
UNCORRECTED PROOF

Dear Author,

Here are the final proofs of your article. Please check the proofs carefully. 

Please note that at this stage you should only be checking for errors introduced during the production process. Please 
pay particular attention to the following when checking the proof: 

- Author names. Check that each author name is spelled correctly, and that names appear in the correct order of first 
name followed by family name. This will ensure that the names will be indexed correctly
(for example if the author’s name is ‘Patel, J. ’, she will be cited as ‘ Jane Patel ’).

- Affiliations. Check that all authors are cited with the correct affiliations, that the author who will receive 
correspondence has been identified with an asterisk (*), and that all equal contributors have been identified with a well 
sign (#).

- Ensure that the main text is complete.

- Check that figures, tables and their legends are included and in the correct order.

- Look to see that queries that were raised during copy-editing or typesetting have been resolved.

- Confirm that all web links are correct and working.

- Ensure that special characters and equations are displaying correctly.

- Check that additional or supplementary files can be opened and are correct.

Changes in scientific content cannot be made at this stage unless the request has already been approved. This includes 
changes to title or authorship, new results, or corrected values. 

How to return your corrections

Returning your corrections via email: 

- Annotate the proof PDF with your corrections.
- Remember to include the journal title, manuscript number, and your name when sending your response via email.

After you have submitted your corrections, you will receive email notification from our production team that your 
article has been published in the final version. All changes at this stage are final. We will not be able to make any further 
changes after publication. 

Kind regards, 

Clinical Surgery Research Communications 2020; 3



Creative Commons 4.0

Sternal closure methods in high-risk patients: Should 
they be specific to the patient?

Metin Onur Beyaza,*, Ibrahim Demirb, Atalay Karakayaa, Mustafa Ozer Ulukana, Korhan Erkanlıa

a Department of Cardiovascular Surgery, Istanbul, Istanbul Medipol University, Faculty of Medicine, Turkey.
b Faculty of Medicine, Department of Cardiovascular Surgery, Istanbul University, Istanbul, Turkey.

* Corresponding author: Metin Onur Beyaz
Mailing address: Faculty of Medicine, Istanbul Medipol Univer-
sity, Medipol Mega University Hospital, TEM Avrupa Otoyolu 
Goztepe Cikisi, No:1, 34214 Bagcilar, Istanbul, Turkey.
 E-mail: metinonurbeyaz@gmail.com 
Received: 19 July 2020 / Accepted: 10 September 2020

INTRODUCTION

Cardiovascular surgeons have not abandoned cost-
effective steel wire choices for sternum closure [1]. 
Sternal dehiscence is the riskiest complication that 
can occur after a median sternotomy [2]. Elderly age, 
osteoporosis, diabetes mellitus, obesity (BMI> 30), and 
female gender are risk factors for dehiscence [3]. Tech-
niques such as the Robicsek procedure are available 
for patients at risk. However, the application of any 
method involving the use of steel wire is still contro-
versial in high-risk patients [4,5]. With advances in tech-
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nology, classical sternal closure methods have been 
replaced by new techniques using titanium plates, 
titanium hooks [Talon], thermoreactive nitinol clips, 
flat wire sternal closure systems, plastic materials and 
titanium cables [6,7]. These new sternal closure methods 
have high costs compared to steel wire. They also ex-
tend the operation time and are difficult to implement. 
Nevertheless, many surgeons prefer new methods over 
the use of steel wire in patients at risk of dehiscence [8,9].
We compared a steel wire–titanium hooks combination 
with a steel wire–titanium plates and screws combina-
tion to investigate the most effective sternum closure 
method in high-risk patients undergoing median ster-
notomy.

PATIENTS AND METHODS

Materials and methods

We examined 67 patients due to undergo median 
sternotomy between October 2018 and January 2020. 
Patients who needed postoperative chemotherapy or 
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Abstract
Aim: We compared a steel wire–titanium hooks combination with a steel wire–titanium plates and screws 
combination to investigate the most effective sternum closure method in high-risk patients undergoing median 
sternotomy.
Patients and Methods: We examined 67 patients who underwent median sternotomy between October 2018 
and January 2020. Patients who needed postoperative chemotherapy or radiotherapy due to malignancy were 
excluded from the study. The patients were randomly divided into two groups with similar risk factors. In the 
first group, a steel wire–titanium hooks combination was used to close the sternum. A steel wire–titanium 
plates and screws combination was used in the second group of patients.
Results: No dehiscence or mediastinitis were observed in either patient group. Superficial wound infection 
was seen in four patients from each group and was successfully treated with antibiotic therapy. There was no 
significant difference between the two groups regarding the intensive care stay, the duration of hospitalization, 
the amount of bleeding or the need for re-exploration (p > 0.05).
Conclusion: The choice between sternal closure techniques in high-risk patients should be mainly based on 
the characteristics of the patient. Beyond this, the most cost-effective method in which the surgeon is most 
experienced should be preferred.
Keywords: Titanium hooks, titanium plates and screws, tersonalized sternal closure methods
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radiotherapy due to malignancy were excluded from 
the study. The patients were randomly divided into 
two groups with similar risk factors. In the first group, 
a steel wire–titanium hooks combination was used to 
close the sternum. A steel wire–titanium plates and 
screws combination was used in the second group of 
patients. Some of the patients included in the study un-
derwent heart valve surgery, while others underwent 
coronary artery bypass grafting (CABG) surgery. Bilat-
eral internal mammarian artery (IMA) grafting was not 
used in any of the patients who underwent CABG. We 
prepared LIMA or RIMA as classic pedicled grafts for 
patients who required them. The cautery dose did not 
exceed 20 degrees. We closed the skin with Prolene su-
ture in all patients.

Statistical analysis

Statistical analysis was performed with the SPSS ver-
sion 24.0 program (SPSS Inc. Chicago IL, USA). The 
normal distribution of the variables was examined by 
histogram graphs and the Kolmogorov–Smirnov test. 
Mean ± standard deviation values were used to present 
the descriptive analyses. The Pearson’s chi-square and 
Fisher’s exact tests were compared using 2x2 tables. 
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Since normally distributed (parametric) variables 
were evaluated in both groups, a Student’s T-test was 
used. The Mann–Whitney U test was used to evalu-
ate nonparametric variables. Logistic regression tests 
were performed to obtain the odds ratios. Statistically 
significant results were determined as P-values below 
0.05.

RESULTS

The patients were divided into two groups. In the first 
group, the sternum was closed using a steel wire–ti-
tanium hooks combination (Yaylamed Inc). The mean 
age of the patients was 65.5 ±7.8 (min 62–max 73.2), 
and 18 of the patients (52.9%) were women. Diabetes 
mellitus was present in 14 patients (41.1%) (HbA1c: 
7.72±0.9%), hypertension in 9 (26.4%), and chronic 
obstructive pulmonary disease (COPD) in 7 (20.58%) 
(with FEV1<80% and FEV1/FVC<70% with spirom-
etry); 19 (55.88%) patients were smokers (more than 
10 pack-years), 8 (23.52%) were obese (BMI>30 kg/
m2), and 26 (76.47%) had multiple comorbidity in-
cluded osteoporosis.

Figure 1. Patient who closed sternum using by steel wire and titanium hooks.
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Figure 2.  Direct graphy of patient who recieved steel wire-titanium plates and screws.

In the second group, the sternum was closed using 
steel wires and titanium plates and screws. The aver-
age age was recorded as 67 ± 7.1 (min 57–max 74.2), 
and 17 (51.51%) of the patients were women. Diabetes 
mellitus was present in 7 patients (21.21%) (HbA1c: 
7.1±1.3%), hypertension in 6 (19.8%), and COPD in 7 
(21.21%) (FEV1<80% and FEV1/FVC<70% with spi-
rometry); 24 (36.3%) patients were smokers (more 
than 10 pack-years), 5 (15.15%) were obese (BMI>30 
kg/m2), and 24 (72.27%) had multiple comorbidity 
included osteoporosis.

the depth of the sternum. Six to eight steel wires were 
applied in both groups. Depending on the sternum 
structure, two or three titanium hooks were placed in 
the first group, and three or four titanium plates were 
placed in the second group. Sternums were stabilized. 
Subcutaneous tissues were closed individually with 
2/0 vicryl, and skin was closed with 2/0 Prolene su-
tures.
All patients used a sternal corset for 8 weeks post-
operatively. None of the patients had dehiscence or 
needed re-exploration.
Postoperative drainage was 498±176 (390–830) cc 
in the first group and 550±182 (400–800) cc in the 
second group. There was no significant difference be-
tween the groups in terms of postoperative bleeding 
amount (p > 0.05, P = 0.285).
The postoperative mechanical ventilation requirement 
of the patients was 8.2±2.1 (3.9–12.1) hours for the 
first group and 9.1±2.3 (4.3–11.4) hours for the second 
group. There was no significant difference between the 
two groups (p > 0.05, P = 0.710).
Prolonged inotrope was needed in nine (26.47%) 
patients from the first group and in seven (21.21%) 
patients from the second group. No significant differ-
ence was found between the two groups (p > 0.05, P = 
0.402).
The postoperative intensive care hospitalization time 
was 25.7±11.2 (22.1–47) hours for the first group and 
22.9±9.5 (19–48.5) hours for the second group. No sig-
nificant difference was found between the two groups 
(p > 0.05, P = 0.128).
The average length of hospital stay was 5.4±1.8 (5–8.8) 
days for the first group and 5.7±1.7 (5.1–9) days for 
the second group. There was no significant difference 
between the two groups (p > 0.05, P = 0.767).
Superficial tissue infection appeared in four (11.76%) 
patients from the first group and in four (12.12%) 
patients from the second group. There was no signifi-

Steel wire and 
talon N=34

Steel wire-rigid 
plade N=33   P

Age 65.5 ±7.8 67.0±7.1   0.09
Female (%) 18 (52.9%) 17 (51.51%)   0.611
DM (%) 14 (41.1%) 7 (21.21%)   0.029
HT (%) 9 (26.4%) 6 (19.8%)   0.07
COPD (%) 7 (20.58%) 7 (21.21%)   0.889
Smoker (%) 19 (55.88 %) 24 ( 36.3%)   0.061
Obesity  
(BMI>30kg/m2) 8 (23.52%) 5 (15.15%)   0.113

Multiple 
comorbities (%) 26 (76.47%) 24 (72.27%)    0.892

Table 1. Preoperative patient characteristics.

All patients underwent standard median sternotomy, 
and operations were performed under cardiopulmo-
nary bypass (CPB) with aortic cross-clamp. Cephalo-
sporin was used in all patients for surgical prophylaxis. 
The skin, subcutaneous tissue, and sternum were 
wiped with povidone-iodine in all patients while ster-
notomies were closed. A steel wire–titanium hooks 
combination was used in the first group, and a steel 
wire–sternal plates and screws combination was used 
in the second group. In the first group, an appropriate 
size device was selected by measuring the sternum 
width from the intercostal space. In the second group, 
the appropriate size device was selected by measuring 
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cant difference between the two groups (p > 0.05, P = 
0.813). Staphylococcus aureus was considered to be 
the cause of the superficial tissue infections; empiri-
cal antibiotic therapy was applied, and wounds were 
treated. No active microorganisms were found in the 
control swab cultures. Neither sternal dehiscence nor 
mediastinitis was observed in either group. Neither 
aseptic dehiscence nor allergic reaction to the materi-
als used developed0 in either group.

and titanium plates were combined. No dehiscence or 
need for re-exploration were found in these patients. 
A similar amount of drainage was required in both 
groups. There was no need for revision due to bleed-
ing, dehiscence, or mediastinitis in any patient in the 
group where steel wire and titanium hooks were used.
Another cause of sternal dehiscence is metal suscepti-
bility caused by hypersensitivity and allergic reaction 
without exposure to microbial pathogens. Metal hy-
persensitivity reactions to nickel have been frequently 
reported [17]. In our study, no material other than tita-
nium and steel were used, and no allergic reaction was 
observed in either group.	

LIMITATION

Randomized studies in which all risk factors are evalu-
ated are required to determine the best routine surgi-
cal technique to avoid sternal dehiscence.

CONCLUSION

The choice between sternal closure techniques in high-
risk patients should be based mainly on the character-
istics of the patient. Beyond this, the most cost-effec-
tive method in which the surgeon is most experienced 
should be preferred.
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Steel wire and 
talon N=34

Steel wire -rigid 
plade N=33  P

Postoperative 
bleeding (ml) 498±176 550±182  0.285

Ventilation (hour) 8.2±2.1 7.1±2.3  0.710
Prolonged inotrope 9 (26.47%) 7 (21.21%)  0.402
ICU stay (hour) 25.7±11.2 22.9±9.5  0.128
Hospital stay (day) 5.4±1.8 5.7±1.7  0.767
Superficial wound 
infection 4 (11.76%) 4 (12.12%)  0.813

Table 1. Postoperative follow-up results.

DISCUSSION

The risk of dehiscence, which is 2.5% on average, 
increases gradually due to increasing age, deteriora-
tion in eating habits, obesity, chronic lung diseases 
and malignancies [3]. With technological advances, 
new materials and techniques for sternal closure have 
been developed to prevent dehiscence in patients with 
these increased risks [10]. High-cost, difficult-to-apply, 
but highly durable systems have been developed us-
ing materials such as titanium plates, titanium hooks, 
thermoreactive nitinol clips, flat wire sternal closure 
systems, kryptonite bone glues, plastics, and titanium 
cables [11].
Cardiovascular surgeons have to fight for different rea-
sons in almost every patient have risk of dehiscence. 
Sternal dehiscence may develop due to advanced age, 
female gender, obesity, or osteoporotic bone struc-
ture [12]. Sudden cough crises increase intrathoracic 
pressure in smokers and those with COPD. Increased 
pressure may lead to the breaking of sternal bone 
structures and the formation of dehiscence in patients 
whose sternums are closed with traditional steel meth-
ods [13]. In our study, female sex was dominant in both 
groups. In addition to gender, smoking, and diabetes 
were common risk factors in the first group. In the sec-
ond group, COPD was found at a rate equal to that of 
diabetes.
The use of titanium plates is still controversial in the 
presence of osteoporosis [14]. One study reported that 
titanium hooks can be used, especially in patients at 
risk of dehiscence. However, the possibility of inter-
costal arterial injury should be considered [15,16]. In our 
study, no complication due to osteoporosis arose dur-
ing screwing in the patient group in which steel wire 
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