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Abstract
Introduction: Sternum closure techniques have been com-
pared regarding biomechanics, efficacy in high-risk patients 
and prevention of mediastinitis or sternal dehiscence. There 
are no papers concerning patients’ comfort and postoperative 
rehabilitation rate.
Aim: To establish the best surgical closure technique after 
midline sternotomy regarding the lowest pain level in the 
postoperative period and the highest rate of postoperative re-
habilitation.
Material and methods: A  retrospective analysis was per-
formed on a group of 100 patients after cardiothoracic proce-
dures which was divided into 3 subgroups according to sternal 
closure technique based on postoperative thoracic X-ray. To 
assess patients’ pain and their physical activity we used a cus-
tom questionnaire. The statistical analysis was performed on 
the data regarding occurrence of wound healing complications 
risk factors, Numerical Rating Scale (NRS) for Pain score, the 
number of days until achieving important rehabilitations stag-
es and the occurrence of sternal refixation.
Results: Subgroups had 35, 33 and 32 patients. The statisti-
cal analysis showed significantly lower NRS scores between 
the 14th (p = 0.0012) (1.17) and 30th (p = 0.0196) day (0.65) 
after the procedure in the group sutured with only single in-
terrupted wire. There was also a significant difference in the 
number of days between the operation and the first time the 
patient could lie sideways (p = 0.0105). There was no statisti-
cally significant difference between the three groups regarding 
other measured factors.
Conclusions: The single wire suture provides less pain at the 
14th and 30th day postoperatively measured on the NRS and 
ensures faster rehabilitation compared to sternal closing tech-
nique which involves placing both single and figure-of-8 su-
tures.

Key words: median sternotomy technique, rehabilitation, pain, 
cardiothoracic.

Streszczenie
Wprowadzenie: Techniki zespolenia mostka po sternotomii 
pośrodkowej były porównywane pod względem biomecha-
niki zespolenia, zapobiegania powikłaniom gojenia się rany, 
profilaktyki rozejścia się mostka i  zapalenia śródpiersia lub 
przydatności u  pacjentów wysokiego ryzyka. Nie ma jednak 
publikacji dotyczących oceny komfortu pacjenta i postępu re-
habilitacji pooperacyjnej. 
Cel: Określenie najkorzystniejszej techniki szycia mostka pod 
względem dolegliwości bólowych oraz komfortu rehabilitacji 
pooperacyjnej.
Materiał i metody: Retrospektywnej analizie poddano grupę 
100 chorych po zabiegach kardiochirurgicznych, którą podzie-
lono na 3 podgrupy w zależności od zastosowanej techniki ze-
spolenia mostka na podstawie pooperacyjnych zdjęć RTG. Do 
analizy dolegliwości bólowych i aktywności fizycznej zastoso-
wano autorski kwestionariusz. Analizie statystycznej poddano 
czynniki ryzyka wystąpienia powikłań gojenia się rany, ocenę 
bólu po zabiegu w skali NRS, liczbę dni od zabiegu do osiągnię-
cia ważnych etapów rehabilitacji oraz częstość występowania 
powikłań.
Wyniki: Podgrupy liczyły 35, 33 i 32 pacjentów. Analiza wykazała 
istotnie mniejsze dolegliwości w skali NRS w 14. (p = 0,0012) 
i 30. (p = 0,0196) dobie po zabiegu w grupie pacjentów, u któ-
rych zastosowano tylko szwy pojedyncze, średnio 1,17 pkt  
i 0,65 pkt. Również w tej grupie pacjentów stwierdzono istotnie 
krótszy czas od zabiegu do możliwości ułożenia się na boku (p = 
0,0105). Nie wykazano istotnych statystycznie różnic pomiędzy 
grupami w zakresie pozostałych badanych parametrów. 
Wnioski: Technika zespolenia mostka polegająca na założe
niu jedynie szwów pojedynczych umożliwia uzyskanie mniej- 
szych dolegliwości bólowych w  14. i  30. dobie pooperacyjnej 
ocenianych w  skali NRS oraz szybszą rehabilitację poopera-
cyjną, co poprawia komfort życia pacjentów, w  porównaniu 
z  technikami polegającymi na założeniu jednocześnie szwów 
pojedynczych i w kształcie ósemek.

Słowa kluczowe: sternotomia pośrodkowa, rehabilitacja, ból, 
kardiochirurgia.
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Introduction
Midline sternotomy as an operating access technique 

was first introduced by Julian et al. in 1957. Since then it has 
been widely used in a range of cardiothoracic procedures, 
as it provides an excellent access to the heart and the great 
vessels [1]. Initially the technique of peristernal single wire 
suture was established as the best way to close the ster-
num. However, Murray et al. proposed a new technique of 
sternum closure, using figure-of-8 wire suturing [2], which 
was reported to be very effective in patients with greater 
risk of wound healing complications, such as patients with 
obesity, diabetes or chronic obstructive pulmonary disease 
[3]. This technique requires placing sutures in the shape 
of a figure of 8. There are many studies comparing closing 
techniques regarding biomechanics [4–8], efficacy in high-
risk patients [9] and complication rates including sternal 
dehiscence or mediastinitis [10, 11]. Losanoff et al. com-
pared biomechanical properties of 6 sternal closures on  
53 human cadaver models. They concluded that the me-
chanical stability of a  single wire closure is significantly 
greater than that of figure-of-8 closures [5]. Schimmer  
et al. performed a prospective randomized clinical trial on 
group of 339 patients, which included a subgroup of elderly 
patients (over 75 years) with higher risk of wound healing 
complications. The trial showed no statistically significant 
difference between the assessed closure techniques [9]. 
Surprisingly, there is a lack of research regarding patients’ 
postoperative comfort, pain and rehabilitation rate in rela-
tion to the surgical closure technique after median ster-
notomy. One established method of determining the level 
of patients’ pain is the Numeric Rating Scale for Pain (NRS) 
[12]. It is a scale with 11 levels, where 0 means no pain and 

10 extreme pain, also described as the strongest pain the 
patient can imagine.

Aim
The aim of the study was to evaluate and establish the 

best surgical closure technique after midline sternotomy re-
garding the lowest pain level in the postoperative period and 
the highest rate of postoperative physical rehabilitation.

Material and methods
A retrospective analysis was performed on a group of 

100 patients (74 men and 26 women, at mean age of 66.66 
±9.74 years) after on-pump and off-pump cardiothoracic 
procedures completed with midline sternotomy. Clinical 
characteristics of the whole analyzed group are presented 
in Table I. To assess pain severity and physical activity of 
patients we used a questionnaire which was specially de-
veloped based on the available literature and our clinical 
experience [13–17]. It contains 16 questions divided into 
three groups. The first group of questions concerns the 
patient’s pain in the postoperative period, the second one 
the physical rehabilitation rate and the third one is related 
to the complications in wound healing. The data for the 
questionnaire were obtained by direct interview with the 
patient at the rehabilitation department or telephone in-
terview carried out at least 30 days after the surgical pro-
cedure. The analyzed group was divided into 3 subgroups 
according to the sternal closure technique which was used 
during the cardiothoracic operation: group 1 – single inter-
rupted wire; group 2 – figure-of-8 wire; group 3 – single 
interrupted wire and figure-of-8 wire. The type of closure 
technique was determined based on the postoperative tho-
racic X-ray. 

Statistical analysis
The statistical analysis was performed on the data con-

taining information about the occurrence of wound healing 
complication risk factors (age, sex, diabetes, obesity, chron-
ic kidney disease, left internal mammary artery (LIMA) and 
right internal mammary artery (RIMA) harvest or just LIMA 
harvest), NRS for Pain score, the number of days until 
achieving important rehabilitations stages (Kruskal-Wallis 
test), the number of “yes” answers in certain questions and 
finally the need for sternal refixation (c2 Pearson test). The 
software used for statistical analysis was Statistica 13 (pro-
duced by StatSoft).

Results
Groups 1, 2 and 3 had 35, 33 and 32 patients respective-

ly. The characteristics of these groups are shown in Table II. 
The most frequent wound healing complication risk fac-
tors were diabetes and obesity. Statistical analysis showed 
significant differences in NRS scores between the 14th  
(p = 0.0012) and 30th (p = 0.0196) days after the procedure. 
The lowest mean NRS score at 14 and 30 days after the op-
eration was observed in group 1 – single interrupted wires, 

Table I. Clinical characteristics of patients

Parameter Value

Number of patients 100

Age 66.66 ±9.74

Gender:

Male 74 (74%)

Female 26 (26%)

Diabetes 30 (30%)

Obesity 33 (33%)

IMA harvest 79 (79%)

Chronic kidney disease 7 (7%)

Type of procedure:

CABG 47

OPCAB 25

CABG + AVR 13

AVR 7

Other  8

Sternal refixation 2 (2%)

IMA – internal mammary artery, CABG – coronary artery bypass surgery, OPCAB 
– off-pump coronary artery bypass, AVR – aortic valve replacement
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1.17 ±1.77 points and 0.65 ±1.28 points respectively. A sig-
nificantly higher score on the NRS was observed in group 3 
– single and figure-of-8 wire, 3.16 ±2.54 points at 14 days 
and 1.71 ±2.13 at 30 days after the procedure. These results 
are shown in Figure 1. There was also a significant differ-
ence in number of days between the operation and the first 
time the patient could lie sideways (p = 0.0105). The mean 
number of days until achieving this stage of rehabilitation 
was the lowest in group 1 (30.54 ±23.45 days) and was 
significantly higher in group 3 (49.71 ±22.74 days). These 
results are shown in Figure 2. Moreover, the mean num-
ber of sutures applied during surgical sternal closure was 
the highest in group 1. There was no statistically significant 
difference between the three groups regarding a feeling of 
sternal instability, painkiller medication need, pain during 
coughing and number of days needed for achieving other 
stages of rehabilitation. The frequency of sternal refixation 
was also similar in all the groups. The detailed results of 
the questionnaire are presented in Table III.

Discussion
A median sternotomy in patients with wound healing 

risk factors is associated with high rates of postoperative 
complications. Sternum stability, postoperative comfort and 
lack of pain are very important factors to achieve a proper 
level of postoperative rehabilitation. Although there are 
some papers which include biomechanical comparison of 
these techniques, there are no previously published studies 

comparing sternum closure techniques regarding patients’ 
postoperative comfort and pain. Krejca et al. created 60 bo-
vine sternum models, which were used to perform stress 
tests. It was established that single wire sutures provide 
better fixation stability compared to figure-of-8 sutures [4]. 
Additionally, Losanoff et al. noted a  similar advantage of 
single wire technique over figure-of-8 sutures and 3 other 
closure techniques, but in this case specially made measur-
ing equipment and 53 human cadaveric sterna were used 
[5]. These findings are consistent with our results, because 

Table II. Subgroups’ characteristics

Parameter Single suture
Group 1

Figure-of-8 suture
Group 2

Single and figure-of-8 suture
Group 3

P-value

Number of patients 35 33 32

Age 65.14 ±10.55 64.67 ±9.05 67.25 ±9.60 0.4341

Gender: 0.1588

Male 29 (82.8%) 25 (75.8%) 20 (62.5%)

Female 6 (17.2%) 8 (24.2%) 12 (37.5%)

Diabetes 11 (31%) 8 (24%) 11 (34%) 0.6189

Inadequate body weight: 14 (40%) 9 (27%) 10 (31%) 0.5196

Overweight 5 3 4

Obesity 1 degree 7 5 3

Obesity 2 degree 2 1 3 

LIMA harvest 31 (88.57%) 27 (81.82%) 21 (65.63%) 0.06262

LIMA + RIMA harvest 1 (2.86%) 4 (12.12%) 3 (9.38%) 0.30365

Chronic kidney disease 2 (6%) 2 (6%) 4 (12%) 0.2775

Procedure type: 0.1388

CABG 23 13 11

OPCAB 4 11 10

CABG + AVR 6 3 4

AVR 1 3 3

Other 1 3 4

Sternal refixation 1 (2.85%) 0 (0%) 1 (3.12%) 0.6031

Number of sutures, mean 8 ±0.94 5 ±0.79 5.56 ±1.19 < 0.001

Fig. 1. Mean NRS of Pain score at 7, 14, 30 and 90 days after pro-
cedure
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Table III. Detailed results of questionnaire

Question Single suture
Group 1

Figure-of-8 suture
Group 2

Single and figure-of-8 suture
Group 3

P-value

Sternal instability sensation 4 (11.43%) 5 (15.15%) 2 (6.25%) 0.5156

Additional pain medication during 
hospitalization 

10 (28.57%) 12 (36.36%) 10 (31.25%) 0.7842

Coughing-related pain 30 days after procedure 26 (76.47%) 18 (54.55%) 19 (61.29%) 0.1585

Coughing-related pain 90 days after procedure 3 (18.75%) 4 (33.33%) 6 (50.00%) 0.2168

Additional pain medication 7 days after 
procedure hospitalization

14 (40.00%) 11 (33.33%) 10 (31.25%) 0.7325

Increased sternal-related pain limiting 
everyday activities

8 (23.53%) 11 (33.33%) 14 (43.75%) 0.2195

Sleep-depriving pain 9 (25.71%) 16 (48.48%) 11 (34.38%) 0.1440

Sternal refixation 1 (2.85%) 0 (0%) 1 (3.12%) 0.60311

Wound healing complications 3 (8.57%) 3 (9.09%) 5 (15.63%) 0.5966

Mean NRS score 7 days after procedure 2.86 ±2.43 3.29 ±2.64 3.75 ±2.59 0.3601

Mean NRS score 14 days after procedure 1.17 ±1.77 2.26 ±1.96 3.16 ±2.54 0.0012

Mean NRS score 30 days after procedure 0.65 ±1.28 1.33 ±1.51 1.71 ±2.13 0.0196

Mean NRS score 90 days after procedure 0.07 ±0.26 0.67 ±1.11 0.67 ±1.5 0.1788

Mean number of days between procedure and 
ability to lie sideways

30.54 ±23.45 42.50 ±30.49 49.71 ±22.74 0.0105

Mean number of days between procedure and 
ability to stand up without any extra support

20.26 ±16.03 28.33 ±26.41 23.00 ±15.03 0.3661

Mean number of days between procedure and 
ability to load shoulder ring

53 ±27.64 58.09 ±37.55 51.21 ±22.01 0.9828
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Fig. 2. Mean number of days between procedure and first time the 
patient could lie sideways
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fixation stability is stated as an important factor improving 
fast bone healing [18], which is a key factor of effective re-
habilitation, which was proven, to some extent, to be bet-
ter in patients closed with single wire sutures. The problem 
that needs to be refined is the use of single sutures in pa-
tients with osteoporotic sternum, where the possibility of 
cutting through the edges with metal wires is probable. In 
this case, the use of figure-of-8 sutures to close the ster-
num may contribute to greater stability and healing of the 
postoperative wound.

In our study, sternal refixation was needed in 2/100 pa-
tients (2%). Heilmann et al. [19] noted in their registry 19 
cases of similar complications, which is 1.46% of the entire 

group (n = 1297). The higher rate of sternal refixation could 
be explained by a higher rate of one of the main wound 
healing complication risk factors – diabetes, which was 
30% in our study and 24% in Heimann’s registry.

It is worth highlighting that the single wire technique 
was better in terms of subjective pain sensation at 14 and 
30 postoperative day despite a statistically higher number 
of sutures and subsequently more severe trauma to the 
chest wall, which is known to be one of the causes of post-
operative pain [20].

The limitations of the study are the retrospective 
analysis and the limited number of patients. However, the 
study’s results reflect fully the risk of complications, includ-
ing pre-operative risk factors in daily clinical practice. 

Taking into consideration the fact that the quality of life 
and patients’ comfort are becoming increasingly important 
and that there are no previous prospective and randomized 
trials, it would be worth designing and conducting such 
a study. It would also be valuable to use more standardized 
and validated methods such as a sternal instability scale 
[21] or a quality of life scale [22] and include new sternal 
closing methods, e.g. using reinforced steel wires [23], tita-
nium hooks [24] or ultra-high-molecular-weight polyethyl-
ene sutures [25]. Collecting more data on beneficial effects 
in terms of patient comfort and pain of certain sternal clos-
ing techniques could help in changing surgeons’ operative 
approach or even task force recommendations and subse-
quently improve patients’ well-being and speed up postop-
erative rehabilitation.
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Conclusions
The single wire suture provides less pain at the 14th and 

30th day postoperatively measured using the NRS compared 
to the sternal closing technique which involves placing both 
single and figure-of-8 sutures. The single wire suture ensures 
a faster rehabilitation process, thus improving patients’ qual-
ity of life compared to the sternal closing technique, which 
involves placing both single and figure-of-8 sutures.
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