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Abstract
Purpose Traumatic sternal fractures are rare injuries. Themost commonmechanism of injury is direct blunt trauma to the anterior
chest wall. Most (> 95%) sternal fractures are treated conservatively. Surgical fixation is indicated in case of fracture instability,
displacement or non-union. However, limited research has been performed on treatment outcomes. This study aimed to provide
an overview of the current treatment practices and outcomes of traumatic sternal fractures and dislocations.
Methods A systematic review of literature published from 1990 to June 2017 was conducted. Original studies on traumatic
sternal fractures, reporting sternal healing or sternal stability were included. Studies on non-traumatic sternal fractures or not
reporting sternal healing outcomes, as well as case reports (n = 1), were excluded.
Results Sixteen studies were included in this review, which reported treatment outcomes for 191 patients. Most included studies
were case series of poor quality. All patients showed sternal healing and 98% reported pain relief. Treatment complications
occurred in 2% of patients.
Conclusions Treatment of traumatic sternal fractures and dislocations is an underexposed topic. Although all patients in this
review displayed sternal healing, results should be interpreted with caution since most included studies were of poor quality.
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Introduction

Sternal fractures are rare injuries with an incidence of less than
0.5% of all fractures and an estimated 3–8% in blunt trauma
patients [1–4]. Traumatic sternal dislocations occur even less
frequently [5]. The most common mechanism of injury is
direct blunt trauma to the anterior chest caused by motor ve-
hicle accidents [1, 6–8]. The incidence of sternal injury has
increased since the introduction of seatbelt legislation [3, 9,
10]. Additionally, sternal injuries are frequently caused by
falls from height or indirect trauma due to spinal flexion-
compression injury [1, 2, 5, 6, 11]. Traumatic sternal fractures

are mostly transverse sternal body fractures, while manubrial
and xiphoid fractures occur less frequently [3, 8, 10]. Two
types of sternal dislocations are distinguished: the sternal body
is dislocated either posteriorly (type 1) or anteriorly (type 2) to
the manubrium [2, 5, 7, 12].

An isolated sternal fracture is seen as a relatively benign
injury [2, 3, 6]. Morbidity and mortality of sternal fractures are
mostly determined by concomitant injuries of internal thoracic
organs and mortality rates range from 4 to 45% [2, 3, 10].
Frequently encountered associated thoracic injuries include ver-
tebral fractures (particularly of the cervical and thoracic spine),
rib fractures, clavicular fractures, scapular fractures, pulmonary
contusion, haemopneumothorax, cardiac and mediastinal injury,
and aortic dissection [2, 9, 10, 13]. Other commonly associated
injuries include brain injury and abdominal injury [3, 9].
Concomitant injuries and severe chest pain could lead to respi-
ratory insufficiency, organ failure, and ultimatelymortality [1, 2].

The majority of sternal fractures (> 95%) is treated conser-
vatively [1, 3, 10, 14]. Conservative treatment options consist
of analgesia, corset fixation, rest, and passive reduction of
displacement if necessary [1, 15]. Adequate analgesia is of
vital importance to prevent pulmonary complications caused
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by respiratory insufficiency as a consequence of painful res-
piration [15, 16]. However, in case of unstable fractures, tho-
racic wall instability, fracture displacement or persistent dislo-
cation, sternal deformity, respiratory insufficiency, severe
pain, and fracture non-union, surgical fixation could be per-
formed [1, 2, 4, 5, 7, 10, 17]. Several fixation methods have
been described in literature, of which wiring and plating are
most regularly used [2, 5, 6, 11, 17]. Biomechanically, surgical
plating provides more stability and a better restoration of an-
terior chest wall function than wiring, and recent evidence
suggests that plating results in improved bone healing and
decreased complications and non-union [1, 2, 6, 7, 17, 18].

Few studies have been published about the (long-term)
treatment outcomes of either conservative or surgical treat-
ment of traumatic sternal fractures and dislocations [6, 7].
No randomised controlled trials (RCTs) have been conducted
on this topic. To our knowledge, only one systematic review
has been conducted by Harston and Roberts in 2011 which
focussed on surgical fixation of sternal fractures [4]. However,
no systematic review has compared conservative and opera-
tive treatment of sternal fractures or dislocations. The aim of
this study was to conduct a systematic literature review to
provide an overview of the current treatment practice and
outcomes of traumatic sternal fractures.

Materials and methods

PubMed and EMBASE/Medline were searchedwith the terms
‘sternum’, ‘fracture’, ‘injury’, ‘treatment’, and their respective
synonyms. Both searches were performed with a combination
of free text entry terms and MeSH terms (PubMed) or Emtree
terms (EMBASE/Medline). No filters or language restrictions
were applied to the searches.

Primary and secondary outcomes for sternal fracture and dis-
location treatment were defined (Table 1). Articles were eligible
for inclusion if they were original studies on the treatment of
traumatic sternal fractures and dislocations; had a human study
population over 18 years of age; reported on > 1 primary out-
come parameters; and had been published after 1990. Articles
were excluded if they involved the treatment of non-traumatic
sternal fractures or dislocations, or fractures caused by cardio-
pulmonary resuscitation, or if they were review articles. Due to
the limited research performed on sternal injury, all types of
original studies were included except case reports (i.e., articles
with a study population of n = 1). All included articles were
assessed for eligible cross-references. Finally, from all included
articles, the parameters depicted in Table 1 were extracted.

The review of search results and the quality assessment
were performed by two authors (DK and KW) independently.
In case of disagreement, final consensus was reached through
a thorough re-assessment of the relevant article.

Quality of included studies was assessed using the meth-
odological index for non-randomized studies (MINORS)
assessment criteria, a validated instrument for the assess-
ment of comparative and non-comparative surgical studies
[19]. In the current review, only the eight criteria for non-
comparative studies were used. For each criterion, a score
of 0, 1 or 2 points was awarded: 0 points were assigned if
an item was not reported, 1 point if an item was reported
but inadequate and 2 points if an item was reported and
adequate, leading to a maximum of 16 points per study. An
appropriate study endpoint was defined as confirmation of
fracture healing or sternal stability, reported for all included
patients. An appropriate follow-up period was defined as >
three months follow-up.

Since many studies did not report outcome parameters
for all patients, the number of evaluable patients varied for
each outcome parameter. Hence, analyses were conducted
with ratios and percentages. Treatment outcomes were
evaluated in the general patient population and in

Table 1 Parameters for the assessment of included articles

Study characteristics
Year of publication
Journal of publication
Country
Study type
Study period
Number of included patients
Length of follow-up

Patient characteristics
Age (mean and range)
Gender (male or female)
Type of sternal injury (fracture or dislocation)
Location of sternal injury (manubrium, sternomanubrial joint,
sternal body, xiphoid process)
Associated injuries (isolated or combined sternal injury)
Acute (< 1 month) or non-healing sternal fracture (> 3 months)
(if applicable)
Comorbidities

Treatment methods
Type of treatment (surgical or conservative)
Conservative treatment method (if applicable)
Surgical indication (if applicable)
Type of fixation material (if applicable)

Treatment outcomes
Primary outcome parameters
(Fracture) healing
Sternal stability

Secondary outcome parameters
Pain relief
Treatment complications
Removal of fixation material (if applicable)
Other re-operation (if applicable)
Hospital length of stay
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subgroups of patients with different sternal injuries and
treatment types. Due to the limited and incomplete data
availability, no further subgroup analyses were conducted.
Data were analysed using IBM SPSS Statistics, version
22.0 (Armonk, NY, USA).

Results

Search results

The literature search was conducted on June 8, 2017. The
PubMed and EMBASE/Medline searches generated 598 and
846 hits respectively, yielding a total of 1444 hits. After re-
moval of 390 duplicates, the resulting 1054 articles were
assessed based on title and abstract. Subsequently, 967 articles
were excluded based on title and/or abstract showing no rele-
vant data for the current analysis. The remaining 87 articles
were assessed based on full-text and 14 of these articles were
included. For two articles, a full-text version was not available
and these articles were excluded. Additionally, through cross-
referencing of the included articles, another two articles were
obtained. A summary of the search process and search results
is depicted in Fig. 1.

Study characteristics

All 16 included studies were published between 2006 and
2017. There were 12 case series, two cross-sectional studies,
and two prospective cohort studies. Study periods ranged
from one to 13 years and follow-up length varied between
one month and seven years. Although all studies together
comprised 354 individual patients, many studies did not report
primary outcome parameters for all patients. Therefore, only
191 patients were included in the analysis for this review
(Table 2).

Patient characteristics and treatment methods

Mean age was 38 years (range 17–88 years). There were 101
males (70%), 44 females, and 45 patients whose gender was
not reported. Most patients (180/191, 94%) demonstrated a
sternal fracture, most commonly located at the sternal body
(30/64, 47%), followed by a fracture of the manubrium (16/
64, 25%). Of these sternal fracture patients, 137 (77%) were
treated for an acute fracture, while 42 (23%) suffered from
non-union. Eleven patients (11%) displayed a sternal disloca-
tion, all located at the manubriosternal joint. The anatomy of
sternal injuries is depicted in Fig. 2.

The majority of patients (105/143, 73%) suffered from
associated injuries. Frequently occurring associated inju-
ries were rib fractures, haemothorax or pneumothorax, pul-
monary contusion, spinal fractures, clavicular fractures,

extremity fractures, and head injuries. However, associated
injuries were not further analysed. Underlying comorbidi-
ties were not reported for any patient.

In total, 170 patients (89%) were surgically treated for
their sternal injury. Of these patients, 141 (83%)
underwent surgical fixation with plates, 28 (16%) with
plates and bone graft, and one (1%) was treated with
wires. The type of surgical plating varied per study: for
instance, some studies used locking plates, while others
used non-locking plates. Indication for surgery were frac-
ture displacement or sternal dislocation, pain, respiratory
insufficiency, sternal instability, sternal deformity, and frac-
ture non-union. Most studies did not provide detailed in-
formation on the surgical indications. Hence, further anal-
ysis of surgical indications was not performed.

Twenty-one patients (11%) received conservative
treatment. Only one study reported their conservative
treatment method: passive reduction of the sternal frac-
ture or dislocation by surgical fixation of the associated
spinal fracture (Table 3).
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Treatment outcomes

All patients in this review demonstrated sternal healing
(187/187, 100%) and/or sternal stability (35/35, 100%)
after either conservative or surgical treatment. In virtually
all patients (133/136, 98%), treatment resulted in pain re-
lief. Three patients (3/174, 2%), all treated surgically for
an acute sternal fracture, suffered from treatment compli-
cations: one patient showed post-operative wound seroma,
one patient was re-operated due to loosening of fixation
materials, and one patient suffered from an intra-operative
bleeding due to injury to the mammary artery (without
further post-operative complications). In 15 cases (15/
145, 10%), removal of osteosynthesis was reported: indi-
cations varied between patient discomfort and insurance
reasons. However, several studies did not specify the indi-
cation for osteosynthesis removal. Mean length of hospital
stay was 15 days (range 3 to 59 days), the length of stay
was however often not reported (Table 4).

Quality assessment

The mean total quality score of the included studies was 6.7
out of 16 (range 3 to 10). Most studies had appropriate end-
points to study aim (10/16) and a loss to follow-up below 5%
(14/16). No study reported an unbiased assessment of study
endpoints or a prospective calculation of sample size. Two
studies reported their data collection methods, one of which
collected data prospectively. Patient inclusion criteria were
described in three studies, all of which included patients con-
secutively. Six studies clearly stated their study aim and nine
studies had an appropriate follow-up period (Table 5).

Discussion

Few studies have been conducted on the treatment outcomes
of traumatic sternal fractures and dislocations and to date, no
randomised controlled trials have been published. Most

Table 2 Characteristics of included studies

Authors Study type Study period N Follow-up length

Abdul-Rahman et al.
(2009) [23]

Case series – 2 (primary outcomes available
for n = 1)

8 weeks

Al-Qudah (2006) [24] Case series 7 years 4 –

Ciriaco et al. (2009) [14] Case series 6 years 6 2–7 years

Divisi and Crisci (2011) [7] Cross-sectional study 16 months 11 (primary outcomes available
for n = 8)

Mean 2 (1–3) months

Ergene et al. (2013) [25] Case series 20 months 15 (primary outcomes available
for n = 8)

–

Gloyer et al. (2011) [12] Case series – 3 (primary outcomes available
for n = 2)

Mean 10 (6–12) months

Kälicke et al. (2006) [5] Case series – 2 (primary outcomes available
for n = 1)

Mean 1.5 (1–2) years

Krinner et al. (2017) [2] Case series 3 years 103 (primary outcomes available
for n = 11)

2 years

Labbe et al. (2009) [13] Case series 3 years and
5 months

11 –

Nazerali et al. (2014) [18] Case series 7 years 57 (traumatic sternal fracture in
n = 3)

3 months

Queitsch et al. (2011) [20] Single-arm prospective
cohort study

5 years 12 –

Richardson et al. (2007) [26] Case series 13 years 35 –

Schulz-Drost et al. (2014)
[27]

Prospective cohort study 1 year 10 6 months

Schulz-Drost et al. (2016) [8] Cross-sectional study 22 months 13 12 weeks

Wu et al. (2005) [21] Case series 1 year 6 (traumatic sternal fracture in n = 2) 6–18 months

Zhao et al. (2017) [1] Case series 5 years 64 (primary outcomes available
for n = 63)

6 months

Total Case series (n = 12)
Cross-sectional study (n = 2)
Prospective cohort study
(n = 1)

Single-arm prospective
cohort study (n = 1)

Mean: 52 months
(range
1–13 years)

Total: 56 years and
3 months

Total: n = 354
Included in analysis: n = 191

Range:
1 month–7 years

N number of patients, – not described

1458 International Orthopaedics (SICOT) (2019) 43:1455–1464



studies included in this review were case studies, with only
two cross-sectional studies and two cohort studies available.
Case studies lack a randomised or consecutivemethodological
approach and are thus prone to selection and publication bias.
Since case studies typically report on remarkable patients and
treatment outcomes, their results do not reflect the findings in
a general patient population. Notably, in the current review,
most studies were of poor quality, with a mean total quality
score of 6.7 out of 16. For this reason, results of this review
should be carefully interpreted.

In total, 16 studies with 191 patients were included in this
review. The majority of patients suffered from associated in-
juries (73%) and underwent surgery (89%). All patients
displayed sternal healing and/or sternal stability, with a com-
plication rate of only 3%.

Due to the limited research available, standardised treat-
ment guidelines for traumatic sternal fractures and disloca-
tions are lacking. Most notably, information about conserva-
tive and surgical treatment indications and long-term treat-
ment outcomes, both in terms of functional outcome and
health-related quality of life, could significantly improve the
treatment of these injuries.

In literature, one systematic review has been published,
which reported on surgical treatment of sternal fractures [4].
The current review evaluated both surgical and conservative
treatment, as well as treatment of sternal dislocations. Also,
more studies were included in this review (16 compared to 12
studies in the review by Harston et al.) [4].

Sternal fractures and dislocations are rare injuries [1–3, 5],
which was confirmed by the current review. The included
studies comprised only 354 patients (of whom 191 patients

could be analysed) in a total study period of 56 years and
3 months. Although only patients over 18 years of age were
included in this review, one study [20] reported an age range
of 17–54 years. Since the mean age of the patients was
33 years, we decided not to exclude this study from our
analysis.

In accordance with literature [3, 4, 10], sternal injury most-
ly occurred in young male patients and most fractures were
located at the sternal body. Since one of the included studies
exclusively assessed manubrial fractures and did not report
outcome data for patients with other sternal fractures [8], the
incidence of manubrial fractures might be overestimated in
our analysis.

In literature, the majority of sternal fractures occurs as iso-
lated injuries and are treated conservatively [1, 3, 10, 14].
However, in this review, the majority of patients (89% of all
patients and 85% of patients with an acute sternal fracture)
received surgical treatment. Many included studies reported
that some of their patients received conservative treatment, but
did not include this conservative treatment group in the fol-
low-up.Moreover, only 22% of patients in the current analysis
sustained an isolated sternal injury. This overrepresentation of
surgically treated and polytrauma patients could be explained
by the lack of consecutive patient inclusion and complete
follow-up in case series. Also, publication bias could have
caused the underrepresentation of conservatively treated pa-
tients in literature.

Fracture non-union is a rare entity in sternal fractures, with
an incidence of < 1% in literature [20, 21]. Nonetheless, 23%
of our patient population was treated for fracture non-union.
This difference could be explained by the fact that the majority
of patients in this review was treated surgically, and sternal
non-union is generally considered an indication for surgical
treatment [4].

Not one study reported on underlying comorbidities in their
patients. Hence, although this review focussed on the treat-
ment of traumatic sternal fractures and dislocations, it was
impossible to assess whether patients suffered from osteopo-
rosis or other underlying bone diseases.

Almost all surgically treated patients underwent sternal fix-
ation with plates (83%) or a combination of plates with bone
graft (16%). Former studies have shown that sternal plating
provides more stability and better chest wall function, as well
as a decreased chance of non-union and improved bone
healing, compared to wires [1, 2, 4, 17]. While Harston [4]
found that 32% of all patients underwent surgical fixationwith
wires, it seems that surgeons have increasingly embraced the
biomechanical advantages of plating. Bone graft is often used
for the treatment of fracture non-union, due to its
osteoinductive properties [7, 22]. Indeed, most patients receiv-
ing bone graft (70%) were treated for non-union, while in the
other patients, bone graft was used for extra fusion between
plate and bone after sternal dislocation.
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Fig. 2 Anatomy of sternal injuries
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In correspondence with the findings of Harston et al. [4],
operative treatment of sternal fractures and dislocations seems
to be safe and effective. All patients in this review displayed
(fracture) healing and/or sternal stability. Only 3% of patients
suffered from treatment complications and 1% needed re-op-
eration. Harston et al. [4] found that 19% of surgically treated
patients suffered from complications. This high percentage
could be explained by the fact that osteosynthesis removal
was defined as a complication. In the current review, authors
of the included studies did not seem to consider removal of
osteosynthesis a complication, since removal was reported
separately from complications and reasons for removal were
often not specified.

Only 21 patients were included in the conservative treat-
ment group of this review. Of these patients, 11 were treated
by passive reduction of their sternal injury and ten patients
received unknown non-surgical treatment. Although all pa-
tients in the conservative treatment group reached fracture
healing and none suffered from complications, treatment
methods could not be compared. Furthermore, the group is
too small to generalise the findings.

Although most studies provided information on the occur-
rence of complications in their patients, comprehensive defi-
nitions and numbers were often lacking. Similarly, pain relief
was often not defined nor quantified. Only one study [1] re-
ported an average decrease in Pain Severity Score (PSS) for
their patient population, although the authors did not report
whether pain relief was experienced by all patients individu-
ally. Hence, for the analysis of both complications and pain
relief in this review, data might be biased or incomplete.
Notably, length of follow-up ranged from 1 month to 7 years.
Some complications, such as sternal non-union, appear later
than others; therefore, in some studies, follow-up for compli-
cations might have been incomplete.

The mean length of hospital stay was 15 days, but ranged
from 3 to 59 days. Only few studies reported the length of
stay: most of these reported a mean hospital stay of three to 12
days, while one study [2] demonstrated a prolonged mean stay
of 31 days. This difference could be caused by the fact that in
the latter study, all patients suffered from associated injuries,
while in the other studies, the majority of patients presented
with an isolated sternal fracture. The difference in hospital
length of stay could be explained by the association between
associated injuries and length of hospital stay found in litera-
ture [3].

This systematic review has several limitations. Firstly,
many studies did not report all primary and secondary out-
come parameters. Therefore, for each outcome parameter,
analysis could be performed on only a limited number of
patients; consequently, results could be highly skewed by
the outcomes of an individual study. Secondly, most studies
included in this review were low-quality case series, with po-
tential selection and publication bias. Finally, the positiveTa
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treatment results found in this review could not be extrapolat-
ed to the general population of sternal injury patients. Most
notably, merely 191 patients were included in this review, with
only 21 patients treated conservatively and 11 patients suffer-
ing from sternal dislocation. Moreover, it was impossible to
assess how many patients who initially received conservative
treatment ultimately required surgery. Furthermore, indica-
tions for surgery could not be verified.

In conclusion, both surgical and conservative treatment of
traumatic sternal fractures and dislocations seem to be safe and
effective. All patients evaluated in this review displayed sternal
healing, while reported complication rates were as low as 3%.
However, very limited research has been performed on this
topic and only 191 patients could be included in the current
analysis. Available evidence consists mainly of case series with
low scores on quality assessment. Consecutive cohort studies
and randomised controlled trials are lacking and study results
should be interpreted with caution. Both additional high-quality
research and comprehensive information from patient registries
are essential to verify surgical indications and treatment out-
comes in the relevant patient populations.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Zhao Y, Yang Y, Gao Z, WuW, HeW, Zhao T (2017) Treatment of
traumatic sternal fractures with titanium plate internal fixation: a
retrospective study. J Cardiothorac Surg 12:22. https://doi.org/10.
1186/s13019-017-0580-x

2. Krinner S, Grupp S, Oppel P, Langenbach A, Hennig FF, Schulz-
Drost S (2017) Do low profile implants provide reliable stability in
fixing the sternal fractures as a ‘fourth vertebral column’ in
sternovertebral injuries? J Thorac Dis 9:1054–1064. https://doi.
org/10.21037/jtd.2017.03.37

3. Athanassiadi K, Gerazounis M, Moustardas M, Metaxas E (2002)
Sternal fractures: retrospective analysis of 100 cases. World J Surg
26:1243–1246. https://doi.org/10.1007/s00268-002-6511-5

4. Harston A, Roberts C (2011) Fixation of sternal fractures: a system-
atic review. J Trauma - Inj Infect Crit Care 71:1875–1879. https://
doi.org/10.1097/TA.0b013e31823c46e8

5. Kälicke T, Frangen TM, Müller EJ, Muhr G, Hopf F (2006)
Traumatic manubriosternal dislocation. Arch Orthop Trauma Surg
126:411–416. https://doi.org/10.1007/s00402-006-0145-2

6. Byun CS, Park IH, HwangWJ, Lee Y, Cho HM (2016) Analysis of
sternal fixation results according to plate type in sternal fracture.
Korean J Thorac Cardiovasc Surg 49:361–365. https://doi.org/10.
5090/kjtcs.2016.49.5.361

7. Divisi D, Crisci R (2011) Use of demineralized bone matrix and
plate for sternal stabilization after traumatic dislocation. Gen
Thorac Cardiovasc Surg 59:52–56. https://doi.org/10.1007/
s11748-010-0596-9

8. Schulz-Drost S, Oppel P, Grupp S, Taylor D, Krinner S,
Langenbach A, Hennig F, Mauerer A (2016) The oblique fracture
of the manubrium sterni caused by a seatbelt—a rare injury?
Treatment options based on the experiences gained in a level I
trauma centre. Int Orthop 40:791–798. https://doi.org/10.1007/
s00264-015-2801-z

9. Scheyerer MJ, Zimmermann SM, Bouaicha S, Simmen H-P,
Wanner GA, Werner CML (2013) Location of sternal fractures as
a possible marker for associated injuries. Emerg Med Int:407589.
https://doi.org/10.1155/2013/407589

10. Knobloch K, Wagner S, Haasper C, Probst C, Krettek C, Otte D,
Richter M (2006) 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 82:444–450. https://doi.
org/10.1016/j.athoracsur.2006.03.046

11. Ahmad K, Katballe N, Pilegaard H (2015) Fixation of sternal frac-
ture using absorbable plating system, three years follow-up. J
Thorac Dis 7:E131–E134. https://doi.org/10.3978/j.issn.2072-
1439.2015.05.03

12. GloyerMA, Frei H-C, Hotz TK, Kach KP (2011) Osteosynthesis of
traumatic manubriosternal dislocations and sternal fractures with a
3.5/4.0 mm fixed-angle plate (LCP). Arch Orthop Trauma Surg
131:1261–1266. https://doi.org/10.1007/s00402-011-1297-2

13. Labbe J-L, Peres O, Leclair O, Goulon R, Scemama P, Jourdel F
(2009) Fractures of the upper transthoracic cage. J Bone Jt Surg -
Ser B:91:91–91:96. https://doi.org/10.1302/0301-620X.91B1.
20769

14. Ciriaco P, Casiraghi M, Negri G, Gioia G, Carretta A, Melloni
G, Zannini P (2009) Early surgical repair of isolated traumatic
sternal fractures using a cervical plate system. J Trauma - Inj
Infect Crit Care 66:462–464. https://doi.org/10.1097/TA.
0b013e31814b2c5e

15. Thomas KP, Sainudeen S, Jose S, Nadhari MY, Macaire PB (2016)
Ultrasound-guided parasternal block allows optimal pain relief and
ventilation improvement after a sternal fracture. Pain Ther 5:115–
122. https://doi.org/10.1007/s40122-016-0050-5

16. AppelboamA,McLauchlan CAJ,Murdoch J,MacIntyre PA (2006)
Delivery of local anaesthetic via a sternal catheter to reduce the pain
caused by sternal fractures: first case series using the new technique.
Emerg Med J 23:791–793. https://doi.org/10.1136/emj.2005.
032169

17. Schulz-Drost S, Oppel P, Grupp S, Schmitt S, Carbon RT, Mauerer
A, Hennig FF, Buder T (2015) Surgical fixation of sternal fractures:
Preoperative planning and a safe surgical technique using locked
titanium plates and depth limited drilling. J Vis Exp:e52124. https://
doi.org/10.3791/52124

18. Nazerali RS, Hinchcliff K, Wong MS (2014) Rigid fixation for the
prevention and treatment of sternal complications. Ann Plast Surg
72:S27–S30. https://doi.org/10.1097/SAP.0000000000000155

19. Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J
(2003) Methodological index for non-randomized studies
(MINORS): development and validation of a new instrument.
ANZ J Surg 73:712–716. https://doi.org/10.1046/j.1445-2197.
2003.02748.x

20. Queitsch C, Kienast B, Voigt C, Gille J, Jurgens C, Schulz AP
(2011) Treatment of posttraumatic sternal non-union with a locked
sternum-osteosynthesis plate (TiFix). Injury 42:44–46. https://doi.
org/10.1016/j.injury.2010.08.013

21. Wu LC, Renucci JD, Song DH (2005) Sternal nonunion: a review
of current treatments and a new method of rigid fixation. Ann Plast
Surg 54:55–58

International Orthopaedics (SICOT) (2019) 43:1455–1464 1463

https://doi.org/10.1186/s13019-017-0580-x
https://doi.org/10.1186/s13019-017-0580-x
https://doi.org/10.21037/jtd.2017.03.37
https://doi.org/10.21037/jtd.2017.03.37
https://doi.org/10.1007/s00268-002-6511-5
https://doi.org/10.1097/TA.0b013e31823c46e8
https://doi.org/10.1097/TA.0b013e31823c46e8
https://doi.org/10.1007/s00402-006-0145-2
https://doi.org/10.5090/kjtcs.2016.49.5.361
https://doi.org/10.5090/kjtcs.2016.49.5.361
https://doi.org/10.1007/s11748-010-0596-9
https://doi.org/10.1007/s11748-010-0596-9
https://doi.org/10.1007/s00264-015-2801-z
https://doi.org/10.1007/s00264-015-2801-z
https://doi.org/10.1155/2013/407589
https://doi.org/10.1016/j.athoracsur.2006.03.046
https://doi.org/10.1016/j.athoracsur.2006.03.046
https://doi.org/10.3978/j.issn.2072-1439.2015.05.03
https://doi.org/10.3978/j.issn.2072-1439.2015.05.03
https://doi.org/10.1007/s00402-011-1297-2
https://doi.org/10.1302/0301-620X.91B1.20769
https://doi.org/10.1302/0301-620X.91B1.20769
https://doi.org/10.1097/TA.0b013e31814b2c5e
https://doi.org/10.1097/TA.0b013e31814b2c5e
https://doi.org/10.1007/s40122-016-0050-5
https://doi.org/10.1136/emj.2005.032169
https://doi.org/10.1136/emj.2005.032169
https://doi.org/10.3791/52124
https://doi.org/10.3791/52124
https://doi.org/10.1097/SAP.0000000000000155
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.1016/j.injury.2010.08.013
https://doi.org/10.1016/j.injury.2010.08.013


22. Severson EP, Thompson CA, Resig SG, Swiontkowski MF (2009)
Transverse sternal nonunion, repair and revision: a case report and
review of the literature. J Trauma - Inj Infect Crit Care 66:1485–
1488. https://doi.org/10.1097/TA.0b013e318047dfd9

23. Abdul-Rahman MR, Seong NK, Hee TG, Aljada ME, Reda TA,
Sumin JO, Dimon MZ (2009) Comminuted sternal fracture—a
sternotomy wire fixation: report of 2 cases. Heart Surg Forum 12:
E184–E186. https://doi.org/10.1532/HSF98.20091016

24. Al-Qudah A (2006) Operative treatment of sternal fractures. Asian
Cardiovasc Thorac Ann 14:399–401. https://doi.org/10.1177/
021849230601400510

25. Ergene G, Tulay CM, Anasiz H (2013) Sternal fixation with non-
specific plate. Ann Thorac Cardiovasc Surg 19:364–367. https://
doi.org/10.5761/atcs.oa.12.01980

26. Richardson JD, Franklin GA, Heffley S, Seligson D (2007)
Operative fixation of chest wall fractures: an underused procedure?
Am S 73:591–597

27. Schulz-Drost S, Mauerer A, Grupp S, Hennig FF, Blanke M (2014)
Surgical fixation of sternal fractures: locked plate fixation by low-
profile titanium plates—surgical safety through depth limited dril-
ling. Int Orthop 38:133–139. https://doi.org/10.1007/s00264-013-
2127-7

1464 International Orthopaedics (SICOT) (2019) 43:1455–1464

https://doi.org/10.1097/TA.0b013e318047dfd9
https://doi.org/10.1532/HSF98.20091016
https://doi.org/10.1177/021849230601400510
https://doi.org/10.1177/021849230601400510
https://doi.org/10.5761/atcs.oa.12.01980
https://doi.org/10.5761/atcs.oa.12.01980
https://doi.org/10.1007/s00264-013-2127-7
https://doi.org/10.1007/s00264-013-2127-7

	Current treatment and outcomes of traumatic sternal fractures—a systematic review
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Results
	Search results
	Study characteristics
	Patient characteristics and treatment methods
	Treatment outcomes
	Quality assessment

	Discussion
	References


