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CLINICAL ARTICLE

Sternal Tumor Resection and Reconstruction with
Titanium Mesh: a Preliminary Study

Yan Zhang, MD, Jia-zhen Li, MD, Ying-jie Hao, MD, Xin-chang Lu, MD, Hai-long Shi, MS, Yuan Liu, MS, Peng-fei Zhang, MS

Department of Orthopaedics, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, China

Objective: To explore the clinical efficacy and complications of treating sternal tumors by resection and titanium
mesh thoracic reconstruction.

Methods: This retrospective analysis of eight patients with sternal tumors treated in the Department of Orthopedic
Surgery at the First Affiliated Hospital of Zhengzhou University from January 2008 to June 2012 included five men and
three women aged 37-66 years (mean, 50.4 years). The histological diagnoses were chondrosarcoma (two cases),
osteosarcoma (one), malignant fibrous histiocytoma (two), eosinophilic granuloma (one) and sternal metastasis from
breast cancer (two). The tumors were invading the manubrium sterni (three cases), manubrium sterni and body (three)
and sternal body (two). All patients underwent needle or incisional biopsy prior to sternal tumor resection and titanium
mesh thoracic reconstruction.

Results: All patients were followed for 9 months to 4 years. There were no intraoperative complications or operative
or postoperative deaths. One patient developed a deep wound hematoma 1 week postoperatively; incisional drainage
and debridement resulting in healing within 2 weeks. There was no loosening or exsertion of the titanium mesh and
no patients developed respiratory complications or thoracic deformity. One patient with malignant fibrous histiocytoma
died of lung metastases 9 months postoperatively, another with malignant fibrous histiocytoma died of liver
metastases 14 months postoperatively; the remaining patients survived without tumor recurrence.

Conclusion: Titanium mesh chest reconstruction after sternal tumor resection has the advantages of simplifying the
procedure, achieving a good shape and having few complications. Titanium mesh is an ideal material for reconstruc-

tion of the sternum.
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Introduction
he morbidity associated with sternal tumors is relatively
low; they account for approximately 20% of all breast
tumors and 0.94% of all bone tumors'. Most are malignant,
including fibrous tissue cell tumor, rhabdomyosarcoma, lym-
phoma, osteosarcoma and chondrosarcoma, chondrosarcoma
being the commonest®. Benign sternal tumors comprise osteo-
chondroma, desmoid tumors and fibrous structures.
“Extended resection” is the preferred method of treat-
ment. According to published reports, surgical treatment is
indicated for benign tumors, malignant tumors without

distant metastasis, and metastatic tumors (a survival benefit
may be achieved in patients with controlled primary lesions
and no other distant metastases)*®. Extended resection also
offers the benefit of preventing relapses, which is important
because even benign tumors can recur locally’. Postoperative
chest wall defects can cause a floating chest wall, impacting
lung function and extending ventilator time. Accordingly, it is
important to reconstruct the chest wall. Chest wall reconstruc-
tion is beneficial in restoring chest wall integrity and stability,
protecting vital organs within the chest and preventing cardio-
pulmonary dysfunction.
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Materials used to repair sternal defects include artificial
and biological tissues such as bone allografts and autografts,
muscle flaps, omentum, steel wire (OsteoMed Co., Addison,
TX, USA), polyester fabric, silicone rubber sheets and Marlex
nets (C.R. Bard, Murray Hill, NY. USA)**!. However, most of
these tissues provide inadequate support; are prone to loosen-
ing, breaking, rejection and infection; and can cause pain.
Moreover, some of these materials are difficult to shape, result-
ing in a poor appearance or other shortcomings. One of the
most common complications is infection; a 5% postoperative
infection rate has been reported with Marlex mesh (C.R. Bard,
Murray Hill, NY. USA)".

Clearly, choosing the right materials to replace the
sternum is vital. The ideal reconstruction material would meet
the following criteria: good hardness and stability to prevent
floating of the chest wall; not subject to rejection; suitable for
long-term retention in the body; easily cut, shaped, fixed, and
sterilized; and radiopaque'. Titanium mesh has been widely
used and achieved good results in clinical practice as a repair
material for skull defects'*. However, there are few reports of its
use for sternal tumor resection and reconstruction.

In this retrospective study, we assessed the need for and
efficacy of resection and reconstruction in patients with sternal
tumors and explored the advantages and disadvantages of
using titanium mesh for reconstruction.

Materials and Methods

Patient and Tumor Characteristics

The study included eight patients with sternal tumors diag-
nosed in the First Affiliated Hospital of Zhengzhou University
between January 2008 and June 2012. Five patients were male
and three female, and their mean age was 50.4 years (range,
37-66 years). Two patients had chondrosarcoma, one osteosar-
coma, two malignant fibrous histiocytoma, one eosinophilic
granuloma and two sternal metastases from breast cancer. All
of the patients presented with sternal masses with a hard
texture. Sternal tenderness was present in three cases. Six
patients reported chest wall pain and two pain radiating into
the back. On examination, three tumors had invaded the
manubrium sterni; the size of these tumors ranged from
12cmx 10 cm to 5cm X 4 cm. Three tumors had invaded
both the manubrium and corpus of the sternum; these ranged
in size from 9 cm X 8 cm to 4 cm X 3 cm. In two cases, only the
corpus sterni had been invaded; these tumors measured
I1cm X9 cm and 6 cm X4 cm. The diagnoses of all eight
patients were confirmed preoperatively by needle or incisional
biopsy. X-ray imaging showed osteolytic bone destruction and
CT and MRI revealed the presence of a sternal mass or osteo-
lytic lesion in all cases. Bone scans were performed in all cases
and confirmed isolated lesions in seven cases; one patient
with breast cancer had bone metastases in the fifth thoracic
vertebrae.

Preoperative Evaluation
All patients underwent comprehensive preoperative assess-
ment. Imaging examinations included plain radiography, CT,
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MRI, and bone scans, as described above. The following vari-
ables were assessed: tumor size, sternal and soft tissue invasion,
tumor blood supply, general patient condition including
cardiac and pulmonary function, serum album concentration,
presence and location of metastases; and the patients evaluated
for anesthesia and tolerance of surgery. Seven cases were
Cardiac Level 1 and one Cardiac Level 2 (the New York Heart
Association (NYHA)). In all patients, maximum ventilation
percentagein one minute was greater than 80%, and forced
expiratory volume in one second/forced vital capacity greater
than 80%.

Surgical Procedure

Anesthesia and Positioning

Surgery was performed under general anesthesia; patients were
placed in a lateral position with the upper limbs abducted 90°
and restrained.

Surgical Approach

A T-shaped or median sternotomy incision was made through
the skin and subcutaneous tissues. Resections generally
extended 2 cm beyond the tumor margins for benign tumors
(eosinophilic granuloma) and at least 3 cm beyond the tumor
for malignant lesions (Fig. 1A).

Resection of Lesion and Titanium Mesh Installation

In three cases, resection of lesion included resection of the
manubrium sterni, both sides of the clavicular head and the
sternal ends of the first and second costal cartilages. In another
three cases, the manubrium and body of the sternum were
resected and the involved ribs widely excised (Fig. 1B). In the
remaining two cases, the body of the sternum was resected and
the involved ribs widely excised.

To reconstruct the chest wall and stabilize it, titanium
mesh was put in place and adjusted to align with the edges of
the remaining sternum (Fig. 1C), then fixed with stainless steel
wire or titanium screws. Next, the reconstruction was covered
with the pectoral muscle and subcutaneous tissues. Vacuum
suction drainage devices were placed in the wound.

Postoperative Management

Postoperatively, the surgical wounds were fully drained and the
patients treated with conventional antibiotics. Patients’ vital
signs were closely observed and they were monitored for para-
doxical motion of the chest wall. Particular attention was
paid to the respiratory tract to detect and prevent pulmonary
complications. Patency of the drainage tube was maintained
until the drainage was less than 50 mL/day, at which time
the tubes were removed. The sutures were removed after 2
weeks. Patients with osteosarcoma and chondrosarcoma
received T7 chemotherapy (Cyclophosphamide, doxorubicin,
vincristine, actinomycin D), those with malignant fibrous his-
tiocytoma received combination dimethyl triazeno imidazole
carboxamide and doxorubicin chemotherapy, and those
with bone metastases from breast cancer received docetaxel,
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Fig. 1 Diagrammatic representation of sternal tumor resection and insertion of titanium mesh. (A) Diagram showing incision and tumor

resection; the skin is initially cut along the dotted line, the solid line shows the boundary of the resected tissue. Resections generally extend

2 cm beyond the tumor margins for benign tumors and at least 3 cm beyond the tumor for malignant lesions. (B) The clavicular heads and ribs

on both sides are tied together with titanium cable. (C) Titanium mesh is put in place and adjusted to align with the edges of the remaining

sternum.

doxorubicin and cyclophosphamide. Additionally, all patients
except the one with eosinophilic granuloma received
zoledronic acid (4 mg per dose, four times per week) for 12-18
months.

Follow-Up
Follow-up was performed at 3, 6 and 12 months after surgery,
then annually.

Results

Intraoperative Findings

The tumors were surrounded by edematous soft tissue. The
eosinophilic granuloma was encapsulated, whereas the
remaining lesions were encapsulated by intact false capsules.
The lesions were irregular and oval in shape and surrounded
by infiltration. After the titanium mesh had been installed,
300 mL of normal saline was poured into the wound and the
site closely inspected for bubbles; a lack of bubbles confirmed
undamaged pleura.

Evaluation of Patients and Fixation Devices

All eight patients underwent surgery safely; there were no
intraoperative complications or intraoperative or postopera-
tive deaths. During follow-up, there was no loosening of the
titanium mesh, exposure of the mesh, breathing difficulties,
chest pain or discomfort. All patients had normal cardiopul-
monary function. Review of chest X-ray films showed no
deformity of the thorax and no loosening or fracture of the
fixation devices (Figs 2 and 3).

Complications

One deep hematoma occurred 1 week postoperatively, evi-
denced by development of dyspnea and a pink liquid exudate
from the wound. The patient underwent emergency surgery,
during which no active bleeding was identified. Loosening of
the intercostal vessels may have caused the deep hematoma.

The hematoma was removed and the drain repositioned;
the wound healed within 2 weeks. In the remaining cases,
the incisions healed without any respiratory problems
subcutaneous emphysema, pneumothorax, infection or other
complications.

Follow-Up

The eight cases were followed up for from 9 months to 4 years
postoperatively. One patient with malignant fibrous histiocy-
toma died of lung metastases 9 months postoperatively and
another patient with malignant fibrous histiocytoma died of
liver metastases after 14 months. The remaining patients had
no evidence of tumor recurrence during follow-up.

Discussion

Necessity for and Therapeutic Effect of Sternal Tumor
Resection and Reconstruction

Because the sternum is important for maintaining the integrity
of the thoracic bones, sternal resection significantly affects
respiratory and circulatory function. To preserve the integrity
of the chest, maintain negative intrathoracic pressure and
protect vital organs, it is important to reconstruct the thoracic
cage”. In combination with postoperative radiotherapy and
chemotherapy, this reduces recurrence and metastasis and
improves survival rates of patients with malignant tumors’.
Previous studies have recommended en bloc resection of the
tumor with at least 3 cm margins for malignant tumors and at
least 2 cm margins for benign tumors>. To allow for defect
closure and wound repair, muscle and skin resection should be
appropriately conservative. The principles involved in chest
wall reconstruction are: (i) reconstruction of the chest wall to
restore its sturdiness and stability; and (ii) covering the chest
wall reconstruction with soft tissues and skin to restore the
rigidity of the chest wall. To appropriately plan the extent of
each patient’s resection, they all underwent preoperative
imaging and pathological examination. During the operation,
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Fig. 2 Female, 62 years old, chondrosarcoma of the sternal manubrium. (A) CT image showing tumor-induced bone destruction (arrow); the

tumor is eroding the sternal bone and surrounding soft-tissue. (B) Preoperative MRI T2 fat suppression image showing invasion of surrounding

tissue by the tumor (arrow), demonstrated as long T1 and T2 signals. (C) Intraoperative photograph showing the tumor tissue. (D) The tumor

has been completely resected. (E) X-ray film taken one week postoperatively (titanium mesh shown by the arrow). (F) X-ray film taken after one

year (titanium mesh shown by the arrow). There has been no displacement or fracture of the titanium mesh.

care was taken to meticulously dissect tissue that was adherent
to the tumor and to protect blood vessels and nerves.

Advantages and Disadvantages of Titanium Mesh
Reconstruction of Sternal Defects

Reconstruction should achieve stability of the chest structure
and closure of the pleural cavity, prevent abnormal breathing
and restore the normal morphology of the thorax without
affecting postoperative assessment and treatment. Currently,
no commercial sternal reconstruction materials are available.

Because there is a lack of consensus regarding the material that
should be selected for sternal reconstruction, many different
materials are presently used. They can primarily be divided
into autologous tissues, allograft tissues and artificial materi-
als. Autologous sternal reconstruction materials include ribs",
ilium®, fibula®, fascia®® and muscle flaps***%. The limited avail-
ability of sufficiently rigid autologous tissues increases the dif-
ficulty of repairing sternal defects. Obtaining autologous
tissues also increases the operative difficulty and surgery time,
thereby increasing patient risk and adverse effects®. However,
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Fig. 3 Male, 37 years old, malignant fibrous histiocytoma of sternum. (A) Preoperative CT image showing tumor-induced bone destruction, the
tumor has eroded the sternal bone and surrounding soft-tissue (arrow). (B) Preoperative MRI T2 fat suppression image showing invasion of
surrounding tissue by the tumor extending to the right pectoralis major, demonstrated as long T1 and T2 signals (arrow). (C) One week after the
operation, X-ray film showing no displacement of the titanium mesh (shown by the arrow). (D) X-ray film after a year, the position of the titanium

mesh (arrow) is correct, no movement or fracture has occurred.

allograft tissues are susceptible to rejection and infection and
are also difficult to obtain*. In this group of patients, we
wanted to use iliac allografts in two patients; however, they
were not willing to wait for a source of bone. Synthetic mate-
rials, such as nylon, polyester networks (Prolene) (Permacol™
implant,Covidien, USA) and fiberglass (Normopost, Normon,
Biolonen, Saronno, Italy), are rarely used because of their low
tensile strength, ease of deformity with long-term implanta-
tion, and susceptibility to rejection. At present, some surgeons
outside of China prefer to use Marlex net (C.R. Bard, Murray
Hill, NY. USA) because of its maneuverability and long-term
tolerability; additionally, it does not readily cause rejection and
is radiopaque®* . However, because of its elasticity, it can only
play a role in covering and isolating surgical sites; it is unable to
restore chest wall stability or protect the thoracic organs.
Accordingly, it can only be used to cover small sternal defects.
Medical plexiglass can be shaped into the form of a rib; steril-
ized, shaped intraoperatively, placed in the bone defect and
attached to the corresponding ribs with steel wire*®. To prevent
floating of the chest wall, its deep tissues should be firmly tied
to the ribs. However, because medical plexiglass provides poor
compression, it is not suitable for reconstructing large defects.

Surface-perforated titanium mesh is used to repair skull
defects. In our study, we found that titanium mesh is conve-
nient for rebuilding chest wall defects. Titanium closely
matches the hardness and elastic properties of bone. It is thin
and easy to shape, thus facilitating achieving a curvature
similar to that of normal anatomic structures and being able to
combine closely with the residual sternum and ribs. Moreover,
titanium offers low density, high strength, good biocompatibil-
ity, low rejection, impact resistance, radiopacity, is non-
carcinogenic and non-allergenic, and does not deform after
sterilization'***

In our study, the results of sternal defect repair with
titanium mesh were satisfactory. To prevent the artificial mate-
rials from being in direct contact with the skin, it is important
to fasten both sides of the pectoralis major muscle to the
midline during surgery, covering the titanium net. Fibrous
granulation tissue then forms and readily penetrates titanium’s
mesh-like structure, creating coverage by muscle and connec-
tive tissues, thereby sealing the chest wall, preserving its integ-
rity, and reducing the chances of infection. Titanium mesh
does have the limitations of being expensive and attenuating
radiotherapy”'. The most common postoperative complication
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is fluid surrounding the implant, which may lead to secondary
infections and subsequent operation failure. In this study,
one deep hematoma occurred 1 week after surgery, accompa-
nied by dyspnea. The key to prevention of hematomas is
good intraoperative hemostasis, postoperative drainage and
bandaging.

In summary, we successfully used titanium mesh for
chest wall reconstruction after sternal tumor resection in this

STERNAL TUMOR RESECTION & RECONSTRUCTION

group of eight patients. We achieved good shaping of the chest
wall, all patients were able to breathe freely after surgery,
and no loosening of the titanium mesh occurred postopera-
tively, confirming that titanium mesh is a good material for
reconstructing the thorax. Because this was a small study with
a short duration of follow-up, further study and a longer
observation period are required for ascertaining long-term
efficacy.
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