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Abstract Thoracoplasty was invented for removing cavities between thoracic wall and remnant
lung or mediastinum. It was initially used in cases of tuberculosis or unspecific
infections, while currently it is used mainly for space problems after lobectomy/
pneumonectomy.
This article presents an overview of the historical and current techniques of this
surgical procedure.
Nowadays, thoracoplasty is rarely performed due to the low incidence of diseases for
which this method is necessary. Therefore, this method has even been discredited.
Furthermore, certain technical aspects of the thoracoplasty are not very well known
because of the infrequent application of this procedure.
Unfortunately, a look into the literature of thoracoplasty is not always usefull due to the
biased views of advocates of different techniques such as Schede’s thoracoplasty,
Heller’s Jalousie-Plastik, Alexander’s extramusculoperiosteal thoracoplasty, Bjork’s
osteoplastic thoracoplasty, etc.
Not to forget, there has always been a lack of research on the relevance and on the
several techniques of thoracoplasty.
The point is precise indication and correct execution of thoracoplasty as a final
therapeutic option, which allows a safe and definitive solution of the space problem
even in complex cases, without creating serious functional and cosmetic impairment
for the patient.
The main types of thoracoplasty are described in this article. Although the core
principle of this operation remains unchanged, modern techniques are often cosme-
tically more considerable and less destructive, compared with techniques that were
used in the past.
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Introduction

Thoracoplasty means resection of bony parts of the chest
wall, usually more or less extended parts of the ribs. The aim
of the procedure is to reduce the size of the chest wall to
eliminate a hollow space, or to compress a pathologically
altered lung.1–4

This surgical method (also called collapse therapy of chest
wall) historically applied to treat cavernous forms of lung
tuberculosis and to eliminate empyematous cavities.3,5 Gra-
dually, the technique of thoracoplasty has been significantly
modified6 and currently it is complemented frequently by a
myoplasty such as thoracomyoplasty.7

Thoracoplasty was initiated in the late 19th century to
treat destructive lung tuberculosis and was also a “last
chance” treatment for chronic pleural empyema (in various
intra/extrapleural modifications with different degrees of
mutilation).1,4,6,8 The need for surgical intervention was
considerably reduced as a result of the introduction of
effective drug therapy of tuberculosis (starting with Strep-
tomycin in 1944, then PAS, INH, and most recently Rifampi-
cin, in 1966) as well as the development of multimodal and
targeted treatment of pleural empyema.

The precise technique and indication of thoracic model-
ling has largely fallen into oblivion. In consequence, during

the past 30 years, thoracoplasty is rarely performed and
when performed, it is often done incorrectly.

Although surgery in the treatment of the pulmonary
tuberculosis is currently of no great relevance, the impor-
tance of thoracoplasty has not decreased, especially in cases
of infected intrathoracic cavities, which cannot be liquidated
otherwise (e.g., after pulmonary resection). Thoracoplasties
in particular represent a safe and life-saving treatment
option in cases of permanent space infections after pneu-
monectomy (up to 10%).9,10

It should be noted here that according to reports from
Robert Koch Institute,11 there has been an increase of
incidence and the prevalence of pulmonary tuberculosis in
Germany in recent years.7,10,12–19 This is primarily caused by
multiresistant germs, as well as non-specific or secondary
mycotic settlements (►Fig. 1). Moreover, cases of pleural
empyema are increasing due to multiresistant bacteria and/
or fungi (including Aspergillus [►Fig. 2]) which is particu-
larly common after partial lung resection and pneumonect-
omy, especially in immunologically impaired oncologic
patients.

The main aim of this article is to present the historical
basics of thoracoplasty and discuss its current indications
and techniques to provide a better understanding of this
method.

Fig. 1 (a) Lung destruction through tuberculosis. (b) Bulla/cavern left after caseous pneumonia.

Fig. 2 (a) Aspergillus-associated pleural empyema after pneumonectomy on the right—CT and chest X-ray imaging. (b) Aspergillus growth in
the pleural cavity after pneumonectomy.
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Actual Indications

The most common indications for thoracoplasty are the
resulting or remaining therapy-resistant filling defects of
the pleural cavity and multiresistant infections of lung or
pleura. Some examples are as follows:

• Severe fibrotic-cicatricial changes of residual lung after
resections (loss of compensatory elasticity).

• Postoperative pleural empyema after lung resection
(often in combination with small residual lung).

• Destructive processes in lung tuberculosis.
• Persistent, ( (BPF) in continuity to the empyema cavity.
• Therapy-refractory empyema after pneumonectomy.

Therapeutic Proceeding to Dealwith Defects

The basic principle here is to always perform the minimal
intervention possible, which can lead to success. Therefore, a
step-by-step therapeutic escalation has to be performed if the
preceding step is not successful. The extent of the escalation
depends on the localization of the cavity, since apically loca-
lized caves (rigid structures on all sides) require thoracoplasty
more often than basal residual cavities after lower bilobect-
omy, due toascensionof thediaphragm. Successful options are
pneumoperitoneum, but also muscle lobes (including dia-
phragm plastics) or transfer of omentum majus.

Strategically, two therapeutic goals should be achieved:

1. Infection cleansing respectively decontamination
(a) Cleaning of pleural cavity by flushing (e.g., drainage
or repetitive thoracotomy/thoracoscopy)
(b) Thoracostomy
(c) Vac treatment
(d) Fistula occlusion, if required (by surgery or with
stents)20

2. Elimination of the cavity
(e) Cave filling with muscular/omental flaps21,22

(f) Thoracoplasty as a final “ultima ratio” intervention
(g) Combined procedures (e) þ (f)

Based on clinical situation, certain steps might have to be
skipped sometimes.23

Themost common techniques of thoracoplasty are shown
(in chronological order) in ►Table 1.3,5,8,24–32

Intrapleural Thoracoplasty
Intrapleural thoracoplasty (massively mutilating type) is a
classical technique described in 1890 by Schede32 and is only
of a historical significance in the current practice. Bony chest
wall (ribs with intercostal musculature and parietal pleura)
is resected en bloc. The remaining skin and extra-thoracic
muscles fill the space outside the lungs. According to Schede,
thoracoplasty is performedmainlywhen the pleural cavity is
so thick and coarse so that sole resection of the ribs will not
lead to a collapse of the cavity.33 Braun’s modification differs
from this method only in its multiple-staged surgery
approach leading to a better tolerance and lower mortality
rates due to minor surgical trauma (►Fig. 3).

Extrapleural Thoracoplasty
The development of extrapleural thoracoplasty—a huge step
forward—is associated with the famous German surgeon F.
Sauerbruch. He described the exact course of the procedure
in his book “Chirurgie der Brustorgane” (1920).30 The term
“hockey stick cut”31 for access to thoracoplasty was also
introduced by F. Sauerbruch (►Fig. 4). In this procedure the
rib periosteum, the intercostal musculature, and the parietal
pleura are not resected. As the dome of the pleural cavity is
located at the level of the cervical spine and is fixed with
strong muscular tissue and fibrous ligaments, the result of
this technique is only a lateral collapse of the pleural space.

The most important modification of locally adapted
extrapleural plastic surgery was presented by E. Heller,27

known as Jalousie-Plastik (minimally mutilating type). In
this method, the skin incision is made above the area of the
pleural empyema. Subsequently, the ribs are resected intra-
periosteally, followed by parallel transperiosteal incisions of
the rind. On the one hand opening the pleural cavitymakes it
possible to carry out a debridement there. On the other hand,
by diminishing the tension it is possible to sink the soft parts
into the thoracic cavity (►Fig. 5). In the current practice, this
operating procedure is occasionally applied in a modified
form, proceeded by a conditioning vacuum therapy and
combined, if appropriate, with a myoplasty.

Conventional Posterolateral Thoracoplasty (Type
Alexander)
The method of extrapleural thoracoplasty was further devel-
oped by Alexander. The main principle of this three-staged
procedure is the subperiosteal resection of the ribs maintain-
ing the muscles to achieve a collapse of the chest wall. Back-
ground—paradoxical breathing should be avoided bymeans of
scarring stabilization. According toAlexander,34 themethodof
thoracoplasty is still in use for treatment-resistant pleural

Table 1 Types of thoracoplasties

Intrapleural thoracoplasty

Schede (1890)32 Resection: chest wall
Removed: ribs, intercostal
muscles, and pleura

Extrapleural thoracoplasty

Sauerbruch (1920)31

Alexander (1937)33
Resection: ribs without
periosteum

Semb (1935)3 Extrafascial pneumolysis
and apikolysis

Heller (1934)27 Resection: only ribs
Preservation of parietal
pleura, periosteum,
and intercostal muscles

Bjork (1954)25 Osteoplastic thoracoplasty

Thoracoplasty/Plombage

Andrews
Thoracomyoplasty
(1961)24

Resection: ribs
extrafascially with extra
periostal plombage
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Fig. 4 “Hockey stick” cut by Sauerbruch.

Fig. 5 The operating sequence Jalousie-plastic by E. Heller.

Fig. 3 Intrapleural thoracoplasty by Schede for the elimination of a large empyema cavity.
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empyema after partial lung resection or pneumonectomy. The
ribs are resected in two or more sessions (►Fig. 6).

Deepest level is one rib below the cavity as a caudal
resection limit. According to the illustration in Fig. 6, the
ventral resection line runs obliquely, so ventrally remain ribs
of different lengths. Caudal resection is also performed near
the spine. After the resektion of the seventh rib, the mobility
of the scapula can cause problems, therefore a resection of
the lower third of the scapula may be necessary.

Sauerbruch30,31 and Semb3 suggested another surgical
technique for removing the remaining apical cavity, which is
called extrapleural apicolysis. This procedure means a ver-
tical relaxation in addition to thoracoplasty according to
Alexander. This technique is more complex due to the liga-
ments, which have to be removed at the top or at the apex,
being directly adjacent to the subclavicular vessels and the
nerve fascicles of the brachial plexus.

It looks like this is a never-ending discussion 1st rib
resection. Today, only in the case of extensive thoracoplasty
(for example, in the case of TB-induced pleural sensation) a
resection of thefirst ribmay be justified.15With or without a
resection of the first rib, apicolysis remains an elementary
component of any thoracoplasty.

Combined Procedures: Thoracoplasty with Alloplastic
Replenishing of the Residual Cavity
Thoracoplasty can be combined with sealing (►Fig. 7a). The
techniques described above, as well as the original thora-

coplasty, do not fill up pleural space. In case of incomplete
obliteration of the remaining spaces, various materials (e.g.,
oil, gelatin, rubber, wax, Lucite and silicone) have been used
to seal these spaces. Due to severe, consecutive septic
complications, these materials are hardly ever used nowa-
days (►Fig. 7b). For quite time, thoracomyoplasty has been
accepted as the best method to eliminate the residual
pleural cavity because it causes only negligible cosmetic
defects.17,19

Thoracomyoplasty According to Andrews
Thoracomyoplasty, described by Andrews in 1961,24 is based
on preparatory work by Nissen.29 It particularly includes
muscle lobes with subcutaneous fat tissue permitting
volume gain with a general increase in weight, and was
primarily introduced for the treatment of the tubercular
empyema.

The operative technique comprises the following steps:

1. Resection of the ribs lying above the empyema cavity.
2. Opening the cave along the ribs.
3. Clearing the fibrous rind in a way that the muscles can

collapse down to lung or mediastinal level.
4. Placing amuscle lobe (►Fig. 8a–c), alternatively an omen-

tum majus flap into the residual cavity, possibly with
fixation on the lung.

Good functional and cosmetic results can be achieved
using this technique.35

Fig. 6 (a) Stage I and II after Alexander (resection 2, 3 rib complete, posterior ¾ of 4th and posterior ½ of 5th rib), Stage III by Alexander
(complete resection of 4 and 5 rib, resection posterior ¾ of the 6- and posterior ½ of the 7 rib. (b) Final result.

Fig. 7 (a) Oleothorax on the left. (b) Infected oleothorax.
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Modern Methods of Thoracoplasty
Currently two variants of thoracoplasty procedures, are
mainly used: modified thoracoplasty according to Lampl
and video-assisted extrapleural thoracoplasty according to
Giller.

Thoracoplasty (Modified According to Lampl)

Incision
“Sauerbruch hockey stick” cut modified according to
Lampl (►Fig. 9); course parallel to the medial and caudal
border of the scapula.36 It ends �5 cm below the scapula.

Rib Resection
Ribs are removed subperiosteally, starting with the resec-
tion of the third rib from the transverse processus to the
medioclavicular line, then ribs 2–6 are resected (►Fig. 10).
Subsequently, periosteum and the underlying pleural
cavity are incised according to Heller’s Jalousie-Plastik,
beginning in the area of the fifth rib, cutting through
periosteum and the thickened pleura. The number of
longitudinal incisions depends essentially on the thick-
ness of pannus (►Fig. 10). A debridement as well as a
lavage of the cavity (e.g., with physiological electrolyte
solution or antiseptics) can take place via these incisions.
At the same time, it is also possible to check thoracosco-
pically whether the soft tissue layer nestles completely in
the posterior recess. If this is not sufficient, resection of
the rib heads is necessary. In more than two-thirds of
patients this is the case.

This approach allows scapula and their muscles around
(m. subscapularis) to pass into the thoracic cavity. To
achieve this, a limited resection of the seventh rib (at
least dorsal part) is often necessary (►Fig. 10). However, a
resection of the scapula is not indicated. Maintaining the
integrity of the serratus anterior muscle and its scapular
approach reduces the functional limitation of the corre-
sponding upper extremity.

A resection of the first rib is not required. After
dorsolateral mobilization of the pleural sac, no residual
space remains. Neurological or vascular complications,
especially in postpneumonectomy spaces, are very rare.
Furthermore, the left first rib ensures a better stability of
the shoulder girdle, with a significantly lower scoliosis37

grade in the further course. The extent of thoracic defor-
mity depends not only on the extent of thoracoplasty, but
also on the patient’s habitus (thickness of the soft tissue).

Drainage
Finally, the insertion of two tubes (e.g., 24- or 28-French)
is required; one of them should be placed intrapleurally
and the second one is placed between the muscle layers.
A suction strength 10–20 mm Hg is favorable.

Fig. 8 Preparation of themuscle lobes—(a) M. pectoralis major, (b) M.
latissimus dorsi, (c) M. serratus anterior—to intrapleural interposition.

Fig. 9 Modified according to Lampl “Sauerbruch hockey stick” cut.
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Video-assisted Extrapleural Thoracoplasty according to
Giller
Giller suggested a video-assisted variant of thoracoplasty38

as an alternative to the previously used methods. The main
advantage of this technique is a significantly less surgical
trauma, with the muscle bel particularly spared. Similar to
other minimally invasive surgical techniques, the postopera-
tive pain perception is significantly reduced in comparison to
the classical technique. A further advantage of this method is
a smaller deformation of the thoracic cage (►Fig. 11b, c).

Access: Skin incision paravertebrally, ca. 5–10 cm, parallel
to the medial margin of the shoulder blade (►Fig. 11a),
starting at level III of the breast vertebral body. The skin
and subcutaneous tissues are severed by layers. Muscles
(trapezius, latissimus dorsi, rhomboideus major) are sepa-
rated sparingly.

Afterwards, the back muscles with the scapula are
detached from the ribs under video endoscopic control
and lifted with the hook (►Fig. 11b). The access for the optic
trocar should be �2 cm cranial to the incision. All further
operations are performed under video endoscopic control.

By expanding the musculus erector spinae, a paraverteb-
ral access to the sections of the ribs is made. The incision of
the periosteum is performed with an electric knife. Inter-
costal musculature and periosteum are detached from the
ribs. Thefixation of the tape apparatus of the thoracic spine is
partially severed. The third rib is mobilized and removed.
Then the second rib is resected followed by the resection of
ribs 4, 5, and 6 from the anterior over the medial to the
posterior axillary line (►Fig. 11c) (►Table 2). The first rib is
resected ventrally up to the cartilaginous attachment. In the
presence of a tuberculous cavern, the extrapleural

Fig. 10 Thoracoplasty—operative technique by Lampl.

Fig. 11 The course of thoracoplasty surgery by (a) Giller Access, (b–c) Op-situs, (d) resected ribs, (e) result.
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mobilization of the apexof the lung (apicolysis) is performed.
After the application of suction drainage, the wound closure
takes place. In this technique, it is particularly important to
remove thefifth and sixth ribs to achieve a sufficient collapse
of the thoracic wall (►Fig. 12).

Discussion

The decline of thoracoplasty is fundamentally linked to the
introduction of successful drug therapy of pulmonary tuber-
culosis. Thoracoplasty has changed over the course of time
and nowaday is presently rarely only used when standard/
antibiotic therapy or previous surgery fail.8 Thoracoplasty
has changed over the traditional techniques of thoracoplasty
have been replaced by less- invasive surgical procedures,
which is combined with myoplasty due to the dangers of
demolition and loss of function.13,36

However, the basic principles have not changed. All the
modificationsof thoracoplastyaremerelydifferent techniques
to reach these two basic goals: the chest wall should be
brought close to the lung or the lung should be brought close
to the chest wall. Extrapleural apicolysis,3 partial resection of
thescapula to resect less ribs,39andthedifferentmodifications
of thoracoplasty1,5,6,9,16,17,25,26,28,34,40 using myoplasty as a
filling are just different ways to achieve these goals.7,16

The question here would be—is thoracoplasty still justi-
fied? The answer is a clear YES, despite some limitations
associated with this surgical technique.7,8,15,17,19,36,41,42

Even though a large number of specific, nonspecific, and
mixed infections in the thoracic cavity can be treated with
antibiotic/antitubercular medications, these treatments are
not always successful. Increasing numbers of multiresistant
tuberculosis (meanwhile also in Germany)11,12 require thor-
acoplastic surgery as an ultima ratio procedure in some
cases. Unfortunately, nowadays we have a very limited
knowledge of this surgical technique. Patients are likely to
face a desperate situation if standard operating procedures
are not successful, especially when previously applicable
well-known surgical methods are either used incorrectly
or forgotten. The positive outcomes of surgical treatment
(especially thoracoplasty for patients with multiresistant
tuberculosis in Russia)28,42–45 and the increasing number
of resistant tuberculosis in Europe11,12 confirm the relevance
of this approach.

It is evident that additional soft tissue transfer for cavity
filling (microvascular muscular lobes, desepithelized myo-
cutaneous lobes, or omentoplasty) can often be decisive for
the final success, as well as conditioning of the cavity by
vacuum treatment can provide a very important contribu-
tion. Nevertheless in a certain number of patients the
combination with thoracoplastic procedures is needed to
achieve a complete healing.

For this reason, it is important to reintroduce these old
and time-tested procedures and in some cases to adapt them
to current challenges, with the minor traumatic techniques
of thoracoplasty and myoplasty.

Summary

As described above sections, different variations of thora-
coplasty have been developed in the last century. While
historic procedures, in absence of alternative and additive
treatment options for tuberculosis, usually caused severe
destructions, sophisticated minimally invasive variants
have been developed. Modern procedures are functional,
better cosmetically and significantly less traumatic com-
pared to the traditional procedures. The modern techniques

Table 2 Marginsof the rib resection for video-assistedextrapleural
thoracoplasty by Giller

I, II and III ribs to the cartilage areas of the ribs

IV rib to anterior axillary line

V rib to medial axillary line

VI rib to posterior axillary line

Fig. 12 Postoperative result.
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also permit combinations with partly extended soft tissue
transfer. Nevertheless, the main principle of this operation
remains unchanged. If the lung cannot be brought closer to
the thoracic wall, the thoracic wall must be brought closer
to the lung.

Unfortunately, robust knowledge of these techniques has
diminished considerably. The aim of this article is, therefore,
to revive interest in important surgical procedures that are
still beneficial to some patients. A look at the historical
sources is recommended (especially reference number 33
in the bibliography).
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