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Porous alumina ceramic sternum: 
A reliable option for sternal 
replacement
François Bertin, Alessandro Piccardo, Eric Denes1, Gonzagues Delepine2,  
Jeremy Tricard

Abstract:
CONTEXT: To date, there is no gold standard technique for sternum replacement. Current techniques 
rely on metallic prosthesis, meshes and bars, or bone grafts. However, they have several pitfalls.
AIMS: The aim of this article is to report the results of sternal replacement with a porous alumina 
ceramic sternum.
SETTINGS AND DESIGN: Surgeries were performed in two teaching hospitals in France.
METHODS: We designed a porous alumina ceramic prosthesis which possesses interesting 
characteristics for this surgery such as great biocompatibility, a certain level of bacterial resistance, 
radiolucency, and compatibility with radiotherapy. The implant is stitched to the ribs with suture thread 
and does not require osteosynthesis material.
RESULTS: Six patients with a mean age of 60.6 years received this prosthesis. Indication was 
tumor in five cases and mediastinitis in one case. The mean follow‑up is 20 months (3–37 months). 
No major complication occurred and healing was fine for all patients. Patients did not complain of 
breathing discomfort or pain related to the prosthesis.
CONCLUSIONS: This new technique is promising even if there are only six patients in this study.
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To date, there is no gold standard 
technique for sternal replacement when 

it is destroyed during an infection such 
as deep wound sternal infection or when 
there is a need for a resection during cancer, 
either for primary cancer, metastasis, or 
radio‑induced tumor. Several techniques 
are reported in the literature such as bone 
graft, mesh and metal osteosynthesis, or 
metallic prosthesis. Characteristics of these 
materials include synthetic or organic, 
rigid or semi‑rigid, and absorbable or 
nonabsorbable. However, none satisfies all 
ideal requirements such as sufficient rigidity 
to prevent paradoxical chest motion and 

protect mediastinal organs, biologically 
inertness, with a low infection risk, 
radiolucency with consequent facilitation 
of follow‑up imaging, easy to implant, 
reproducibility, or limited cost.

We developed a porous alumina ceramic 
prosthesis (I.Ceram, Limoges, France) 
for sternal replacement surgery, with the 
scope to comply with the above‑mentioned 
requirements. We present the results of the 
first implantations.

Methods

Alumina ceramic is a bioinert, biocompatible, 
and biomaterial. Alumina is widely used 
in orthopedic surgery in its dense form 
for prosthetic femoral head, for example. 
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I.Ceram produces a porous form of this ceramic 
implanted for >20 years, for example, as cervical cages 
or tibial osteotomy wedges.  This ceramic possesses 
several interesting characteristics for sternal replacement: 
osteoconduction and osseointegration, biocompatibility, 
a certain level of bacterial resistance, radiotransparency, 
and mechanical strength.[1]

The collaboration between surgeon (FB) and the 
manufacturer led to the design of a sternal implant 
[Figure 1]. This prosthesis is anchored to the ribs thanks 
to nonresorbable suture threads [Figure 1] passed thru 
predrilled holes in the prosthesis. This binding allows the 
stability of the chest wall that is reinforced by bone cells 
which colonize the porous structure from surrounding 
bone and cartilage and thus create a link between tissues 
and prosthesis. No metallic osteosynthesis is needed.

This prosthesis is developed in five sizes. Three sizes of 
sternal implants are delivered to the surgeon in order to 
optimize the replacement because of a possible difference 
between imaging evaluation and surgical debridement, 
depending on the evolution of the disease. Implants are 
provided with metallic trial implant to choose the best 
fitting ceramic implant after debridement [Figure 2]. 
Partial sternectomy is also possible with a “half” sternum 
prosthesis (e.g., manubrium replacement).

The first implantation was approved by the Ethics 
Committee of the Limoges Teaching Hospital in February 
2015, and all the surgeries were allowed by the French 
Agency for Health Security (Agence Nationale de la 
Sécurité du Médicament et des produits de santé).

Results

There were three men and three women with a mean age 
of 60.6 years (54–79 years). There were five replacements 
for cancer and one for deep sternal wound infection 

(DSWI). The mean follow‑up is 20 months (3–37 months). 
Characteristics of patients and surgery are summarized 
in Table 1. After the debridement step and the removal of 
the tumor or the infected and necrotized tissues, implants 
were attached either to costal bone stumps or to cartilages. 
Closing of the surgical wound was performed as usually. 
There is no evaluation of surgery time as most of the 
operating time was dedicated to debridement. However, 
the implantation time was short as the prosthesis is 
ready‑to‑use, that the size is chosen with the trial implant 
and that there is no need for modeling or adapting the 
prosthesis. The stitching with suture threads circumvents 
the preparation of the ribs, the use of screws, or other 
osteosynthesis material. To date, the follow‑up did not 
identify complication due to the prosthesis. Complications 
which occurred during the follow‑up were related to 
surgery with one hematoma and two surgical wound 
infections without prosthesis infection and which did not 
required prosthesis removal. The radiologic follow‑up 
is simplified as the image of prosthesis disappears after 
1 month even if ceramic is nonresorbable [Figure 3]. All 
patients returned home and get back to their normal 
activities. None of them complained about pain or 
breathing discomfort. Computed tomography (CT) 
scan follow‑up showed a close contact between rib and 
prosthesis after 4 months [Figure 4].

Discussion

We propose a new material for thoracic wall 
reconstruction and particularly for sternum. Several 
drawbacks have been reported for biomaterials used 
in chest wall reconstruction over the past 30 years:[2] 
erosion of adjacent structures, rupture and migration, 
infection, or immunological reaction. During the 
past 5 years, custom‑made titanium sternal implants, 
sternal allografts, and mesh have been associated 
with advantages over other materials. Nonetheless, 
all requirements of the ideal sternal replacement 

Figure 2: Testing metallic implantFigure 1: Anchored prosthesis with sutures
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device have not been met. For le Roux and Shama, 
ideal characteristics for a prosthetic material for 
chest wall reconstruction are rigidity, malleability, 
radiolucency, and inertness.[3] This ceramic prosthesis 
almost presents all these requirements as it is 

rigid, radiolucent, and totally inert. The material is 
not malleable; however, the stitching and the 
osseointegration allow certain malleability after its 
implantation. Titanium has no osteoconduction or 
osseointegration properties, while the porous ceramic 
prosthesis showed osseointegration after 4 months 
on CT scan [Figure 4]. Titanium has been recently 
associated with increased risk of infection; sternal 
allografts require storage within tissue banks and are 
limited by paucity of donors. Conversely, the porous 
ceramic prosthesis is immediately available in several 
sizes, and intraoperative sizing is done with dedicated 
calibrators. Implantation of a sternal graft requires 
a more complex surgical procedure (using titanium 
plates and screws for fixation). However, the structure 
and angulation of the ceramic sternum were intended 
to optimize its stability through enhanced contact 
surface and complementarity with bone tissue. No 
osteosynthesis material is needed, so the procedure is 
simplified as there are no preparation of the ribs and 
no need to screw metal parts. The surgical technique 
appears to be reproducible and fast.

Figure 4: Computed tomography scan done 4 months after surgery, showing 
a close contact between the rib and the prosthesis revealing the beginning of 

osseointegration

Figure 3: Chest X‑ray. (a) Few days after surgery showing the prosthesis (b) 1 month after surgery, the prosthesis is no more visible (c) three‑dimensional reconstruction of 
computed tomography scan showing the prosthesis after implantation

cba

Table 1: Characteristics of patients
Sex Age (years) Indication Risk factors ASA 

score
BMI Type of 

surgery
Complications Follow-up 

(months)
1 Female 55 Radio‑induced sarcoma Malignancy 3 22.5 Complete 

replacement
None 37

2 Female 54 Breast cancer 
metastasis and skin 
localization following a 
biopsy

Malignancy, diabetes 
mellitus

3 24.6 Complete 
replacement

Hematoma without 
infection

30

3 Male 61 Sternal disunion 
after aortic valve 
replacement

Diabetes mellitus, 
active smoker (55PA), 
COPB, lung cancer with 
radiotherapy including 
sternal area (2007)

4 26.3 Complete 
replacement

Surgical wound 
infection without 
prosthesis infection

32

4 Male 79 Manubrial thyroid 
cancer metastasis

None 2 27.9 Half‑sternum 
replacement

Surgical wound 
infection without 
prosthesis infection

11

5 Female 57 Breast cancer 
metastasis

Breast cancer surgery, 
obesity

2 38.5 Complete 
replacement

None 9

6 Male 57 Low‑grade sternal 
chondrosarcoma

None 2 Complete 
replacement

None 3

ASA = American Society of Anesthesiologists, BMI = Body mass index, COPB: Chronic obstructive pulmonary disease
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Radiolucency allows a simplified follow‑up, particularly 
for patients with cancer. Even if titanium does not create 
artefact, metal parts can mask mediastinal structures on 
chest X‑ray in case of recurrence.

It seems that there is no more complication than with the 
other techniques even if it is too early, with a low number 
of patients to draw this conclusion. During the immediate 
follow‑up, we observe three minor complications: one 
hematoma and two surgical site infections. None required 
a new surgery or the prosthesis removal. The follow‑up 
allowed saying that the ceramic sternum was not involved 
as no infection occurred. Even if a direct comparison is 
difficult as fortunately, the number of patients requiring 
this type of surgery is low (only a mean of 2.3 patients 
per year per department in the literature[4‑6]), the number 
of complications observed in this study is approximately 
the same as those found in the literature. Zhang found 
one hematoma in eight patients receiving a titanium 
mesh.[7] With the use of titanium plates, Vos observed 
25% of superficial infection (SSI) and 15% which needed 
a material removal.[8] In another study, comparing rigid 
to nonrigid material for chest wall reconstruction, SSI 
was found in 5.3% with a need of removal 3.8%. Three 
hematomas were also observed.[9] The number seen here is 
then in the same order of magnitude than in other studies 
and those not seem to be in relation with the ceramic. 
To avoid this type of complication, we developed  an 
antibiotic‑loaded sternum which was not used in this 
study. The loading is done making use of the porosity 
of the ceramic. The goal is to protect implantation for 
patients presenting a high risk of infection (cancer, 
antitumor chemotherapy, diabetes mellitus, and obesity) 
or to replace sternum for patient presenting refractory 
deep sternal wound infection. The sternum is loaded with 
gentamicin. To date, three patients received this loaded 
sternum, but it is too early to draw conclusions even if no 
infections occurred during the follow‑up of these patients 
with a high risk of prosthesis infection.

Conclusions

This new type of prosthesis seems to be a reliable 
technique for the replacement of sternal defect. A longer 

follow‑up with more patients is needed to confirm these 
first conclusions. To enhance our knowledge about this 
prosthesis, a clinical trial is ongoing (ClinicalTrials.gov.
identifier: NCT02683590).
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