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Background: Sternal fracture can result from multiple types of severe chest trauma and carries significant
risk. Surgical fixation is an effective method for sternal fracture.

Methods: The clinical data of patients with sternal fractures who presented to our hospital between August
2016 and July 2019 were collected. The 42 patients were divided into three groups, with 15 patients treated
by internal fixation with NI-TT memory alloy embracing fixator, 10 patients receiving steel wire fixation,
and 17 who received non-surgical treatment and who was designated as a control (conservative) group.
Differences in clinical indices included the duration of surgery, blood loss, hospitalization, wound healing,
hospitalization expenses, VAS scores, and patient satisfaction scores between the three groups was compared.
The analysis of variance and t-test were used for quantitative variables, which were approximately normally
distributed. Dichotomous data were compared used Pearson %’ or Fisher’s exact test, and a P value less than
0.05 was considered as statistically significant.

Results: All patients were cured, and there were no significant differences in general clinical features
between the three groups (P>0.05). Thoracic deformity in the surgical groups was corrected anatomically
and received better pain scores, while patients in the NI-TT memory alloy embracing fixator group showed
advantages of bleeding and patient satisfaction (P<0.05).

Conclusions: Operative treatment for a sternal fracture is safe, effective and can quickly restore the

stability of the thorax. Memory alloy embracing fixator is markedly superior to other fixator materials.
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Introduction symptoms (5,6), and the most common fracture site is the

Sternal fractures are a rare form of chest injury and are gladiolus or gladiomanurical junction (7).

. . . The treatment meth rnal fracture can incl
mainly due to a violent force applied to the thorax’s sternum e treatment method sternal fracture can include

area or crush injury (1). Traffic accidents, high fall injuries, conservative medical treatment and surgical operation,

and spinal hyperflexion injuries are the main causes, and largely depending on the presence of fracture shifts

severe sternal fractures are often associated with lung injury or complications (8). Stable fractures with little or no

or heart trauma, leading to respiratory failure and shock
(2-4). Sternal fractures are usually not difficult to diagnose
through a detailed medical history, CT scan, and clinical

© Journal of Thoracic Disease. All rights reserved.

displacement can be treated with manual reduction and
analgesia treatment (9). However, for patients with serious

displacement or a combination of injuries to organs in
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the pleuroperitoneal cavity, surgical treatment is often
necessary (10). However, for some patients with simple
sternal fractures and minimal displacement, there were two
therapeutic options can be selected (11).

This article aims to compare the effectiveness of three
treatments for patients with sternal fracture.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-3603).

Methods
Sternal fractures of patients

We collected the detailed clinical data of 81 patients
who received sternal fracture treatment in our hospital
between August 2016 to July 2019. Thirty-nine patients
with either undisplaced sternal fracture, internal bleeding,
or multiple severe injuries were excluded from the study.
The remaining 42 patients with fracture and displacement
were included, and of these, 25 patients received internal
fixation treatment, and 17 were selected for non-operative
treatment (non-operative treatment group). In patients
receiving surgery, 10 were treated with fixed steel wire (steel
wire fixed treatment group), and 15 were fixed with memory
alloy (memory alloy fixed treatment group). It is important
to note that the displacement degrees of fractures were
different in the operation group and conservative groups.
Three researchers collected clinical data independently to
reduce bias. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). This study
was approved by the ethics committee of the 901st Hospital
of the Joint Logistics Support Force of PLA (2019L06).
The informed consent from each patient or the individual
patient’s family was waived because there were no new
interventions for the patients and the information was
anonymized.

Method of surgical treatment

All patients underwent a CT scan and three-dimensional
reconstruction of the sternum before surgery. Three patients
had multiple rib fractures that were fixed at a single stage.
Of the 25 surgical patients, four had hemopneumothorax
and were initially treated with closed thoracic drainage using
a thoracoscope placed in the thoracic drainage tube orifice.
Surgical approaches were based on the fracture sites and
complications. In the memory alloy fixed treatment group,
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all 15 patients underwent general anesthesia by tracheal
intubation with the thoracodorsal region elevated for better
exposure. A median sternotomy was used, and a left-sided
chest wall united incision was used for two patients with a
severe rib fracture. The skin and subcutaneous tissue were
incised first, then using imaging data, the fracture sides
were opposed, and the periosteum incised along the fracture
line. Separation of tissue was minimized when the fracture
ends were exposed to preserve the periosteal blood supply
and bone perfusion to facilitate healing. A reduction clamp
and towel forceps were used, and a suitable nitinol memory
alloy embracing fixator to place on the fracture was then
placed in ice water to obtain the correct shape. The shaped
fixator was then placed into the fracture sides, the four arms
of the embracing fixator located in the superior and inferior
costal fovea, then 40-50 °C water was used to hot compress
the fixator to make it shrink. Standard wound observation
and anti-infection treatment after surgery were followed for
one to three days according to patients’ condition.

To accurately localize the surgical region, all patients
fixed with steel wire first underwent CT or X-ray scan
before a routine median sternotomy was performed in all
cases except one. Two holes were drilled at each end of the
fractured sternum, a specialized wire then threaded through
the holes, and a steel wire fixed and tightened to a suitable
pressure. One patient with severe rib fractures and obvious
pleural effusion was treated with combined anterior lateral
incision thoracotomy.

Non-operative treatment group

Non-operative therapy was provided to 17 patients. In
the 10 patients with no obvious displacement, an adopted
supine or semi-reclining position was established, and a thin
pillow was used to raise the backside while the chest was
secured with a chest strap. In the seven patients receiving
manipulative reduction treatment, the supine position
was adopted on a hard bed with the backside raised. Local
anesthesia was used to alleviate pain, and the broken end
of the fracture was manipulated in timing with expiratory
movement. A “click” sound indicated successful reduction,
which was confirmed by an X-ray scan. Treatment in the
conservative therapy group included analgesia treatment,
oxygen, antibiotics, and aerosol inhalation.

Main outcome measures and statistical analysis

Clinical data were collected, and comparative analysis was
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> Internal bleeding
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alloyed fixed treatment treatment fixed treatment
n=15 n=17 n=10

Figure 1 Patient selection program.

conducted. We extracted the main indicators, including
surgery duration, blood loss, hospitalization, wound healing,
hospitalization expenses, and follow-up information,
including fracture healing, pain experience, and patient
satisfaction scores, in the three groups. We also recorded
the reasons for incomplete follow-up. The variance and t
test analysis were used for quantitative variables that were
approximately normally distributed, and dichotomous data
were compared used Pearson y’ or Fisher’s exact test. All
statistical analyses were performed using SPSS software
22.0 version, and P<0.05 was considered to indicate a
statistical difference.

Results
General clinical index of the three groups

The patient selection diagram is shown in Figure 1. A total
of 42 sternal fracture patients were studied, and these were
divided into three groups. The age range was 14 to 82 years,
the median age was 39 years, and there were 28 males and
14 females. The general clinical characteristics of patients in
the three groups are shown in 7ible 1. The general clinical
index differences between the three groups showed no
statistical significance (P<0.05).

Objective standards during and after the operation

Surgical treatment was selected for 25 patients. The
operations were finished smoothly with no deaths, the mean
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duration of surgery in the memory alloy fixed treatment
group was 99.07+30.09 minutes, and the longest operation
was a patient suffering from multiple-rib fractures and
pulmonary contusion. All fracture deformities were
corrected, and paradoxical breathing disappeared after
surgery. In the steel wire fixed group, the mean procedure
time was 83.60+12.79 minutes. Two patients with serious
chest trauma were admitted to the Surgical Intensive Care
Unit after surgery and smoothly returned to the general
ward the next day. All patients underwent bedside X-ray
examination after surgery (Figure 2). The clinical index of
surgery duration, blood loss, hospital stays, wound healing,
hospitalization expenses, and follow-up information are
shown in Table 2.

Non-operative treatment conditions

All 17 patients in the non-operative group smoothly
recovered and were discharged. Manipulative reduction
treatment was applied to seven patients, and no subsequent
displacement was observed on a chest CT scan. The
clinical index indicated that patients treated with non-
surgical therapy paid fewer hospitalization costs than those
undergoing surgery and avoided surgical incision infection
risk. However, two patients developed delayed-type
mediastinal hematoma as seen on chest CT scan during
the treatment, and one experienced pulmonary infection
because they refused to cough and expectorate. The
visual analog scales (VAS) pain scores of all three groups
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Number of cases

Clinical index t/? P
Memory alloy fixed group Non-operative group Steel wire fixed group

Sex 0.861 0.650
Male 10 (23.8%) 13 (30.6%) 6 (14.3%)
Female 5(11.9%) 4 (9.5%) 4(9.5 %)

Age 1.522 0.467
>60 years 4 (9.5%) 7 (16.7%) 2 (4.8%)
<60 years 11(26.2%) 10 (23.8%) 8(19.0)

BMI 0.400 0.819
>24 5(11.9%) 7 (16.7%) 3(7.1%)
<24 10 (23.8%) 10 (23.8%) 7 (16.7%)

Past health status 0.494 0.781
Underlying disease 3 (7.1%) 5(11.9%) 2 (4.8%)
Healthy 12 (28.6%) 12 (28.6) 8 (19.0%)

are shown in Table 3. This reveals that the non-operative
treatment group obtained relatively worse scores than the
surgical group (P<0.05).

Follow-up information

The 42 patients were followed up for (12+2) months
(range, 10-15 months), and no graft rejection or sternal
infection was reported. Although one patient in the steel
wire treatment group reported pain when exercising their
chest, a CT scan showed satisfactory healing. Two patients
who experienced mediastinal hematoma in the conservative
treatment group returned to our hospital one month after
their initial admission, and a chest CT scan showed the
hematoma size had obviously shrunk. While there were
three patients with deformed healing in the conservative
treatment group, none reported significant disruption to
their daily activities. Patients’ subjective assessment was
further assessed using patient satisfaction scores, with
the highest (best outcome) score being 100 points. After
3 months, 6 months, and 12 months from the day of
discharge, patients’ satisfaction scores are shown in Tuble 4.
While in the first 6 months, the was no significant difference
in satisfaction between the three groups, the scores in the
memory alloy fixed treatment group were superior to the
other two groups in the most recent follow-up.

© Journal of Thoracic Disease. All rights reserved.

Discussion

The sternum is a relatively hard flat bone located in
the middle of the chest, comprised of the manubrium,
gladiolus, and xiphoid segments (12,13). Most sternal
fractures are caused by direct force, the fracture site is
always located in the body or manubrium, and the fracture
line is usually transverse extension (14). Multi-slice spiral
CT and 3D reconstruction techniques have made the
sternal fracture diagnosis no longer difficult (15,16). While
simple undisplaced fractures usually do not require special
medical treatment, displaced fractures or those associated
with serious chest visceral injury should receive appropriate
treatment. The retrosternal space is adjacent to the
anterior mediastinum, and high energy violence applied
to the anterior chest wall carries a high association with a
serious injury, such as cardiac and aorta contusion, multiple
rib fractures, and pulmonary contusion (17,18). As these
injuries can cause massive bleeding, respiratory failure,
and a series of pathophysiological changes (19), which
threatens patients’ lives, providing the correct treatment for
a displaced sternal fracture is critical.

Therapies for sternal fracture include conservative and
surgical treatment, and most clinicians believe that patients
with undisplaced sternal fractures can be treated with
conservative medical methods. In a 17-year follow-up study,
Molina reported that surgical treatment for undisplaced
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Figure 2 Clinical data before and after surgery. (A) CT scan for a patient with sternal fractures before fixation; (B) 3D reconstruction for the

fractured ribs before surgery; (C) memory alloy plate used for surgery; (D) CT scan of patient after surgery.

Table 2 Clinical outcome of the two surgery groups

Wound infection

Duration of Blood loss of Hospital stays Hospitalization
Group . )
operation (min) surgery (mL) (days) expenses (¥) Yes No
Memory alloyed fixed 99.07+30.09 40.67+31.50 9.33+2.50 18,417+3,267 2 (13.3%) 13 (86.7%)
Steel wire fixed 83.60+12.79 91.00+28.17 9.30+2.58 18,084+2,296 1(10%) 9 (90%)
Statistics 1.527 -4.08 0.032 0.279 ¥*=1.00
P value 0.140 <0.01 0.975 0.783 P=0.654

sternal fracture was successful (20). Our daily clinical work
has found that both medical and surgical treatment for
an isolated sternal fracture is possible, and each has its
advantages. Accurately determining surgical intervention
indications is very important as cardiopulmonary and
mediastinal complications can deteriorate rapidly (21). In
our trauma center, the indications of surgery for sternal
fracture include flail chest, open sternal fracture, cases
where the end of the fracture compresses the mediastinal
organs, or organ damage has occurred comminuted sternal
fracture affects the stability of the chest.

© Journal of Thoracic Disease. All rights reserved.

Non-operative treatment for sternal fracture includes
external fixation, analgesia treatment, and intravenous
fluids to maintain electrolyte balance and manipulative
reduction. Through observation and analysis of the clinical
data of all 17 patients in the conservative treatment group,
we found that the stability of the sternum was related to
the fractured site (22), with fractures in the upper sternum
usually relating to poor stability. Manipulative reduction
therapy and a fixed chest belt were applied in two patients,
but mildly paradoxical breathing still appeared. Surgery to
fix the broken end of the fracture and restore the chest’s
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Group Cases VAS F P value

Memory alloy fixed group 15 2.53+1.51

Non-operative treatment group 17 2.40+1.35 6.185 0.005

Steel wire fixed group 10 4.12+1.54

VAS, visual analog scale.

Table 4 Patients satisfaction scores of the three groups

Satisfaction scores Memory alloyed fixed Steel wire fixed group Non-operative F P
group treatment group

Three months from discharge 88.40+5.95 88.30+4.90 86.41+5.32 0.645 0.530

Six months from discharge 92.73+4.59 92.40+4.20 90.24+4.32 1.484 0.239

Twelve months from discharge 95.563+3.85 91.40+4.35 91.18+4.41 6.833 0.003

stability was used in a broader range of patients. Also, the
complications of sternal fracture could be treated during
surgery. Severe rib fractures were seen in three patients, and
they received internal fixation. A preoperative CT scan helps
determine the precise location for a surgical approach and
provides a reference for selecting surgical procedures (23).
For patients with great vessel trauma, surgical hemostasis
and repair should be repaired first, and the sternum
attended to in the second stage of the operation.

Internal fixation materials for sternal fractures mainly
include steel wire fixation, memory alloy fixator treatment,
and titanium plate fixation, and in our hospital, steel wire
fixator and memory alloy fixator are often used. Although
internal plate fixation is relatively reliable, it requires
drilling into the sternum, increasing the risk of damage to
retrosternal organs and requiring a second operation to
remove the plate. Steel wire fixation is a traditional surgical
procedure (24), but the operative space is small, threading
the steel wire is not easy, and dissection of the periosteum
can affect the sternal blood supply. Also, steel wire involves
a cutting force on the sternum, and the treatment effect
is generally poor for irregular or comminuted fractures.
While in our study, only one patient was treated with mild
steel wire displacement, clinicians have also reported good
results using steel wire with a needle similar to that used
in cardiac surgery to fix the fracture (25). Nickel-titanium
memory alloy embracing fixator is a new type of material
combining sensing with actuation (26). It is widely used
for sternal fracture in our medical center and has favorable
histocompatibility, excellent corrosion resistance, and self-

© Journal of Thoracic Disease. All rights reserved.

pressurized function. Memory alloy embracing fixation is
simple, and blood loss during surgery was less compared
with the steel wire treatment group in our study. We did
not incise the periosteum during memory alloy embracing
fixator treatment procedures, as the embracing arm can
maintain the stability of fracture through the gripping
force to the costal fovea, leaving no need to dissect the
retrosternal space. These properties result in patients
obtaining a better medical experience when treated with
memory alloy embracing fixator, as shown in this group’s
superior VAS scores. However, some disadvantages to
this method exist, including the risk that the fixator’s
shape would return to its original form with a change
of temperature, and the changed fixator may not fit the
sternum. Also, due to the fixator’s volume, the cosmetic
appearance of the anterior chest wall is altered in some
patients, the fixator is more expensive than wiring, and the
reversibility of the memory effect may be insufficient.
Surgery for sternal fracture is becoming minimally
invasive and more accurate as medical technology improves
(1,27). MSCT was widely used for diagnosis and treatment
in the earlier period of injuries in our trauma center, and
large amounts of data were collected on its use. MSCT
multiplane reformation (MPR) can provide sagittal,
coronal, and oblique reconstruction information, and
three-dimensional CT reconstruction can clearly show
the details of trauma and the 3D spatial relationship of
fractures. Reconstruction technology also takes a short
time, is easy to operate, and reduced the miss rate for non-
obvious displaced fractures in one study (28). In our study,
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all 42 patients received MSCT scan and 3D reconstruction,
and the preoperative and intraoperative localization
were consistent. Various imaging examination data also
play a significant role in follow-up appointments and
reexaminations. For patients with sternal fracture associated
with other chest injuries, corresponding treatment is
usually required. In this study, we focused on associated
injuries that required surgical treatment. Four patients
received video-associated thoracoscope (VATS) explorations
treatment, which allowed observation of the thorax and easy
cleaning of blood clots, completion of lung rupture repair,
and observation of multiple rib fractures. Three patients
required rib fracture fixed surgery in our study, using
MSCT reconstruction and VATS technology made the
surgery more precise and involved minimal invasion.

The early and accurate diagnosis of suspected sternal
fracture following trauma is very important, and the
application of timely and correct clinical treatment is the
key requirement for obtaining successful outcomes (29).
Conservative therapy is also an acceptable treatment for
undisplaced sternum fracture patients and is especially
useful in patients who do not wish to undergo internal
fixation (30). Our research used a nickel-titanium memory
alloy fixator for 15 patients with displaced sternal fractures
and achieved a good therapeutic effect. The Ni-Ti memory
ally fixator is an ideal internal fixation material that can
relieve pain effectively after surgery, mobilizes patients more
quickly, and reduces pulmonary complications. However,
in the future, a more absorbable material with stronger
plasticity which can provide a more precise fit is needed
better to suit individual patients’ needs (31). The successful
use of autologous stem cells for sternal reconstruction has
also been reported and may hold future promise in treating
sternal fracture (32).

The limitations to this study are its small sample size and
limited follow-up period. Studies with larger sample size
and longer follow-up periods are required to confirm the
results.
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