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The main indications for chest wall reconstruction include
malignancies (primary or metastatic), infections, radiationinduced necrosis, trauma and herniation (1). There are few
studies on the application of bioprosthetic materials in chest
wall reconstruction. Bioprosthetic materials mainly include
bovine pericardial patch, porcine mesenteric patch and
artificial skin patch, which are less toxic and have no effect
on cell activity (2,3). However, chest wall reconstruction
using bioprosthetic materials often results in insufficient
tensile strength to protect intra-thoracic organs and longterm deterioration of lung elasticity. Thus, it is important
to reconstruct chest wall using rigid implants for extensive
chest wall defects in clinical practice (4).
Three-dimensional printed (3DP) titanium implants have
proved to be a novel and feasible material for individual
chest wall reconstruction (5). However, titanium material
has a strong hydrophobicity surface, which can prevent
protein absorption and cell adhesion (6). Herein, we noticed
that, the lung tissue cannot directly adhere to the 3DP
titanium implants. Therefore, it is necessary to reconstruct
the pleura on the inner surface of the implants. The cases
are reported as follows.
Surgical technology
Five patients with chest wall lesion were retrospectively
analyzed in Tangdu Hospital from July 2015 to June 2018.
Table 1 shows the general characteristics and clinical features
of 5 patients. All patients volunteered to participate in the
study and signed informed consent forms. And all received
a fine needle aspiration biopsy to obtain a pathologic
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diagnosis. Then positron emission tomography (PET),
computed tomography (CT) and bone scintigraphic imaging
was performed to identify the existence of distant metastasis
in other organs. All of them received CT examination with
slice thickness at 0.90 mm using a 64-detector CT scanner
(GE LightSpeed VCT). Mimics (version 17.0, Materialise
Inc., USA) and Geomagic Studio (version 2012, Geomagic,
Inc., USA) software were used to make a surgical planning
and implant designing. The prospective resection margin
was estimated as a minimum distance of 3cm beyond the
cancer. 3DP implants were designed and made simulating
the same shape as the thoracic bony structure of the patient.
Finally, the surgical-grade titanium alloy material was used
to fabricate the implants in an EOS M280 3DP machine
(EOS GmbH, Krailling, Germany).
All patients underwent wide excision of the lesion in the
anterolateral or posterior chest wall, while the proximal
pleura and muscles were removed. The disease-free
resection margin was established during surgery on the basis
of frozen tissue section analysis. An additional resection
would be adopted if a positive margin was found. Then, the
chest wall defect was reconstructed by individualized 3DP
titanium implant, and the steel wire was used to bundle the
prosthesis and residue ribs (Figure 1A). The myocutaneous
pedicled flap was covered on the outer surface of the
titanium implants. The pectoralis major myocutaneous flap
and latissimus dorsi flap were used frequently.
Pleural repair was implemented with the ThormalGEN
surgical patch (Guanhao Biotech Corporate, Guangzhou,
China) which was prepared from porcine tissues for all
except case 1 and case 2. The basic structure of the patch
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Table 1 The characteristics and general property of the 5 patients
Case

Sex/ages
(years)

Defect
size (cm2)

Time of
surgery (min)

Blood
loss (mL)

Drainage
time (day)

Case 1

Male/63

Right, 6th–9th
ribs

225

Lung squamous
cell carcinoma

570

2,300

41

Case 2

Male/60

Right, 4th–6th
ribs

110

Chest wall squamous cell
carcinoma

285

500

65

Case 3

Female/52

Sternum

50

Thoracic rib septic
osteomyelitis

315

300

7

Case 4

Male/7

Left, 6th–9th ribs

120

Primitive neuroectodermal
tumor (PNET)

210

300

9

Case 5

Male/5

Right, 7th–8th
ribs

60

Osteochondroma

170

50

7

Location

A

B

D

E

Pathology

C

No pleural reconstruction

F

Pleural reconstruction

Figure 1 Surgical images and CT images 2 months after surgery of the two groups. (A) The 3DP titanium ribs were implanted into the
chest wall and bound with the residue ribs via steel wire. The mediastinal window (B) and lung window (C) of the chest CT images after
surgery showed localized pleural effusion between lung and the titanium implants (blue box). (D) The patch was suspended on the inner
surface of the titanium ribs. The mediastinal window (E) and lung window (F) of the chest CT images after surgery using ThormalGEN
surgical patch. The edge of patch can be seen clearly (blue dotted line).

remains identical while major component is collagen.
Product is a flat sheet with a smooth side and a rough side.
The patch was densely suspended on the inner surface of
titanium implants and the rough side of the patch was in
contact with the lung tissue. The edge of the patch was
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sutured continuously with the remaining pleura using silk or
prolene suture on the pleural stump or intercostal muscle,
and the patch was suspended on the prosthesis to make it in
a tight state.
In the following period, chest CT images showed
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localized pleural effusion between lung and the titanium
implants (Figure 1B,C). The patients were not extubated until
the daily drainage is less than 40 mL in 2 months after surgery.
For patients received pleural repair (Figure 1D), a negative
pressure drainage tube was retained under the pedicled flap
in surgery, and the drainage tube can be removed when daily
drainage is less than 10 mL. The patients were discharged
home 10 days after surgery and the chest CT scan showed a
stable reconstruction (Figure 1E,F), preservation of thoracic
morphology and excellent cosmetic results.

reconstruction, with which procedure can helpfully and
efficiently reduce postoperative patient pain and enhancing
recovery. However, the ThormalGEN surgical patch is
mechanically fixed to the implant by sutures, rather than
firm biological connection, and the risk of loosening and
detachment should be concerned in the future. In addition,
the cost of biological patch is high, which increases the
economic burden on patients. In the future, the bio-affinity
of the titanium can be improved by surface modification to
form strong structural connections.

Discussion

Acknowledgments

Biomimetic reconstructions are expected to offer better
function and cosmetic results after extensive chest wall
resection. Therefore, the previous studies mostly focus on
reconstructing bony structure of the chest wall (7,8). 3D
computer-assisted design eliminates the need to shape, cut,
or contour the implant and this procedure may produce a
perfect anatomic fit. Moreover, the 3DP titanium implants
can provide an almost infinite variety of designs of implants
according to the individual demands of each patient,
including rare or uncommon cases. In the development
trend dominated by precision personalized medicine, the
emergence of 3DP titanium implants will play a decisive
role in the development of clinical treatment of chest wall
surgery and gradually become the leading new technology
in this field.
However, due to the hydrophobicity of the titanium, the
lung tissue cannot adhere to the titanium implants directly.
We underwent pleural repair with the ThormalGEN
surgical patch. The major characteristics and functions
of the patch are listed below: (I) provide isolation and
reinforcement at damaged sites; (II) prevent tissues from
leakage, rupture, scarring, and hernia; (III) exhibit good
biocompatibility and histocompatibility; (IV) satisfy clinical
requirements on mechanical properties in terms of antitensile strength, flexibility and suturability.
In this series, we evidenced that pleural repair is an
essential key for chest reconstruction. Thanks to the good
hydrophilicity and histocompatibility of ThormalGEN
surgical patch, lung can adhere to it directly. The traumatic
exudation after chest wall resection is mainly from the
muscles and connective tissue around the wound. Once the
pleura is reconstructed using the ThormalGEN surgical
patch, the exudate can be effectively prevented from
entering the pleural cavity. In addition, the closed thoracic
drainage tube is not necessary for the patients with pleura
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