
Introduction
 With the rapid development of the society and the advances in 
medical technology, open heart surgery has become one of the most 
common procedures done in China. The standard approach for open  
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heart surgical procedures is the median sternotomy that can be per-
formed quickly and provides excellent exposure of the heart, which 
facilitates different cardiac operations, and is well tolerated by most 
patients [1]. Despite its good exposure, it is not free of complications. 
Serious wound complications, such as sternal dehiscence and Deep 
Sternal Wound Infection (DSWI), may occur after median sternoto-
my. The reported incidence of these complications has ranged from 
0.3% to 5.0% in most studies [2]. This variation may be partly due to 
differences in study design and partly to differences in type of surgi-
cal procedures performed and the definitions of these complications. 
Especially, the devastating complication DSWI or mediastinitis can 
cause a high mortality rate of up to 15%, with a significantly pro-
longed hospital stay and the associated increase in cost. Sternal dehis-
cence and DSWI usually occur together, suggesting that instability of 
the sternal in the early postoperative period predisposes to infection 
[3]. So the most essential factor for preventing these complications 
is a stable and enduring sternal approximation. Various bone fixation 
materials and sternal closure techniques have been developed in order 
to optimiz sternal stability, but a reliable technique remains elusive 
[4,5]. Until now, the cerclage with stainless steel wires remains the 
standard technique for sternal closure. However, the steel wires can 
cut into the bone when mechanical stresses concentrated on at them, 
causing inadequate fixation and sternal dehiscence. Effective rigid os-
teosynthesis of the sternum is the most essential factor on preventing 
post-sternotomy complications from occurring by affording greater 
stability and promoting primary healing of the sternum. Several inno-
vative methods for more rigid fixation of the sternum have been stud-
ied, but there is no ideal method yet. Some studies have demonstrated 
the sternal plating was superior to wire closure in rigid fixation of the 
sternum in mechanical properties [6-8].

 We therefore adopted the Ni-Ti-shaped memory alloy embracing 
plates (Lanzhou Ximai Memory Alloy co. LTD, Gansu, China). The 
aim of this study is to determine  whether the Ni-Ti-shaped memory 
alloy embracing plate is an effective treatment for post -sternotomy 
complications and to see if it can improve the mechanical stability of 
sternal closure and to evaluate its initial outcome.

Materials & Methods
Patients

 This retrospective study included a total of 120 adult patients who 
underwent internal fixation of the sternum with the Ni-Ti-shaped 
memory alloy embracing plate from January 2012 through Decem-
ber 2015. The patients consisted of 84(70%) males 40 and 36 (30%) 
females, with an average age of 68 years (36-80 years). Among 
these patients, 74 patients underwent Coronary Artery Bypass Graft 
(CBAG), 30 cases underwent valve surgery, and 16 patients under-
went other procedure. This plating was used for fixation of sternum by 
the selection of the patients and their family. Especially, we tended to 
suggest the patients accompanied by diabetes, hypertension and heart 
failure to receive sternal plating. Approval for the study was obtained 
from the PKUcare Luzhong Hospital Research Ethics Board.
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Abstract
Objectives: To investigate whether the Ni-Ti-shaped memory al-
loy embracing plate is an effective treatment for post -sternotomy 
complications and to see if it can improve the mechanical stabili-
ty of sternal closure and to evaluate its initial outcome. Methods: 
One-hundred twenty patients from January 2012 through December 
2015 underwent sternal fixation with the Ni-Ti-shaped memory alloy 
embracing plate in cardiac sugery. Sternal healing was evaluated by 
physical examination, wound healing complications and the Com-
puted Tomography (CT) showings of coaptation the sternal halves. 
The pain scores were recorded preoperatively and postoperatively 
on day 3 to 7, discharge, 4 weeks, and 3 and 6 months.

Results: The patients with Ni-Ti-shaped memory alloy embracing 
plate fixation had less postoprative comlications, such as fat lique-
fication, mediastinitis, sternal dehiscenc. The postoperative pain 
scores were significantly lower in patients with sternal fixation of 
embracing plates than that with wire cerclage. The life quanlity was 
imporoved in embracing plate fixation patients.

Conclusion: The Ni-Ti-shaped memory alloy embracing plate sig-
nificantly improved the sternal stability closure and life quanlity and 
reduced postoperative pain in cardiac surgery.
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Operative Procedures
 Before operation, we measured the width of the sternum conven-
tionally in order to chose the size of the plate. All operations were 
performed as the same way as it used to be done. Only the unilateral 
thoracic artery was used in all coronary surgeries in our department. 
The appropriate size of embracing plates were soaked into the ice-
cold water to have good plasticity to allow extension of the embracing 
arm to a length greater than the width of the sternum while adequate 
hemostasis. The presternal pectoral muscle tissue was dissected off 
the anterior table of the sternal body respectively at the 3th, 4th and 
5th intercostal space. One wire was placed in the manubrium and one 
in the region of the body of the sternum at the level of the 2th intercos-
tal space. The wires were tightened carefully to align and approximate 
the sternal halves. Then the embracing plates were took out of the 
ice water and placed in the 3th to 5th intercostal space immediately. 
With the material property of expansion with heat and contract with 
cold, warm salt water at 40-50℃ was poured on the plates. The plates 
recovered to the preset shape and were secured to the sternal body at 
appropriate level while two wires were placed in the manubrium and 
the upper sternum.

 Successful rigid sternal closure was defined by physical examina-
tion absented with sternal instability, pain, wound healing complica-
tions and the Computed Tomography (CT) showings of coaptation the 
sternal halves. The postoperative sternal pain was evaluated by using 
a visual analog scale. The CT scans were used to assess sternal bone 
healing at 3 months. All CT cans were read by two independent ra-
diologists in a department. The postoperative pain scores were record-
ed by patients independently using Numeric Rating Scale (NRS) and 
Wong-baker Faces Pain Scale (FPS). The pain scores were recorded 
preoperatively and postoperatively on day 3 to 7, discharge, 4 weeks, 
and 3 and 6 months. Additionally, patients rated sternal pain at rest 
and with coughing, and general movement. In order to compare the 
difference of between the plate fixation and the standard wire closure, 
we compared them (Group P )to the patients (N=180) fixed with cir-
clage wire (Group W).

Statistical analysis

 SPSS 17.0 software was used for statistical analysis. The group 
data comparison was made by Fisher’s exact test. A value of p < 0.05 
was considered statistically significant.

Results
 The overall median follow-up was 6 months (range, 4-12 months). 
All in hospital deaths were not correlation with the sternal wound 
complications. The age of the group P was elder that of the group W. 
And there are more people suffered from osteoporosis. In group P, 
there was no people with deep sternal infections/ mediastinitis and 
5 patients had superficial sternal wound complications, such as fat 
liquefication. And 3 patients in group W had mediastinitis to receive 
wound surgery treatment. 15 persons suffered from fat liquefication 
and 3 patients had sternal dehiscence. All the people with complica-
tions were cured after anti-infecton, dressing change and the initial 
wound debridement. Bacterial culture showed that Staphylococcus 
aureus was the most common bacterial colonies and the positive rate 
only 15%. The CT evaluation of sternal healing demonstrated that the 
patients in the group P had greater healing than those in the group W 
at both 3 and 6 months. The evaluation of postoperative pain scores 
demonstrated that less pain in patients from than that from group 
W. During the period of in hospital, the pain scores in patients with  

fixation of embracing plates were as much as 30% lower than in ones 
with wires fixation. The great differences were seen with coughing. 
Over the 3-month follow up, there’s no significant difference in pain 
scores for both groups. Postoperative length of hospitalization was 
significantly shorter in the group P (median 7 VS 9 days). And the 
first hours drainage volume after operation was significantly reduced 
in group 20 P than that in group W (median 125 VS 220 ml) (Figures 
1&2).

Disscusion
 Since Julian reintroduced the median sternotomy in 1957 after its 
initial description by Milton in 1897 [9], over 40 different methods for 
sternal fixation have been described, claiming to have the ability to 
maximize stability of the sternotomy closure site. However, there was 
no one reliable technique remained elusive for poorly described ad-
vantages and disadvantages. The conventional cerclage with stainless 
steel wires remains the standard primary median stenotomy closure 
technique for most cardiac surgeons. The study found that the steel 
wires under the normal physiologic loads could cut into the bone and 
then lead to inadequate fixation and sternal dehiscence, especially for 
the patients with coughing, and/or osteoporosis. Infection interacted 
with sternal movement to set up a vicious circle which only could be 
treated by surgical debridement. The terrible wound complications 
including mediastinitis and osteomyelitis with a unacceptable mor-
bidity rate of 9.8% to 14% in different studies. And the wound com-
plications could cause a prolonged hospital stay and an increased cost 
of care. Some centers have begun using rigid titanium plates to fix  

Figure 1: A) Incision dehiscence because of fat liqueficati; B) Well healed 
wound without any complications.

Figure 2: Representative three-dimensional scan reconstructions based on 
computed 19 tomography scans for embracing plates (A) and conventional 
wire cerclage (B) Patients.
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the sterna, and some studied had demonstrated that rigid sternal plate 
fixation could significantly improve stability of sternotomy closure 
and bone healing, reduce early postoperative pain and decrease the 
incidence of postoperative mediastinitis [6-8,10]. And yet, this kind 
of plates had to need to be assisted by some other materials, such as: 
screwdrivers, drill bits, fasteners and so on. Additionally, it had to 
drill into the sternum, that had the inherent risks of injurying the heart 
and bypass graftings. Moreover, it took additional plenty of time to 
drill into the sternum, leading the overall operation time. So we adopt-
ed this kind of single claw alloy memory embracing plates. It didn’t 
need special materials to assist their implantation and to drill into the 
ribs or sternum, which can save lots of time and avoid the risk of 5 
injury to heart and bypass conduits.

 In this study, the application of embracing plate fixation to the 
sternum has shown to increase stability and improve the quality of 
life. The rigid closure of cutting edges of sternum could effectively 
reduce the bleeding from the marrow cavity of sternum. The present 
study proved the safety and practicality of the embracing plates with 
better distribution of the force across the sternum and a lower risk of 
bleeding than  with sternotomy wires.

 Ni-Ti shape-memory embracing plate/fixator was designed to fix 
long bone fractures, which consists of three components: body, arms, 
and sawteeth. Each pair of arms resembles a clamp. Animal studies 
have demonstrated the embracing plate has strong antibending and 
anti-torsional effects, and relatively low antiloading stress [11]. And 
some studies also have shown that this kind of embracing plate could 
provid good fixation of the fracture with minimal trauma to the lo-
cal blood supply [12-14]. Based on the effectiveness of the embrac-
ing plate for the fixation of long bone nonuion, we applied the Ni-Ti 
shape-memory embracing plate with one pair of arm to fix sternum. 
Since the shape and stiffness of the nickel-titanium shape-memory 
allloy can be controlled by temperature, the embracing plate can be 
easily extended and shaped to fix sternum by temperatures changes. 
Before implantation, the embracing plate become easily bent and the 
embracing arm can extent to a length greater than the diameter of 
the sternm after immersing in ice cold water for minutes. In order to 
achieve a greater embracing force, we selected the embracing plate 
with 10-20% smaller in diameter than the diameter of the sternum 
measured. After implantation, the embracing plate was warmed with 
water at a temperature of 40-50℃ and its original shape were resored. 
Ideally, the procedure of embracing plate implantation could be per-
formed in a single attempt, and repeated cooling and warming of plate 
could result in the reduced stiffness.

 However, there are some obstacle in clinical application of the 
Ni-Ti shape-memory embracing plate. Some people be worried about 
the issue of emergent reenty into the mediatstinum for massive hae-
morrhage. The embracing plates could be easily bent after cooling, 
or they could be cut in the middle with standard wire cutters as soon 
as found massive haemorrhage. Another obstacle to wide application 
was the cost of device. Indeed, the implants were more expensive 
than the wires. At our department, the average additional charge was 
about $ 1500. And our study demonstrated that the stenal fixation with 
embracing plate apparently decreased the comlication and improved 
the life quality after cardiac surgery. So compared to the additional 
hospital charge for post-stenotomy comlications and the increased 
morbidity and mortality, these expenses become negligible.

 Our study had some limitations. The sample size was small. And 
due to some reasons, the application of the embracing plate was  

determined by the patient and their families. Some high-risk patients 
may still chose to sternal fixation with conventional wire cerclage for 
economic reasons. Otherwise, doctors and patients  were not linded to 
treatment. And different surgry may affect the healing of the wound. 
So we’d better to recuit more patients and compare the effect in the 
patients with same surgery to minimize the differences.

 In summary, this study demonstrated that rigid sternal stability 
could be achieved by the Ni-Ti-shaped memory alloy embracing plate 
fixation. And it could significantly decrease the complication after 
stonomy, improve the sternal healing and life quanlity  and cause less 
postoperative pain than the conventional cerclage with steel wires.
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