
 www.PRSGlobalOpen.com 1

Disclosure: The authors have no financial interest in rela-
tion to the content of this article.

Reconstructive

From the Christchurch Hospital, Christchurch, New Zealand.
Received for publication April 6, 2021; accepted October 13, 2021.
Copyright © 2021 The Authors. Published by Wolters Kluwer Health, 
Inc. on behalf of The American Society of Plastic Surgeons. This 
is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial-No Derivatives License 4.0 
(CCBY-NC-ND), where it is permissible to download and share the 
work provided it is properly cited. The work cannot be changed in 
any way or used commercially without permission from the journal.
DOI: 10.1097/GOX.0000000000003985

Many techniques and materials have been used in 
the repair of sternal and chest wall defects fol-
lowing resections of mediastinitis and cancers, 

with none so far proving to be superior and rates of com-
plications appearing similar.1,2 The innovative use of 3D 
printing of patient specific prostheses combined with 
development of new materials shows promising results in 
stabilizing the chest wall, improving respiratory function,3 
reducing prosthetic infection, and improving cosmetic 
appearance.4 We present a case of sternal reconstruction 
using a 3D-printed porous polyethylene sternal implant, 
trialing multiple attachment techniques.

CASE REPORT
Our patient is a 58-year-old man with a physically 

demanding job who underwent uncomplicated coronary 
artery bypass grafting in 2011. Two years later, his ster-
num dehisced, requiring revision. Rewiring in 2014 failed 
and the patient developed osteomyelitis, at which point 
the sternum was excised and the defect covered with a 
rectus muscle flap. Following two further presentations 
with graft stenosis and PCI, and repeat coronary artery 
bypass grafting via thoracotomy, a sternal prosthesis was 
discussed between cardiothoracic surgery, plastic surgery, 
and the patient, for chest wall stability. Six months post 
redo coronary artery bypass grafting, the patient was fit 
for sternal reconstruction. There were no signs of active 
infection at the time of operation. A 3D StarPore pros-
thesis was designed in advance by Anatomics,5 using 
computed topography (CT), according to the patient’s 

specifications. In a joint operation with plastic surgery, 
a midline sternotomy extending to an inverted T inci-
sion was made and the previous subcutaneous flaps were 
raised. The pectoralis major muscle was mobilized and 
raised to expose the ribs on each side. The ribs were mobi-
lized and the prosthesis was positioned and secured to the 
costal cartilages with Ethibond tape sutures. Six universal 
gold plates (MatrixRIB) were placed between the prosthe-
sis and the costal cartilages (Fig. 1) to provide additional 
support. The pectoral flaps were reapproximated in the 
midline with two subpectoral drains left in situ, and the 
wound was closed.

The patient was discharged on day four, with the two 
drains still in situ. He was readmitted 17 days later with 
anemia and high hemoserous drain output, and a superfi-
cial hematoma inferomedial to the origin of the pectora-
lis muscle was identified on CT. The prosthesis appeared 
stable and well seated (Fig.  2). He was transfused two 
units of packed red blood cells and discharged after three 
days with an ultrasound-guided drain into the hematoma, 
replacing the two previous drains.

Six months postoperatively, the patient was experi-
encing left anterior chest pain. A chest x-ray found that 
several of the screws securing the prosthesis had loosened 
and migrated (Fig. 3), causing the rib plates, specifically 
at the lateral costal cartilage ends, to lift and create pain 
on movement.

He was brought forward for exploration, with the aim 
of excising the prosthesis should it not be implanted prop-
erly. In theater, the prosthesis was found to be firmly incor-
porated in the tissues. As expected, the lateral aspects of 
the rib plates were loose, but there were no signs of infec-
tion or concerns with the prosthesis itself. The plates were 
firmly attached medially to the sternal prosthesis, and the 
prosthesis in turn well adhered to the tissues. The idea of 
removing the prosthesis was abandoned in favor of refix-
ing the plates to the costal cartilages. Ten loose screws 
were removed from the plates and surrounding tissue. 
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One FibreTape from Arthrex6 was tightened around both 
costal cartilage and plate for five of the six ribs. The sixth 
plate was already attached firmly to the rib rather than to 
the costal cartilage and did not need further reinforce-
ment. A subcutaneous drain was left in situ. The patient 
was discharged on day one following repeat chest x-ray 
(Fig.  4). The drain was removed on day nine, and the 
patient will be followed up virtually with a repeat chest 
x-ray.

DISCUSSION
Prosthetic sternal implants are becoming more com-

mon; however, a paucity of convincing evidence for the 
choice of material means a dominant method is not yet 
established. The main reasons for reconstruction of ster-
nal defects focus on maintaining chest wall stability, ade-
quate respiratory function, and cosmetic effect.2

Fig. 2. a 17-day postoperative Ct scan (sagittal view) showing sta-
ble and well-seated appearances of the radiolucent prosthesis.

Fig. 3. Ct scout view of migrated screws 1 year after the initial operation.

Fig. 4. postexploration chest x-ray showing improved appearances 
of rib plates.

Fig. 1. Intraoperative view of starpore polyethylene sternal pros-
thesis, sutured in place with ethibond sutures and further stabilized 
with universal plates.
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Prosthetic implants seem to have favorable outcomes 
over muscle flaps or other methods of reconstruction in 
terms of longevity and fewer complications,2 but there 
is no clear evidence yet for choosing one material over 
another.1,2 The most significant risks of sternal prosthe-
ses common to all methods are stability, respiratory, and 
infection based, with complications being reported in an 
estimated one third to almost half of cases.2–4

One challenging aspect of sternal reconstruction is 
the development of a suitable implant material that is 
ergonomic and reduces complications but also designed 
according to patient specifications. Hence, we enter the 
realm of 3D printing which has several advantages, includ-
ing more accurate shaping,7 reduced handling, and pos-
sibly a positive effect on respiratory function.3,8,9 Titanium 
and polyethylene are thus far the most investigated mate-
rials with favorable results.4,7

The material used in this case, StarPore, is a 3D-printed 
porous polyethylene scaffold that enables tissue integra-
tion, helping with stability and infection resistance.5 It 
allows for intraoperative modification, is strong and rigid 
yet somewhat flexible, and highly porous.5 It is nonreac-
tive, nonabsorbable, and reduces growth of organisms, 
making it an ideal next generation material.4,5

The difficulty we faced was finding an appropriate way 
to secure the prosthesis to the ribcage. Intraoperatively we 
were hesitant about the strength provided by the Ethibond 
sutures alone, so elected to reinforce using the rib plates 
as used by other centers using a StarPore prosthesis.8,10 
One used full-sized rib plates to secure the prosthesis, and 
the other, a titanium structure coated with StarPore with 
titanium arms to slot over the ribs.8

Our rib plates loosened as most of the screws were in the 
costal cartilages rather than the ribs due to the size of the 
universal rib plates. This issue could only have been avoided 
by making a larger incision and using the full size rib plates 
that would reach from the sternum to the ribs proper.

The second operation used FibreTape, which is also 
marketed as a sternal closure method and is designed to 
have adequate strength to maintain stability without damag-
ing bone.6 At the time of operation, the plates appeared to 
be effectively held in place to the costal cartilages.

We are constrained by our single case experience with 
a limited follow up time. The short-term results suggest 
StarPore is a promising material but success will depend 
on further research to establish a technique for securing 
the prosthesis to the native tissues until tissue integration 
has occurred.

Lauren M. Bidois, MBChB
Department of Cardiothoracic Surgery

Christchurch Hospital
2 Riccarton Ave

Christchurch 8011
New Zealand

E-mail: lauren.bidois@cdhb.health.nz

REFERENCES
 1. Scarnecchia E, Liparulo V, Pica A, et al. Multidisciplinary 

approach to chest wall resection and reconstruction for 
chest wall tumors, a single center experience. J Thorac Dis. 
2017;9:5093–5100. 

 2. Sanna S, Brandolini J, Pardolesi A, et al. Materials and tech-
niques in chest wall reconstruction: a review. J Vis Surg. 2017;3:95. 

 3. Weyant MJ, Bains MS, Venkatraman E, et al. Results of chest wall 
resection and reconstruction with and without rigid prosthesis. 
Ann Thorac Surg. 2006;81:279–285. 

 4. Lipińska J, Kutwin L, Wawrzycki M, et al. Chest reconstruction 
using a custom-designed polyethylene 3D implant after resection 
of the sternal manubrium. Onco Targets Ther. 2017;10:4099–4103. 

 5. Anatomics Pty Ltd. Anatomics. 2021. Available at https://www.
anatomics.com/. Accessed July 4, 2021.

 6. Arthrex Inc. Anthrex. 2021. Available at https://www.arthrex.
com/. Accessed September 2, 2021.

 7. Aranda JL, Jiménez MF, Rodríguez M, et al. Tridimensional 
titanium-printed custom-made prosthesis for sternocostal recon-
struction. Eur J Cardiothorac Surg. 2015;48:e92–e94. 

 8. Oswald N, Senanayake E, Naidu B, et al. Chest wall mechanics 
in vivo with a new custom-made three-dimensional-printed ster-
nal prosthesis. Ann Thorac Surg. 2018;105:1272–1276. 

 9. Nishida Y, Tsukushi S, Urakawa H, et al. Post-operative pul-
monary and shoulder function after sternal reconstruc-
tion for patients with chest wall sarcomas. Int J Clin Oncol. 
2015;20:1218–1225. 

 10. Prakash M, Ong Q, Lo C, et al. Rib cage stabilisation with 
3D-printed polyethylene sternal prosthesis post-sternotomy 
mediastinitis. Heart Lung Circ. 2020;29:1561–1565. 

mailto:lauren.bidois@cdhb.health.nz?subject=
https://doi.org/10.21037/jtd.2017.11.115
https://doi.org/10.21037/jtd.2017.11.115
https://doi.org/10.21037/jtd.2017.11.115
https://doi.org/10.21037/jtd.2017.11.115
https://doi.org/10.21037/jovs.2017.06.10
https://doi.org/10.21037/jovs.2017.06.10
https://doi.org/10.1016/j.athoracsur.2005.07.001
https://doi.org/10.1016/j.athoracsur.2005.07.001
https://doi.org/10.1016/j.athoracsur.2005.07.001
https://doi.org/10.2147/OTT.S135681
https://doi.org/10.2147/OTT.S135681
https://doi.org/10.2147/OTT.S135681
https://www.anatomics.com/
https://www.anatomics.com/
https://www.arthrex.com/
https://www.arthrex.com/
https://doi.org/10.1093/ejcts/ezv265
https://doi.org/10.1093/ejcts/ezv265
https://doi.org/10.1093/ejcts/ezv265
https://doi.org/10.1016/j.athoracsur.2017.11.005
https://doi.org/10.1016/j.athoracsur.2017.11.005
https://doi.org/10.1016/j.athoracsur.2017.11.005
https://doi.org/10.1007/s10147-015-0844-1
https://doi.org/10.1007/s10147-015-0844-1
https://doi.org/10.1007/s10147-015-0844-1
https://doi.org/10.1007/s10147-015-0844-1
https://doi.org/10.1016/j.hlc.2020.01.005
https://doi.org/10.1016/j.hlc.2020.01.005
https://doi.org/10.1016/j.hlc.2020.01.005

