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A B S T R A C T   

Objective: Sternal fracture may be associated with major and serious injuries. In this study, the complications 
associated with isolated sternal fracture in trauma patients are evaluated based on radiographic and cardiac 
findings. 
Methods: This retrospective study was performed on patients with isolated sternal fractures admitted to the 
emergency department of (XXX) Madani Educational-Medical. Data regarding demographic information, 
mechanism of trauma, length of hospitalization, electrocardiography (ECG), cardiac enzyme, and chest radiog-
raphy were recorded in the questionnaire for each patient. 
Results: The mean age of patients 41.2 + 11.04 years and 63.9% were male. The most common cause of the 
trauma was car accidents in 41% (25 cases). The mean duration of hospitalization was 1.54 ± 0.90 days. The 
mechanism of trauma was not associated with x-ray and computed tomography findings, p = 0.53 and p = 0.86, 
respectively. ECG findings were significantly related to x-ray and computed tomography outcomes, p < 0.001, 
respectively. 
Conclusion: Patients with isolated sternal fracture with displacement >0.5 cm and hematoma are likely to require 
cardiac consultation.   

1. Introduction 

Approximately, 10% of all trauma cases are blunt trauma [1]. 
Trauma accounts for more than 31 million visits in the emergency 
department and more than 100,000 deaths, yearly, in the United State. 
Thoracic traumas are associated with a significant number of mortality 
and morbidities since it includes vital organs like the lungs and the heart 
[2,3]. 

Isolated sternal fractures are caused by blunt trauma and are benign, 
however, depending on the nature and the severity of the fracture [4], 
patients are required to be assessed for supporting injuries [5,6]. Among 
trauma patients, 0.33% patients are reported with sternal fractures [7]. 
The mortality rate associated with isolated sternal injuries ranges from 
0.7% to 3.5% [8]. Additionally, 0.8% of these patients are presented 
with cardiac complications [9]. Prognosis of isolated sternal fractures is 
relatively better than polytrauma sternal fracture and is likely to be 

associated with fewer complications [10]. 
Patients with sternal fracture due to blunt trauma are commonly 

subjected to cardiographic analysis [11]. Evidence and guidelines 
regarding this practice are not clear [12]. Cardiac investigation in pa-
tients with isolated sternal injuries are performed due to the suspicion of 
occult myocardial contusions [13]. Some of these patients can be 
asymptotic, however, asymptomatic patients without any history of 
cardiac disease usually have benign concomitant cardiac injuries that 
can be left untreated [14,15]. In rare cases, cardiac tamponade is also 
reported that occurs due to extrapericardial blood accumulation in the 
absence of hematoma or injury [16]. Sternal fracture has also been re-
ported to cause aortic rupture [17,18]. 

The aim of this study is to examine the data of patients presented 
with isolated sternal fractures based on radiographic and cardiac 
findings. 
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2. Methods 

This retrospective study was performed on 61 patients with isolated 
sternal fractures admitted to the emergency department of (XXX) 
Educational-Medical Center during 2018–2019. The cases of patients 
with isolated sternal fractures who met the inclusion criteria of defini-
tive diagnosis of sternal fracture and isolated fracture were included in 
the study. Exclusion criteria of the study included concurrent acute 
myocardial infarction, pneumothorax, pulmonary embolism, incom-
plete hospital records, and congenital malformations of sternum bone. 

Initially, demographic information of patients including gender, age, 
mechanism of trauma, length of hospital stay were collected. In addi-
tion, subsequent results obtained during the patient’s stay included se-
rial ECGs, chest radiographs, and cardiac enzyme levels (creatine 
phosphokinase: CPK) were also evaluated. 

2.1. Statistical analysis 

The collected data were recorded in a checklist and computerized. 
Analysis was performed using SPSS version 25. The data were expressed 
in the form of frequency percentages. Fisher’s test was performed to 
compare the findings. P < 0.05 was considered to be statistically 
significant. 

This study was approved by the Research Ethics Board of (XXX). 
The work has been reported in line with the STROCSS criteria [19]. 
Unique identifying number is: researchregistry6601. 

3. Results 

The mean age of patients with sternal fracture was 41.2 + 11.04 
years with the range of 22–67 years. Overall, 63.9% (39 cases) were 
male and 36.1% (22 cases) were female. Male patients were almost 
twice as female patients. 

The mechanism of blunt trauma in 19.7% (12 cases) was direct 
impact, 11.5% (7 cases) had motor accident, 27.9% (17 cases) had fall 
and 41% (25 cases) patients had car accidents. The average length of 
hospital stay was 1.54 + 0.90 days in the range of 1–4 days. 

In patients with sternal fractures, radiographic findings showed that 
86.9% (53 cases) had sternal trunk fractures, 1.6% (1 case) fractures 
were with displacement less than 0.5 cm and 11.5% (7 cases) had more 
than 0.5 cm displacement. 

CT scan findings showed that 82% (50 cases) were sternal trunk 
fractures, 1.6% (1 case) was of displacement fractures, 1.6% (1 case) of 
fracture was with lung contusion and hematoma was seen in 14.8% (9 
cases). The findings reported in chest x-ray showed 63.9% (39 cases) 
sternal trunk fracture and 36.1% (22 cases) mediastinal dilatation. ECG 
of these patients showed 85% (52 cases) normal cases and 14.8% (9 
cases) had ST segment elevation. Cardiac enzyme report showed 9.8% (6 
cases) with an increase in CPK and in 90.2% (55 cases) CPK was normal. 

Among 53 patients diagnosed with sternal fracture on radiograph, 
20.8% (n = 11) were due to direct impact, 9.4% (n = 5) were motor 
accidents, 26.4% (n = 14) falls, 43.4% (23 cases) were car accidents. In 1 
case where the fracture was with a displacement of less than 0.5 cm that 
was due to fall, and in 7 cases with a displacement of more than 0.5 cm 
where 14.3% (1 case) was due to direct impact, 28.6% (2 cases) were 
motor vehicle accidents, 28.6% (2 cases) were of falls and 28.6% (2 
cases) were caused by car accidents. No significant difference was found 
between the trauma mechanism and radiographic findings, p = 0.53 
(Table 1). 

CT scan diagnosed sternal trunk fractures in 22% (n = 11) due to 
direct impact, 10% (n = 5) motor crashes, 28% (n = 14) due to falls and 
40% (20 cases) due to car accidents. In 1 case (100%) of fracture with 
displacement, the trauma was due to car accident and in 1 patient with 
fracture associated with lung contusion, it was due to car accident. 
Among 9 patients with hematoma, 11.1% (1 case) had direct impact, 
22.2% (2 cases) had motor accidents, 33.3% (3 cases) falls and 33.3% (3 

cases) were caused by car accidents. The findings of CT scan were not 
significantly associated with the mechanism of trauma, p = 0.86 
(Table 2). 

According to radiographic findings, in 52 patients with normal ECG, 
98.1% (51 patients) had sternal trunk fractures and 1.9% (1 patients) 
had displacement of more than 0.5 cm. Among 9 patients with ST 
elevation, 22.2% (n = 2) had sternal trunk fractures, 11.1% (n = 1) had 
fracture displacement less than 0.5 cm and in 66.7% (n = 6) fracture was 
with displacement more than 0.5 cm. There was a significant relation-
ship between ECG findings and radiographic findings, p < 0.001 
(Table 3). 

Based on CT findings, in 52 patients with normal ECG, 94.2% (n =
49) had a sternal trunk fracture and 1.9% (n = 1) had a displacement at 
the fracture site, 1.9% (1 case) had a lung contusion and 1.9% (1 case) 
had hematoma. Among, 9 patients who had ST segment elevation, 
11.1% (1 case) had sternal trunk fracture and 88.9% (8 patients) were 
diagnosed with hematoma. There was a significant relationship between 
ECG findings and CT scan findings, p < 0.001 (Table 4). 

4. Discussion 

Our study evaluated the CT and x-ray findings among trauma pa-
tients presented with sternal fracture at our medical center. The findings 
of our study showed that x-ray and CT findings are not associated with 
trauma mechanism whereas, in patients with elevated ST-segment, most 
patients had a radiographic diagnosis of fracture displacement greater 
than 0.5 cm from x-ray and most of these patients were diagnosed with 
hematoma on CT scan. 

In the study by Celik et al., which examined sternal fractures in 80 
patients, the age of patients ranged from 18 to 83 years with an average 
of 48.7 ± 15.4 years and 84% of patients were male. 44% of patients had 
isolated sternal fractures and 56% of patients had injuries associated 
with sternal fractures. The most common cause of motor vehicle crashes 
was 77% and the most common fracture was in the sternum trunk (76%) 
[20]. The average age of the patients in our study is close to that of this 
study and the most common radiographic finding was sternal trunk 
fracture. 

Bar et al., conducted a study on 55 patients with sternal fractures and 

Table 1 
Distribution of relative and absolute frequency of radiographic findings based on 
trauma mechanism.   

sternal trunk 
fractures 

displacement less 
than 0.5 cm 

displacement more than 
0.5 cm displacement. 

direct 
impact 

11 (20.8%) 0 1 (14.3%) 

motor 
accidents 

5 (9.4%) 0 2 (28.6%) 

fall 14 (26.4%) 1 (100) 2 (28.6%) 
car 

accidents 
23 (43.4%)  2 (28.6%) 

Total 53 (100%) 1 (100%) 7 (100%) 

P = 0.53 

Table 2 
Distribution of relative and absolute frequency of CT scan findings based on 
trauma mechanism.   

sternal trunk 
fractures 

displacement lung 
contusion 

hematoma 

direct impact 11 (22%) 0 0 1 (11.1%) 
motor 

accidents 
5 (10%) 0 0 2 (22.6%) 

fall 14 (28%) 0 0 3 (33.3%) 
car accidents 20 (40%) 1 (100%) 1 (100%) 3 (33.3%) 
Total 50 (100%) 1 (100%) 1 (100%) 9 (100%) 

P = 0.86 
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reported that the most common mechanism of injury was motorcycle 
accidents. Cardiac enzymes were abnormally high in 5 patients and the 
average hospital stay varied from 6 h to 6 days. None of these patients 
had abnormal ECG [21]. In our study, the most common cause of sternal 
fracture was due to car accidents and the average length of hospital stay 
was 1–4 days. The findings of ECG and cardiac enzymes are not 
consistent with this study. 

A study by Sadaba, Oswal [22] reported that widening of medias-
tinum in chest x-ray can predict abnormal ECG findings. The study 
suggested that patients with normal ECG and radiography can be dis-
charged on analgesics and echocardiography and CK test are not indi-
cated in such cases. Similar conclusions are drawn from the study by 
Dua, McMaster [23]. Furthermore, Al Mogrampi, Papoulidis [24] rec-
ommended that sternal fracture patients with abnormal ECG findings 
should be monitored for at least 48 h before discharge. von Garrel, Ince 
[25] reported that displacement associated with the fracture are asso-
ciated with corpus, thoracic and cardiac injuries. The study concluded 
that displacement can indicate the severity and prognosis of the fracture 
and associated injuries. However, Heidelberg, Uhlich [26] reported that 
displacement cannot predict fracture displacement and its severity. A 
recent study conducted by Yakar, Baykan [27] on 128 sternal fracture 
patients showed that car traffic accidents are the most common cause of 
these accidents. Localization of fracture was not associated with 
abnormal ECG findings in the study. CK was higher than normal levels in 
approximately 72% of patients. 

Our study is a retrospective study and is based on small sample size. 
This study lacks data regarding therapeutic measures and follow-up. 
Further studies are required to deduce absolute conclusion based on 
larger sample size, therapeutic measures and follow-up. These findings 
can help researchers and clinicians to draft guidelines and protocols 
regarding the management of isolated sternal fracture patients requiring 
cardiac evaluation. Future studies can help clinicians to make evidence- 
based judgment in such cases and prolonged hospitalization can be 
reduced. 

5. Conclusion 

The outcomes of our study suggest that patients with fracture 
displacement more than 0.5 cm and hematoma should undergo ECG 
analysis, in order to identify cardiac abnormalities. The type of mech-
anism of trauma may not predict radiographic findings. 
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Table 3 
Distribution of relative and absolute frequency of ECG findings based on 
radiographic findings.   

Normal ST segment elevation 

sternal trunk fractures 51 (98.1%) 2 (22.2%) 
displacement less than 0.5 cm 0 1 (11.1%) 
displacement more than 0.5 cm displacement 1 (1.9%) 6 (66.7%) 
Total 52 (100%) 9 (100%) 

P = 0.0001 

Table 4 
Relative and absolute frequency distribution of ECG findings based on CT scan 
findings.   

Normal ST segment elevation 

sternal trunk fractures 51 (98.1%) 2 (22.2%) 
displacement less than 0.5 cm 0 2 (11.1%) 
displacement more than 0.5 cm displacement 2 (1.9%) 6 (66.7%) 
Total 52 (100%) 9 (100%) 

P = 0.0001 
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[2] A. Uluşan, Ö. Karakurt, Cardiac Findings of Sternal Fractures Due to Thoracic 
Trauma: A Five-Year Retrospective Study, 2018. 

[3] M. Ahmadinejad, et al., The impact of intercostal nerve block on the necessity of a 
second chest x-ray in patients with penetrating trauma: a randomised controlled 
trial, International Journal of Surgery Open 29 (2021) 24–28. 

[4] S. Beiranvand, et al., The effects of magnesium sulfate with lidocaine for 
infraclavicular brachial plexus block for upper extremity surgeries, J. Brachial 
Plexus Peripher. Nerve Inj. 15 (1) (2020) e33. 

[5] K. Knobloch, et al., Sternal fractures occur most often in old cars to seat-belted 
drivers without any airbag often with concomitant spinal injuries: clinical findings 
and technical collision variables among 42,055 crash victims, Ann. Thorac. Surg. 
82 (2) (2006) 444–450. 

[6] S. Vahabi, et al., Evaluating memory dysfunction after spinal anesthesia among 
patients undergoing elective surgery: descriptive-analytical study, Annals of 
Medicine and Surgery 62 (2021) 168–174, https://doi.org/10.1016/j. 
amsu.2021.01.034. 

[7] R. Alizadeh, et al., A cross-sectional study on the postoperative analgesic- 
associated side effects and clinical parameters following partial mastectomy, 
International Journal of Surgery Open 27 (2020) 114–118. 

[8] S. Racine, et al., Delayed complications and functional outcome of isolated sternal 
fracture after emergency department discharge: a prospective, multicentre cohort 
study, CJEM 18 (5) (2016) 349–357. 

[9] J.G. Brookes, R.J. Dunn, I.R. Rogers, Sternal fractures: a retrospective analysis of 
272 cases, J. Trauma 35 (1) (1993) 46–54. 

[10] D.D. Odell, et al., Sternal fracture: isolated lesion versus polytrauma from 
associated extrasternal injuries—analysis of 1,867 cases, J. Trauma Acute Care 
Surg. 75 (3) (2013). 

[11] M. Aryafar, et al., A cross-sectional study on monitoring depth of anesthesia using 
brain function index among elective laparotomy patients, International Journal of 
Surgery Open 27 (2020) 98–102. 

[12] M. Hossain, et al., Current management of isolated sternal fractures in the UK: time 
for evidence based practice? A cross-sectional survey and review of literature, 
Injury 41 (5) (2010) 495–498. 

[13] R. Alizadeh, et al., Effects of prehospital traige and diagnosis of ST segment 
elevation myocardial infarction on mortality rate, Int. J. Gen. Med. 13 (2020) 
569–575. 

[14] T. Wedde, et al., Fractures of the sternum: the influence of non-invasive cardiac 
monitoring on management, Arch. Orthop. Trauma Surg. 127 (2) (2007) 121–123. 

[15] M. Ahmadinejad, et al., Trauma factors among adult and geriatric blunt trauma 
patients, International Journal of Surgery Open 28 (2021) 17–21. 

[16] G. Rambaud, et al., Extrapericardial cardiac tamponade caused by traumatic 
retrosternal hematoma, J. Cardiovasc. Surg. 42 (5) (2001) 621. 

[17] E.K. Metaxas, I. Stamatatos, D. Tsakri, True or myth? Sternal fractures and aortic 
rupture-A twenty year study, Int. J. Dev. Resear. 9 (10) (2019) 30582–30584. 

[18] S. Beiranvand, S. Vahabi, Effect of local ropivacaine on hemodynamic responses in 
craniotomy patients, J. Invest. Surg. 31 (6) (2018) 464–468. 

[19] R. Agha, et al., STROCSS 2019 Guideline: strengthening the reporting of cohort 
studies in surgery, Int. J. Surg. 72 (2019) 156–165. 

[20] B. Çelik, et al., Sternum fractures and effects of associated injuries, Thorac. 
Cardiovasc. Surg. 57 (8) (2009) 468–471. 

[21] I. Bar, et al., Isolated sternal Fracture±A benign condition? Age 17 (2003) 84. 
[22] J.R. Sadaba, D. Oswal, C.M. Munsch, Management of isolated sternal fractures: 

determining the risk of blunt cardiac injury, Ann. R. Coll. Surg. Engl. 82 (3) (2000) 
162–166. 

[23] A. Dua, et al., The association between blunt cardiac injury and isolated sternal 
fracture, Cardiol. Res. Pract. 2014 (2014) 1–3, https://doi.org/10.1155/2014/ 
629687, 2014. 

[24] S. Al Mogrampi, et al., Isolated fractures of the sternum and their management, 
Hellenic J. Surg. 89 (1) (2017) 24–27. 

[25] T. von Garrel, et al., The sternal fracture: radiographic analysis of 200 fractures 
with special reference to concomitant injuries, Journal of Trauma and Acute Care 
Surgery 57 (4) (2004). 

[26] L. Heidelberg, et al., The depth of sternal fracture displacement is not associated 
with blunt cardiac injury, J. Surg. Res. 235 (2019) 322–328. 

[27] S. Yakar, et al., Retrospective analysis of patients with sternal fracture, Turkish J. 
Emergency Med. 21 (1) (2021) 20. 

M. Ahmadinejad et al.                                                                                                                                                                                                                         

http://refhub.elsevier.com/S2049-0801(21)00712-3/sref1
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref1
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref2
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref2
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref3
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref3
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref3
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref4
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref4
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref4
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref5
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref5
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref5
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref5
https://doi.org/10.1016/j.amsu.2021.01.034
https://doi.org/10.1016/j.amsu.2021.01.034
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref7
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref7
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref7
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref8
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref8
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref8
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref9
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref9
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref10
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref10
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref10
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref11
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref11
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref11
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref12
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref12
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref12
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref13
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref13
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref13
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref14
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref14
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref15
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref15
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref16
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref16
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref17
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref17
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref18
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref18
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref19
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref19
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref20
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref20
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref21
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref22
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref22
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref22
https://doi.org/10.1155/2014/629687
https://doi.org/10.1155/2014/629687
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref24
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref24
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref25
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref25
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref25
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref26
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref26
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref27
http://refhub.elsevier.com/S2049-0801(21)00712-3/sref27

	A retrospective study on the cardiac assessment of isolated sternal fracture patients based on radiographic and clinical ou ...
	1 Introduction
	2 Methods
	2.1 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Provenance and peer review
	Human and animal rights
	Consent for publication
	Availability of data and materials
	Funding
	Ethical approval
	Registration of research studies
	Guarantor
	Contributors’ statement page
	Declaration of competing interest
	Appendix A Supplementary data
	References


