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Surgical treatment of complicated sternal
non-union using multiperforated titanium plates

Komplike sternal ayrılmaların çok delikli titanyum plaka kullanılarak cerrahi tedavisi
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Amaç: Bu çalışmada, sekiz koroner arter bypass greftle-
me (KABG) hastasında titanyum plaka ve vida kullanı-
larak sternal ayrılmanın düzeltilmesine yönelik farklı bir 
cerrahi yaklaşım sunuldu.
Ça­lış­ma­pla­nı:­Kraniyofasyal tespit için tanımlanmış olan 
Leibinger® çokdelikli titanyum plaka ve titanyum vida 
sistemi sekiz KABG hastasında (5 erkek, 3 kadın; ort. yaş 
76.4 yıl; dağılım 67-84 yıl) sternumun tekrar onarımı ve 
tespiti için çelik telle beraber kullanıldı.
Bul gu lar: Sternal stabilite ve tespit tüm hastalarda başa-
rıyla sağlandı. İki yıllık klinik takiplerde herhangi bir 
komplikasyon görülmedi.
So­nuç:­Sternumun tekrar ayrılması cerrahi olarak tedavi 
edilmediğinde hastanede yatış süresini uzatan, mortalite 
ve morbiditeye neden olabilen ciddi bir komplikasyondur. 
Cerrahi yöntemimiz sternumun komplike ayrılmalarının 
cerrahi tedavisinde uygulanabilir.
Anah tar söz cük ler: Sternum kırığı; sternumda ayrılma; cerrahi 
tel; titanyum plaka. 

Background:­ In this study, we present a different surgi-
cal technique for correction of sternal non-union with the 
use of titanium plates and screws in eight coronary artery 
bypass grafting (CABG) patients.
Methods: The Leibinger® titanium multiperforated titanium 
plate and screw system described for craniofacial fixation 
was used together with steel wires for re-correction and fixa-
tion of sternal non-union in eight CABG patients (5 males, 
3 females; mean age 76.4 years; range 67 to 84 years).
Results:­Sternal stability and fixation were achieved suc-
cessfully in all cases. No complications were seen at two 
years clinical follow-up.
Conclusion:­Sternal non-union and dehiscence is a severe 
complication that causes prolonged hospitalization and 
increased mortality and morbidity if the patient is not 
treated. Our surgical approach can be used for surgical 
treatment of complicated sternal non-union.
Key words: Sternal fracture; sternal nonunion; surgical wire; 
titanium plate.
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Surgical steel wire is used for sternal closure after 
median sternotomy. Unfortunately, sternal non-union is 
a severe complication of sternotomy closure that can be 
seen after open heart operations. In the literature, heal-
ing complications have been reported in 0.3% to 5% of 
cases and are associated with a 14-47% mortality rate if 
mediastinitis supervenes.[1,2] Obesity, diabetes mellitus, 
osteoporosis and prior sternotomy increase the incidence 
of sternal non-union. Because sternal non-union is a rare 
complication there is no consensus on how to treat these 
particular patients and different surgical approachs and 
materials have been defined. Leibinger fixation systems 
have been well established in plastic and neurosurgery 
for fixation of facial fractures, but there is limited expe-
rience with their use for sternal correction, including a 

boy with primitive sternal tumor by Sunil et al.[3] We 
describe a different technical approach for correction 
of sternal non-union with the use of Leibinger titanium 
plates and screws in eight coronary artery bypass graft-
ing (CABG) patients.

PATIENTS AND METHODS
We used this device in our eight CABG patients (5 males, 
3 females; mean age 76.4 years; range 67 to 84 years) 
for surgical correction of sternal non-union. All patients 
had multi-vessel coronary artery disease. Five patients 
had insulin-dependent diabetes mellitus, one patient had 
hyper parathyroidism and one patient had non-small cell 
pulmonary carcinoma. Mean body mass index was 26 
(min.: 25; max.: 32). In two cases, sternal dehiscence 



Doğan. Komplike sternal ayrılmaların çok delikli titanyum plaka kullanılarak cerrahi tedavisi

Türk Göğüs Kalp Damar Cer Derg  2010;18(3):172-176 173

developed in the early postoperative period. In the 
remaining six patients, sternal non-union developed in 
the late postoperative period. Patients’ characteristics, 
metabolic disorder, time interval from operation to 
dehiscence and clinical follow-up are listed in table 1.

Sternal instability was detected using physical and 
radiologic examination in all patients. Thoracic com-
puted tomography (CT) was used in three patients. 
All patients had multi-vessel coronary artery disease. 
Saphenous vein and left internal thoracic artery grafts 
had been used in all patients. The characteristics of 
previous operations including cardiopulmonary bypass 
time, graft selection, duration of hospitalization are 
summarized in table 2.

Surgical technique
After midline sternotomy incision, the steel wires were 
removed. Mediastinal adhesions were released using 
blunt dissection and low voltage electrocauttery. There 
was severe sternal fracture in all cases. Pseudoarthrosis 
was debrided and bone particles were carefully removed 
(Fig. 1). Sterno-costal junctions were clearly visualized 
from manubrium to xiphoid. The pectoralis muscles were 
dissected from the sternal edge about 10 cm beyond the 
costo-sternal junctions bilaterally. Before the insertion 
of titanium plates, the sternal incision was closed with 
the use of surgical steel wire. After this, multiperforated 
titanium plates were fixed using titanium screws (Fig. 2). 

In our procedure, treatment of dehiscence involved two 
components: In the first; approximation of the sternum 
was provided by steel wires. Steel wires were inserted 
in a figure-of-eight fashion and the sternum was closed. 
In the second; the plates were set into the manubrium 
of the sternum using the screws’ drill bit. Therefore, we 
implanted the devices on the manubrium and distal part 
of the sternum. Two titanium plates were fixed bilater-
ally with the aid of titanium screws.

RESULTS
There is no mortality and morbidity in our patients. No 
lateral movement or sliding was observed in all patients. 
No instability was detected after closure of the sternum. 
Patient activity was limited 2-4 weeks during recovery 
until they became pain free. Posteroanterior and lateral 
chest X-rays were used for examination of the patients 
postoperatively (Fig. 3a, b). There was no sternal non-
union in our patients. Thoracic CT examination was 
performed in three patients in the 3rd and 4th postop-
erative month. No complications were seen and sternal 
healing was successfully achieved in all patients on 
clinical follow-up at 7-24 months.

DISCUSSION
Because of easy application after open heart opera-
tions, the most common method to close a median 
sternotomy incision is to twist together six or more 

Table 1. Patients’ characteristics
No Age/gender Metabolic disorder From operation to Follow-up (mounth) CT (mounth)
   dehiscence (mounth)

1 75/F Diabetes mellitus 1 11 3
2 67/M Hyperparathyroid 4 15 –
3 71/F – 7 9 –
4 84/F Diabetes mellitus 4. day 7 4
5 72/M Pulmonary non-small cell cancer 6 6.5 3
6 68/M Diabetes mellitus 5 8 – 
7 69/M Diabetes mellitus 4.4 24 –
8 67/M Diabetes mellitus 3. day 22 –
CT: Computed tomography (time after operation).

Table 2. Characteristics of the operations’
No CPB time (min.) Type of grafts Duration of hospitalization (day) Resternotomy Infection

1 46 IMA and SV 8 No No
2 52 IMA and SV 6 No No
3 65 IMA and SV 5 No No
4 52 IMA and SV 11 No No
5 48 IMA and SV 5 No No
6 60 IMA and SV 6 No No
7 56 IMA and SV 9 No No
8 61 IMA and SV 10 No No
CPB: Cardiopulmonary bypass; IMA: Internal mammary artery; SV: Saphenous vein; 
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transverse surgical steel wires. In the English literature, 
alternative techniques for closure of sternotomy have 
been described. These have included differences in the 
number and orientation of the wire or ethibond sutures, 
differences in the circumferential closure materials used 

either in addition to or instead of stainless steel wire or 
completely different techniques such as the use of poly 
L-lactide sternal pins[4] and thermo reactive nitillium 
clips.[5] However, dehiscence of the sternum can be seen 
as a serious and potentially devastating complication 

Fig. 2. The fixation of the plate with the aid of 
screws. To prevent the laceration of posterior ster-
nal side by screws digital control should be per-
formed. MPTP: Multiperforated titanium plate; The red ar-
rowhead: Demonstrates the special applicator of screw.

Fig. 1. Pseudoarthrosis and fractured bone mate-
rials are carefully cleared along the sternum. The 
edges of the sternum should be free from the adhe-
sions.

Fig. 3. Are showing the plates and screws from the (a) postero-anterior and (b) lateral chest 
X-ray film.

(a) (b)
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that can cause pulmonary dysfunction, chest wall dis-
comfort, superficial and mediastinal infections.

Sternal motion and instability may occur in the first 
days or weeks after median sternotomy owing to tech-
nical issues with the bone, wire or surgical technique. 
This may resolve and heal normally or it may lead to 
dehiscence because of fracture of the sternal bone or 
the sternal wires. There is no consensus for optimal 
consideration of median sternotomy closure when ster-
nal non-union is seen. Because this clinical state is rare 
only a few studies have addressed sternal nonunion and 
its treatment. A number of new techniques have been 
defined over the years, including rigid or semirigid fixa-
tion, and suture anchors with or without bone grafts.[6-13] 
However, the use of plates in the practice of cardiac 
surgery is rare and the most effective placement of plates 
has not been defined.

In our patients, we used two plates for approxima-
tion of the sternum after applying steel wires in figure-
of-eight fashion. We achieved sternal stabilization with 
this technique. Our clinical follow-up has shown that 
there was no complication due to surgical method or 
device. One reason for these findings could be that 
the rigid titanium plates and screws block the motion 
of the ribs. Based on this consideration it is preferable 
to choose transverse plates that are as short as pos-
sible. Drilling and screwing for plate fixation involves 
the danger of damaging blood vessels or other medi-
astinal or pleural structures. It is difficult to measure 
the proper depth of the ribs especially in transverse 
plate fixation. This is crucial because bicortical screw 
placement is preferable to provide stability. Careful 
orientation and surgical approach is a major concern. 
Drilling too deep or choosing too long screws risks 
lung or internal mammary artery injury. As part of our 
standard technique in sternal refixation, we dissected 
the sternal border to remove fibrous tissue and thus 
to promote firm healing of bone. Sternal stability was 
restored to its former condition by longitudinal plating. 
In case of widely resected or lost sternal bone, the lon-
gitudinal plates were connected to the residual sternum 
or ribs. To avoid bone destruction we applied a minimal 
number of screws.

It is known that the mixture of stainless steel 
and titanium can create an electromagnetic effect. 
Theoretically, this could result in a local tissue reaction 
or inflammation. Even after two years clinical follow-up 
we have not seen any signs indicating such a reaction. 
In fact, the contact area between the different metals is 
very small and probably not sufficient to create a rel-
evant electromagnetic effect. Mitra et al.[19] and Voss et 
al.[20] have previously suggested a similar mix-technique, 
and did not see any reaction.

Our results confirm that titanium plate fixation is 
an applicable technique for stabilization of sternal non-
union after median sternotomy in complicated patients. 
In our study complete thoracic stabilization using two 
titanium plates placement was achieved. Oversize 
transverse plate fixation may lead to severe compres-
sion of the lung. The limitation in quality of sternal 
bone is addressed by using strong enough materials 
such as the titanium plate and screwing system. The 
benefits of this new technique may be convenient for 
surgeons closing sternotomies especially in cases with 
sternal non-union or those under risk of non-union.
In conclusion, sternal plating, which is based on the 
tension-band principle, is an effective treatment of 
sternal non-union due to multiple fractured sternal 
bone. This simple technique can be considered for both 
simple and complex non-unions after midline sterno-
tomy closure. The titanium plates are stronger than 
steel and resist bending stresses, and the cortical bone 
resists compressive forces during respiration and upper 
extremity movement.
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