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A B S T R AC T

Background: Sternal dehiscence after full median ster-
notomy may result in wound-healing disorders, including
osteomyelitis. The consequences are extended hospitaliza-
tion, plastic surgery, stress for the patient, and increased
costs. Stable closure of the median sternotomy plays a crucial
role in the avoidance of sternal dehiscence and osteomyelitis.

Methods: All patients who underwent full sternotomy
from January 1999 until December 2001 were investigated
with respect to the incidence of sternal dehiscence. Since
January 2000, patients supposed to be at risk for sternum
dehiscence were more frequently treated with an Ethicon
steel band at the third intercostal space in addition to stan-
dard osteosynthesis with 8 wire cerclages.

Results: Since the introduction of this method, the inci-
dences of sternal dehiscence and sternal wound infections
decreased from 2.9% and 0.9 %, respectively, in 1999 to
0.3% and 0.2%, respectively, in 2001. This decline resulted
in shorter postoperative hospital stays, less stress for the
patients, and substantial reductions in postsurgical costs.

Conclusions: A steel band used in addition to standard
osteosynthesis with 8 wire cerclages is a safe and effective
procedure resulting in a statistically significant decrease in
the frequency of sternal dehiscence.

I N T R O D U C T I O N

Wound-healing disorders of the sternum are among the
most serious complications of cardiac surgery [Culliford

1976, Breyer 1984]. They often result in extended hospital-
ization, plastic surgery, stress for the patient, and substantial
costs to the health care system. Risk factors for sternal dehis-
cence and sternal osteomyelitis are obesity, diabetes, pul-
monary disease, and nicotine abuse [Nagachinta 1987, Bas-
kett 1999, Jacob 2000, Gummert 2002]. Several special tech-
niques have been suggested to increase stability during ster-
nal osteosynthesis [Labitzke 1983, Johnston 1985, Tavilla
1991, Noyez 1993, Roux 1995] and to decrease the number
of wound-healing complications. Not all of these techniques
are satisfying with respect to ease of handling and the amount
of time necessary to perform osteosynthesis. An antiseptic
technique by the surgical, anesthesia, and perfusionist team is
of high importance for the prevention of wound infection of
the sternal area after open heart surgery [Ferrazzi 1986].
There is no prospective randomized study providing statisti-
cally significant proof that antibiotic prophylaxis can prevent
sternal wound infection. However, perioperative prophylactic
antibiotic therapy has been recommended for cardiac surgery
to prevent sternal wound infection [Firor 1967, Myerowitz
1977] and today is part of the international standard in car-
diac surgery [Dajani 1997, Simon 2000].

Stable closure of the median sternotomy seems to play the
crucial role in the avoidance of the sternum dehiscence that
can result in osteomyelitis. We have had a constant sternum
dehiscence rate of approximately 3% for all of the patients
who have undergone open cardiac surgery via a full ster-
notomy, and it was our aim to decrease the incidence of this
potentially severe complication by using an osteosynthesis
combining 8 wire cerclages and 1 additional steel band.

M E T H O D S

All patients who underwent full median sternotomy
from January 1999 until December 2001 were studied ret-
rospectively with regard to the incidence of sternal dehis-
cence. Until December 1999, no steel band had been used.
Since January 2000, patients supposed to be at risk for ster-
num dehiscence were more frequently treated with a steel
band (tensioning device; Ethicon, Norderstedt, Germany)
(Figures 1-7) at the third intercostal space in addition to stan-
dard osteosynthesis with 8 wire cerclages (USP 5/6; Ethicon).
The operative technique is described in detail in the figure
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legends. We considered patients at high risk for sternum
dehiscence, including patients with chronic obstructive lung
disease, bilateral internal mammary artery (IMA) grafts,
osteoporosis, insulin-dependent diabetes mellitus, and severe
obesity. Patients who underwent operations in 1999 (group
A), 2000 (group B), and 2001 (group C) were compared with
respect to demographic data and clinical outcome, especially
to the incidence of sternum dehiscence and/or sternum
osteomyelitis in correlation with the number of steel bands
used. Table 1 summarizes the demographic data for the 3 groups

of patients who underwent cardiac surgery via a full ster-
notomy. Patients from 1999 were significantly younger than
patients from 2000 (mean difference, 1.5 years; P = .003,
Scheffé test) and 2001 (mean difference, 1.1 years; P = .036).
Tests with all other variables showed no statistically signifi-
cant differences. Concomitant diseases considered risk factors
for sternum dehiscence or sternum wound-healing problems
are shown in Table 2. There were no statistically significant
differences between the 3 groups for the variables of diabetes
and obesity; however, a statistically significant difference in
the incidence of chronic obstructive pulmonary disease was
found for the 3 groups of patients (χ2 = 21.8; P < .001).

Cardiac surgery was performed by means of cardiopul-
monary bypass using a membrane oxygenator and cardio-
plegic arrest with modified blood cardioplegia (Table 3) or as
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Figure 1. The steel band is run around the sternum through small inci-
sions lateral to the sternum, most effectively in the third intercostal
space. The steel band is then threaded through its slot. The bone is
not penetrated.

Figure 2. The narrow end of the steel band is inserted into the tensioning
device and connected through an eyelet to the hook of the set screw.

Figure 3. The set screw is then extracted from the tensioning device,
which tightens the steel band around the sternum.

Figure 4. The steel band receives its final tension adjustment through
tightening of the nut, allowing both sides of the sternum to be
adjusted in an infinite variety of ways.



an off-pump procedure without the use of cardiopulmonary
bypass. In all patients, perioperative antibiotic prophylaxis
was performed with cefazolin. Postoperative respiratory
training avoiding increased stress to both arms was per-
formed in all patients. In cases of sternal wound infection and
osteomyelitis, the patients were intermittently treated with
debridement of the open chest wound and mechanical venti-
lation in the intensive care unit.

Statistics
Differences in age were investigated with the Scheffé test.

The variables of weight, length, chronic obstructive pul-
monary disease, diabetes, obesity, and frequency of dehiscence
were investigated with the χ2 test according to the method of
Pearson. Length of hospital stay was investigated by means of
the Student t test. Variables are shown as the mean ± SD. A P
value less than .05 was considered statistically significant.

R E S U LT S

The operative data for the patients who underwent cardiac
surgery via full median sternotomy in 1999, 2000, and 2001 are
shown in Table 3. There was a statistically significant difference
(analysis of variance: F = 4.42; P = .012) in operation times for
the 3 groups of patients. The results of the post hoc test demon-
strated that the mean operation time for the 1999 patient group
was significantly shorter than that of the 2001 patient group
(mean difference, –11.09 minutes; P = .003). The mean opera-
tion time for the 2000 patient group was significantly shorter
than that of the 2001 patient group (mean difference, –8.07 min-
utes; P = .043). The difference in mean operation time between
the 1999 patient group and the 2000 patient group did not reach
statistical significance. Until December 1999, no additional steel
band had been used. Since January 2000, patients determined to
be at risk for sternum dehiscence were treated more frequently
with a steel band (Table 4). Since the introduction of this
method, the incidence of sternum dehiscence and/or
osteomyelitis decreased from 2.9% in 1999 to 0.3% in 2001 in
correlation with the increased use of a steel band in addition to
the standard sternum osteosynthesis using 8 wire cerclages. This
difference was highly statistically significant (χ2 value according
to Pearson, 26.4; P < .001) Moreover, the wound infection rate
decreased from 0.9% in 1999 to 0.2% in 2001. However,
because of the small number of infections, this decrease did not
reach statistical significance. The different pathologic species
cultured from wound swabs are shown in Table 4.
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Figure 5. The tensioning device is turned down by bending the steel
band near its slot.

Figure 6. The steel band is released by unscrewing the nut approxi-
mately 1.5 cm. The tensioning device is now turned up again. The
steel band is then detached from the tensioning device.

Figure 7. Finally, any excess portion of the steel band is clipped off
with pliers.
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The numbers of sternal wound infections in patients
with bilateral IMA grafts are shown in Table 4. In all of
these patients, IMA preparation was performed with the
pedicle technique.

Length of hospital stay was longer in all 3 groups for
patients with sternal dehiscence than for patients without
sternal dehiscence. However, this prolongation in hospital
stay was statistically significant only for the 2001 patient
group (Table 4).

The numbers of patients who underwent debridement of
the open chest wound and mechanical ventilation in the
intensive care unit are shown in Table 4. No sternal dehis-
cence or infection occurred in the patients with the additional
steel band. The frequencies of risk factors in patients who
underwent cardiac surgery via a full sternotomy and experi-
enced consecutive sternum dehiscence and/or osteomyelitis
are shown in Table 5.

D I S C U S S I O N

Wound infections following median sternotomy are devas-
tating complications in cardiac surgery. Most frequently, they
are the result of an unstable osteosynthesis caused by sternal
wires cutting into the cortical layers, resulting in a loss of ten-
sion and dehiscence [Wilson 1987, Zurbrugg 2000]. Patients
at high risk of developing sternal dehiscence and wound
infection are particularly those patients with immunosuppres-
sion, diabetes, obesity, and osteoporosis [ Jacob 2000,
Losanoff 2002]. Once dehiscence has occurred, the risk of
wound-healing problems, including osteomyelitis of the ster-

num and mediastinitis, increases. Thus, the incidences of
osteomyelitis reported in early studies were between 0.8%
and 1.5% [Culliford 1976, Breyer 1984] and could increase to
8% when bilateral pedicled IMAs were used for coronary
artery bypass grafting [Culliford 1976]. Risk factors for ster-
nal wound infections are mistakes in aseptic management in
the operating room, retrosternal hematoma [Engelman 1973,
Wilson 1987], harvesting of both IMAs in a pedicled tech-
nique [Kouchoukos 1990, Baskett 1999], obesity [Wilson
1987], and diabetes [Kouchoukos 1990]. Despite good aseptic
intraoperative management, contamination during surgery
resulting in wound infections cannot completely be prevented
[Ferrazzi 1986, Graber 1999, Wong 1999]. Endogenous con-
taminations by bacterial foci (nasopharyngeal space, gut) may
result in sternal wound infections [ Jacob 2000, Panknin
2000]. Once sternal dehiscence has occurred, especially in the
case of additional wound infection, it results in prolonged
hospital stays requiring plastic surgery, strain on the patient,
and substantial costs to the health care system.

In our study, we compared 3 groups of patients who
underwent full median sternotomy and cardiac surgery with
respect to the risk of developing sternal dehiscence with and
without wound infection. All 3 groups were comparable with
respect to the demographic data, including concomitant dis-
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Table 1. Demographic Data of Patients Who Underwent Cardiac Surgery via a Full Sternotomy*

Group A B C

Year of operation 1999 2000 2001
Patients, n 1189 1174 1254
Age, y 64.2 ± 10.5 (20.0-88.0)†‡ 65.6 ± 10.2 (23.0-88.0)† 65.2 ± 10.5 (20.0-90.0)‡
Female sex, % (n) 24.9 (296) 28.4 (333) 28.3 (355)
Weight, kg 79.6 ± 13.5 (42-140) 79.3 ± 13.6 (43-131) 78.4 ± 13.9 (42-132)
Length, cm 172.5 ± 8.3 (147-198) 172.1 ± 8.6 (144-200) 171.9 ± 8.7 (145-197)

*Data are presented as the mean ± SD (range) where appropriate.
†Mean difference, 1.5 years; P = .003, Scheffé test.
‡Mean difference, 1.1 years; P = .036, Scheffé test.

Table 2. Concomitant Diseases in Patients Who Underwent
Cardiac Surgery via Full Sternotomy in 1999, 2000, and 2001*

Group A B C

Year of operation 1999 2000 2001
COPD, n 82 (6.9%)† 120 (10.2%)† 157 (12.5%)†
Diabetes mellitus, n 217 (18.7%) 212 (18.4%) 216 (17.3%)
Obesity (BMI>30), n 198 (16.8%) 199 (17.3 %) 203 (16.4%)

*COPD indicates chronic obstructive pulmonary disease; BMI, body mass
index.

†χ2 = 21.8; P < .001.

Table 3. Operative Data for Patients Who Underwent Cardiac
Surgery via Full Sternotomy in 1999, 2000, and 2001

Group A B C

Year of operation 1999 2000 2001
Operations, n 1189 1174 1254
Reoperations, n 95 92 123
Coronary bypass 779 734 757

operations, n
Valve surgery, n 239 247 291
Combined surgery, n 130 138 154
Other operations, n 41 55 52
On-pump surgery, % 93.1 92.4 92.2
Off-pump surgery, % 6.9 7.6 7.8
Operation time, min* 243.1 ± 71.5† 246.1 ± 82.8‡ 254.2 ± 82.1†‡

*Data are presented as the mean ± SD. F = 4.42, analysis of variance; P = .012.
†Mean difference, –11.09 minutes; P = .003, post hoc test.
‡Mean difference, –8.07 minutes; P = .043, post hoc test.



eases and risk factors. Only chronic obstructive pulmonary
disease was found to be significantly more frequent in the
2000 and 2001 patient groups than in the 1999 patient
group. The following risk factors for sternal dehiscence and
wound infection were considered: chronic lung diseases and
severe obesity (body mass index >30) because of increased
mechanical stress, osteoporosis of the sternum because of
decreased stability of the bone, and bilateral pedicled IMAs
and diabetes because of the increased ischemic risk to the
sternal area (Tables 2 and 5).

Our experience shows that a stable closure after median ster-
notomy plays the crucial role in the avoidance of sternal dehis-

cence and osteomyelitis. Especially in patients with specific risk
factors, the commonly used sternal osteosynthesis with wire
cerclages may not result in adequate stability in the sternal area.
The use of a steel band in the third intercostal space in addition
to the common sternal closure with 8 wire cerclages increases
the stability of the sternal osteosynthesis in our clinical experi-
ence. The increased size of the steel band (6 times wider than
the customary wire cerclages) results in force being distributed
more evenly throughout the bone, resulting in a higher stability
of the area and promoting faster wound healing. The adapta-
tion of the sternum by means of the tensioning device is
infinitely variable; thus, optimal adaptation of the sternum is
achieved. The technique is simple to perform, and the steel
band can be removed without problems in cases of early or late
reoperation. In our study, the incidence of sternal dehiscence
decreased significantly from 2.9% in 1999 to 0.3% in 2001 in
correlation with the increasing number of times a steel band
was used (1999, n = 0; 2001, n = 438) in patients at risk for ster-
nal dehiscence (Table 4). Moreover, the wound infection rate
decreased from 0.9% in 1999 to 0.2% in 2001. However, this
decrease did not reach statistical significance.

The numbers of sternal wound infections in patients with
bilateral IMA grafts are shown in Table 4. In all of these
patients, IMA preparation was performed with the pedicle tech-
nique and not with a skeletonized technique that we perform
today in all of our coronary artery bypass grafting patients.
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Table 4. Data for Patients Who Underwent Cardiac Surgery via Full Sternotomy in 1999, 2000, and 2001 and Developed Sternum
Dehiscence with and without Osteomyelitis*

Group A B C

Year of operation 1999 2000 2001
Osteosynthesis with wire cerclages, n 1189 1174 1254
Osteosynthesis with additional steel band, n None 93 (7.9%) 438 (34.9%)
Sternal dehiscence, n 34 (2.9%)† 17 (1.5%)† 4 (0.3%)†
Sternal dehiscence and wound infections, n 11 (0.9%): 7 (0.6%): 3 (0.2%): 

S aureus (n = 5), S aureus (n = 2), S aureus (n = 1), 
Enterococcus (n = 2), Enterococcus (n = 1), cn staph (n = 1), 

A viridans (n = 1), P acnes, (n = 1), S hemolyticus (n = 1)
P aeruginosa (n = 1), S epidermidis, (n = 3)
S epidermidis, (n = 2)

Bilateral IMA graft and sternal infection, n 2/11 3/7 2/3
Sternal dehiscence in on-pump surgery, n 32 16 4
Sternal dehiscence in off-pump surgery, n 2 1 None
Hospital stay

Without sternal dehiscence, d‡ 12.4 ± 3.9 (n = 1155) 13.4 ± 10.7 (n = 1157) 11.5 ± 10.9 (n = 1250)§
With sternal dehiscence, d‡ 14.8 ± 17.1 (n = 34) 15.7 ± 7.1 (n = 17) 24.8 ± 15.7 (n = 4)§

OCD, n 5/34 2/17 1/4
Hospital stay for patients with OCD, d 91, 26, 52, 26, 24 35, 32 31
Sternum resection, n 1 1 1
Plastic surgery (pectoralis flap), n 2 2 1

*S aureus indicates Staphylococcus aureus; A viridans, Aerococcus viridans; P aeruginosa, Pseudomonas aeruginosa; S epidermidis, Staphylococcus epidermidis; P acnes,
Propionibacterium acnes; S hemolyticus, Staphylococcus hemolyticus; cn staph, coagulase-negative staphylococcus; IMA, internal mammary artery; OCD, debridement
of open chest wound.

†χ2 according to Pearson, 26.4; P < .001.
‡Data are presented as the mean ± SD.
§Student t test: t = 2.4; P = .015.

Table 5. Risk Factors in Patients with Sternum Dehiscence and/or
Osteomyelitis after Cardiac Surgery via a Full Sternotomy*

Group A B C

Year of operation 1999 (n = 34) 2000 (n = 17) 2001 (n = 4)
COPD, n 13 (38.2%) 4 (23.5%) 1 (25%)
Diabetes mellitus, n 12 (35.3%) 7 (41.2%) 2 (50%)
Obesity (BMI >30), n 10 (29.4%) 6 (35.3%) 1 (25%)
Overweight (BMI >25), n 26 (81.8%) 12 (72%) 2 (50%)

*COPD indicates chronic obstructive pulmonary disease; BMI, body mass
index.
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The length of hospital stay for patients with sternal dehis-
cence was longer for all 3 groups than for the patients without
sternal dehiscence. However, this prolongation in hospital
stay was statistically significant only for the 2001 patient group.
A limitation of this result is the small number of patients.

A long hospital stay was observed for patients who under-
went debridement of the open chest wound (Table 4).
Because of the small number of these patients, there was only
a minor effect on the mean hospital stay of all of the patients.

Table 5 demonstrates that the risk factors for sternal
dehiscence, such as chronic obstructive pulmonary disease,
diabetes, and obesity, are more frequently found in patients
with sternal dehiscence and/or osteomyelitis.

C O N C LU S I O N

Our data suggest that a steel band used in addition to
the standard osteosynthesis with 8 wire cerclages is a safe
and effective procedure that significantly decreases the
rate of sternum dehiscence and infection. This technique
helps to avoid an extended hospital stay, discomfort for the
patient, and the necessity of plastic surgery and thereby
helps to reduce their substantial costs to the health care
system.
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