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Abstract
Introduction: Radical manubriectomy for manubrial tumors often destabilizes one or both upper extremities, but current reconstructive techniques prevent 
lateral but not medial clavicular displacement. 

Case Presentation: Patient #1 is a 44-year-old man with manubrial plasmacytoma. Patient #2 is a 41-year-old man with upper chest basal cell carcinoma involving 
the manubrium. Patient #3 is a 64-year-old woman who is 14 months status post radical manubriectomy for metastatic thyroid cancer and whose clavicles were 
initially stabilized with daisy-chained loops of sternal wires, which broke while closing a car door. The three patients had mean age 49.7 year +7.2 year, mean 
BSA 2.2 m2+0.18 m2, mean BMI 39.3 kg/m2+5.8 kg/m2, and mean smoking history 15.0 +7.6 pk-yr. After radical manubriectomy in the 1st two patients and 
removal of the broken sternal wires in the 3rd patient, each patient underwent interclavicular stabilization using angled titanium plates from the Depuy Synthes 
Titanium Sternal Fixation System. Pt#2 also had bilateral pectoralis muscle flaps. Mean operative (skin-to-skin) time was 153 min +23.3 min; mean intra operative 
estimated blood loss was 273 mL+153 mL. Patient #2 was returned to OR on Postoperative Day (POD) #3 for right chest hematoma, and Patient #3 was returned 
to OR on POD#4 for left clavicular titanium sternal plate refixation. Additional perioperative complications occurred in Patient #2 (hypoxia from pneumonia) 
and in Patient #3 (hemorrhoids from loose stools). Mean hospital length of stay was 5.7 days +1.3 days. Follow-up of the 3 patients at 3 years, 3 months, and 2 
years, respectively, (mean 668 days +292 days) revealed no sternal plate dehiscence, despite Patient #1’s routinely unloading and reloading his airboat onto its 
trailer and his learning to SCUBA.

Discussion: Interclavicular stabilization with angled titanium sternal plates prevents lateral or medial displacement of the shoulders for optimum position of 
the upper extremities to maximize range of motion and function. The Synthes sternal titanium plate also has a midline release pin in case of need for emergent 
sternal entry.

Conclusion: Interclavicular titanium sternal plates effectively prevent both lateral and medial clavicular displacement after radical manubriectomy.
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Introduction
Sternal tumors, both primary and metastatic, in the manubrium 

are often treated surgically by radical manubriectomy when radiation 
therapy and chemotherapy are not viable options. Besides resection 

of the manubrium, this procedure often requires resection of one or 
both of the clavicular heads, rather than just bilateral sternoclavicular 
disarticulation, as well as resection of the 1st and 2nd costal cartilages 
bilaterally. Resection of the clavicular heads involves division of the 
sternocleidomastoid muscles, the interclavicular ligaments, and the 
costoclavicular ligaments. Thus, radical manubriectomy usually leaves 
the one or both of the clavicles and, therefore, one or both of the upper 
limbs destabilized. The remaining lateral portion of the clavicles are 
then displaced downward by the weight of the upper limbs and may 
result in compression of the brachial plexus, subclavian artery, and 
subclavian vein causing pain along the side of the neck or along 
the anterior chest. The destabilized clavicles may also be displaced 
laterally when the scapulae are retracted or when outward forces are 
applied on the upper limbs. Alternatively, the destabilized clavicles 
may be displaced medially when the scapulae are protracted or when 
inward forces are applied to the upper limbs.

However, destabilization of one or both upper extremities 
remains a concern, and there is no gold standard for reconstructive 
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techniques after radical manubriectomy [1]. Attempts to limit the 
lateral displacement of the clavicles after radical manubriectomy 
have been somewhat successful by “reconstructing” the manubrium 
with a nonabsorbable synthetic mesh, such as polypropylene mesh, 
polypropylene-polyethylene mesh, or Polytetrafluorethylene (PTFE), 
with mesh-methyl-methacrylate “Sandwiches” (MMS), or by 
reattaching the clavicles to each other with sternal wire loops chain-
linked to each other.

Current manubrial reconstructive techniques prevent lateral 
clavicular displacement. However, except for MMS, none of these 
techniques prevents medial displacement of the clavicles after radical 
manubriectomy. In addition, polypropylene-polyethylene mesh can 
fragment, and the sternal wire loops may fracture, both of which 
would result in loss of interclavicular stability. The MMS also have 
the disadvantages of being difficult to handle and mold into the 
correct shape, being excessively rigid, with subsequent limitation of 
chest wall movements and danger of erosion of adjacent structures, 
being more prone to infection, being less radiolucent during future 
radiographic imaging studies, and being difficult to divide or remove 
during reoperation. Thus, resumption of normal range of function 
of the shoulders still remains a concern for thoracic surgeons after 
manubrial resection.

We present three cases of radical manubriectomy in which the 
clavicles are stabilized to each other using a titanium plate from the 
Titanium Sternal Fixation System (Depuy-Synthes, West Chester, 
PA). This interclavicular stabilization technique allows maintenance 
of the upper limbs laterally away from the body to maximize their 
range of motion and functional efficiency, minimizes lateral as well as 
medial displacement of the clavicles, and helps support the weight of 
the upper limbs to maintain their properly alignment.

Case Presentation
Patient #1 is a 44-year-old man with manubrial plasmacytoma. 

Patient #2 is a 41-year-old man with upper chest basal cell carcinoma 
involving the manubrium. Patient #3 is a 64-year-old woman who is 
14 months status post radical manubriectomy for metastatic thyroid 
cancer and whose clavicles were initially stabilized with daisy-chained 
loops of sternal wires, which broke while closing a car door. The three 
patients had mean age 49.7 year +7.2 year, mean BSA 2.2 m2 +0.18 
m2, mean BMI 39.3 kg/m2 +5.8 kg/m2, and mean smoking history 
15.0+7.6 pack-yr. 

After radical manubriectomy in the 1st two patients and removal 
of the broken sternal wires in the 3rd patient, each patient underwent 
interclavicular stabilization using angled titanium plates from the 
Titanium Sternal Fixation System. Patient #2 also had bilateral 
pectoralis muscle flaps. Mean operative (skin-to-skin) time was 153 
min +23 min; mean intraoperative estimated blood loss was 273 
mL+153 mL. Patient #2 was returned to OR on postoperative day 
(POD)#3 for right chest hematoma, and Patient #3 was returned to 
OR on POD#4 for left clavicular titanium sternal plate refixation. 
Additional perioperative complications occurred in Patient #2 
(hypoxia from pneumonia) and in Patient #3 (hemorrhoids from loose 
stools). Mean hospital length of stay was 5.7 days +1.3 days. Follow-up 
of the 3 patients at 3 years, 3 months, and 2 years, respectively, (mean 
668 days +292 days) revealed no sternal plate dehiscence, despite 
Patient #1’s routinely unloading and reloading his airboat onto its 
trailer and his learning to SCUBA dive (Figure 1-3).

Figure 1: Pre-operative photo of Patient #2 showing the upper chest ulcer-
ation due to the patient’s manubrial tumor.

Figure 2: Use of a titanium sternal plate for interclavicular fixation.  The 
angled titanium sternal plate, typically used to re-approximate the lower ster-
num and bilateral costal margins (lowest plate shown in left panel), is inverted 
(upper right panel) and affixed to the medial ends of the bilateral clavicles 
using titanium screws (lower right panel).  Adapted from figures within the 
Depuy Synthes Titanium Sternal Fixations System Brochure.

Figure 3: Comparison of pre-operative imaging (left panels) and post-op-
erative imaging (right panels) for each of the 3 patients.  The left panels for 
Patients #1 and #2 are axial images from their pre-operative computerized 
tomography scans showing the manubrial tumors, while the left panel for 
Patient #3 is a pre-operative posterior-anterior chest radiograph showing the 
daisy-chained loops of sternal wire, with the broken loop attached to the pa-
tient’s left clavicle.  Right panels for all 3 patients are post-operative chest 
radiographs showing the interclavicular titanium plates.
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Discussion
The clavicles are stabilized to each other via their respective 

sternoclavicular joints with the manubrium as well as via the 
interclavicular ligament. With the lateral end of the clavicle forming 
part of the acromioclavicular joint, the sternoclavicular joint at the 
medial end of the clavicle serves as the only bony link between the 
upper limb and the axial skeleton. The medial 1/3 of the clavicle is also 
attached to the 1st costal cartilage via the costoclavicular ligament. The 
clavicle acts as a strut to maintain the upper limb laterally away from 
the body. By being laterally away from the body, the range of motion 
and the functional efficiency of the upper limb increases greatly. This 
mobility of the upper limb at the shoulder is necessary for placement 
of the hand to maximize manipulation. The clavicle also provides 
static stability to and bears part of the weight of the upper limb (the 
remaining is borne by the scapula), thereby reducing the need to use 
muscle energy to keep the upper limb in its proper alignment. The 
clavicle also transmits forces from the upper limb to the trunk.

Malignant thoracic wall tumors of the manubrium that have 
infiltrated crucial anatomic structures with varying pathologies, both 
primary and metastatic, are often surgically resected when radiation 
and chemotherapy is ineffective [1]. However, reconstruction of the 
thoracic wall after manubriectomy remains a challenge for surgeons 
and there is no consensus regarding the best method in the literature. 
Ideal reconstruction after total manubrial resection must restore 
normal respiratory movements, prevent paradoxical respirations, 
optimize thoracic cage rigidity, and return normal function to the 
shoulders by stabilizing the clavicles. Eskola et al. [2] documented 
12 cases of sternoclavicular resections in patients who either had 
simple resection vs. those who had resection followed by a tendon 
or fascia graft to the medial clavicular head. In cases of patients who 
underwent simple resection, there was notable painful restriction of 
shoulder movement and abduction.

The use of prosthetics in chest reconstruction is a popular avenue 
for surgeons after complete manubrial resection. Past case reports 
have described using different reconstruction techniques, such as 
titanium bars and clips, PTFE or polypropylene/polyethylene mesh, 
the latter often used to sandwich methyl-methacrylate cement in 
between two layers of mesh [3-5]. Recent reports have also described 
the use of autogenous rib grafts in order to reduce the risk of infection, 
immune response, and greater osteointegration during healing. The 
rib graft harvest was connected to the clavicles bilaterally and to 
the sternum using rib nails and stainless steel wires [6,7]. Crucial 
to all of these techniques lie in recreating a stable sternoclavicular 
joint, with the prosthesis mimicking the semi-rigid construct of the 
costoclavicular and infraclavicular ligaments. However, each method 
of reconstruction comes with its advantages and drawbacks.

Use of a MMS is a popular method for sternal reconstruction 
after radical resection for various malignant sternal tumors, such as 
chondrosarcoma and osteosarcoma. Following implanting the MMS, 
the clavicles are sutured to the mesh using non-absorbable sutures in 
order to recreate the sternoclavicular joint [3,4,8]. The drawback to 
a MMS is that it is difficult for the MMS to be incorporated by the 
patient’s chest wall soft tissue due to the rigid and solid nature of the 
methyl-methacrylate, but there is a possibility of medial displacement 
of the clavicles as well as of paradoxical chest wall movement with 
respiration if polypropylene/polyethylene mesh is used without 
methyl-methacrylate. Additionally, the MMS technique is at risk of 

wound complications, infection, and, in particular, dislocation and 
fracture of the MMS if it is not properly fixed [4].

On the other hand, there are reports of using the STRATOS 
system (Strasbourg Thoracic Osteosyntheses System, Strasbourg, 
Germany) consisting of titanium bars and rib clips to recreate the 
sternoclavicular junction after complete sternal resection in various 
ways. There are only 2 case reports in the literature using STRATOS 
after radical manubrial resection. The first did not address the clavicle 
stability or the sternoclavicular joint, opting to focus instead on the 
2nd through 5th ribs and covering the implant with the pectoris major 
muscle flap [9]. The other report used STRATOS system after radical 
resection for malignant thyroid tumor by connecting the clavicles at 
45o angles to the 2nd ribs bilaterally in an “X-shaped” configuration 
over a mesh [5].

In this case report, we described a new method of sternal 
reconstruction after radical manubriectomy using the Titanium 
Sternal Fixation System to stabilize the clavicles on 3 patients who 
all recovered successfully post-operation. The original purpose of 
the Synthes Sternal Fixation System uses titanium plates, titanium 
unilock screws, and an emergency release pin to close a sternotomy. 
There are no previous reports using the Synthes system in an 
interclavicular fashion for stabilization during reconstruction after 
complete manubrial resection. With this technique, both lateral and 
medial displacement of the clavicles is avoided.

Conclusion
We describe a new method of sternoclavicular reconstruction 

using the Titanium Sternal Fixation System to stabilize both clavicles 
after radical manubriectomy. Advantages over the previously used 
techniques are that these titanium plates stabilize not only lateral 
deviations but also medial deviations of the clavicles as well as 
provide solid support of bilateral shoulders in the anatomical position 
for these patients, allowing for full range of motion. We believe this 
technique is safe and optimizes patient outcomes by addressing the 
past issues of medial as well as lateral displacement of the bilateral 
shoulders and resultant periclavicular pain and shoulder weakness 
after radical manubriectomy.
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