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Introduction
Median sternotomy is widely acknowledged as a familiar
and reliable approach to allow access to thoracic structures,
especially the heart and the great vessels in cardiothoracic
surgery.1 However, the procedure may lead to the potential
complication of sternal dehiscence with an incidence of
about 0.5% to 8.4% worldwide.2-4 Sternal dehiscence is the
process of separation of the bony sternum, and is often
accompanied by infection, sternal destruction and
mediastinitis which is the infection of the deep soft tissues.5
The incidence rate varies from 0.5% to 5% and mortality
rate is as high as 40%.6 Risk factors for sternal dehiscence
include chronic obstructive pulmonary disease (COPD),
redo sternotomies, renal failure, diabetes mellitus (DM),
long-term immunosuppressive drugs, obesity, concurrent
infection and prolonged postoperative respiratory
support.6

Several methods are employed to carry out sternal closure
in cardiothoracic surgery. These include the traditional
simple wire method.7 In traditional wire closure, the wires
are either pushed across each half of the sternum or are
wound in a parasternal or a pericostal arrangement to

prevent sternal damage and weakening of the sternal
wire.8 Those in favour of this technique argue that it is
inexpensive and easily learnt. 

The figure-of-eight (FO8) suture is also commonly practised
for sternal closure following cardiothoracic surgery both as
a routine procedure and as a salvage procedure for a failed
initial sternal closure.8 This method employs the same
technique as the simple wire method except that it requires
the wires pushed across in a pattern resembling the figure
8 longitudinally along the length of the sternum. Over the
years, the efficacy of the two methods has been a matter
of debate. 

While some studies reported no significant difference
between the methods, others showed that FO8 lowers the
risk of non-infectious dehiscence9 and postoperative
sternal dehiscence.10 Moreover, this technique has been
shown to add to the mechanical stability by exerting an
oblique traction in modified transverse sternotomy11 and
its use in asymmetric loading conditions can decrease the
displacement between the two parts of the sternum.12

There is also proof regarding greater resistance to failure of
the FO8 stainless steel cable system under lateral
displacement and high cycle count in longitudinal shear
loading conditions.13 The FO8 method has also been
quoted in literature as a superior technique due to its ability
of limiting lateral and longitudinal movement at the
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sternum14 by distributing the stress over a greater area via
a pulley effect, allowing easy approximation with less
traction force.15

On the contrary, disadvantages of this technique have also
been suggested. One study reports that FO8 may hamper
sternal growth in the paediatric population,15 while
another argues that the usage of less wires may actually
increase the risk of developing sternal dehiscence.16

To prevent such postoperative complications, it is vital that
appropriate measures are taken and better, safer surgical
techniques are employed to reduce the morbidity and
mortality associated with post-surgical complications. The
current systematic review was planned to explore one of
the several possible causative factors responsible for
postoperative complications. The aforementioned two
techniques were focussed upon since these methods are
the most commonly employed techniques in our part of
the world.

Methods
The systematic review was conducted in the Cardiothoracic

Surgery Department at Aga Khan University from 1st
December 2015 to 13th December 2017. Pubmed,
Cochrane Library (Wiley) and Scopus databases were
searched for articles published up to December 13, 2017.
The search included all age groups, genders and races
undergoing median sternotomies, but was limited to
randomised control trials (RCTs), clinical trials, retrospective
cohort studies, journal analyses, systematic reviews and
meta analyses. Cadaveric or animal studies, protocol-only
papers, and articles published in languages other than
English were excluded. 

The initial search used the terms “open heart surgery OR
sternotomy OR sutures OR sternal closure OR suture
technique OR bone wire OR simple wire technique OR
simple wire sutures OR conventional wire OR traditional
closure OR surgical wound dehiscence OR mediastinitis OR
coronary artery bypass graft OR CABG” 

The subsequent search added the term “figure of eight”
with the initial search terms.

The review protocol was registered with International
Prospective Register of Systematic Reviews, PROSPERO

Table-1: (a-f): Characteristics of studies included in the systematic review. [(a) Article 1 ].
# Title, Author Study Duration Methodology Results Conclusion 
1 Figure of eight vs. interrupted sternal Jan 2007 to June 2008 Study Design: Prospective RCT The incidence rate of sternal  No significant difference 

wire closure of median sternotomy, Intervention: FO8 vs Interrupted dehiscence was 8% between the two techniques
Ramzisham AR19 Duration of participation suture technique in adult patients (7/98 for FO8; 9/97 for simple in preventing sternal

from  postoperative day 2 to undergoing CABG wire closure, P value=0.294) dehiscence
3 months post-surgery Outcome: Dehiscence assessed 

clinically+ radiologically
Population size: 195 (98 with FO8 
and 97 with interrupted)
Inclusion/Exclusion criteria: 
Redo surgery, additional surgeries, 
reoperation for bleeding, sternal 
fractures were excluded 

Table-1: (a-f): Characteristics of studies included in the systematic review. [(b) Article 2].

Methodology
Study Design: Randomized
double blind clinical trial
Intervention: FO8 vs Simple Wire
technique
Outcome: sternal dehiscence
and pain score 
Population size: 80
Inclusion criteria: diabetic pa-
tients with severe obesity and
heart disease undergoing elec-
tive off pump CABG
Exclusion: history of re opera-
tion and sternal fractures
Specific Patient characteristics:
Mean age 64.7±13.2 years.
63.7% were male

Results 
No significant difference be-
tween the two techniques  in
terms of incidence of sternal de-
hiscence (p-value= 1) and me-
diastinitis (p-value= 0.8)

Conclusion
No significant difference be-
tween the two techniques  

Study Duration
February 2010 to March
2013. Follow up till 2 weeks
post-surgery

Title, Author
Figure of Eight Wire Sternal Clo-
sure Technique Can Reduce Post
Open Cardiovascular Surgery
Chest Re  Exploration and Pain
Scores in Diabetic Patients with
Severe Obesity (Body Mass
Index: 35 40), Syed Jalil Mirhos-
seini20

#
2
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(Registration ID: CRD42017056149).17 Two investigators
were responsible for independently reviewing articles.
Whenever there was a difference of opinion, the senior
author was consulted for expert opinion. 

The researchers noted the characteristics of each article
selected (Table 1). the risk of bias was assessed both at
study and outcome levels from the information available

in the respective article (Table 2). The results obtained in a
selected study, like qualitative comparison, percentage
incidence of sternal dehiscence and P value for significant
difference among the incidences, were also recorded. A
schematic representation of the number of articles
shortlisted at each stage of the review in accordance with
the PRISMA guidelines18 was compiled simultaneously
(Figure).

Table-1: (a-f): Characteristics of studies included in the systematic review. [(c) Article 3].

Methodology
Study Design: Randomized
Controlled Trial 
Intervention: FO8 vs simple
wire suture
Outcome: Sternal wound de-
hiscence
Population: 200 patients un-
dergoing elective CABG. 100 in
the FO8 group and the other 100
in the simple wire technique
group 
Exclusion: Nonelective or Re-
operative CABG Surgery, osteo-
porosis of sternum, associated
cardiac diseases, COPD, chronic
cough, high BMI over 30 kg/m2

Patient characteristics: Age
group  40 70 years 

Results 
10 sternal dehiscence cases were
reported: 2 from the FO8 group
and 8 from the simple wire tech-
nique group. Five patients were
asymptomatic and without in-
fection. Dehiscence was found in
elderly, diabetic, overweight pa-
tients with increased CPB and
Cross clamp times.

Conclusion
FO8 is superior to simple wire
technique

Study Duration
17th July to 27th Aug 2012

Title, Author
Figure Of 8 Sternal Closure Vs
Simple Interrupted Sternal Clo-
sure In Reducing Sternal Dehis-
cence In Patients With Coronary
Artery Bypass Grafting, Sharjeel
Abbas21

#
3

Table-1: (a-f): Characteristics of studies included in the systematic review. [(d) Article 4].

Methodology
Study Design: Retrospective
Cohort Study 
Intervention: FO8 vs simple
wire technique
Outcome: incidence of non-mi-
crobial sternal dehiscence
Population: 6211 adult pa-
tients undergoing cardiac opera-
tions through median
sternotomy.

Results 
90 of the 6211 developed dehis-
cence. Rates of sternal dehis-
cence with FO8 and simple wire
technique were 1.46% and
1.43%, respectively.

Conclusion
No significant difference be-
tween the incidence rates of
sternal dehiscence for figure of
eight and simple wire technique

Study Duration
Jan 2002 to Aug 2008 period

Title, Author
Comparison of figure of eight
and simple wire sternal closure
techniques in patients with non
microbial sternal dehiscence, 

Tekümit H22

#
4

Table-1: (a-f): Characteristics of studies included in the systematic review. [(e) Article 5].

Methodology
Study Design: Observational
register study
Intervention: FO8 vs Simple
interrupted wire technique 
Outcome: Non microbial sternal
dehiscence
Population: 10957 patients,
7835 patients having sternal
closure with FO8 steel wires and
2122 patients having sternal
closure with simple interrupted
straight wires

Results 
Fourteen patients (0.66%) with
single wires and five patients
(0.06%) with FO8 wires devel-
oped non microbial sternal dis-
ruption (p < 0.0001. 

Conclusion
FO8 is superior to simple inter-
rupted wire technique

Study DurationTitle, Author
Avoidance of noninfectious ster-
nal dehiscence: figure of 8
wiring is superior to straight
wire closure, Sven M SM Alm-
dahl9

#
5
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Results
Of the 286 articles retrieved, 265(92.6%) were excluded on
the basis of study title and abstract. Another 15(5.2%) were
excluded for being irrelevant to the topic n hand, and
6(2.1%) formed the final sample. Among these 6 articles,
3(50%) were RCTs, 2(33.3%) were retrospective cohort

studies, and 1(16.6%) was a best-evidence topic (BET)
study. Of them, 4(66.6%) studies showed no significant
difference between the two techniques, while 2(33.3%)
found the FO8 technique to be superior of the two
methods. 

Discussion
There were 3 RCTs that directly compared the two
techniques pertinent to the current review. Ramzisham et
al. compared the incidence of sternal dehiscence in adult
patients undergoing median sternotomy. Sternal
dehiscence was assessed clinically as well as through
imaging. The incidence rate was reported to be 8% with
similar number of patients countering sternal dehiscence
for both FO8 and simple wire closure (7/98 for FO8; 9/97 for
simple wire closure; p=0.294), deeming the difference
statistically non-significant.19

Mirhosseini et al. conducted a similar study on a population
that comprised severely obese diabetic patients using
defined parameters. The study included 80 patients, half of
whom underwent FO8 closure, while the other half
underwent simple wire closure. There was no significant
difference between the incidences of sternal dehiscence
and mediastinitis in the two groups (p>0.05). However,
postoperative pain scores were significantly greater in
patients who had simple wire closure compared to FO8
(p<0.05). There was also significantly decreased (p=0.03)
need for chest re-exploration after surgery among patients
who underwent FO8 closure compared to the simple wire
closure. Although the study only comprised diabetic and
severely obese individuals, one can argue that these factors
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Recore identified through
database searching
(n=282)

Figure: Schematic representation of articles searched and reviewed at each state
of the study.

PRISMA 2009 Flow Diagram - Date last searched 13.12.17
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Table-1: (a-f): Characteristics of studies included in the systematic review. [(f) Article 6].

Methodology
Study design: Best Evidence
Topic
Intervention: FO8 vs simple
wire suture
Methodology: 111 articles
published in the interval 1966
Aug 2003 were shortlisted out of
which 7 were selected 

Results 
None of articles reviewed
demonstrated any superiority of
FO8 over simple wiring. 

Conclusion
The figure of eight wire tech-
nique is not superior to the sim-
ple wire technique for closure of
the sternum.

Study Duration
2004

Title, Author
Is the figure of eight superior to
the simple wire technique for
closure of the sternum, Noman
Khasati23

#
6

Table-2: Risk of Bias for included articles.

Risk of Bias 

# Random Sequence  Allocation Blinding Detection Bias Incomplete Selective Outcome 
Generation Concealment Outcome Data Reporting 

1 Ramzisham Ar et al.20 Low Unclear Unclear Unclear Low Low
2 Syed Jalil Mirhosseini et al.21 Unclear Unclear Low Low Low Low
3 Sharjeel Abbas et al.21 Low Unclear Unclear Unclear Low Low
4 Tekümit H et al. Author Did Not Grant Access To Full Article
5 Almdahl et al.9 High Unclear Unclear Low Low Low
6 Casha Ar et al.25 Not Applicable Not Applicable Not Applicable Low Low Low
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did not interfere with the results since the demographic
characteristics of both the groups were similar, thereby
nullifying the effect of risk factors such as DM and body
mass index (BMI) on the incidence of sternal dehiscence.20

Abbas et al. recently conducted an RCT with 200 individuals
undergoing elective CABG. The subjects were equally
divided into two groups, and underwent either FO8 or
simple wire closure. The authors reported significantly less
incidence of sternal dehiscence in FO8 as opposed to
simple wire technique (5% total, 2% in FO8 group, and 8%
in the simple wire group; p=0.026) and recommended the
use of FO8 technique as the primary method for sternal
closure to reduce the risk of sternal dehiscence. However,
the study stated that patients who were not symptomatic
for sternal dehiscence were not followed. Therefore, it may
be likely that some cases of sternal dehiscence from either
group were not reported.21

Two retrospective observational studies also directly
compared the rates of sternal dehiscence in patients
undergoing sternal closure by either of the two techniques.
Tekumit et al. conducted a retrospective cohort study on
6211 patients and reported fairly similar incidence rates for
both sternal closure techniques: FO8 1.46% versus simple
closure 1.43%. There was also no observable difference in
mortality rates and postoperative outcomes (time to
sternal re-fixation, prolonged intensive care unit [ICU] stay,
intra-aortic balloon counter pulsation use, chest re-
exploration inotropic agent use and postoperative
cerebrovascular accident).22

In 2013, SM Almdahl et al. conducted a similar study on a
sample size of 10957 patients with the number of patients
undergoing FO8 (7835) being close to 4 times the number
of patients undergoing simple interrupted closure.21,22 The
difference in the incidence of non-microbial sternal
disruption was statistically significant (p<0.0001) to
conclude the superiority of FO8 over simple wire closure.
This study reported a lower incidence of sternal dehiscence
in the FO8 group despite the fact that this subgroup had a
much larger sample size than that of the simple wire
group.9

The BET study was conducted by Noman Khasati et al. in
2004. The authors shortlisted 111 articles from Medline, out
of which 7 were selected and reviewed. One of them was a
direct comparison of a multitude of techniques, including
the FO8 and simple wire methods, on sheep models. The
other three articles discussed individual techniques
(interlocking multi-twisted wire technique, six overlapping
FO8 sutures, and inter-locking FO8 technique) and did not
include a comparison of the techniques under review;
hence, we did not include them in our study. The BET

concluded that the FO8 technique was not superior to the
simple wire technique for sternal closure. However, the
shortlisted articles included only 4 direct comparisons, and
those, too, on experimental models and cadavers, and 3
articles that did not compare the two techniques and
discussed different versions of the FO8 or simple wire
method.23

Although we excluded any experimental studies
conducted on cadavers, animals or synthetic models in this
clinical comparison, we chose to briefly discuss relevant
studies to give an overview of all the literature available on
this topic. 

Losanoff et al. studied multiple sternal wiring methods
using cadaveric models to deduce the best method for
closure. The researchers studied the mechanical stability of
wire closure by application of traction forces on each
model. They found that peristernal single wire closure was
significantly less mechanically stable than FO8 peristernal
and trans-sternal closure. The pericostal FO8 was found to
have the highest rate of failure (p<0.001).

Experimental studies hold certain advantages over RCTs
and animal/cadaveric studies in that the results obtained
are reproducible, any bias introduced by structural
variability among different subjects is reduced and a more
detailed analysis of the various forces, and other
parameters acting on the sternum can be obtained all at
once.24

Bruhin et al. used computer-based simulations to mimic a
human sternum. The stability of the traditional wire closure
was tested in comparison to the FO8 technique in both
symmetric and asymmetric loading conditions on the
sternum. The FO8 technique was shown to substantially
decrease longitudinal displacement between the two
sternal parts compared to the single loop technique, hence,
enhancing stability of the sternum in asymmetric loading
conditions.12

Dasika et al. conducted a biomechanical analysis using
polyurethane foam models as artificial sterna. The
experimental study was carried out to primarily determine
the stability along the entire length of the sternum using 3
different techniques of sternal closure: 6 simple sternal
sutures, 6 FO8  sutures, and 7 simple sternal wire sutures.
The FO8 method was not found to be significantly superior
to the simple wire technique. In fact, the 7 simple wire
technique was better in ensuring lower sternal stability,
suggesting that the number of wires is a more important
factor in determining sternal stability rather than the
technique of the suture.1

Casha et al. conducted a biomechanical analysis using
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metallic sternal models to compare the rigidity of
sternotomy fixation using 6 different sternal closure
techniques, including the FO8 and simple wire closure
methods. The study determined the force exerted during
maximum coughing which might cause the sternal wires
to untwist, and suggested the use of more wires i.e. 8
simple wires or 4 FO8 wires for sternal closure. However,
there was no significant difference between the simple wire
technique and FO8 with regards to rigidity of sternal
fixation.25

Limitations
The current systematic review is limited to only published
literature available online in the English language.
Therefore, we recommend further research before one can
safely declare the FO8 technique to be superior to the
traditional wire technique for preventing sternal
dehiscence.

Conclusion
There was no significant difference between the FO8 and
the simple wire closure methods in lowering the incidence
of sternal dehiscence and other sternal closure-related
complications. As such, both these techniques can be used
safely for sternal closure, depending on the surgeon’s
expertise and preference. 
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