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Abstract
Objective The aim of our study is to investigate that sternal reconstruction using bioresorbable plate in median sternotomy 
may reduce postoperative respiratory dysfunction when compared with wire cerclage only.
Methods We reviewed 107 patients who were undergone coronary artery bypass grafting with median sternotomy. Patients 
were divided into two groups; patients underwent sternal reconstruction with bioresorbable plate and wire cerclage (S group, 
n = 56), patients with wire cerclage only (N group, n = 51), and perioperative respiratory function and postoperative pain 
score data were analyzed and compared between two groups.
Results There was no significantly difference in preoperative respiratory function in both groups. However, in postopera-
tive change rate of respiratory function, N group had significant decrease compared with S group in vital capacity (VC) (N: 
S = 74.8 ± 12.4: 85.2 ± 14.8%, p = 0.020), VC as a percentage of predicated VC (N: S = 75.0 ± 12.5: 86.4 ± 15.1%, p = 0.012), 
and forced expiratory volume in the first second (N: S = 73.7 ± 9.2: 85.3 ± 16.4%, p = 0.012). In Prince Henry Pain Scale, 
there were significantly more in N group compared with S group (N: S = 3.4 ± 1.0: 2.6 ± 1.4, p = 0.003).
Conclusion Sternal fixation with bioresorbable plate could reduce impairment of postoperative respiratory function in 
comparison to wire cerclage only.
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Introduction

A decrease in pulmonary function is a frequency observed 
complication after cardiac surgery. Several studies reported 
that vital capacity (VC) after coronary artery bypass grafting 
(CABG) decreased by 30–60% [1–4].

Wire cerclage is the standard technique of median ster-
notomy closure for most cardiac surgeons in median sternot-
omy. Although this method is simple and easy, past studies 
have showed that rigid fixation of the sternum with plates 
and screws resulted in mechanical properties superior to 
wire closure [5–7].

Super  FIXSORBⓇ MX40 mesh plate (Teijin Medical 
Technologies CO. Ltd., Osaka, Japan) (SFMX) is a kind 
of bone plate. It is bioresorbable, and is composed of both 
unsintered and uncalcined hydroxyapatite and poly-l-lactic 

acid. This mesh plate is resorbed in body in about 6 years 
while including osteoconduction [8]. SFMX has already 
been used for fixing rib fracture [9, 10] or repair of flail 
chest [11]. Even more, Tanaka et al. [12] reported that post-
operative respiratory and hemodynamic condition were more 
stable with SFMX in fixing median sternotomy after con-
genital cardiac surgery.

The purpose of this study was to investigate the availabil-
ity of SFMX for rigid sternal fixation and evaluate SFMX 
for postoperative effect of respiratory function after CABG.

Subjects and methods

This retrospective study was approved by the institu-
tional review board, and a waiver of informed consent was 
obtained.

A total of 111 consecutive patients were undergone 
elective CABG alone from February 2013 to July 2018 
in our institution. We investigated the patients excluded 
patients without median sternotomy, with bilateral internal 
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thoracic arteries, and with SternaLock Plates (Biomet 
Microfixation CO. Ltd., Jacksonville, FL). So, 107 patients 
undergone elective CABG alone with median sternotomy 
were intended. In this study, all patients were undergone 
CABG with single internal thoracic artery. Mean age was 
69.8 ± 9.0 years (41–84 years), and fourteen patients were 
women (13.1%).

Basic sternal fixation is conventional wire cerclage. We 
have administered SFMX for the all target patients since 
December 2015 (S group, n = 57). As a reference, the con-
secutive target patients undergone CABG before the due 
day (from February 2013 to November 2015) were N group 
(n = 51). Two groups were compared to the following clini-
cal variables. All data are collected at the point of care and 
serve to create both medical reports and a scientific data 
base, and the quality of the primary data is reliable.

All patients were performed to sternal closure with con-
ventional wire cerclage. It was performed using simple and 
single wires, and the number of wires was six. Two trans-
sternal wires were at the manubrium and four pare-sternal 
wires were at the sternal body.

The four corners of SFMX were cut with scissors. SFMX 
was fixed by passing two cranial para-sternal wires (third, 
fourth) through holes of SFMX, and then each of the wires 

were tied (Fig. 1a, b). The chest was closed using the con-
ventional technique.

With cardiac rehabilitation stuffs, we always investigated 
perioperative respiratory function of patients underwent car-
diac surgery. They were studied based on spirometry exami-
nations which was performed on preoperative day (baseline 
value) and the fourteenth postoperative day (follow-up val-
ues). Analyzed spirometry parameters were VC, VC as a 
percentage of predicated VC (%VC), forced expiratory vol-
ume in first second (FEV1.0) and FEV1.0 as a percentage of 
forced vital capacity (FEV1.0%). The postoperative change 
rates of respiratory function were presented as a percentage 
of preoperative values.

Postoperative pain was evaluated by Prince Henry Pain 
Scale (PHPS) [13]. Acetaminophen (1200 mg/day) is taken 
for analgesic drug in all patients. Patients with PHPS > Score 
4 were prescribed on pentazocine.

Diabetes mellitus (DM) was defined as the recent use 
of anti-diabetic drugs, fasting blood glucose > 126 mg/
dl and/or hemoglobin  A1c > 6.5%. Chronic kidney disease 
(CKD) was defined as estimated glomerular filtration rate 
(eGFR) < 50 ml/min/1.73 m2.

Continuous data are expressed as mean ± SD with ranges 
when appropriate. Non-parametric Mann–Whitney U test 

Fig. 1  Sternum was fixed by Super FIXSORB® MX40 mesh plate 
(SFMX). SFMX was fixed by passing two cranial para-sternal wires; 
a external appearance of the sternum at the end of the operation. b 
Diagram of sternum fixation technique using SFMX. c Postoperative 

computed tomographic scanning. There was no gap between median 
sternotomy in fixation with SFMX. d Postoperative computed tomo-
graphic scanning. There were gaps between median sternotomy in 
fixation without SFMX
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was used. Parametric data were examined with contingency 
tables, with Fisher’s exact test, as appropriate. The asso-
ciated variables were included in the stepwise backward 
selection method in the multivariable model to identify the 
independent predictors of prevention for postoperative res-
piratory function depression, presented as odds ratio (OR) 
with 95% confidence intervals (CI). Differences were con-
sidered significant at p < 0.05.

Results

There were data before interventions for all patients in 
Table 1. There was no significant difference among groups 
in age, sex, hypertension, dyslipidemia, chronic obstructive 
pulmonary disease, smoking within a month, chronic kidney 
disease (excluded patients with hemodialysis), and hemo-
globin value.

Table 1  Demographic 
characteristics of all patients

DM diabetes mellitus, COPD chronic obstructive pulmonary disease, CKD chronic kidney disease, Hb 
hemoglobin, OPCAB off-pump coronary artery bypass grafting, IABP intra-aortic balloon pumping

N group (n = 51) S group (n = 56) p value

Preoperative
 Age (year) 69.7 ± 8.1 70.0 ± 9.8 0.883
 Sex (male) 42 (82.4%) 44 (78.6%) 0.627
 Body mass index (kg/m2) 23.4 ± 3.7 24.2 ± 3.7 0.271

Prevalence
 Obesity 13 (25.5%) 17 (30.4%) 0.541
 Hypertention 44 (86.3%) 53 (94.6%) 0.140
 Dyslipidemia 43 (84.3%) 45 (80.4%) 0.597
 DM 27 (52.9%) 35 (62.5%) 0.322
 COPD 7 (13.7%) 16 (28.6%) 0.063
 Smoking within a month 10 (19.6%) 12 (21.4%) 0.818
 CKD 4 (7.8%) 12 (21.4%) 0.050
 History of stroke 3 (5.9%) 5 (8.9%) 0.554
 Peripheral arterial disease 6 (11.8%) 5 (8.9%) 0.633
 Hb (g/dl) 13.2 ± 2.0 13.0 ± 1.8 0.588
 Ejection fraction (%) 58.4 ± 12.6 58.4 ± 11.7 0.985

Surgical intervention
 OPCAB 17 (33.3%) 28 (50.0%) 0.220
 Number of anastomosis 3.4 ± 1.1 3.4 ± 0.9 0.849
 Operative time (min) 427.0 ± 100.8 401.8 ± 124.0 0.255
 Circulation time (min) 203.1 ± 82.3 213.2 ± 119.4 0.672
 Minimum rectum temperature (°C) 35.2 ± 0.9 34.8 ± 1.2 0.081
 Use of IABP 3 (5.9%) 3 (5.4%) 0.907
 Blood transfusion 35 (68.6%) 43 (76.8%) 0.348

Postoperative complications
 Intubation time (h) 22.0 ± 21.2 18.4 ± 10.8 0.270
 ICU stay (day) 6.1 ± 1.6 5.2 ± 1.4 0.003
 Hospital stay (day) 22.6 ± 7.7 22.7 ± 8.0 0.943
 Re-stenotomy 2 (3.9%) 2 (3.6%) 0.909
 Mediastinitis 2 (3.9%) 2 (3.6%) 0.909
 Atrial fibrillation 16 (31.4%) 12 (21.4%) 0.222
 Re-intubation 2 (3.9%) 2 (3.6%) 0.909
 Hospital death 0 (0%) 0 (0%)

Prince Henry Pain Scale
 Score 3.4 ± 1.0 2.6 ± 1.4 0.003
 Score 4 34 (66.7%) 22 (39.3%) 0.004
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In operative factors (rate of off-pump CABG, opera-
tion time, circulation time, et al.), there was no difference 
between both groups (Table 1).

Postoperative computed tomography scanning showed 
that there was no gap between median sternotomy in fixa-
tion with SFMX (Fig. 1c), by contrast, there were the gaps 
of sternotomy in N group (Fig. 1d). In Table 1, there was 
no difference between both groups on other postoperative 
complications (re-stenotomy, mediastinitis, atrial fibrillation, 
re-intubation, and hospital death). However, on postopera-
tive pain, there were significantly lower patients with PHPS 
in S group than in N group (Table 1).

Perioperative respiratory functions were presented in 
Table  2. Preoperative respiratory functions were simi-
lar between both groups. However, postoperative change 
rates of respiratory function were shown in Fig. 2a–d. N 
group had significant decrease compared with S group in 
VC (N: S = 74.8 ± 12.4: 85.2 ± 14.8%, p = 0.020), %VC (N: 
S = 75.0 ± 12.5: 86.4 ± 15.1%, p = 0.012), and FEV1.0 (N: 
S = 73.7 ± 9.2: 85.3 ± 16.4%, p = 0.012). There was no sig-
nificant change in FEV1.0%.

Discussion

The present study showed that postoperative respira-
tory function based on spirometry examinations was less 
impaired by sternal reconstruction with bioresorbable plate 
in median sternotomy.

The past study reported that external fixation of a bone 
fracture relieved pain and improved quality of life [14]. A 
bioresorbalble plate consinsting of poly-l-lactic and unsin-
tered and uncalcined hydroxyapatite, as SFMX, has supe-
rior osteoconductive properties, bonds bone fracture, and 
promotes good bone healing without pseudoarticulation 
[9]. Though there were many reports for fixing rib fracture 
with bioresorbable plate [9–11], the study for fixing median 

sternotomy with bioresorbable plate in cardiac surgery was 
few.

Tanaka et al. [12] reported that postoperative respiratory 
and hemodynamic condition were more stable with SFMX 
in fixing median sternotomy after congenital cardiac surgery. 
Sakashita et al. [15] confirmed fixation sternotomy with 
SFMX promoted bone stability and decreased post-surgical 
pain. We showed that fixation with SFMX got stability of 
sternum closer (Fig. 1c) and decreased postoperative pain 
(Table 1).

Additionally, Sakashita et al. [15] used two pieces of 
half SFMX for longitudinal sternotomy line. However, we 
thought line fixation could not prevent back and forth gap of 
sternotomy adequately, and we fixed one plate for enhancing 
bone face fixation. So, SFMXs were fixed intercostally. In 
our study, SFMX improved the gap of sternotomy (Fig. 1c), 
and the possibility was suggested that the advantages of 
SFMX, such as good stability of sternotomy, might benefi-
cially affect reducing impairment of postoperative respira-
tory functions (Fig. 2a–c).

After cardiac surgery, there are many kinds of com-
plications, such as diminished respiratory function and 
chronic surgical pain, from patients are prone to suffer from 
[16–19]. Especially in the pulmonary function, there were a 
few reports to treat the latter conditions. Roncada reported 
that osteopathic treatments might be effective treatment for 
decreased pulmonary function, chronic thoracic pain and 
diminished thoracic mobility after CABG surgery [20]. And 
then, inspiratory muscle training insertion in the preopera-
tive period to cardiac surgery indicated an improvement in 
forced vital capacity and maximum voluntary ventilation 
[21]. However, these methods were physical rehabilitation 
program therapies. To our knowledge, there are no effective 
preventive interventions. Our study presented that sternum 
closer with SFMX decreased impairing postoperative res-
piratory function (Fig. 2). Because the sternal fixation with 
SFMX achieved sternum stability and diminished thoracic 
pains, reduction of pulmonary function after CABG might 
be decreased.

SFMX is a bioresorbable mesh plate composed of unsin-
tered and uncalcined hydroxyapatite and poly-l-lactic acid. 
Though this sheet is resorbed in body in about 6 years while 
including osteoconduction [8], it could lead to complica-
tion like infection. We have found no report to suggest that 
SFMX increased inflammation-infections. In the present 
study, the instance of mediastinitis was similar between 
both groups (Table 1). Though there were potential risks 
like infection, swelling and pain, SFMX was considered a 
safe device with no adverse reaction [9].

The other device for rigid sternal fixation is SternaLock 
Plates (Biomet Microfixation, Jacksonville, FL). This 
rigid plate fixation is performed using one plate at the 
manubrium and two plates on the sternal body. Though 

Table 2  perioperative respiratory function

VC vital capacity, %VC a percentage of predicated VC, FEV1.0 
forced expiratory volume in first second, FEV1.0% a percentage of 
forced vital capacity

N group (n = 51) S group (n = 56) p value

Pre-VC 2.98 ± 0.74 2.97 ± 1.00 0.964
Post-VC 2.23 ± 0.33 2.54 ± 0.70 0.100
Pre-%VC 92.0 ± 14.5 89.3 ± 18.0 0.418
Post-%VC 71.4 ± 11.1 75.9 ± 13.5 0.256
Pre-FEV1.0 2.25 ± 0.60 2.27 ± 0.80 0.895
Post-FEV1.0 1.67 ± 0.35 1.92 ± 0.62 0.138
Pre-FEV1.0% 76.9 ± 8.1 77.3 ± 8.2 0.733
Post-FEV1.0% 76.1 ± 11.6 76.8 ± 9.3 0.824
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sternal reconstruction using SternaLock Plates improved 
bone healing and reduced early postoperative pain [22], 
the study about postoperative respiratory function have 
not been reported. SternaLock Plates are not resorbed 
in body and are represented on X-ray. Additionally, the 
method using SternaLock Plates is more complicated 
compared with SFMX, and needed with special tool when 
re-sternotomy.

The results of this study should be interpreted in the 
light of certain limitations. Firstly, ours is a retrospec-
tive study. Secondly, the present study was a single-center 
experience, and as a result it was limited by the relatively 

small number of patients included. Therefore, further pro-
spective studies with a large group are needed.

Conclusion

Sternal fixation with bioresorbable plate is a simple, easy, 
and safe technique, and this method could reduce impair-
ment of postoperative respiratory function in comparison 
to wire cerclage only.
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Fig. 2  Postoperative change rate of respiratory function; a vital 
capacity (VC). b Vital capacity as a percentage of predicated 
vital capacity (%VC). c Forced expiratory volume in first second 

(FEV1.0). d Forced expiratory volume for 1 s expressed as a percent-
age of forced vital capacity (FEV1.0%)



282 General Thoracic and Cardiovascular Surgery (2019) 67:277–282

1 3

Compliance with ethical standards 

Conflict of interest There is no conflict of interest for this article.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

 1. Westerdahl E, Lindmark B, Bryngelsson I, Tenling A. Pulmo-
nary function 4 months after coronary artery bypass graft surgery. 
Respir Med. 2003;97:317–22.

 2. Baumgarten MC, Garcia GK, Frantzeski MH, Giacomazzi CM, 
Lagni VB, Dias AS, Monteiro MB, et al. Pain and pulmonary 
function in patients submitted to heart surgery via sternotomy. 
Rev Bras Cir Cardiovasc. 2009;24:497–505.

 3. Ragnarsdóttir M, KristjAnsdóttir A, Ingvarsdóttir I, Hannesson P, 
Torfason B, Cahalin L. Short-term changes in pulmonary func-
tion and respiratory movements after cardiac surgery via median 
sternotomy. Scand Cardiovasc J. 2004;38:46–52.

 4. Morsch KT, Leguisamo CP, Camargo MD, Coronel CC, Mat-
tos W, Ortiz LD, et al. Ventilatory profile of patients undergoing 
CABG surgery. Rev Bras Cir Cardiovasc. 2009;24:180–7.

 5. Losanoff JE, Collier AD, Wagner-Mann CC, Richman BW, Huff 
H, Hsieh Fh, et al. Biomechanical comparison of median ster-
notomy closures. Ann Thorac Surg. 2004;77:203–9.

 6. Pai S, Gunja NJ, Dupak EL, McMahon NL, Roth TP, Lalikos JF, 
et al. In vitro comparison of wire and plate fixation for midline 
sternotomies. Ann Thorac Surg. 2005;80:962–8.

 7. Losanoff JE, Basson MD, Gruber SA, Huff H, Hsieh FH. Single 
wire versus double wire loops for median sternotomy closure: 
experimental biomechanical study using a human cadaveric 
model. Ann Thorac Surg. 2007;84:1288–93.

 8. Sukegawa S, Kanno T, Kawai H, Shibata A, Takahashi Y, Ide 
T, et al. Long-term bioresorption of bone fixation devices made 
from composites of unsintered hydroxyapatite particles and poly-
l-lactic. JHard Tissue Biol. 2015;24:219–24.

 9. Ito T, Kudo M, Yozu R. Usefulness of osteosynthesis device made 
of hydroxyapatite-poly-l-lactic composites in port-access cardiac 
surgery. Ann Thorac Surg. 2008;86:1905–8.

 10. Oyamatsu H, Ohata N, Narita K. New technique for fixing rib 
fracture with bioabsorbable plate. Asian Cardiovasc Thorac Ann. 
2016;24:736–8.

 11. Morodomi Y, Okamoto T, Tagawa T, Shoji F, Katsura M, Fujishita 
T, et al. A novel method of using bioabsorbable materials for 
the surgical repair of flail chest. J Trauma Acute Care Surg. 
2016;81:984–7.

 12. Tanaka Y, Miyamoto T, Naito Y, Yoshitake S, Sasahara A, Miyaji 
K. Sternal semi-closure using a bioresorbable osteosynthesis 
device: a new method for delayed sternal closure. Surg Today. 
2018;48:748–55.

 13. Pybus DA, Torda TA. Dose-effect relationships of extradural mor-
phine. Br J Anaesth. 1982;54:1259–62.

 14. Billè A, Okiror L, Campbell A, Simons J, Routledge T. Evaluation 
of long-term results and quality of life in patients who underwent 
rib fixation with titanium devices after trauma. Gen Thorac Car-
diovasc Surg. 2013;61:345–9.

 15. Sakashita Y, Izutani H. How to use Super FIXSORB MX40 for 
sternal closure. Shinzou. 2016;48:730–4.

 16. Kristjánsdóttir A, Ragnarsdóttir M, Hannesson P, Beck HJ, Tor-
fason B. Chest wall motion and pulmonary function are more 
diminished following cardiac surgery when the internal mammary 
artery retractor is used. Scand Cardiovasc J. 2004;38:369–74.

 17. Kristjánsdóttir A, Ragnarsdóttir M, Hannesson P, Beck HJ, 
Torfason B. Respiratory movements are altered three months 
and one year following cardiac surgery. Scand Cardiovasc J. 
2004;38:98–103.

 18. van Gulik L, Janssen LI, Ahlers SJ, Bruins P, Driessen AH, 
van Boven WJ, et  al. Risk factors for chronic thoracic pain 
after cardiac surgery via sternotomy. Eur J Cardiothorac Surg. 
2011;40:1309–13.

 19. Bruce J, Drury N, Poobalan AS, Jeffrey RR, Smith WC, Cham-
bers WA. The prevalence of chronic chest and leg pain following 
cardiac surgery: a historical cohort study. Pain. 2003;104:265–73.

 20. Roncada G. Effects of osteopathic treatment on pulmonary func-
tion and chronic thoracic pain after coronary artery bypass graft 
surgery (OstinCaRe): study protocol for a randomised controlled 
trial. BMC Complement Altern Med. 2016;16:482–90.

 21. Ferreira PE, Rodrigues AJ, Evora PR. Effects of an inspiratory 
muscle rehabilitation program in the postoperative period of car-
diac surgery. Arq Bras Cardiol. 2009;92:275–82.

 22. Raman J, Lehmann S, Zehr K, De Guzman BJ, Aklog L, Garrett 
HE, et al. Sternal closure with rigid plate fixation versus wire 
closure: a randomized controlled multicenter trial. Ann Thorac 
Surg. 2012;94:1854–61.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Usefulness of sternal closure with bioresorbable plate in respiratory function after coronary artery bypass grafting
	Abstract
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Subjects and methods
	Results
	Discussion
	Conclusion
	References


