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Abstract
Introduction: Radical chest wall tumor resections result in large chest wall defects that expose intrathoracic organs to injury, risk lung herniation or scapular 
entrapment, and create flail chest segments that negatively impact respiration.

Case Presentation: A 68-year-old woman presented with a 15 cm right posterolateral chest wall rhabdomyosarcoma. After neoadjuvant doxorubicin chemotherapy, 
radical tumor debulking was undertaken. She underwent a radical right posterolateral chest wall resection, including ribs 4 through 9, and en bloc resection of 
the right scapular tip, of involved portions of the latissimus, serratus, and rhomboid muscles, and of involved portions of the right lung. Resection of ribs 4 
through 9 required disarticulation at their respective costovertebral joints. Chest wall reconstruction was performed by fixation of six Synthes® titanium rib plates 
anterolaterally to the six transected ribs and posteromedially to the corresponding vertebral transverse processes. A Vicryl® mesh was sewn to the chest wall defect 
edges to cover the titanium plates. Right latissimus myocutaneous flap was rotated to cover the chest wall soft tissue defect, and remaining exposed area chest wall 
inferiorly was covered by Split-Thickness Skin Graft (STSG) and Wound V.A.C®. The patient was extubated immediately postoperatively, but required BiPAP until 
perioperative pain was controlled. She required return to OR on postoperative day (POD) #5 for video-assisted thoracoscopic evacuation of loculated right pleural 
effusion, doxycycline pleurodesis, revision of the myocutaneous flap posterior edge, evacuation of subcutaneous right flank hematoma, and revision of the STSG. 
She was extubated on POD#3, after which she became ambulatory with physical therapy. Her chest tubes and all but one submuscular drains were removed, and 
she was discharged from hospital to a rehabilitation facility on POD#18 from her initial chest wall resection and reconstruction.

Discussion: Reconstruction of chest wall defects with titanium rib plates and bioabsorbable mesh results in rigid support of extrathoracic musculature but 
allows ribs to maintain individual “bucket handle” motion compared to reconstruction with non-rigid mesh alone or with rigid but en masse reconstruction with 
methylmethacrylate.

Conclusion: Reconstruction of chest wall defects with titanium rib plates and bioabsorbable mesh maintains the proper chest wall mechanics required for normal 
respiration and is a very attractive option for post-resection reconstruction.

Keywords: Bronchoscopy; Thoracoabdominal

Introduction
Reconstruction of the chest wall after resection of a chest wall 

tumor plays a pivotal role in the patient’s postoperative morbidity 
and quality of life [1-3]. Because the chest wall is so vital, not only 
in that it protects the internal organs, but also in that it facilitates air 
flow in and out of the lungs, respiratory function is lost after chest 
wall resection and is recovered to various degrees depending on the 
use of various chest wall replacements [4]. Proper chest wall motions, 
such as the bucket-handle motion of the ribs, must be maintained 
after reconstruction of a chest wall [5]. This case is presented as 
an example of successful chest wall resection and reconstruction 
spanning six ribs and using a plate-and-screw titanium rib-plating 
system combined with a bioabsorbable synthetic mesh. Our chest wall 
reconstruction technique will be compared to a different titanium rib 
plating system with regards to their appropriate use in various chest 
wall reconstruction scenarios.
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Case Presentation
The patient is a 68-year-old woman, who developed a right 

lateral neck mass and a right posterolateral chest wall mass. Biopsy 
revealed rhabdomyosarcoma, with metastasis to the right cervical 
and axillary Lymph Nodes (LNs). She underwent chemotherapy 
with doxorubicin, after which the chest wall lesion was stable. 
However, the patient was having significant pain from the posterior 
chest wall tumor (Figure 1, top panel), which was invading the full-
thickness of the chest wall into the right pleural cavity. Her large 
right cervical LNs were also causing external pressure on her right 
neck skin but appeared mobile with respect to her brachial plexus. 
She also had right axillary lymphadenopathy and right lung nodules 
on Computerized Tomography (CT) scans. After discussion in our 
institution’s multi-disciplinary Sarcoma Tumor Board, debulking of 
her extensive right chest wall pain and to prevent skin ulceration over 
the bulky right cervical lymphadenopathy, to be followed by further 
systemic chemotherapy. She, therefore, presented for and underwent 
a right posterolateral neck dissection, followed by a full-thickness 
right posterolateral chest wall resection, including resection of the 
posterolateral portions of ribs 4 through 9, with en bloc resection of 
the right scapular tip, the posterior half of the latissimus dorsi muscle 
and portions of the serratus anterior and rhomboid muscles, right 
lung wedge resection x2, right axillary LN dissection, and mediastinal 
LN dissection.

Upon obtaining informed consent, the patient was taken to 
the Operating Room (OR), placed under appropriate monitors, 
and then placed under general anesthesia with an endotracheal 
tube. The right neck was prepared with Chloraprep and draped in 
the usual sterile fashion. A right supraclavicular incision along the 
sternocleidomastoid muscle was made sharply. Within the right neck, 
there was bulky nodal disease in levels 3-5, which was resected with 
cervical LN dissection and with preservation of the spinal accessory 
nerve.

After this right neck mass resection and LN dissection was 
completed, fiber optic bronchoscopy was performed and showed 
that the distal trachea, carina, and bilateral bronchial trees were 
free of endobronchial lesions or extrinsic compression down to the 
subsegmental bronchial orifices bilaterally. The anesthesiologist 
then switched the single-lumen endotracheal tube to a dual-lumen 
endotracheal tube. The patient was then turned to the left lateral 
decubitus position, with her right side up. Her right chest was prepared 
with ChloraPrep and sterilely draped in the usual fashion. Within 
the posterior aspect of the right hemithorax, there was a large tumor 
mass, which was obviously bulging from the posterior aspect of the 
right hemithorax (Figure 1, top panel). Another surgical timeout was 
taken and additional prophylactic antibiotics were given and then a 
diagonal ellipsoidal incision was sharply made over the posterolateral 
chest wall mass, with the long axis of this elliptical incision being made 
parallel to the direction of the right ribs. An ellipse of skin was kept 
with the tumor as the resection was carried through the subcutaneous 
tissues using cautery both cephalad and caudad to the ellipse of skin. 
The dissection was carried superiorly to the right scapula. Because 
the right scapular tip as well as a portion of the rhomboid muscle 
posteriorly and the serratus muscle anteriorly seemed to be involved 
by the tumor, the right scapular tip was resected using bone shears 
to separate the tip of the scapula from the remainder of the right 
scapula. The right scapular tip and portions of the rhomboid muscle 
and serratus muscle that were involved by the tumor were kept en bloc 

with the tumor. The latissimus muscle was then elliptically resected, 
keeping a margin of normal muscle around the tumor anterior and 
posterior to the paraspinous muscles (Figure 1, middle panel). At 
this point, the tumor was attached only to the ribs. The 5th and 6th 
ribs were divided anterior to the chest wall tumor, as the 5th and 6th 
neurovascular bundles were divided between surgical clips. After 
intrapleural palpation, the tumor was found to extend cephalad to 
involve the 4th rib. The 4th rib was then divided anteriorly, as the 4th 
intercostal neurovascular bundle was divided between surgical clips. 
The 3rd intercostal muscles were then divided along the top of the 
4th rib. The 7th and 8th ribs were then divided anteriorly. The caudad 
extent of the tumor was found to be the 9th rib, which was also divided 
anterior to the tumor (Figure 1, bottom panel). The 7th, 8th, and 9th 
neurovascular bundles were also divided between surgical clips. 

At this point, the right chest wall mass was confirmed to be 
invading the full thickness of the right chest wall through the pleura 
and was found to be densely adherent to the right lung at two points. 
Two right lung wedge resections were then taken en bloc with the 
posterior chest wall tumor (Figure 1, bottom panel) at these two 
points by two separate serial applications of a linear endostapler using 
multiple green loads. The 4th through 9th ribs were then disarticulated 
sequentially from their respective transverse processes of the 
corresponding thoracic vertebrae (Figure 1, bottom panel), and each 
of the 4th through 9th neurovascular bundles were divided posteriorly 
with surgical clips. The chest wall resection was then taken from the 
field.

The right scapula was elevated, and level 1 axillary nodes were 
dissected free from the axillary vein. A dissection of 4R and 2R 
lymph nodes was then performed, as was an additional right lung 
wedge resection for a separate intraparenchymal right lung nodule. 
An additional anterolateral segment of the 9th rib was resected for a 
separate lateral chest wall tumor.

The patient then underwent chest wall reconstruction of the 
posterolateral defects of the right ribs 4 through 9 with titanium rib 
plates using the Synthes® MatrixRib™ Fixation System (Depuy-Synthes, 
West Chester, PA, USA) (Figure 2, top and middle panels). The 
thicknesses of the T4 through T9 transverse processes and of the 4th 
through 9th anterior rib stumps were measured with a caliper. Synthes 
MatrixRib titanium plates (Figure 2, top panel) were then attached 
with two 8 mm titanium screws anteriorly at the rib stumps and with 
two 14 mm titanium screws posteriorly at the transverse processes 
to reconstruct the 4th through 9th ribs. A R4-5 rib plate was used to 
reconstruct the 4th rib, R6-7 rib plates to reconstruct the 5th and 7th 
ribs, a L6-7 rib plate to reconstruct the 6th rib, and R8-9 rib plates 
to reconstruct the 8th and 9th ribs (Figure 2, middle panel). Vicryl® 
polyglactin-910 mesh (Ethicon, Somerville, NJ, USA) was then 
placed over the rib plates and secured to the 3rd rib superiorly and 
to the 10th rib inferiorly as well as to the 3rd through 9th intercostal 
muscles anteriorly and to the paraspinous muscles posteriorly (Figure 
2, bottom panel).

Two chest tubes were then placed through separate stab incisions 
along the anterior inferolateral chest wall, with a straight chest tube 
directed towards the apex of right pleural cavity and an angled chest 
tube directed over the diaphragm towards the posterior costophrenic 
angle. Each of these tubes was secured to the skin using nylon sutures 
and connected to separate continuous suction drainage devices.

The patient was kept intubated and in the left lateral decubitus 
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position for the plastic surgery team to perform a right latissimus 
dorsi myocutaneous rotation flap to cover the titanium rib plates 
and Vicryl mesh (Figure 3, top, 2nd, and 3rd panels). A Split-Thickness 
Skin Graft (STSG) was taken from the right buttock and placed over 
a portion of the thoracoabdominal muscles along the right flank 
uncovered by the cephalad rotation of the latissimus muscle (Figure 
3, bottom panel). A Wound VAC® (Kinectic Concepts, Inc. [KCI}, San 
Antonio, TX, USA) negative-pressure wound therapy, vacuum-assist 
closure device was then placed over the STSG (Figure 4, white arrow). 
At the end of the entire procedure, the patient was stable and was able 
to be immediately extubated.

On postoperative day #5, the patient was determined to have 
developed a right hemothorax and difficulty feeding. The patient was 
returns to the OR, and fiber optic bronchoscopy, right video-assisted 
thoracoscopic drainage of pleural effusion, lysis of pleural adhesions, 
evacuation of intrapleural fibrinous debris, and doxycycline 
pleurodesis were performed, as well as an insertion of a Dobhoff 
nasogastric feeding tube with fluoroscopy. Revision of the dusky 

posterior edge of the latissimus muscle flap (Figure 4) and the STSG 
were also performed by the plastic surgery team at that time.

The patient was ambulatory and was discharged from the hospital 
to a rehabilitation facility on postoperative day #13 of her second 
procedure (postoperative day #18 of her initial tumor resection and 
chest wall reconstruction.

Discussion
Various types of titanium rib plating systems exist and are used for 

internal fixation of rib fractures. A case of chest wall reconstruction 
with another brand of titanium bars in combination with a biological 
patch has recently been reported [6]. The Synthes MatrixRib titanium 
plates that were used in this case and the STRATOS® (Strasbourg 
Thoracic Osteosyntheses System; MedXpert GmbH, Heitersheim, 
Germany) rib clips and bars used in the aforementioned recent case 
report are two different types of titanium rib plating systems. Both 
systems use malleable metal bars; however, there are numerous 
differences in both the surgical application criteria and methods 
between these two products.

Figure 1: Photos showing a 15 cm right posterolateral chest wall rhabdomyo-
sarcoma (top panel), the outer view of the radical right posterolateral chest 
wall resection, including ribs 4 through 9 that required disarticulation of their 
respective costovertebral joints, and en bloc resection of the right scapular 
tip and involved portions of the latissimus, serratus, and rhomboid muscles 
(outer view; middle panel), and en bloc resection of parietal pleura (inner 
view; bottom panel).and involved portions of the right lung (white arrows).

Figure 2: Illustration depicting the Synthes MatrixRIB titanium rib plating sys-
tem (top panel), and photos showing right posterior chest wall reconstruction 
performed by fixation of six Synthes® titanium rib plates anterolaterally to 
the six transected ribs and posteromedially to the corresponding vertebral 
transverse processes (middle panel) and showing a Vicryl® mesh sewn to 
the right posterior chest wall defect edges to cover the titanium plates (bot-
tom panel).
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Figure 3: Photos showing the right posterior chest wall soft tissue defect and 
the planned right latissimus myocutaneous flap (top panel), which was then 
harvested (2nd panel) and rotated to cover the chest wall soft tissue defect 
(3rd panel), with the remaining exposed area chest wall inferiorly was cov-
ered by Split-Thickness Skin Graft (STSG) (bottom panel) and (not shown).

Figure 4: Photo showing a Wound V.A.C® device (white arrow) placed over 
the split-thickness skin graft (STSG), but also showing the dusky posterior 
edge of the latissimus myocutaneous flap (black arrow) that required return 
to the operating room for revision along with STSG.

The STRATOS rib clips are applied in the following manner: 
two titanium rib clips are attached to the rib stumps on each side of 
the rib defect with specially designed tools and then each rib defect 
is replaced with a titanium rib bars, which is cut to its desired size, 
contoured to the desired shape of the chest wall, and crimped into 
the two previously inserted titanium clips. The STRATOS titanium 
rib clips and bars have been tested and are capable of maintaining 
the proper and normal “bucket-handle” motion of a natural ribcage 
well after surgery [5]. A major limitation of this product is that it 
is not capable of stably anchoring to either the transverse vertebral 
processes or the anterior costal cartilages [6]. 

The Synthes MatrixRib plates are applied in the following manner: 
clear the bone to allow proper attachment of screws, measure the 
thickness of the rib with a caliper and add 2 mm to allow for the 
thickness of the plate, approximate the rib plate length and contour 
with the plate bending template, select the best matching plate and 
cut to the desired length, if necessary, but allowing for a minimum 
of 3 screws on either side, position the plate over the rib defect, hold 

the plate onto the rib with the clamps, drill screws into the rib using 
the drill guide, insert screw and tighten until screw is flush with the 
bone, repeat will all remaining screws, alternating sides with each 
screw inserted. The MatrixRib plates are capable of maintaining the 
proper and normal “bucket-handle” motion of a natural ribcage and 
have been tested to be capable of withstanding bending and loads 
significantly higher than normal respiratory loading [7].

Conclusion
Reconstruction of chest wall defects with titanium rib plates 

and bioabsorbable mesh maintains the proper chest wall mechanics 
required for normal respiration and is a very attractive option for 
post-resection reconstruction. 
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