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Background: Chest wall disease is a common disease in thoracic surgery. For most chest wall lesions,
surgical resection is the mainstay of treatment. Reconstruction is indicated for a wide range of chest wall
defects. Currently, various reconstruction materials are used in clinic, including 3D printing materials and
various types of metal materials. At present, most of the studies using titanium sternum-rib fixation system
for reconstruction are case reports. The purpose of this paper is to analyze the experience to discuss our
essential surgical techniques for treating various types of chest wall reconstruction with a titanium sternum-
rib fixation system over the last 5 years.

Case Description: A retrospective analysis was performed on patients with chest wall tumors treated
with a titanium sternum-rib fixation system in our center from 2016 to 2020. Chest wall reconstruction
techniques, experiences, postoperative complications, and quality of life including chest discomfort, chronic
pain, average time to return to normal life, chest wall deformity after resection for various types of chest
wall tumors were analyzed. In this study, a total of 57 patients were successfully operated without chest
wall deformity and return to daily life early. With an average of 2.3 ribs removed, including 10 procedures
involving sternotomy and reconstruction and 3 procedures involving sternoclavicular joint resection and
reconstruction. The follow-up time of the whole group ranged from 3 months to 5 years. Postoperative chest
discomfort occurred in 6 patients during follow-up; 2 patients had chronic pain. The average time to return
to normal life was 1.4 months. One patient developed a deformed depression of the chest wall, and 2 patients
developed wound infections. There was no perioperative death.

Conclusions: In our clinical experience, the titanium sternum-rib fixation system is safe, effective, and
feasible. The technique is straightforward. The early and middle postoperative curative effect is satisfactory

and can be used clinically.
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Introduction

Chest wall tumors are common thoracic surgery diseases,
including primary chest wall tumors, metastatic tumors,
and primary tumors directly invading the chest wall (1,2).
Surgical resection remains the mainstay of treatment
for chest wall tumors. Excessive chest wall defects will
compromise the stability of the chest wall and result
in chest wall deformity, paradoxical respiration, lung
herniation, and restriction of pulmonary function. These
conditions may undermine the treatment outcome. Thus,
reconstruction is always a treatment challenge. In 1906,
Tansini reported the first case of chest wall reconstruction
with a latissimus dorsi muscle flap with a pedicle covering a
defect in the anterior chest wall (3). With the advancement
of materials technology, implants have increasingly been
used in chest wall reconstruction. Their materials include
titanium mesh, bone grafts, 3D printing materials, and
various patches. Each implant has its own features, and one
type may only fit a specific chest wall defect. Some need
to be designed and prepared beforehand, and some are
very expensive (4-8). Out of all the reports of chest wall
reconstruction, there is no satisfactory, readily available,
affordable material and method intended for various
defects. In recent years, titanium alloys have been widely
used in chest wall reconstruction due to the high strength,
light weight, contourability, and good tissue compatibility
(9,10). But most of the studies using titanium sternum-rib
fixation system for reconstruction are case reports. None
of the studies described in detail the reconstruction of
various chest wall defects. Since 2016, in the Department
of Thoracic Surgery, Shanghai Sixth People’s Hospital,
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we have applied a titanium sternum-rib fixation system
combined with polyester mesh to reconstruct chest wall
defects, and all chest wall defects have been successfully
reconstructed and followed up.

Case presentation

"This is a retrospective study to investigate the application of
titanium sternum-rib internal fixation system in reconstruction
of various types of chest wall defects. The criteria for
reconstruction are based on the size of the defect and practical
clinical considerations, which are generally larger than 5 cm x
5 cm. Patients were followed up in the outpatient department
between 1 and 3 months after surgery to observe postoperative
recovery, including chest wall discomfort, chronic chest pain,
chest wall deformity, stability (with or without displacement
and loosening), and quality of life (time to return to daily life)
to evaluate the efficacy and safety of surgery. Telephone follow-
up was performed 3 months after surgery. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved by Shanghai
Sixth People’s Hospital ethics committee [No. 2019-138-(1)].
Written informed consent was obtained from the patients
for publication of this case series and accompanying images.
A copy of the written consent is available for review by the
editorial office of this journal. 93 patients with chest wall
tumors treated at our center from January 2016 to January
2020. Among them, 57 patients underwent reconstruction
using the titanium sternum-rib internal fixation system.
Surgical resection was performed in all patients after
complete examinations had been performed and surgical
contraindications were excluded. During the operation,
soft tissue margin samples were routinely taken for rapid
frozen sectioning to ensure RO resection. Whether chest wall
reconstruction was needed was determined by defect size.
A titanium sternum-rib fixation system was used in all bony
reconstructions (Figure I). Thoracic organs and implants
were isolated by polyester meshes. Patients were followed
up for at least 3 months after surgery to monitor chest wall
appearance recovery, complications, stability (with or without
displacement and loosening), quality of life, local recurrence,
and survival.

Key considerations of surgical technique

Simple rib resection
Anterior chest wall
Tumor resection of the anterior chest wall adjacent to

7 Thorac Dis 2022;14(12):5064-5072 | https://dx.doi.org/10.21037/jtd-22-1686



5066

Li et al. Mastery of chest wall reconstruction

Figure 2 A 36-year-old woman presented with a tumor of the left 5th front rib. After resection, the chest wall was reconstructed with

titanium rib plate and polyester patch, and one end of the reconstruction material was fixed on the sternum.

the costal cartilage tends to leave a large defect and has a
higher impact on respiratory function because of the local
anatomical features. In addition, this area is close to the
organs and large vessels of the anterior mediastinal region.
Therefore, we have a low threshold in anterior chest wall
reconstruction to restore the stability of the chest wall and
reduce respiratory complications. As required by the extent
of surgical resection, the margin may be close to the junction
of the rib and cartilage, and some cartilage may need to be
removed. At this time, chest wall reconstruction techniques
should be carefully considered. Due to the unstable
anatomical characteristics of the rib-cartilage junction, when
the margin is less than 2 cm from the rib-cartilage junction,
reconstruction with a titanium plate fixed to the rib cortex by
screws alone cannot guarantee stability. In addition, there are
few studies specifically addressing fixation on costal cartilage.
Thus, the data are not sufficient to clearly determine how
stable internal fixation is on the costal cartilage and whether
it will cause other complications. Therefore, based on our
surgical experience of tumor resection and reconstruction
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adjacent to the costal cartilage of the anterior chest wall, it
seems that the reconstruction material can be simply fixed to
the rib cortex when the rib stump is longer than 2 cm. When
the residual length is less than 2 ¢cm, we have fixed one end of
the reconstruction material to the sternum to ensure stability
(Figure 2).

Lateral chest wall

It is relatively simple to reconstruct the lateral chest
wall after tumor resection, and enough bone stump can
be retained at both ends of the margin for chest wall
reconstruction. However, it is still tricky to select the right
material for large defects and carry out the reconstruction
in a straightforward and effective way. Figure 3 shows
a rib tumor in which 6 ribs were removed. Chest wall
reconstruction was carried out by using 3 titanium rib plates
to reconstruct the bone structure combined with polyester
mesh. When the resection involves the surrounding muscle
and even skin, muscle flap transfer and skin flap transfer
are required for soft tissue reconstruction to ensure wound
healing and reduce the risk of infection.
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Figure 3 Latissimus dorsi muscle flap was used to cover the large soft tissue defect after lateral chest wall tumor resection.

Posterior chest wall or full-length rib resection

In cases of posterior chest wall tumors where the rib
stump is already close to the transverse process after RO
resection, the remaining rib stump may not provide a good
anchor point for stable fixation. When the lesion is too
large or even involves the full length of the rib, anatomical
reconstruction of the rib is not feasible. For this type of
chest wall reconstruction, our aim is to restore the stability
of the chest wall and avoid local chest wall deformity and
paradoxical respiration caused by the large defect. We have
fixed the reconstruction plate perpendicular to the ribs.
In this study, we performed 2 operations in this way. No
obvious chest wall deformity or constriction of breath was
observed during the follow-up. This type of reconstruction
seems feasible based on our current clinical observations
and can also be used in patients with chest wall tumors
below the sixth rib whose posterior margin of resection
is adjacent to the costal cartilage, resulting in unstable
fixation. However, whether this reconstruction technique
compromises pulmonary function still needs further study.
Scapula and surrounding area

Chest wall reconstruction is indicated when the defect
in the scapular area is larger than 10 cm. In our clinical
observation, when the defect is located under the inferior
angle of the scapula, it will cause sinking of the scapular
angle and discomfort, even if the defect is small. In this
study, 22 patients with chest wall defects in the scapular-
covered area were divided into those with an inferior angle
of the scapular area (ribs 5 to 7) and those with a noninferior
angle of the scapular area. When the defect is located under
the inferior angle of the scapula, we have a low threshold to
reconstruct the chest wall, and the operation in this area is
relatively simple and safe.

Sternal lesions
When the tumor is close to or directly invades the sternum,
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it is necessary to resect the partial or total sternum to
ensure RO resection. The titanium sternum-rib fixation
system was used for cruciform reconstruction of the defect.
The transverse reconstruction plate must be fixed on
the rib stumps on both sides, and vertical reconstruction
material should bridge the sternum stumps longitudinally.
In this study, in 5 cases of sternal tumor resection and
reconstruction, we retained part of the sternum as much
as possible to provide stable fixation points for the
reconstruction materials (Figure 4).

Sternoclavicular lesions
Sternoclavicular joints do not need to be reconstructed after
tumor resection, although chest wall reconstruction may
still be performed to ensure the stability of the chest wall
in patients with large defects (Figure 5). Unreconstructed
sternoclavicular joints did not affect the normal movement of
the shoulder joints in our postoperative follow-up study (11).
In this study, a total of 57 patients underwent chest wall
reconstruction with an average of 2.3 ribs removed. Table 1
shows the basic data of all patients. The reconstruction
materials used in the 57 cases of chest wall reconstruction
are listed in 7able 2, including 10 cases involving sternotomy
and reconstruction and 3 cases involving sternoclavicular
joint resection and reconstruction. The follow-up time
ranged from 3 months to 5 years, with an 86% follow-
up rate (8 were lost to follow-up) (details in Tuble 3).
Postoperative chest discomfort occurred in 6 patients
during follow-up, and 2 patients had chronic pain. The
average time to return to normal life was 1.4 months. One
patient developed deformed depression of the chest wall,
and 2 patients developed wound infections. A total of
4 patients developed recurrence and metastasis, 1 of whom
was pathologically diagnosed with chondrosarcoma and died
2 years after treatment following metastasis to other sites.
The remaining 3 patients with recurrence also developed

7 Thorac Dis 2022;14(12):5064-5072 | https://dx.doi.org/10.21037/jtd-22-1686



5068

Li et al. Mastery of chest wall reconstruction

Figure 4 The sternal body tumor was resected on both sides of the 3rd to 6th ribs and the corresponding sternal body, and the titanium

sternal plate and polyester patch were used for reconstruction.

Figure 5 Bilateral sternoclavicular joints were accumulated in the manubrium sternum, and the chest wall was reconstructed with titanium

rib plate and dacron mesh after resection.

metastases in other sites and are still under treatment and
follow-up. No perioperative death was observed in the
whole group.

Discussion

Chest wall reconstruction has always been a challenge for
thoracic surgeons. It involves the reconstruction of the
pleura, bone structure, and soft tissue separately (12). For
bone reconstruction, titanium mesh, 3D-printed materials,
and bone grafts are widely used in clinical practice. The
advantage of 3D-printed materials lies in the modeling of
the defect reconstruction site before surgery to produce
preformed materials of the right proportions. During
reconstruction, the original contour of the chest wall
can be restored to the greatest extent when 3D-printed
materials are used. However, due to its high cost, its clinical
application has certain limitations (13). Bone grafting

© Journal of Thoracic Disease. All rights reserved.

can provide perfect histocompatibility and avoid immune
rejection. This technique is suitable for reconstruction with
small local defects, but not for reconstruction with large or
complex defects (14). In this study, a titanium sternum-rib
fixation system with polyester mesh was used for various
types of chest wall reconstruction. Titanium is among the
metallic materials with the best histocompatibility. The
curved undersurface of the titanium plate ensures free
pressure on the periosteum and protects the blood supply.
The titanium sternum-rib fixation system can be cut to
fit the defect. It can be contoured easily while having
considerable rigidity, so that it can effectively support
the defective chest wall. Locking plates with threaded
locking holes boast more scientific mechanical properties.
The stable locking structure enables the reconstruction
material to have excellent stability and sufficient rigidity
and flexibility to fully adapt to the chest wall movement
caused by respiration. Titanium plates will not affect
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Table 1 Basic characteristics Table 2 Chest wall reconstruction
Variables Sample (n=57) Reconstruction type Number
Average age (years) 44 1 Used one piece of reconstruction material, n (%) 35
Sex, n (%) One-rib resection 22 (62.9)
Male 35 (61.4) Two-rib resection 5(14.3)
Female 22 (38.6) Three-rib resection 6(17.1)
Pathology, n (%) Four-rib resection 2(5.7)
t i f tructi terial 9 1
Malignant tumor 31 (54.9) Used two pieces of reconstruction material, n (%) 3
. Two-rib resection 1(7.7)
Benign tumor 26 (45.6)
Three-rib resection 10 (76.9)
Primary tumor 50 (87.7)
Four-rib resection 0
Metastatic tumor 7 (12.3)
Five-rib resection 1(7.7)
Average number of-rib resection 2.3 o .
Six-rib resection 1(7.7)
Partial sternal resection, n (% 10(17.5 . . .
(%) ( ) Used three pieces of reconstruction material, n (%) 1
i ol 1 0,
Sternoclavicular joint resection, n (%) 3(5.3) Six-rib resection 1(100.0)
Scapula and surrounding area, n (%) 11 (19.3) Sternal tumor, n (%) 5
Under the inferior angle of scapula 7 (12.3) Resection range
Noninferior angle of scapula area 4(7.0) Bilateral resection of the 2nd to 5th costal 3 (60.0)
Average number of reconstructive plates per rib 0.6 cartilage and sternum
Reconstruction involves costal cartilage, n (%) 10 (17.5) Bilateral resection of the 3rd to 6th costal 2(40.0)
cartilage and sternum
Reconstruction involved the sternum, n (%) 13 (22.8) . .
Reconstruction material
Post ti licati 9 2 (3.
ostoperative complications, n (%) 39 Titanium sternum fixation system 4 (80.0)
Average length of hospital stay (days) 12.3 Titanium rib fixation system 1(20.0)
Follow-up cases, n (%) 49 (86.0) Sternoclavicular joint resection 3
Perioperative death, n (%) 0 (0.0) Total 57
computed tomography (CT), magnetic resonance imaging Table 3 Follow-up information
(MRI), or other examinations. None of the patients in Variables Number (%)
this study experienced plate deformatlon or dlsplacen.lent. Chest wall deformity 1(1.8)
Polyester patches can cover a wide area, as they are highly baradoxical resoirati 00,0
. aradoxical respiration .
durable, radiolucent, and easy to handle. They can be P 00
directly sutured on the surrounding tissues as a material Postoperative complications 2(3.5)
for pleural reconstruction, chest cavity closure, and organ Recurrence and metastasis 4(7.0)
protection (15). Reconstruction material shift 0(0.0)
It is not necessary to reconstruct each rib in chest
. . . Chest discomfort 6 (10.5)
wall reconstruction. The point is to select appropriate
reconstruction materials according to the tumor site and Chronic pain 2(3.9)
resection extent. Thus, the reconstruction operation should Average time to return to normal life (month) 1.4 (2.5)
be justified and simplified. For simple rib lesion resection, Follow-up 49 (86.0)
the reconstruction technique of a titanium rib fixation
Lost to follow-up 8 (14.0)

system with polyester mesh can be selected. In our study,
35 lesions were reconstructed with 1 titanium rib plate to
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cover the defect of up to 4 ribs. Depending on the number
and location of the ribs removed, defect reconstruction can
be performed using only 3 titanium rib fixation systems
when 6 ribs are resected. However, the titanium rib fixation
system also has certain limitations. Being approximately
18 cm length, it is often not long enough to cover the
defect after anterior wall resection for sternum tumors.
Thus, in this case, the titanium sternum fixation system is
often used in combination with the rib system. Due to its
intended use, the titanium sternum plate is approximately
30 cm long and has higher strength. It is more suitable
for reconstruction of large defects in the anterior chest
wall. In this study, 5 patients with sternal tumor lesions
underwent bilateral costal cartilage and sternum removal.
A total of 4 costal cartilages and the corresponding sternum
were removed, on average, on both sides. According to the
size of the defect, the titanium sternal fixation system was
selected for chest wall reconstruction in 4 patients, and
the titanium rib fixation system was selected in 1 patient.
Postoperative recovery was good in all 5 patients, without
displacement, dislodgement, or other discomfort associated
with reconstruction materials.

The extent of chest wall resection should be chosen
individually, and reconstruction should be accomplished as
simply as possible. Our experience is that we should respect
the barrier function of the host tissue and retain as much of
the healthy tissue as possible to simplify reconstruction. In
this group of cases, for the lesions that did not penetrate the
muscular layer or a certain layer of soft tissue, the adjacent
muscles or tissues were preserved as much as possible,
which greatly reduced the frequency of application of a
transferred muscle flap or skin flap. This not only reduced
the surgical trauma but also simplified the operation,
and there was no short-term local recurrence during the
follow-up. For bone tissue, especially the sternum, as much
healthy bone structure as possible should be retained. If the
sternoclavicular joint is not involved, it is recommended to
keep as much of the sternum a part of the sternoclavicular
joint as possible to provide a fixation point for the titanium
plate. This also significantly simplifies the operation. The
sternal angle is also an important structure (16). From the
point of view of anatomy, there are 3 types of sternal angles:
synovial joints, cartilage connections, and bony connections.
These types can be distinguished on CT images. When
the connection is a synovial joint or cartilage connection,
this structure can serve as a natural barrier. If the tumor
does not involve the articular surface, part of the sternal
manubrium may be preserved to guarantee the stability
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of sternoclavicular joints and to facilitate titanium plate
fixation.

Due to high population mobility, 8 patients were not
followed up on time at 1 month after surgery. In the
follow-up for the other 49 patients, 1 patient had a local
depression deformity of the chest wall after surgery. The
condition was explained by massive soft tissue resection
and scar contracture after reconstruction of the chest wall.
However, the patient had no paradoxical breathing during
the follow-up period. Among the 2 patients with wound
infection, 1 was due to massive soft tissue resection with
high local tension, so that postoperative wound healing was
difficult. The other was due to preoperative radiotherapy,
which hardened the local skin and hindered postoperative
wound healing. When determining the resection extent
of soft tissue intraoperatively, RO resection of the tumor
should be ensured through rapid frozen sectioning. The
physiological barrier of the muscular space matters. This
can be used as the anatomical landmark for us to visually
determine the resection extent during the operation and
reduce the operation time. Second, for patients with
large soft tissue defects, it is suggested that muscle flap
coverage be applied by a plastic surgeon to achieve a
satisfying appearance after reconstruction and reduce the
postoperative wound infection rate. If the tumor invades the
dermis, indicating wide skin resection, a skin flap may be
used. In addition, during the follow-up, 6 patients had chest
discomfort, including numbness around the incision and
foreign body sensation in the surgical area, and 2 patients
had chronic pain more than 3 months after surgery, which
was considered to be caused by peripheral nerve injury in
the surgical area and adverse reactions to implants. In the
follow-up of the 2 patients with chronic pain, the patients
only took intermittent oral nonopioid analgesics for pain
control, without any hinderance to daily work or life caused
by chronic pain.

For chest wall reconstruction surgery, a stable thoracic
cage after surgery, no implant displacement, no obvious
chest wall deformity, and no abnormal breathing are the
basic evaluation indexes of the surgery. In this study, only
1 case of postoperative chest wall depression deformity
was found among all the patients, so the success rate
of reconstruction was 98%. Problems such as surgical
operability and cost are secondary evaluation indexes. The
titanium sternum-rib internal fixation system combined
with polyester mesh has wider applicability than other
reconstruction materials and can cope with various types
of chest wall defects. Through the evaluation of the defect
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site during the operation, reconstruction of the chest wall
with a defect area larger than 5 cm x 5 cm saves the use
of reconstruction materials to a certain extent and further
reduces the operation cost while ensuring the success of the
operation.

Conclusions

In conclusion, we suggest that for chest wall lesions, surgery
should be performed with the goal of maximal lesion
resection and maximal preservation of the healthy tissue to
simplify reconstruction. The titanium sternum-rib fixation
system can fulfill almost all the needs of reconstruction for
large defects after various chest wall lesion resections. It is
ready to use, easy to cut and contour, and easily combined
with polyester mesh. It is affordable and the satisfactory
clinical outcomes support its wider application.
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