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Chest Wall Resection and Reconstruction:
Analysis of 11 Cases after Methylmethacrylate Reconstruction
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ABSTRACT

Background: Patients with extensive resection of the
chest wall, followed by reconstruction with methyl-
methacrylate and double prolene mesh in the form of
"sandwich" prosthesis. Substitutes were assessed prospec-
tively as chest wall defects continue to present a compli-
cated treatment scenario for thoracic and reconstructive
surgeons.

Objectives: To evaluate the results of eleven patients
who underwent chest wall resection and reconstruction.

Materials and Methods: Eleven patients were pro-
spectively reviewed who underwent chest wall resection
and reconstruction at National Cancer Institute Cairo
University. Among them, 7 were male and 4 female. The
mean age was 34.5 (SDV±19.8) years. The indications
for resection were primary chest wall tumor in 7 patients
(63.7%), recurrence of breast cancer 2 (18.2%), lung
cancer with invasion of chest wall 1 (9.1%) and pleuro-
blastoma 1 (9.1%).

Results: The mean number of rib resected was
4.18±1.16 ribs (3-6). Concomitant resection was done in
6 patients; including lung resection 2, partial resection of
diaphragm 2, lateral clavicle with forequarter amputation
1 and partial sternectomy 1. All patients underwent skeletal
reconstruction (SR) with methylmethacrylate and double
prolene mesh in the form of"sandwich" prosthesis. Simul-
taneous SR and soft tissue reconstruction (STR) were
performed in 7 patients 63.7%. Five patients (45.5%)
developed postoperative complications with no perioper-
ative mortality. Follow-up was carried out for a mean
period of 18.7 months (11-36). Three patients developed
relapse (27.3%), local recurrence in two cases and bone
metastases in one case.

Conclusions: Chest wall resection followed immedi-
ately by reconstruction utilizing synthetic mesh with a
filler of methylmethacrylate with or without local or
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pedicled muscle flaps can be performed as a safe, effective
one-stage surgical procedure for major chest wall defects
which prevents paradoxical movement of chest wall and
overcomes deformity.

Key Words: Chest wall - Reconstruction - Tumor - Pros-
thesis.

INTRODUCTION

Reconstruction of chest wall is mandatory
after large excisions. Adequate reconstruction
of chest wall prevents paradoxical movement
of chest wall and overcomes deformity. There
are different methods and materials used for
reconstruction of chest wall in different disease
conditions. According to availability of expertise
and prosthetic material, approaches also differ
[1]. Successful reconstruction of the chest wall
defects should be provided ideally as an imme-
diate one stage procedure that provides structural
stability and secure closure of the integument.
Prhaqm described his experience in thoracic
resection for the tumors of the bony chest wall
in 1889 [2]. Classification of thoracic wall tumor
during the early 1900s, included primary neo-
plasms whether benign or malignant skeleton
and adjacent soft tissues, chest wall metastases
or neoplasms that invade it from the lungs,
pleura, mediastinum, muscle and breasts [3]. In
the late 1940s, important contribution to recon-
struction of chest wall defects occurred. Watson
and James discussed the use of fascia lata grafts
for closure of these defects [4]. Besgard and
Wensons utilized rib grafts as horizontal stent
to reconstruct the resected sternum [5]. Maiere
reported the use of large cutaneous flap that
frequently included the opposite breast to close
large defects of anterior thorax secondary to
breast carcinoma and radiotherapy [6]. In 1972,
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a sandwich of two layers of marlex mesh with
a filler of methylmethacrylate was described
[7] in these situations and has gained increasing
acceptance as it satisfies the requirements for
rigidity, protection, and chest wall remodeling
[8]. In this article we have analyzed 11 cases of
chest wall excisions followed by reconstruction
for different primary diseases in a prospective
descriptive way and tried to analyze how we
are making our way of chest wall reconstruction.

MATERIAL AND METHODS

During the study period from (January 2001
to February 2005), eleven patients underwent
chest wall excision and reconstruction at Na-
tional Cancer Institute Cairo University as a
personal series. In all patients prior to resections
we routinely perform pulmonary function tests,
conventional chest roentgenography, which
occasionally detects a defect or mass. For all
patients a computed tomography (CT) scan was
done to evaluate the extent of the lesion. In
patients with evidence of a former cancer, bi-
opsies for a histological proof were not taken
routinely. In the other cases, samples were
obtained with incisional or tru cut biopsy.

Inclusion criteria: 1- Skeletal defect of chest
wall after excision of lesion, consisted of resec-
tions of a minimum of three ribs involved or
resections including the sternum reconstructed
by methylmethacrylate., 2- Those needed soft
tissue or pedicle flap in addition to artificial
materials for reconstruction. Resections of less
than three ribs or those situated in the posterior
chest wall under the scapula were not included
in this study. Variables include age, sex, indica-
tion of excision, area of excision and defect;
method of reconstruction, and immediate post-
operative complications. Indication of excision
is the primary disease that required chest wall
excision. Patterns of reconstruction are 1- Skel-
etal reconstruction (SR), i.e. artificial recon-
struction material (methylmethacrylate) was
used for stability of thoracic cavity, no flap was
made, 2- Skeletal reconstruction and soft tissue
reconstruction (SR+STR) where thoracic cavity
was stabilized with prosthesis and soft tissue
flap. All reviewed clinical variables were cod-
ified and prospectively recorded in a computer-
ized database. Data were obtained during hos-
pitalization and follow-up.

Surgical technique:

The surgical resection with safety margin
3-5cm was completed and was considered suf-
ficient with absence of neoplastic involvement
was demonstrated at frozen sections of the
margins. Reconstruction included prosthesis
placement for stabilization in all cases. After
chest tube insertion, the skeletal chest wall
defect was closed by use of methylmethacrylate
with double Prolene mesh in the form of "sand-
wich" prosthesis. The prosthesis was constructed
on a back-table, according to the defect to be
filled. The paste of methylmethacrylate was
prepared by 40g polymeric powder mixed with
20ml liquid. Then the paste distributed between
the two layers of prolene mesh which previously
measured according to the defect and molded
on the chest wall leaving 1-2cm from the edge
of the Proline mesh without paste for fixation
of the prosthesis in surrounding chest wall.
Then the prosthesis fixed to the surrounding
chest wall with non absorbable Proline size 1.
Soft tissue coverage was then performed by
soft tissue adaptation or by use of pedicled
myocutaneous flaps. All patients were extubated
immediately after surgery and transferred to the
recovery room during the first 6-8h. If no com-
plication was recognized, the patient returned
to the ward where physical activity was initiated
the morning after under the supervision of a
physiotherapist. Prophylactic antibiotics were
given for 48 hours postoperatively.

RESULTS

Eleven patients (7 males and 4 females)
fulfilled the inclusion criteria. Patients age
ranged from 4 to 57 years (mean age 34.5
(SDV±19.8). All of them underwent whole
thickness resection of the chest wall. Resected
chest wall consisted of bone, soft tissue and
sometimes skin. The indications of chest wall
resection are shown in (Fig. 1). Primary chest
wall tumor represented the main indication
(63.7%). Three cases are malignant fibrous
histiocytoma (27.3%), two cases of fibromatosis
(18.2%), one of chondrosarcoma (9.1%) and
one case of Ewing`s sarcoma (9.1%). Collec-
tively sarcoma represented the most frequent
pathological indication (45.5%). Recurrent
breast cancer 2 cases (18.2%), pleuroblastoma
1 case (9.1%) and bronchoginic carcinoma one
case (9.1%).
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Extent of Resection Depending on the extent
and location of the lesion, ribs, sternum, clavicle
and diaphragm may be resected. Numbers of
resected ribs ranged from 3 to 6, mean
(4.18±1.16) ribs in different sites in chest wall.
Concomitant resection of ribs and other struc-
tures was done in 6 patients (54.6%). Partial
excision of diaphragm was done in 2 patients,
and resection of lower part of sternum was done
in one patient. Another patient required fore-
quarter amputation plus 6 ribs. Lobectomy of
the lung in addition to three ribs in 2 cases, the
first one was bronchogenic carcinoma and the
second one was pleuroblastoma (Table 1 and
Fig. 3-A,B,C,D). The mean blood loss during
the operation was 481.81±227ccm with a range
from 200-900cc ml. and three patients needed
blood transfusion with mean operative time
130.9±33.3 minute with a range of 80-190,
(Table 3 and Figs. 2,3,4-A,B,C,D).

Reconstruction: Immediate closure of the
defects was performed in all cases. Skeletal
reconstruction was done by use of methyl-
methacrylate with double Prolene mesh in the
form of"sandwich" prosthesis in the eleven
patients (100%). Soft tissue reconstruction was
done by primary closure in 4 patients (36.4%).
Simultaneous SR and soft tissue reconstruction
(STR) were performed in 7 patients (63.7%).
Local flap(breast) in one patient (9.1%), Local
flap+split thickness graft in one patient (9.1%),
Latissimus muscle flap in 3 patients (27.3%)
and pectorals muscle flap in 2 patients (18.2%).
Diaphragmatic reconstruction was completed
with primary closure in one case, and another
one reconstructed by Proline mesh (Table 2 and
(Figs. 2,3,4-A,B,C,D).

Postoperative course and follow-up: There
was no 30-day mortality. All patients were
extubated after the operation.The Postoperative
course was uneventful in 6 patients (54.6%).
Altogether 5 patients (45.9%) developed post-
operative complications (Table 4). One patient
developed acute respiratory distress syndrome
needed reintubation and intensive care unit
admission for five days and improved another
patient suffered lung collapse and needed inten-
sive care unit admission for three days, bron-
choscopy to remove mucous plug with physio-
therapy with consequent improvement (Tables
3,4). One patient developed pneumonia of the
underlying lung requiring antibiotic therapy.

Flap hematoma which needed surgical interfer-
ence occurred in one patient another one devel-
oped minor wound infection. The mean hospital
stay was 11.2±6.01 days (range 6 to 21) days
(Table 3). No soft tissue flap necrosis or wound
dehiscence was observed during hospitalization.
Infection of prosthesis occurred in one patients
(9.1%) 3 months after the operation and the
mesh was surgically removed without recon-
struction as it was surrounded with tough fibrous
tissue.

Five patients taking part in this study had
received neoadjuvant chemotherapy (1 pleuro-
blastoma, 1 lung cancer, 1 Ewing`s sarcoma
and 2 breast cancer). Adjuvant radiotherapy
was given to 3 cases of primary chest wall
tumors.

Information about survival was obtained for
all patients. The mean follow-up period was
18.7±7.6 with range from 11-36 months, all
patients are alive. Three patients developed
relapse (27.3%), two cases of primary chest
wall tumors developed local recurrence after
12 and 13 month, one case of recurrent breast
cancer developed bone metastasis 16 months
post operative and eight patients (72.8%) are
disease free at the end of the study (Table 5).
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Fig. (1): Indications of chest wall resection.
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Fig. (2): Chest wall and diaphragmatic resection and reconstruction (28 years old
female with malignant fibrous histiocytoma).

Fig. (3): Chest wall and diaphragmatic resection and reconstruction (4 years child Pleuroblastoma).
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Fig. (4): Resction and reconstruction (53 years female with chondrosarcoma).

Table (1): Chest wall resection: Indications, site, extent and defect.

Extent of resection

3 ribs (6th-8th)
4 ribs (7th-10th) + diaphragm
6 ribs (5th-10th) + lower sternum
3 ribs (6th-8th)
4 ribs (3rd-6th)

4 ribs (3rd-6th)
6 ribs (2nd-8th) + lateral clavicle +

forequarter amputation

4 ribs (2nd-5th) and 5 ribs (2nd-6th)

3 ribs (6th-8th) + lobectomy +
diaphragm

3 ribs (5th-7h) + lobectomy

Site of the tumor

Posterior
Inferior and lateral
Anterior
Lateral
Anterior

Lateral
Superior lateral

Anterior

Posterior inferior

Lateral

Ratio
(%)

27.3%

9.1%
9.1%
18.2%

18.2%

9.1%

9.1%

Number
of patients

3

1
1
2

2

1

1

Diagnosis

Primary chest wall tumors:
A- Malignant fibrous histiocytoma

Case (1)
Case (2)
Case (3)

B- Ewing`s sarcoma
C- Chondrosarcoma
D- Fibromatosis

Case (1)
Case (2)

Tumors invading chest wall:
A- Recurrent breast carcinoma

(Two cases)
C- Pleuroblastoma

D- Bronchogenic ca

(A) (B)

(C) (D)



DISCUSSION

In the treatment of patients requiring chest
wall resection, three tenets of surgical resection
should be maintained [8]. First, a sufficient
amount of tissue must be resected to dispose
all devitalized tissue. Second, in large chest
wall resections a replacement must be found to
restore the rigid chest wall to prevent flail chest.
Third, healthy soft-tissue coverage is essential
to seal the pleural space, to protect the viscera
and great vessels, and to prevent infection [8,9-
12]. As we did in this analysis after oncological-
ly wise chest wall resection, skeletal reconstruc-
tion was done with or without soft tissue. Chest
wall excision and reconstruction is needed for
the management of primary tumor of chest wall,
severe infection to chest wall, radiation induced
necrosis of chest wall and deep infiltrating skin

cancers of the chest etc. Disease types in differ-
ent reports differ according to the authors and
disease he/she is treating with [6-10,24,25]. This
study was carried out in surgical oncology
department at National cancer institute; malig-
nancy was the main indication of chest wall
resection in which primary chest wall tumors
represented the main indication (63.7%)  (Table
1). Large tumors can be treated successfully by
resection and soft tissue coverage by muscle
flaps alone [11], however, these patients usually
require prolonged respiratory support and in-
tensive care due to chest wall instability. Several
authors have shown that stabilization of the
chest wall in addition to soft tissue coverage
reduced ventilator dependence and over-all
hospital stay [12,13] and improved postoperative
Pa O2 and pulmonary function compared with
soft tissue coverage alone [13]. Stabilization of
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Table (2): Chest wall reconstruction.

11 (100%)

11 (100%)

4 (36.4%)
1 (9.1%)
1 (9.1%)
3 (27.3%)
2 (18.2%)

1 (9.1%)
1 (9.1%)

Number
of patientsReconstruction

Immediate

Skeletal reconstruction (SR):
Methylmethacrylate + prolene mesh
"sandwich".

Soft tissue reconstruction:
Primary closure
Local flap (breast)
Local flap + STSG
Latissimus muscle
Pectoralis muscle

Diaphragmatic reconstruction:
Primary closure
Proline mesh

Table (3): Operative post operative course.

(6-21)
(200-900)
(80-190)

Range

11.2±6.01
481±227.4ccm
130±40 minute
2 Patients needed

the admission
(5 & 3 days)

Mean ± SDItem

Hospital stay
Blood loss
Operative time
I.C.U Admission

Table (4): Post operative morbidity and mortality.

1 (9.1%)

1 (9.1%)

1 (9.1%)

1 (9.1%)

1 (9.1%)

5 (45.5%)

1 (9.1%)

2 (18.2%)

1 (9.1%)

4 (36.4%)

0

Morbidity:

Immediate:

Lung collapse

Acute respiratory distress syndrome

Pneumonia

Wound sepsis

Flap hematoma

Total

Delayed:

Chronic sepsis

Local recurrence

Distant metastasis

Total

Mortality:

No perioperative mortality

Table (5): Patern of relapse and eighteen month survival.

2 (18.2%)

1 (9.1%)

Total relapse

8/11 (72.8%)

Disease free
survival

11/11 (100%)

Eighteen month
survival

0

1

Metastatic
disease

2

0

Local
recurrenceDiagnosis

Primary chest wall disease

Recurrent Breast disease



chest wall with prosthesis is considered to de-
crease the need of prolonged mechanical venti-
lation and improve postoperative pulmonary
function [15,24,25]. Various techniques have been
used successfully for closure of chest wall
defects. Since 1972, methylmethacrylate sub-
stitutes consisting of two layers of marlex mesh
and a filler of methylmethacrylate have gained
increasing popularity for bridging large antero-
lateral chest wall defects including the sternum
[7,9–14], as it is believed that this technique
fulfills the criteria of an ideal reconstruction
providing enough stability for normal sponta-
neous breathing and coughing and cosmetic
acceptability. Moreover, it allows an individual
remodeling of virtually every skeletal chest
wall defect according to the shape of the chest.
Constructing the prosthesis in this study on the
back-table allowed us its remolding on chest
wall with better configuration of the prosthesis
according to the shape of the chest wall to be
replaced, leading to better functional and cos-
metic results and we avoided heat-related injury
in our patients during the polymerization process
of methylmethacrylate. The size and site of the
lesion influence the selection of the prosthesis.
A rigid one seems necessary for sternal and
parasternal defects but soft prosthesis are enough
in anterolateral defects in order to avoid para-
doxical chest movement [16]. Losken et al. [17]
reported that mesh closure was required more
often for lateral defects when compared to
posterior and anterior ones. In our series all
cases with two posterior, three anterior and one
apical resections in addition to anterolateral
defects required prosthesis for stabilization.
Thus, in our opinion when in doubt due to the
size or position of the defect, prosthesis is
recommended. The use of prosthesis has not
been reported to increase septic complications
or foreign body reactions [18]. Little differences
exist between polypropylene mesh and expand-
ed-polytetrafluoroethylene in terms of resistance
to infection and rejection [19], so final decision
on the type of prosthesis to be used depends on
the unit policy. In this study we used Prolene
mesh and only one case needed late surgical
removal of the prosthesis due to sepsis 9.1%
after three months.

Soft tissue reconstruction of muscle flap
along with the prolene or Teflon increases the
air tightness of the chest cavity and enhances
the absorption of serous fluid. This subsequently

decreases the chance of wound infection. It has
got more significant role when mesh is used.
We adopted soft tissue reconstruction in cases
where there is no adjacent muscle to cover the
wound after suturing of the prosthesis or where
adjacent muscle coverage is unsatisfactory. Our
combined reconstruction rate is 63.7% (Local
flap 18.2%, pectoralis 18.2% and latissmus
27.3% Table 2) which is comparable to the 50-
60% which is frequently reported in medical
literature [1,9,20]. We considered that the low
rate of post operative wound complication is a
contribution of immediate and simultaneous
soft tissue and skeletal reconstruction, as there
is only one case of wound infection in this
study.

As we have shown, massive chest wall re-
section can be safely performed and most pub-
lished series, including this one, report no 30-
day mortality [15-21]. In our experience, five
cases (45.5%) developed postoperative compli-
cations (Table 4) which is more than Nuria etal
as they reported three cases of fifteen [24] and
this may be attributed to the early experience
or small number of cases. Reported prevalence
of flap loss is around 5% [21,20], although 0%
has been reported by Rivas et al. [23]. In this
study flap loss of 0% has been reported. Survival
after chest wall resection for primary malignant
tumors depends on the histology, the existence
of free resection margins and the absence of
distant metastases [18]. Reported 5-year survival
is around 50%. Reported 5-year survival after
resection of a locally recurrent breast cancer
ranges from 34 to 58% [18]. We reported 100%
over all survival rate and 72.7% are disease
free, 18.2% developed local recurrence and
9.1% had distant metastasis, which is biased by
the fact that we have studied a non – represen-
tative highly selected group of patients but, the
results are encouraging and indicate that even
in large neoplasms, long relapse-free periods
can be obtained without operative mortality.

In conclusion Chest wall resection with
reconstruction utilizing synthetic mesh with
methylmethacrylate filler with or without local
muscle flaps can be performed as a safe, effec-
tive one-stage surgical procedure for major
chest wall defects which prevents paradoxical
movement of chest wall, considered to decrease
the need of prolonged mechanical ventilation
and improve postoperative pulmonary function
and overcomes deformity.
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