study was conducted of patients admitted to a regional trauma 
center between January 2012 and December 2021. Among 7,918 patients with chest injuries, 266 
were diagnosed with traumatic sternal fractures. Patient data were collected, including demograph-
ics, injury mechanisms, severity, associated injuries, sternal fracture characteristics, hospital stay 
duration, mortality, respiratory complications, and surgical details. Surgical indications encom-
passed emergency cases involving intrathoracic injuries, unstable fractures, severe dislocations, flail 
chest, malunion, and persistent high-grade pain. 
Results: Of 266 patients with traumatic sternal fractures, 260 were included; 98 underwent surgical 
treatment for sternal fractures, while 162 were managed conservatively. Surgical indications ranged 
from intrathoracic organ or blood vessel injuries necessitating thoracotomy to unstable fractures 
with severe dislocations. Factors influencing surgical treatment included flail motion and rib frac-
ture. The median length of intensive care unit stay was 5.4 days (interquartile range [IQR], 1.5–18.0 
days) for the nonsurgery group and 8.6 days (IQR, 3.3–23.6 days) for the surgery group. The median 
length of hospital stay was 20.9 days (IQR, 9.3–48.3 days) for the nonsurgery group and 27.5 days (IQR, 
17.0 to 58.0 days) for the surgery group. The between-group differences were not statistically signifi-
cant. Surgical interventions were successful, with stable bone union and minimal complications. Flail 
motion in the presence of rib fracture was a crucial consideration for surgical intervention. 
Conclusions: Surgical treatment recommendations for sternal fractures vary based on flail chest 
presence, displacement degree, and rib fracture. Surgery is recommended for patients with off-
set-type sternal fractures with rib and segmental sternal fractures. Surgical intervention led to stable 
bone union and minimal complications. 
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INTRODUCTION

Background 
Sternal fractures resulting from trauma are relatively rare, repre-
senting 3% to 8% of all blunt trauma cases [1–4]. The most com-
mon mechanism of injury is direct blunt force to the anterior 
chest, typically from traffic accidents, with falls being the next 
most common cause [1,4–6]. The body of the sternum is the 
most common site of these fractures, while fractures of the ma-
nubrium or xiphoid process are comparatively rare [2,4,7]. The 
mortality or morbidity associated with sternal fractures is deter-
mined not by the fracture itself, but by the severity of the accom-
panying injury, with mortality rates varying between 4% and 
45% [2,4,8]. 

Most cases are managed with conservative treatment. Howev-
er, conditions such as chronic nonunion, severe pain that impacts 
breathing, displacement, overlapping fractures that cannot be 
rectified by closed reduction, and sternal instability are indica-
tions for surgical treatment [3]. The most common surgical treat-
ment is open reduction and internal fixation (ORIF) using a 
plate. This method is recognized as the most effective for stabiliz-
ing the anterior chest wall, preventing impaired bone healing, 
and avoiding other complications [4,5,9]. 

Objectives 
Limited data have been published on the long-term experience of 
a single center regarding the treatment and outcomes of sternal 
fractures. Consequently, the objective of this study was to present 
the clinical aspects, treatment, and outcomes of traumatic sternal 
fractures over 10 years at a single center. 

METHODS 

Ethics statement 
This study was approved by the Institutional Review Board of 
Pusan National University Hospital (No. H-2304-021-126). The 
requirement for informed consent was waived due to the retro-
spective nature of the study. This study was conducted in compli-
ance with the principles of the Declaration of Helsinki. 

Study design and participants 
This retrospective cohort study involved patients admitted to a 
regional trauma center between January 2012 and December 
2021. Using the hospital’s inpatient inquiry system, we identified 
7,918 patients with chest injuries who had been admitted to the 
Regional Trauma Center of Pusan National University Hospital 

(Busan, Korea). Among these patients, we reviewed the medical 
records of 266 who were diagnosed with traumatic sternal frac-
tures. The criteria for inclusion in the study were as follows: (1) a 
sternal fracture had to be registered as a diagnosis and be search-
able in the medical records; and (2) the location of the sternal 
fracture had to be confirmable through computed tomography 
(CT) or radiography. We excluded patients who had sustained a 
sternal fracture due to cardiopulmonary cerebral resuscitation 
and those for whom sternal fractures could not be confirmed be-
cause the imaging data were not recorded (Fig. 1). 

The data collected included patient demographics, injury 
mechanism, injury severity, intrathoracic and extrathoracic inju-
ries, sternal fracture characteristics, duration of hospital and in-
tensive care unit (ICU) stays, in-hospital mortality rates, respira-
tory complications, and surgical features of the sternal fracture.  

Diagnosis of sternal fractures and surgical indications  
The diagnosis was established using chest CT, either non–con-
trast-enhanced or contrast-enhanced, or sternal lateral radiogra-
phy. Based on the degree of displacement, the condition was cate-
gorized as either nondisplaced, offset, or displaced (Fig. 2). 

Surgical indications included the following: (1) instances in 
which emergency surgery was conducted via thoracotomy due to 
injuries to intrathoracic organs or blood vessels, and where the pa-
tient’s condition allowed for the concurrent correction of the ster-
nal fracture; (2) unstable fractures that were accompanied by se-
vere dislocations or exhibited an offset of 50% or more; (3) instanc-
es of flail chest associated with respiratory failure; (4) observed 
malunion (nonunion or abnormal union) of the fractures; and (5) 
reports of pain with a numeral rating scale of 6 or higher that per-
sisted for more than 72 hours despite adequate pain control. 

The surgical procedure was conducted based on ORIF, utiliz-
ing plates inserted via a median vertical incision between the 
sternal notch and the tip of the xiphoid process. In certain in-
stances, wire fixation was also implemented. Following surgery, 

266 Patients with sternal fracture
(January 2012–December 2021)

260 Patients with sternal fracture 
diagnosed by radiologic tests due to 

chest trauma

6 Excluded
2 Sternal fractures after CPCR
4 No radiologic exam

Fig. 1. Study design flowchart. CPCR, cardiopulmonary cerebral re-
suscitation.
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lateral radiography of the sternum was conducted. If sternal later-
al radiography was not available, chest CT was performed in-
stead. 

Intrathoracic and extrathoracic injuries 
The associated intrathoracic injuries included the following: (1) 
damage to the heart, aorta, or other arteries; (2) lung contusion; 
(3) hemothorax and/or pneumothorax; (4) rib fracture; and (5) 
retrosternal hematoma. Injuries classified as extrathoracic were 
those identified with an Abbreviated Injury Scale (AIS) score of 3 
or higher, encompassing injuries to the head and neck, face, ab-
domen, and extremities. 

Statistical analysis 
When appropriate, summary statistics were presented as medi-
ans with interquartile ranges (IQRs) or as means with standard 
deviations. Categorical variables were expressed as numbers and 
percentages. To compare the frequencies of categorical variables 
between groups, the chi-square and Fisher exact tests were em-
ployed. The Mann-Whitney U-test and Wilcoxon rank-sum test 
were utilized to compare the mean values of continuous vari-
ables. A P-value of less than 0.05 was considered to indicate sta-
tistical significance. Data analysis was conducted using IBM 
SPSS ver. 22.0 (IBM Corp). 

RESULTS 

Of the 266 patients diagnosed with sternal fractures, we excluded 
two patients who had sustained these fractures following cardio-
pulmonary resuscitation due to illness, as well as four patients for 
whom imaging data were not available. The most common 
mechanism of injury was motor vehicle accidents, followed by 
falls and crushing injuries. The Injury Severity Score was catego-
rized as mild ( < 9), moderate (9–15), severe (16–25), or pro-
found (> 25). The largest number of patients fell into the severe 
injury category, but the difference was not statistically significant 
(Table 1). 

Of the 260 patients included in this study, 98 underwent surgi-
cal procedures for sternal fractures, while the remaining 162 re-
ceived conservative treatment. Flail motion was observed in 96 
patients, with 93 of these patients also presenting with rib frac-
tures. Among the three patients without rib fractures, two exhib-
ited flail motion with a fracture gap that had increased compared 
to the initial phase, and one patient had a segmental fracture of 
the sternal body. Regarding intrathoracic injuries, damage to the 
heart, aorta, or other arteries was confirmed in 20 patients from 
the surgery group and 14 from the nonsurgery group.  

The median duration of ICU stay across all patients was 6.6 
days (IQR, 2.0–21.3 days). For the surgery group, the median 

Fig. 2. Degree of displacement in sternal fractures. The degree of the fracture was classified as follows. (A) If the fracture encompassed 0% to 9% 
of the sternal width, it was defined as nondisplaced (indicated by the arrow, which points to the fracture line). (B) If the fracture encompassed 
100% or more of the sternal width, it was defined as displaced (indicated by the arrow, pointing to the fracture line).
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Table 1. Patient characteristics and outcomes 

Characteristic Total (n=260) Surgery group (n=98) Nonsurgery group (n=162) P-value
Age (yr) 53.8±17.4 53.7±16.7 53.9±17.9 0.938
Sex 0.264
 Male 182 (70.0) 73 (74.5) 109 (67.3)
 Female 78 (30.0) 25 (25.5) 53 (32.7)
Injury mechanism 0.918
 Motor vehicle accident 164 (63.1) 63 (64.3) 101 (62.3)
 Fall 67 (25.8) 24 (24.5) 43 (26.5)
 Crushing injury 24 (9.2) 10 (10.2) 14 (8.6)
 Penetrating injury 2 (0.8) 0 2 (1.2)
 Unknown 3 (1.2) 1 (1.0) 2 (1.2)
Injury Severity Score 21.5±11.9 21.5±13.0 21.4±11.2 0.977
 Mild (<9) 33 (12.7) 14 (14.3) 19 (11.7) 0.828
 Moderate (9–15) 49 (18.8) 18 (18.4) 31 (19.1)
 Severe (16–25) 98 (37.7) 34 (34.7) 64 (39.5)
 Profound (>25) 80 (30.8) 32 (32.7) 48 (29.6)
Flail chest 96 (36.9) 63 (64.3) 33 (20.4) <0.001
 With rib fracture 93 (35.8) 60 (61.2) 33 (18.5)
 Without rib fracture 3 (1.2) 3 (3.1) 0
Chest (AIS ≥3) 188 (72.3) 75 (76.5) 113 (69.8) 0.256
Intrathoracic injury
 Heart, aorta, or other artery 34 (13.1) 20 (20.4) 14 (8.6) 0.008
 Lung contusion 126 (48.5) 46 (46.9) 80 (49.4) 0.798
 Hemothorax and/or pneumothorax 137 (52.7) 66 (67.3) 71 (43.8) 0.001
 Retrosternal hematoma 113 (43.5) 51 (52.0) 62 (38.3) 0.039
Extrathoracic injury (AIS ≥3)
 Head and neck 77 (29.6) 22 (22.4) 55 (34.0) 0.051
 Face 1 (0.4) 0 1 (0.6) >0.999
 Abdomen 70 (26.9) 25 (25.5) 45 (27.8) 0.773
 Extremity 49 (18.8) 19 (19.4) 30 (18.5) 0.871
Outcome
 ICU stay (day) 6.6 (2.0–21.3) 8.6 (3.3–23.6) 5.4 (1.6–18.0) 0.065
 Hospital stay (day) 23.0 (12.0–48.2) 27.5 (17.0–58.0) 20.0 (9.3–43.8) 0.001
 In-hospital mortality 13 (5.0) 2 (2.0) 11 (6.8) 0.140
 Pneumonia 71 (27.3) 32 (32.7) 39 (24.1) 0.152
Values are presented as mean±standard deviation, number (%), or median (interquartile range).
AIS, Abbreviated Injury Scale; ICU, intensive care unit.

stay was 8.6 days (IQR, 3.3–23.6 days), while for the nonsurgery 
group, it was 5.4 days (IQR, 1.6–18.0 days). However, this differ-
ence was not statistically significant. Furthermore, the median 
length of hospital stay was 27.5 days (IQR, 17.0–58.0 days) for 
the surgery group and 20.0 days (IQR, 9.3–43.8 days) for the 
nonsurgery group. This difference was statistically significant. No 
significant difference was observed between the groups with re-
gard to in-hospital mortality and respiratory complications, such 
as pneumonia. In a multivariate analysis examining the incidence 
of pneumonia following surgery for sternal fracture without rib 
fracture, none of the patients who underwent surgery developed 
pneumonia (Table 2). However, pneumonia did occur in seven of 
the 60 patients (11.7%) who did not undergo surgery (P= 0.192). 

In addition, no significant difference was found in the occur-
rence of pneumonia between the surgery and nonsurgery groups 
with an AIS score of less than 3 for head and neck injuries; this 
condition arose in nine (40.9%) and 20 patients (36.4%), respec-
tively (P= 0.911). 

Fractures were the most frequently observed injury, although 
sternomanubrial joint dislocation was noted in three instances, 
and a combination of dislocation and fracture was seen in three 
other cases. The sternal body was the most common site of ster-
nal fracture, followed by the manubrium. Regarding the extent of 
displacement in sternal fractures, the offset type was the most 
frequently observed, occurring in 111 patients. Among these 111 
patients with offset-type fractures, 19 exhibited an offset of 50% 
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Table 2. Incidence of pneumonia following surgery for sternal fracture 

Variable Surgery group 
(n=18)

Nonsurgery 
group (n=60) P-value

Without rib fracturea) 0 7 (11.7) 0.192
Head and neck (AIS <3)b) 9 (40.9) 20 (36.4) 0.911
Values are presented as number (%).
AIS, Abbreviated Injury Scale.
a)Multivariate analysis of the incidence of pneumonia. b)The number 
of patients was 22 in the surgery group and 55 in the nonsurgery 
group.

Table 3. Characteristics of sternal fractures 

Characteristic Total (n=260) Surgery group (n=98) Nonsurgery group (n=162) P-value
Type of sternal fracture
 Fracture 254 (97.8) 95 (96.9) 159 (98.2) >0.999
 Dislocation 3 (1.1) 1 (1.0) 2 (1.2) 0.675
 Fracture with dislocation 3 (1.1) 2 (2.1) 1 (0.6) 0.798
Location of sternal fracture -
 Manubrium 57 (21.9) 8 (8.2) 49 (30.2)
 Sternomanubrial joint 3 (1.1) 1 (1.0) 2 (1.2)
 Sternal body 162 (62.3) 68 (69.4) 94 (58.0)
 Xiphoid process 1 (0.4) 0 1 (0.6)
 Manubrium and sternal body 27 (10.4) 15 (15.3) 12 (7.4)
 Manubrium and xiphoid process 1 (0.4) 1 (1.0) 0
 Sternomanubrial joint and sternal body 3 (1.1) 2 (2.0) 1 (0.6)
 Sternal body and xiphoid process 6 (2.3) 3 (3.1) 3 (1.9)
Degree of displacement
 Nondisplaced 108 (41.5) 17 (17.3) 91 (56.2) <0.001
 Offset 111 (42.7) 49 (50.0) 62 (38.3) 0.071
  ≥50% 19 (7.3) 12 (12.2) 7 (4.3)
  <50% 92 (35.4) 37 (27.8) 55 (34.0)
 Displaced 41 (15.8) 32 (32.7) 9 (5.5) <0.001
Values are presented as number (%).

or more. In the group of patients who underwent surgery, the 
offset type was most frequently seen, followed by the displaced 
type. In contrast, among the patients who did not undergo sur-
gery, the nondisplaced type was most common, observed in 91 
patients, while the offset type was seen in 62 patients (Table 3). 

A total of 90 patients underwent ORIF, with three patients re-
ceiving wire fixation and three patients receiving a combination 
of wire and plate fixation. One patient treated with ORIF contin-
ued to experience chest wall instability, leading to the insertion 
and subsequent removal of a Nuss bar. One patient underwent 
resection of the xiphoid process. None of the patients who un-
derwent surgery exhibited sternal instability or incomplete bone 
union during outpatient follow-up. Twenty patients reported ex-
periencing prolonged pain, and two patients received treatment 
for wound complications. Fixation removal was carried out in 18 

patients, with chest tightness being the most common reason for 
removal, reported by nine patients. This was followed by screw 
loosening in five patients and infection in one patient. The aver-
age duration from the initial operation to removal was 460 days. 
No patients encountered issues with bone union. The average 
duration from admission to surgery was 6 days, and the average 
duration from hospitalization to discharge postsurgery was 43 
days (Table 4). 

DISCUSSION 

Sternal fractures can typically be managed through conservative 
treatment without surgery. However, surgical intervention is in-
dicated when unstable fractures are coupled with severe disloca-
tions, or in cases of flail chest accompanied by respiratory failure. 
In such instances, if surgical treatment is not undertaken, an in-
creased risk exists of respiratory distress and a prolonged period 
of ventilator application. This heightens the likelihood of respira-
tory complications, such as pneumonia, particularly as the dura-
tion of the ICU stay is extended. Therefore, it is crucial to appro-
priately identify patients who would benefit from either surgical 
or conservative treatments and administer the corresponding 
treatment accordingly [4]. 

Sternal fixation surgery has seen a recent exponential increase 
in performance, yet the indications for its application remain un-
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established [10]. Our study revealed no significant difference in 
the mean Injury Severity Score between surgical and nonsurgical 
groups. However, the surgery group displayed a higher incidence 
of intrathoracic injuries, including heart, aorta, or other arterial 
injuries, and flail chest. This suggests that surgical sternal fixation 
may be indicated when heart or thoracic vessel injuries and mul-
tiple rib fractures necessitate surgery. Displacement can be classi-
fied into nondisplaced, offset, and displaced categories [11]. At 
our center, indications for surgery included either an offset of 
more than 50% or displacement. Of the 111 patients with offset 
displacement, 19 had an offset of 50% or more. Among these, six 
patients with flail motion underwent ORIF, all of whom had rib 
fractures. The remaining 13 patients did not exhibit flail motion, 
and only four of them had rib fractures. Of the six patients who 
underwent surgery without flail motion, one experienced a 
xiphoid resection due to abnormal union, and five had surgery 
due to persistent pain and chest discomfort. Of the 92 patients 
with an offset of less than 50%, 33 had a flail chest, of whom 32 
had rib fractures and one had a segmental fracture of the sternal 
body. Therefore, in cases of offset displacement, the presence of a 
rib fracture contributed more to the occurrence of flail motion 
than the degree of displacement. This is further supported by the 
fact that of 96 patients exhibiting flail motion, 93 had rib frac-
tures. In cases of flail motion without rib fractures, the displace-
ment was not severe, but a segmental fracture of the sternum was 

observed. Thus, when deciding on surgical treatment, it is more 
appropriate to consider not only the degree of displacement but 
also the presence of flail motion as an indication for surgery. 

In cases of anterior flail chest due to a sternal fracture accom-
panied by bilateral multiple rib fractures, particularly when fixa-
tion of the costal cartilage or sternocostal junction is necessary, 
conventional ORIF may not be easily executed. Under such cir-
cumstances, fixation using a Nuss bar can be employed [12]. In 
the present study, within the ORIF group, the flail motion per-
sisted in one instance even after ORIF was performed. For this 
patient, fixation was carried out on the right fourth sternocostal 
junction and costal cartilage using sternum ORIF. A Nuss bar 
was inserted 1 week following the ORIF procedure and was re-
moved 1 year after its insertion. 

During conservative treatment, it is crucial to manage pain and 
maintain pulmonary hygiene to prevent respiratory complica-
tions, such as atelectasis and pneumonia [4]. Pain management 
can be achieved through various methods, such as patient-con-
trolled epidural analgesia. This is particularly beneficial for pa-
tients who struggle to manage pain with oral, intravenous, or in-
tramuscular analgesia; those with bilateral or numerous frac-
tures; or those at an elevated risk of respiratory complications due 
to advanced age [13]. In our facility, we typically use a combina-
tion of acetaminophen and tramadol as the primary oral analge-
sia. Depending on the severity of the pain, we may add oral pre-
gabalin to the regimen, and we resort to patient-controlled epi-
dural analgesia when pain becomes unmanageable with oral an-
algesia. Additionally, we routinely implement respiratory rehabil-
itation in collaboration with the Department of Rehabilitation 
Medicine. Even in the absence of significant intrathoracic organ 
or blood vessel injury on a chest CT scan, the potential remains 
for cardiac contusion. Therefore, laboratory tests such as evalua-
tion of cardiac markers, electrocardiography, and echocardiogra-
phy may be necessary to assess cardiac function [14]. For such 
patients at our facility, we monitor cardiac markers and electro-
cardiography serially over a 72-hour period, and we also perform 
echocardiography. 

Limitations 
This study had certain limitations. First, it was a small-scale study 
conducted at a single center. Second, the study did not solely fo-
cus on patients with sternal fractures, but rather included all trau-
ma patients who had sustained such fractures. As a result, it was 
challenging to pinpoint complications specifically attributable to 
sternal fractures, given that the length of ICU stay, the total dura-
tion of hospital stay, and the incidence rate of respiratory complica-

Table 4. Surgical characteristics and fixation removal 

Characteristic Surgery group (n=98)
Materials of fixation
 Plate 90 (91.8)
 Wire 3 (3.1)
 Plate and wire 3 (3.1)
 Plate and Nuss bar 1 (1.0)
 Xiphoid process resection 1 (1.0)
Postoperative complication
 Sternal instability 0
 Prolonged pain 20 (20.4)
 Wound problem 2 (2.0)
 Pneumonia 32 (32.7)
Cause of fixation removal (n=18)
 Screw loosening 5 (27.8)
 Chest tightness 9 (50.0)
 Infection 1 (5.6)
 Other 3 (16.7)
Duration from admission to surgery (day) 6.0±13.7
Duration from surgery to discharge (day) 43.3±84.6
Duration from first surgery to removal  

surgery (day)
459.9±526.7

Values are presented as number (%) or mean±standard deviation.
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tions could be influenced by concurrent injuries unrelated to the 
sternal fracture. Finally, in the context of trauma, patients are com-
monly lost to outpatient follow-up due to transfer to another hos-
pital or nonattendance after recovery. Consequently, it is difficult to 
ascertain long-term outcomes in these patients. 

Conclusions 
Surgery may be recommended for patients exhibiting flail chest 
in conjunction with the offset type of sternal fracture and accom-
panying rib fractures, or in patients with segmental sternal frac-
ture. Furthermore, given that trauma patients often sustain mul-
tiple injuries, identifying significant differences in mortality and 
morbidity specifically attributable to sternal fracture surgery can 
be challenging. Therefore, a study involving a more standardized 
and homogeneous group is required. 
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