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(57) Abstract: The present invention concerns a modelling/bending system of surgical prosthesis (6) used in the correction of
pectus excavatum, allowing its pre-operative personalization according to the thoracic morphology of each patient. Based on the
& information of the thoracic CT-scan, the system allows the application of a personalized prosthesis, giving way for a significant
& reduction of the surgery duration, and still makes it possible for the patient to have a virtual perspective of the foreseen post-operative
O eult. The system includes the following steps: recognizing data from systems of medical imaging; setting a virtual personalized
model of surgical prosthesis; pre-operative simulation of the predictable final result of the surgical intervention; sending control
points to the controller (9) using local- or remote communication via web; automatic initial positioning of the surgical prosthesis in
the desired position; automatic and mechanical bending of surgical prosthesis (6) with real time monitoring and control.
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SYSTEM FOR AUTOMATIC AND PERSONALIZED MODELLING/BENDING OF
SURGICAL PROSTHESIS FOR CORRECTION OF PECTUS EXCAVATUM
BASED ON PRE-SURGICAL IMAGING INFORMATION

Scope of the invention
The present invention was conceived to optimize the
'persénalized modelling and bending of thoracic prosthesis

to apply in the correction of Pectus Excavatum.

State of the art

Pectus excavatum is a deformity of the thoracic wall that,
in a high percentage of cases, demands surgical correction.
The <classic surgical technique, assigned as Ravitch
technique was, in the last decade, gradually substituted
forisurgical techniques that involve the placement of a
convex thoracic prosthesis in sub-sternal position,
initially described by Donald Nuss (US6024759). Briefly,
the surgical technique consists of placing thoracic
prosthesis in sub-sternal position through Dbilateral
cutaneous incisions in the lateral thoracic wall (Nuss et
.al, J Pediatr Surg 1998)..This technique has shown to be
less aggressive, faster to execute and allows better
cosmetic results. However, this technique estimates the
thoracic application of one prosthesis that has to be
modelled/bent in accordance with the thoracic morphology of
each patient. Such is fulfilled per operatively and
manually following the form of a mould generated during the
surgical procedure. This procedure is slow, fastidious for
the!surgical team and leaves imperfections, many times, in
the surface of the prosthesis. The main imperfections are

the non uniform strength distribution of the prosthesis in
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the support area (ribs), which concern initial discomfort
thus increasing the adaptation time of the patient to the
prosthesis. On the other hand, one third of the surgical
time of the Nuss technique 1is dedicated to the

modelling/bending of this prosthesis.

The ' present invention minimizes the previoﬁsly cited
inconveniences. In the pre-operative study of this type of
patients, it is routine, to perform some other
complementary examinations to reach the diagnosis, such as
a CT-scan of the thoracic wall. The equipment Herein
described allows, on the basis of the information of the
thoraqic CT-Scan, to select the size, and automatically
model/fold pre-operatively the thoracic prosthesis to
apply. Such, allows the application of a personalized
prosthesis which makes possible that the application of the
forces in the zone of support of surgical prosthesis to be
uniformly distributed, attenuating in such a way, the
discomfort initially provoked and therefore shortening the
period of adaptation to the same one. One should also
enhance the significant shortening of the duration of the
surgery, and the possibility of the patient having a
virtual perspective of the post-operative result foreseen

before the surgical intervention.

The use of systems of medical imagiology for the attainment
of models of reference of prosthesis is already described
for particular cases, for example: production of active
biological prosthesis for the reconstruction of bone tissue
(CA2561727); drawing . and production to the measure of
surgical tool-guide for the implantation of bone prosthesis
(US2005148843) ; attainment of prosthesis geometry of spinal
disc (WO0180786). The system herein presented stands out by
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the particular application in modelling/bending of
prosthesis for correction of pectus excavatum and by
establishing a complete and integrated system of modelling,
attainment of personalized geometry, and pre-operative
modelling/bending appealing to specific equipment and

software belonging to the owner.

Summary of the Invention

The ~present invention relates to a system of
modelling/bending of surgical prothesis used in the
correction of pectus excavatum, allowing its pre-operative
personalization according to the thoracic morphology of
each patient. The system allows, on the basis of the
information of the thoracic CT-scan, the application of a
personalized prosthesis, reducing the initial discomfort
provoked by the prosthesis and subsequent period of
adaptation to the same, allowing still to reduce the
duration of the surgery, and offering the patient a virtual

perspective of the foreseen postoperative result.

For the effect, the system is constituted by:

- Simulation and nmodelling of surgical prosthesis,
supported in software modules, developed specifically for
the.effect, being executed in a personal computer;

- Command and control of the machine, supported in software
modules that are executed in a controller;

- An equipment that includes electronic and mechanical
components, for the bending of personalized surgical

prosthesis, to apply in the patient.

The software modules that are executed in the personal
computer have a friendly interface with the user, mainly a

set of menus that guide it step by step to reach the
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intended goai - modelling the surgical prosthesis and
simulation of the cosmetic result of its application in the
patient. After the process of modelling and simulation,,
this application generates a set of points of control that
will be sent to the controller. This includes software
modules that allow receiving the control points sent by the
application from the personal computer and based on this
information commands and controls the équipment in an
adaptive manner in the process of bending of surgical

prosthesis.

Brief description of the drawings

Many of the aspects of the invention can be better
understood regarding some drawings on the same. The
components in the drawings are not necessarily to scale,
emphasis is placed instead in the clear illustration of the
principles of the present invention. The drawings are
included with a non-limitative character, merely with the
objective to ©provide a better understanding of the

following description:

Figure 1: Represents a general three-dimensional
perspective of an embodiment of the machine for the bending
according to the invention.

Figure 2: Represents the general scheme of the different
modules of the modelling/bending system.

Figure 3: Corresponds to a detailed bidimensional
repfesentation of the main body of the modelling/bending
equipment.

Figure 4: Represents a detailed three-dimensional
perspective of the head of the modelling equlpment

Figure 5: Represents a three-dimensional perspective of the

equipment for modelling/bending of the surgical prosthesis.
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Figure 6: Represents the general block diagram of the
algorithm of the software application developed for the

personal computer.

Detailed description of the invention

The present invention will now be described in detail, as a
non-limitative example, by means of a preferred embodiment,

represehted in the enclosed drawings.

In reference to the figures, the preferred embodiment of
the invention 1is described where the equipment 1is
constituted by the following set of basic elements 1is
described in detail: engines (1 and 2); main body of the
machine (3); head of the machine (4); controller (9) and

personal computer (8).

Electromechanical commands (see figures 1, 2 and 3) - the

equipment has two engines (1 and 2). One of them (1) is
connected to the main body of the machine (3) and
undertakes the task. of bending surgical prosthesis (6). The
motor (2) is connected to the head of the machine (4) and
its function is to execute the advance of the referred

prosthesis.

Machine’s main body (see figures 1, 3 and 4) - This is the

part of the equipment where the great effort of bending is
developed, necessary to the bending of surgical
prosthesis (6). For the effect, the pivoting movement of the
engine (1), is transformed into a translation movement, in
the radial direction - axle z - to automatically adapt
itself to the bending process requirements. That 1is

obtained due to a system of ramp/piston (17 and 21).
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The ramp (17), by a thread system (16), connected to the
engine (1) through a universal joint (15), depending on the
pivgting direction and speed received, assumes a two-way
traﬂslation movement and actuates the piston (21), in the

radial direction, axle z.

All the components of this mechanism, subnmitted to
movements, are appropriately guided by beariﬁg systems of
rolling or slipping (18,19,20 and 25) and can be considered
moveﬁents without friction or, 1if present, they can be
ignored, in the scope of the efforts involved in the
system. So being, high efforts, which are required in

bending process of surgical prosthesis (6), are obtained.

It is still considered permissible the use of conventional
mechanisms for this ©binomial of pivoting/translation
movement such as: connecting rod/crankshaft; 1latch of
mouids; screw/nuts and linear table; among others. There is
further a system of springs (14) that guarantees the
permanent contact between the piston (21) and the ramp

(17) .

For an efficient electronic control of the equipment, the
existing movements vin the machine’s body (3) are in
permanent contact with the controller (9), through electric
sensors (5, 7, 12 and 13) here integrated. For the
translation or drag movement of the surgical prosthesis (6)
- axle x -, the main body of the equipment (3) holds two of
the three shafts required to this movement (23 and 24),
strategically placed such as to allow that surgical
prosthesis (6) moves without the interfering with the

sta%ic parts.
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In this manner, the 4friction effect betweén the static
parts of the body (3) and the head of .the machine (4) with
the surgical prosthesis (6) 1is prevented, when it is
submitted to the translation movement. One of them (23) 1is
connected to the advance motor (2) that for friction
imposes the drag of the surgical prosthesis (6) - pivoting
versus translation movement. The other shaft (24) is
damped, which allows that when the piston (21) is
retreated, the surgical prosthesis (6) 1is exclusively
supported in the three lodes and is easily dragged by the

motor (2).

On the other hand, the damping system of this shaft (24),
allows a better static support of the surgical prosthesis
(6) when this is submitted to the bending effort. The third
shaft (28) is integrated in the head of the machine (4) and
only serves as necessary support to the movement of

translation of the surgical prosthesis (6).

The: material of the surgical prosthesis(6) obeys the
mechanical principles of the material, that identifies two
deformation behaviours namely: tensile deformation and
plastic or permanent deformation. The first one - tensile -
refers to the.deformation that is recovered and the second
one - plastic - refers to\the irrecoverable deformation,
which means, to the deformation (or bending) definitively
assumed, in a certain point, for the surgical prosthesis

(6) after the retreat of the piston (21).

Herein resides another main objective of the present
patent, that is if the material behaviour in mechanical

processing is not previously recognized, nor would it be
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possible - because, according to the state of the art, the
material behaviour is intrinsically associated with a seE
of metallurgical and physical/mechanical parameters which
are fesponsible for the fact that, in a same lot of the
same hypothetical material, the mechanical behaviour is
different, being therefore necessary that the system
recognizes in each instant and in an adaptable way, the
permanent deformation to which the surgical prosthesis (6)

was submitted.

The materials used in the manufacture of this part of the
equipment are compatible with the material to process -
surgical prosthesis (6). To the main body of the machine
(3) the motoré (1 and 2) and the head of the machine (4)

are also attached

Head of the machine (see figures 1,2 and 4) - the

assiénment given to this part of the equipment 1is
enlightening as far as its functionality is concerned, that
is, it is in this part that the bending of surgical
prosthesis (6) is mechanically processed. Herein, the
surgical prosthesis (6) is introduced in a channel (27),
specifically opened for the effect, which by means of the
motor movement (2), displaces the surgical prosthesis (6)
in direction X (see figure 1), towards the position

previously defined by the controller (9).

After the automatic positioning of the surgical prosthesis
(6), the controller (9) makes the piston advance (21),
through the motor (1), in the direction perpendicular to
the surgical prosthesis axle (6) - axle z - which, in this
way,'bends the surgical prosthesis (6). For this effect a

pin (26) attached to the head of the machine is provided,
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that restricts the surgical prosthesis movement (6) in the

direction of the axle z.

Likewise, and in the piston end (21), there is a pin (22),
manufactured in a material that is compatible with the one
surgical prosthesis (6) meterial, which facilitates its
bending. The precision required for the bending is high.
Such was obtained through the real time control of the
behaviour of the material, which means, a displacement
sensor (5) was integrated in the head of the machine (4)
controlling in real time through a software application,
specifically developed for the effect, the mechanical
behaviour of the material referred to in the previous
point. Therefore, it is possible to identify the tensile
deformation parcels (recoverable) and permanent deformation

parcels (of bending).

Such software application has is based on an algorithm that
is divided into two parts. The first part of the algorithm
is executed in the first bending point of the surgical
prosthesis (6), and is characterized by the determination
of the value corresponding to the plastic deformation of
the material. This value is obtained through cycles of
successive advances (incremental) and retreats (total) of
the piston (21), towards to the surgical prosthesis (6).
The stop condition of the cycle is given when displacement
sensor (5) detects permanent deformation in the surgical
prosthesis (6) at the moment that the piston is. retreated.
The second part of the algorithm is applied in each bending
point of the surgical prosthesis (6), and is composed by
two iterations. FEach iteration consists of an advance
movement and a retreat movement of the piston «(21). For the

first iteration the advance value of the piston (21) is



WO 2009/035358 PCT/PT2008/000016
10

given by the addition of each bending point value to the
plastic deformation value, previously calculated, to less
than one constant {return factor - experimentally
obtdined). The use of a plastic deformation value inferior
to the one calculated is related with the fact that the
material obeys to a tensibn/deformation law that is not
linear. For the second iteration, the advance value of the
piston (21) is obtained in a weighed manner between the
advance values of the first iteration and the required and
effective bending values, after the retreat movement of the
piston (21) in the first iteration.

The materials used in the production of this part of the

equipment are compatible with the material to process.

Controller (see figure 2 and 5) - Figure 2 presents a
general scheme of the different constituent blocks of the
equipment, where a personal computer (8) emerges for an
interface with the user (8). This allows the user to
introduce the data that refers to the information of the
thoracic CT-Scan (medical images) of the patient, and to
get, through the software, a 3D representation of the
profile and dimension of the surgical prosthesis .(6);, the
localization and orientation to place the prosthesis in the
intercostal space and perform a simulation of the cosmetic

effect of the application of the prosthesis.

From the information obtained from the profile and
dimension of the prosthesis virtually shaped, the developed
software sends through the proprietor protocol a set of
control points for the cited controller (9). This
controller is responsible for the following set of
functionalities: interpretation and translation of the

control points sent by the personal computer (8)
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synchronization and control of the axles xx and zz of the
equipment; validation of the physical safety conditions of
the same. For communication between the personal computer
(8) and the controller (9) a communication protocol was
implemented that has the protocol TCP/IP (Transfer Protocol
Confrol/Internet Protocol) as its base, where a socket
connection between the personal computer (8) and the
controller (9) 1is established. In the last ones, an
‘application layer was developed that defines a set of
services such as the message format, the error correction
codeland the confirmation of a well-succeeded reception of
the messages. These messages are of two types: status and
data or information upload. The first gives information
concerning the status of the two interlocutors (busy or
free). The second sends information concerning the control
points from the personal computer (8) to the controller
(9). Thus, for example, when the user asks the computer’s
(8) resident software to actuate the bending of the
surgical prosthesis (6), a message 1is sent to the
conEroller (9) informing that the bending proceés is about
to start. The controller (9) might answer in two ways: that
it is free to start the process or that it is busy. In the
first case, the personal computer’s resident software (8)
starts the data transmission to thé controller (9) (control
points); in the second case, the software sends a message
to the user, informing that the controller (9) is busy and
asks him to retry later. The use of this protocol allows

the remote operation of the equipment, allowing its use via

Web.
The equipment axles - movement/deformation directions of
the surgical prosthesis (6) - are controlled in two

different ways. The xx axle is constituted by the motor (2)
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that provides it with movement and whose lode is connected
to an “éncoder" (7). The later is connected to the fast
inlets of the controller (9). The motor (2) is actuated by
a power driver (10) that is commanded by the controller
(9), through a letter of digital oulets, thus closing in
the control cycle. The movement through the zz axle is
established by a motor (1) that provides it with movement
and a displacement sensor (5). The later 1is connected to
the ' controller (9) through analogical border entrances
allowing the reading of the effective deformation of the
surgical prosthesis (6) in the bending process. The motor
(1) is set in motion through a power driver (11), which is
commanded through the controller (9), by means of a letter
of digital outlets. The control cycle herein implemented
confers to the system a, quality control of the bent

prosthesis.

To assure the safety of the elements of the machine, the zz
axle is protected by two movement sensors (12 and 13), that
function as limits of end of course, the sensor (13) also
functioning as an initial position sensor. These sensors
(12, 13) are connected to the controller (9), by means of-a

letter of digital inlets.

The detection of the prosthesis by the equipment is given
by the reading of the sensor (5), and the adjustment of the
same for the initial position is made automatically, using
for such a control mesh made by the motor (2), the

controller (9) and closed by the sensor (3).

Personal computer (see figure 2 and 6) - the interface

between the equipment and the user is made through a
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software application that runs in a personal computer (8).
This has a pleasant interface comprising a set of menus
that guide the user step by step to reach the intended

objective.

In this software application several 2D and 3D image
processing techniques were used, of which the following two
are outlined: 2D sehmentation) that allows separating
different structures based on colour differences at the
points that are part of thoracic CT-Scan images; 3D
segmentation, that allows separating different structures
based on the spatial position of the points that are part
of the image and in the identification of anatomo-surgical
references - coronal plane and mid-axilla line. Within this
scope, the software application allows the graphical 3D
pre-operative simulation of the expected cosmetic result of
the thoracic wall after placement of the surgical
prosthesis (6) in the patient. In the pre-operative stage
the points that represent the skin structure are used to
reconstruct the three-dimensional model of the thoracic
wall. This model is represented as surfaces with normal
orientation. Features' such as the bar placement point
(obtained from the point of largest deflection of the
sternum), correction factor of sternum (obtained from the
most anterior point of ribs in the 1limit area) and
stabilization factor of the sternum (corresponding to the
displacement of the sternum after removal of the bar) are
used to recalculate the position of each point associated
to the surfaces that represent the skin affected by the
correction of the malformation. The skin points directly
associated to the spatial position of the sternum are

directly affected by the correction factor of the sternum.
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The neighbour points, herein referred as neighbour pectus,
are affected by a matricial Gaussian distribution.

This application software has the following set of
features:

- Reading of neutral files uniyversally used in medical
imagiology such as those resulting from CT-Scan and
.magnetic resonance systems;

- Identification, based on 2D image processing
techniques, of the relevant poins corresponding to the
bone structure and the ones representing skin
structure;

- Conversion of 2D images in 3D images based on
conventional image processing techniques;

- Identification, based on 3D image processing
techniques implemented through proprietary algorithms,
of the following four structures: points corresponding
to the ribs, posterior to the coronal plane that
includes the mi-axilla line; points corresponding to
the right ribs anterior to the coronal plane. that
includes the mid-axilla line; points corresponding to
the 1left ribs anterior to the coronal plane that
includes the mid-axilla line; points corresponding to
the sternum;

- automatic detéction of the point of largest deflection
of the sternum;

- definition of the intercostal space; sternum points;
right and left ribs interior to the limit box, with
the lower base sitting on the plane that corresponds
to the point of largest deflection of the sternum, and
with the top base sitting on a plane parallel to the
anterior plane and at a distance equal to the width of

the surgical prosthesis (6);
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- automatic correction of the sternum elevation to a
predicted position, given by the correction factor of
the sternum;

- possibility for the wuser to easily change, manually,
the predicted position of the sternum;

- selection of the most adequate surgical prosthesis (6)
to apply in the patient from standard sizes, based on
the position defined for the sternum;

- positioning and visualizing the virtﬁal sufgical
prosthesis modelled from the information previously
determined: point of largest deflection and final
position of the sternum,

- 3D visualization/simulation of the possible result to
obtain with the placement of the surgical prosthesis
(6);

- Automatic generation/selection of the control points
to send to the controller (9) for subsequent bending
of the surgical prosthesis (6);

- Sending of control points to the controller (9)using

proprietary protocol.

The controller (9) and personal computer’s (8) software
applications were developed specifically for - this
modelling/bending system of surgical prosthesis used in the

correction of pectus excavatum.

It must be clear that the automatic modelling/bending
system of ©personalized surgical prosthesis (6) for
correction of pectus excavatum based on pre-surgical
imagiology information previously described is merely a
possible implementation example established for a clear
understanding of the ©principles of the invention.

Variations and modifications can be made to the embodiment
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previously described without substantially deviating from
the spirit and principle of the invention. All these
modifications and variations must be included in the
subject of the scope of the present invention and be

protected by the following claims.
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CLAIMS

1. System for pre-surgical, automatic and personalized
modelling/bending of surgical prosthesis (6) used in the
correction of pectus excavatum comprising the following
steps:

- recognizing patient data from medical imagiology systems
in neutral format universally used;

- automatically creating a personalized virtual model of
the surgical prosthesis (6) to apply in the patient, with
interaction of the user and based on anatomo-surgical
references clinically validated in the correction of pectus
excavatum;

- simulating a pre-operative graphic of the expected
cosmetic result of the thoracic wall after plécing the
surgical prosthesis (6) in the patient;

- sending of control points to a controller (9) through a
proprietary communication software;

- initial and automatic insertion and positioning of the
bar for the manufacture of the surgical prosthesis (6) in a
bending machine, in the desired position so as to atrt the
bending process;

- mechanical bending of the surgical prosthesis (6) by
means of an automatic bending machine with real-time
monitoring and control, being the prosthesis (6) already

virtually generated and selected by the user.

2. System, according to claim 1, characterized in that the
creation of the virtual model of the prosthesis includes
the following steps:

- selecting and separating relevant points of the ribs,

sternum and skin based on 2D image processing techniques;
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- converting 2D images into 3D images based on conventional
image processing techniques;

- segmenting from 3D images of the structures comprising
the ribs and the sternum; .

- automatically detecting the point of largest defléction
of the sternum based on 3D coordinates of the points from
the sternum;

- defining the limiting box where the intercostal space is
inserted;

- automatic positioning of the sternum in a position
predicted for the correction of pectus excavatum, based on
the maximum point in the ribs belonging to the intercostal
space - correction factor of the sternum, having this
position the possibility of later manual modification by
the user;

~ wvirtual and personalized modelling of the surgical
prosthesis (6) and selection of the most appropriate

standard size to apply in the patient.

3. System, according to claim 2, characterized in that the
segmentation from the 3D image of the rib structure and
sternum structure comprises the following steps:

- identifying the coronal plane, that includes the mid-
axilla line, that limits the anterior position to the ribs
and consequently the initial and final point of the
prosthesis (6); ]

- identifying the medial plane that, based on limits
detgrmined experimentally on the left and on the right of
the respective plane, allows the separation of the sternum

from the ribs.



WO 2009/035358 PCT/PT2008/000016
19

4. System, according to claim 2, characterized in that the
definition of the limit box where the intercostal space is
located comprises the following steps:

- defining a plane, that includes the point of largest
deflection of the sternum and is perpendicular to the
sternum;

- creating a cuboid with one of the bases abutting on the
defined plane and having a height equal to the width of the
prosthesis (6);

- defining the required intercostals space through the

points of the ribs interior to the cuboid.

5. System, according to claims 1 and 2, characterized in
that the graphical pre-surgical simulation of the expected
cosmetic result of the thoracic wall, after placement of
the surgical prosthesis (6) in the patient, is obtained
from information on the point of bar placement obtained
from the point of largest deflection of the sternum, the
correction factor of the sternum given by the most anterior
point of the ribs present in the 1limit box and by the
stabilizing factor of the sternum that corresponds to the

displacement of the sternum after removing the bar.

6. System, according to claim 1, characterized in that the
control of the process of initial positioning and bending
is performed using a controller (9) that performs the data
acquisition and processing of signals from the displacement
sensors (12, 13) and which performs the control of motors
for positioning (2) and bending (1), generating impulses
for the respective power drivers (10, 11) based on
information received by the displacement sensors (12, 13)
and-control points previously received through proprietary

protocol.
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7. System, according to claim 6, characterized in that the
acquisition and processing of electric signals by the
controller (9) follows an algorithm divided into two parts:
- the first part, at the first bending point, the plastic
deformation value of the material is obtained through
successive cycles of incremental loading/unloading until
detection, by the displacement sensor (5), of permanent
deflection in the surgical prosthesis (6). at the moment the
piston (21) is in lower position;

- the second part, is applied at each bending point of the
surgical prosthesis (6), and is composed by two iterations;
in which in the first iteration the value of displacement
of the piston (21) is given by the sum of the value of each
bending point to the value of plastic deformation,
previously calculated, at less than a reversal constant; in
the second iteration, the wvalue of displacement of the
piston (21) is obtained considering the displacement value

of the first iteration and the desired bending value.

8. System, according to claim 1, characterized in that the
automatic bending machine of the surgical prosthesis (6) 1is
composed by the following essential elements:

- electromechanical components including a first motor (1)
connected to the main body of the machine (3) that promotes
the bending of the surgical prosthesis (6) and a second
motor (2) connected to the head of the machine (4) that
promotes the pushing movement of the said prosthesis (6); -
- a main body of the machine (3), that encloses two shafts
(23, 24), necessary to guide the movement of the prosthesis
(6) in which the pivoting movement from the motor (1) 1is
transformed in translation movement to promote the bending

process;
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- a head of the machine (4), coupled to the main body of
the ﬁachine (3), that contains a . channel (27) where the
surgical prosthesis is placed, a third support shaft (28)
for assisting translation movement, in which the motor (2)
promotes the movement. process of the surgical prosthesis
(6) to a position previously defined by the controller (9);
- a controller (9) that controls motors (1) and (2);

- a personal computer (8) that sends the control points to

the controller (9) by means of a software application.

9. System, according to claim 8, characterized in that one
of the three shafts (23, 24 and 28) of the positioning
mechanism of the surgical prosthesis (6) is damped, through
mechanical means such as springs, hydraulics pneumatic or
others that during the bending stage promotes the support
of the surgical prosthesis -(6) in the head of the equipment
and the bending of the said prosthesis, and releases the
three shafts (23, 24 and 28) from the large bending loads
imposed to the surgical prosthesis (6) during the bending

process.

10. System, according to claim 8, characterized in that the
bending of the prosthesis (6) is performed through
mechanical, hydraulic, pneumatic or other means, that
impose a bending load on the prosthesis (6), fixed at a
predefined distance, causing a Dbending stress that,
overcoming the yield stress of the material, permanently

deforms the prosthesis (6).

11. System, according to claim 9, characterized in that the
bending load for the bending process of the surgical
prosthesis (6) is applied through a mechanical system

composed of a motor (1), a ramp (17) and a piston (21) the
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later having one a translational movement, perpendicular to
the axis of the ©prosthesis (6), obtained by the
transformation of the pivoting movement of the motor (1) /
spindle (16) in translational movement of the ramp (17)

that actuates the said piston (21).

12. System, according to claim 8, characterized in that the
surgical prosthesis - (6) are manufactured in metal,

polymeric or composite materials.

13. Use of a system for pre-surgical bending/modelling of a
surgical prosthesis (6), according to claim 8,
characterized in that the said system is applied in the

correction of pectus excavatum.
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