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Abstract
Extensive chest wall defects occur in 28% of all sternal resection 
cases and are a major challenge in thoracic surgery. These cases 
are generally considered “critical defects” requiring primary 
or secondary reconstruction using various types of flaps, mesh 
repairs, bone autografts, or endoprosthesis. The past decade 
witnessed rapid advances in the application of personalized 
endoprostheses in thoracic surgery. Surgeons began to use 
carbon or titanium grafts for personalized sternum replacement. 
The main advantages of these implants are superior cosmetic 
effect, biocompatibility, and low risk of infection. Herein, we 
present a case of a 55-year-old patient with an indication for 
extended sternum resection due to metastatic thyroid cancer. 
The patient underwent extended sternum resection, followed 
by the implantation of a personalized microporous titanium 
sternum equipped with graspers for atraumatic rib fixation.
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What’s Known

• There is increased surgical use of 
personalized carbon or titanium grafts 
for sternum replacement. The main 
advantages of these implants are superior 
cosmetic effect, biocompatibility, and low 
risk of infection.
• To date, there are few studies on 
the application of personalized sternum 
prostheses.

What’s New

• Implantation of a personalized 
microporous titanium sternum with 
motile costal clip connections is safe and 
effective.
• The proposed novel endoprosthesis 
provides good functional results in long-
term follow-up.
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Introduction

On average, extensive chest wall defects occur in 28% of all 
sternal resection cases and are a major challenge in thoracic 
surgery.1 These cases are generally considered “critical defects” 
requiring primary or secondary reconstruction using various 
types of flaps, mesh repairs, bone autografts, or endoprosthesis.2 
Recent studies have reported postoperative osteomyelitis as the 
leading cause of non-neoplastic disease after sternal resection 
and closure of the defect.3 However, extended resections 
(total or subtotal sternotomy) exceeding the limits of primary 
reconstruction often occur due to malignant neoplasms.4 

The past decade has witnessed rapid advances in the 
application of personalized endoprostheses in thoracic surgery. 
Surgeons have begun to use personalized carbon or titanium 
grafts for sternum implantation.5 The main advantages of these 
novel implants are superior cosmetic effect, biocompatibility, 
and low risk of infection.6 However, the implantation of mesh and 
titanium plates may involve sternal plate fracture, sternoclavicular 
dislocation, and chronic chest pain.7 The failure rate can reach 
up to 11%, and in some cases bone damage may occur, leading 
to malunion with the development of false joints. 

Herein, we report a case of extended sternum resection, 
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followed by the implantation of a personalized 
microporous titanium sternum equipped with 
graspers for atraumatic rib fixation.

Case Presentation

A 55-year-old Caucasian man with a history 
of thyroid cancer was admitted to the Thoracic 
Surgery Clinic of National Medical Radiology 
Research Centre (NMRRC; Obninsk, Russia) 
in September 2020. Computed tomography 
(CT) scan revealed metastatic lesions in the 
proximal left femur and manubrium sterni. The 
patient had already undergone thyroidectomy 
and femoral resection with endoprosthetic 
reconstruction. However, sternum pain restricted 
his arm movements. Chest CT scan revealed 
a soft tissue mass measuring approximately 
60×45 mm associated with extensive 
destruction of sternal manubrium (figure 1a). 
The tumor extended from the jugular notch to 
the retrosternal space, located close to the left 
brachiocephalic vein (figure 1b). The tumor 
board of our clinic recommended extended 
sternal resection with primary reconstruction 
using personalized titanium endoprosthesis. The 
personalized treatment approach, study, and 
publication of the case report were approved by 
the Institutional Review Board (number: 067-B, 
dated: 10-05-2022). Written informed consent 
was obtained from the patient for the publication 

of all pictures and data.
Based on a preoperative CT scan, the shape 

and size of the expected chest wall defect 
were determined. A custom endoprosthesis 
was modeled according to the anthropometric 
data under the supervision of the surgeon. The 
endoprosthesis was manufactured through layer-
by-layer fusion of titanium powder, resulting in a 
microporous structure with connected internal 
cavities. The device was crab-shaped with two 
perforated pincers on each side for attachment 
to costal stumps (figure 2a). The lower part of 
each pincer was fixed to the body, while the 
upper part pivoted from a fixed rivet, allowing 
easy attachment to the rib end with a simple grip 
(figure 2b).

Prior to the surgery, a three-dimensional 
model was simulated to mark the exact 
resection area of the ribs and sternum (figure 
3a). This ensured the accurate selection of 
tumor-free margins and the exact fit of the 
endoprosthesis in the sternal defect. Sternal 
resection was performed, followed by a crosscut 
of the first and second pairs of ribs and a clavicle 
dislocation on both sides. A defect in the anterior 
chest wall measuring approximately 10×7 cm 
was observed. The endoprosthesis was fixed 
to the sternum, and the sternoclavicular and 
sternocostal joints were reconstructed. The ribs 
were clipped quickly and easily in pincers. The 
implant was finally covered by the omental flap.

Figure 1: CT scan of the patient before surgery is illustrated. (a): Axial view of the anterior chest wall deformed by a massive 
tumor located in the manubrium sternum. (b): Sagittal view of the tumor soft tissue mass involving the jugular notch and 
expanding to the retrosternal.

Figure 2: The personalized microporous titanium sternum designed for sternum replacement of the patient. (a): General view 
of the crab-shaped prosthesis with two perforated pincers on each side. (b): The lower part of each pincer is fixed to the 
prosthesis, while the upper part pivoted from a fixed rivet, allowing easy clip on the rib end after implantation.
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The early postoperative period was 
uneventful, and the patient was discharged 
10 days after surgery. A chest CT scan was 
performed every six months to monitor the 
progress. The implant did not cause any pain or 
discomfort during the 24-month follow-up, and 
the patient was able to conduct daily activities. 
At the end of the follow-up, the CT scan showed 
that the implant remained fully fixed without any 
evidence of deformation (figures 3b and 3c). 
Physical examination of the patients showed 
excellent functional and cosmetic results.

Discussion

Primary malignant sternal tumors are rare 
and are mostly sarcomas of the bone or 
soft tissues of the sternum. The majority of 
surgeries are performed in patients with breast 
cancer, chondrosarcoma, and metastatic 
lesions.8 In particular, metastatic chest wall 
tumors are observed in 29% of these patients.9 
Materials used to repair sternal defects are not 
standardized, and none are considered the 
gold standard for chest wall reconstruction.10 In 
addition, due to the rarity of sternal neoplasms, 
current studies are generally published in the 
form of case reports or case series. Carvajal 
and colleagues retrospectively reviewed the 
clinical records of 77 patients with primary or 
secondary chest wall neoplasms. Over 60% of 
these patients were treated with subtotal or total 
sternectomy. Prosthetic materials were used in 
only 18% of the patients, while the majority of 
reconstructions were limited to muscle flaps or 
skin grafts.11 Since 1980, surgeons have used 
materials such as polytetrafluoroethylene, 
polypropylene mesh, and methyl methacrylate 
composites combined with myocutaneous flaps. 
Despite acceptable morbidity and mortality 
rates, accurate anatomical reconstruction is 
not achieved, leading to poor functional and 
physiological outcomes as well as respiratory 
complications.

The main goals of reconstruction are the 

structural integrity of the thoracic cage and the 
protection of the pleural cavity. It is important 
to prevent abnormal breathing and restore 
normal morphology of the thorax without 
affecting postoperative recovery and treatment. 
In many cases of metastasis to the sternum, 
consolidation chemotherapy is indicated even 
after radical resection. Currently, due to the 
lack of consensus, various types of prosthetic 
materials are used for sternal reconstruction. 
Titanium implants have clear advantages over 
other materials in terms of personalization and 
optimal cosmetic effect. However, as a limitation, 
titanium mesh is expensive and attenuates 
radiotherapy.10 In addition, fluid accumulation 
around the transplant is one of its most common 
complications,12 although it did not occur in our 
patient. Microporous metal structures have 
an optimal strength-to-weight ratio, which 
is important for massive grafts.12 Moreover, 
microporous titanium acts as a scaffold for bone 
tissue integration and promotes local tissue 
regeneration.13

Overall, the proposed novel pincer clip system 
allows easy connection and provides secure 
fixation of the implant on the ribs. Gripping the 
rib end with a movable part of the pincer avoids 
pressure on intercostal nerves and reduces 
the risk of rib fracture as a result of excessive 
tension. The proposed system is well-suited to 
human physiology. 

Conclusion

Implantation of a personalized microporous 
titanium sternum with motile costal clip 
connections was safe and effective. It provided 
good functional results in long-term follow-up.

Acknowledgment

We thank our partners at Logeeks Medical 
Systems, LLC (Novosibirsk, Russia) for 
elaborating and manufacturing the 3D-printed 
titanium graft. 

Figure 3: Three-dimensional simulation of the implant and the chest CT scan of the patient two years after surgery. (a): The 
model (green color) marks the exact resection area of the ribs and sternum (red color). (b): Overall appearance of the implant 
shows no evidence of deformation. (c) An axial view of the rib ends shows that the implant has remained fully fixed. 
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