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Abstract.  During  pregnancy,  the  fetus  may  substantially  increase  the  pressure  over  the  woman’s  
abdominal muscles, exceeding its own elasticity. This causes a softness of the aponeurosis (muscle's  
housing) which works as a defense mechanism of the body  so the mother's organs will not remain  
pressed, in order to avoid breathing problems (among others).  The loss of abdominal pressure may  
cause serious problems related to organs functionality and aesthetic issues, as well. To correct this lack 
of pressure, after the baby's birth, plicatures - addition of traction through sewing - are made in the  
aponeurosis. If the softness occurs below the navel, it is corrected during the cesarean procedure. On 
the other hand, if the softness is located in the region above the navel, it is required an increase of the  
cesarean’s incision size, resulting in a much more aggressive procedure that often causes a reasonable 
aesthetic mark. Focusing on the aponeurosis softness correction, located in the region above the navel,  
this work presents the development  of  a mechatronic device capable of  reestablishing the required  
pressure on the muscles with a minimum invasive procedure. 
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1. Introduction
During pregnancy, the fetus may substantially increase the pressure over the woman’s abdominal 

muscles,  exceeding its  own elasticity.  This causes  a  distension or  softness  of  the aponeurosis  (fig.1) 
(muscle's housing) which works as a defense mechanism of the body by releasing the pressure in the 
mother's organs, to avoid breathing problems (among others).(1)

The loss of abdominal pressure may cause serious problems related to organs functionality and 
aesthetic issues, as well. To correct this lack of pressure, after the baby's birth, plicatures - addition of 
traction through sewing - are made in the aponeurosis(1). If the distension occurs below the navel, it can be 
corrected during the cesarean procedure. On the other hand, if the softness is located in the region above 
the navel, it is required an increase of the cesarean incision's size resulting in a much more aggressive 
procedure that often causes a reasonable aesthetic mark.(1-5)

Figure 1 - Aponeurosis and Internal Oblique Muscles in a real body (left) and in a model (right)
(20),(21)
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Figure 2 – Decision-making diagram

Figure 3 – Scar´s Sizes: ( I ) normal size after the cesarean surgery; 
(II) size after the upper navel aponeurosis correction surgery (1)

Figure 2 shows a decision-making diagram that resumes the previously mentioned cases. Briefly, 
there are two kinds of pregnancy, with or without aponeurosis distension. When there is no distension, 
there are no problems to the patient. Otherwise, the patient will have health issues  (1). If the distension 
occurs in the lower navel area,  a surgical  correction may be executed during the cesarean procedure. 
However, if the affected area is above the navel, this results in a substantially increase of the cesarean’s 
incision, causing aesthetic issues (see fig.3).

Focusing on the aponeurosis softness correction, specifically in the region above the navel, this 
work presents the development of an auxiliary mechatronic device which will be able to reestablish the 
required pressure on the muscles with a minimum invasive procedure. The following sections deal with 
the choice of suturing technique, the mechatronic device description, the built prototype and conclusions.

2. The choice of suturing technique
At first, a review of the existing techniques was conducted in order to find the most suitable 

suture  technique  to  achieve  the  project’s  main  goal,  a  non-invasive  procedure.  Even  though 
abdominoplasty is a procedure also executed in the abdominal area, its main use is on obese patients with 
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massive skin removal or skin deformation (2-5), what makes its techniques and procedures, in general, not 
recommended (6-9). On the other hand, microsurgeries and small procedures, in spite of being non-invasive 
and adequate in terms of aesthetic issues, in general they are not strong enough in order to support the 
traction and tension needed to execute the aponeurosis correction. 

Therefore, different suture techniques were studied (10-16) and, to execute the aponeurosis suture 
focusing  on  the  strong  suture  and  minimum invasive  simultaneous  procedure,  an  alternative  sewing 
technique – called chain stitch – was adapted.  With this adaptation, the sewing can be made through a 
small  incision in the abdominal  region.  This technique employs  a  special  needle,  commonly used in 
tunisian  crochet,  and  requires  lower  complexity  motions.  To  suture  with  this  method,  the  needle 
perforates the tissue, captures the line on the other side, returns (creating a loop) and, through this loop, 
repeats the procedure, as shown in figure 4. In the way back through the tissue, the needle must rotate in 
order to avoid the needle’s hook to clasp in the tissue. The sewing must be executed from the xiphoid 
appendix to the navel. 

Figure 4 – The adapted chain stitch method: a) needle over the tissue hooked to the line; b) the 
needle penetrates the tissue; c) the needle captures the line in the other side of the tissue; d) needle 

returns, rotating 180º, and forms a loop. (22) 

 
Figure 5 - Manually operated physical model
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Figure 6 - The wooden needle

To evaluate the feasibility of the chosen sewing technique, a manually operated physical model 
was built. In figure 4, one can observe the relative position of: the suture line; the foam that mimics the 
aponeurosis; the wooden needle guided by a copper tube. During the sewing, the needle (fig.5) translates 
and rotates along the tube axis, while the tube angularly oscillates near the hole made in a paperboard 
box, employed to mimic the abdominal walls. 

The operation of this physical model demonstrated satisfactory results once the chosen technique 
was tested and its  functionality proved  to be right.  The stitches  made were  strong enough and their 
execution was relatively easy (fig.7).

Figure 7 - The obtained results in the physical model: the stitches made on the foam.
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Figure 8 – CAD model of the Mechatronic Device and the three mechanisms to control the 
needle’s motion:  (I) the alternative reciprocating motion; (II) the rotation around its own axis, 

(III) the angular positioning

      3. The mechatronic device description
Basically, the mechatronic device is responsible to automate the three necessary motions for the 

needle, described in previous section: the alternative reciprocating motion, the rotation around its own 
axis and the angular  positioning (fig.8).  To control these three motions, three planar mechanisms are 
employed.  The  following  subsections  describe  qualitatively  how each  mechanism  works  and  which 
specifications must be taken into account to size its parts.

3.1. The alternative reciprocating motion of the needle

The needle  has  to  execute  simple harmonic  movements  in  order  to  repeatedly perforate  the 
aponeurosis. In the manually operated physical model, this motion corresponds to the translation of the 
needle along the copper tube.  Thus,  a  crank-slider  mechanism  (17-19) driven by a stepping motor  was 
chosen (fig.9).

Figure 9 – Crank-slider mechanism: a stepping motor rotates the wheel (crank 1) and the slider 
(2) alternatively reciprocates.
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Figure 10 – Specifications of the working area for the surgery and the definition of needle´s 
stroke.

Taking into account the technical information provided by an expert surgeon, the working area 
for the surgery was specified (fig.10).  In  addition, the experience acquired  from the physical  model, 
allowed us to define the needle’s stroke. Consequently, the region to be sewed is 20 mm thick and, in 
order to suture, it is also required 10 mm recoil and 20 mm advance. Therefore,  the complete needle 
stroke has to be 50 mm long. Once the stroke is defined, the crank-slider's wheel can be dimensioned. 
Therefore, the wheel’s diameter must be 50 mm.

3.2. The rotation of the needle around its own axis

As described in section 2, to suture according to chain stitch method, the needle also needs to 
rotate along its own axis. In order to do so, in the slider part (fig.9), a revolute joint is added (18), allowing 
the needle to turn around its own axis freely. To constrain this motion to only 180-degree rotation and to 
make it dependent to the translation, a pin-guided slot is added. 

3.3 The angular positioning of the needle

Once the main goal is to perform a minimally invasive surgery, the needle needs to penetrate the 
abdominal area through a small incision and oscillate around this point. Then, a four-bar mechanism (17-18) 

driven by another stepping motor was chosen, being able to oscillate the crank-slider mechanism base 
around the incision point (fig.11).
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Figure 11 – Four-bar mechanism: another stepping motor rotates the other wheel (1) providing the 
angular positioning (2) of the needle around the incision point.

The area to be sutured corresponds to the region between the xiphoid appendix and the navel. 
According to the dimensions provided by the surgeon,  this distance is approximately 130 mm. If  the 
whole surgery was made with only one incision, the attack angle would be approximately 43º. This would 
imply that only 43% in the front aponeurosis surface and 71% in the back aponeurosis surface would be 
sewed. If, instead, three incisions were made, the attack angle would be 25º and the sewed surfaces would 
rise up to 71% in the front and 86% in the back surface (fig.12). As the incision size is insignificant to  
aesthetic  issues  and the  bigger  the  sewed surface,  the  better,  the  last  option was  chosen.  From this 
definition and knowing the rotation center point location, the arm/wheel joint point location and the attack 
angle, the position of the wheel and its diameter were calculated (fig.13).

Figure 12 - Action Angle Definition
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Figure 13 - The definition of the diameter and the relative positioning of the wheel that belongs to 
the four-bar mechanism.

4. The built prototype
The  chosen  mechatronic  device  was  built  in  a  large  scale,  as  can  be  seen  in  fig.  14.  The 

mechanical subsystem, actuated by two motors, is controlled by a real time application running under RT-
Linux operating system (fig.15,  fig.16).  Once two motors are employed,  it  is  possible to control  the 
puncturing  speed,  the  number  of  stitches  and  also  the  spacing  between  them.  The  built  prototype 
demonstrated the operation feasibility of the proposed device in terms of performing the three required 
motions for the needle.

Figure 14 - Large-scale prototype
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Figure 15 - Motor Drive Board

Figure 16 - Programming the motions through a Real Time Application

5. Conclusions
After the pregnancy, the aponeurosis correction’s surgery is recommended in some special cases 

to  avoid  health  and  aesthetic  problems.  In  some  cases,  the  aesthetic  problem  could  not  be  solved 
completely.  This  paper  presented  a  novel  auxiliary  device  suitable  to  help  the  surgeon  during  this 
procedure  and  solving  completely  the  aesthetic  issue.  Basically,  this  device  constitutes  itself  as  a 
mechatronic system, composed of three mechanisms to control the needle’s positioning during the suture 
of the aponeurosis.

By using  the  proposed  device,  we  foresee  that  the  estimated  surgery  time  will  be  reduced 
resulting in a great benefit for both medical team and patient. In addition, this innovative technique causes 
the incision’s size reduction, which is really important for the patient in terms of recovery time.  Finally,  
employed equipment’s low complexity will also reduce the procedure’s costs. The device is still under 
development.  The  upcoming tests  will  demonstrate  its  behavior  under  conditions  that  imitate  a  real 
surgery.

Acknowledgements

Our special thanks to Dr. Paulo Henrique Facchina Nunes, the Plastic Surgery Chief of the State 
University of Campinas (UNICAMP), for his great support and assistance.



Proceedings of COBEM 2009                                                        20th International Congress of Mechanical Engineering
Copyright © 2009 by ABCM                                                                           November 15-20, 2009, Gramado, RS, Brazil 
_

References
(1) Psillakis,  J.  M.; Appiani, E.; Plaza, R. Color Atlas of Aesthetic Surgery of the Abdomen. New York:  Theme 
Medical Publishers, Inc. 1991
(2). W. Grant Stevens, MD; Remus Repta, MD; Salvatore J. Pacella, MD, MBA;Marissa J. Tenenbaum, MD; Robert 
Cohen,  MD;  Steven  D.  Vath,  MD;  and  David  A.  Stoker,  MD.  Safe  and  Consistent  Outcomes  of  Successfully 
Combining Breast Surgery and Abdominoplasty:  An Update.  Aesthetic Surgery Journal (March/April 2009), 29, 
Number 2, 129-134
(3). Bohdan Pomahac, M.D., Pejman Aflaki, M.D. Use of a non–cross-linked porcine dermal scaffold in abdominal 
wall reconstruction. The American Journal of Surgery (May 2009), 10.1016/j.amjsurg.2008.12.033
(4). Joseph F. Capella, MD. Body Lift. Clinics In Plastic Surgery (2008), 35, 27–51
(5). JUDITH M. LOGAN, RN, BSN, CNOR, MBA, MAJ, ANC, USA; GEORGE BROUGHTON II, MD, PHD, COL, 
MC, USA. Plastic Surgery: Understanding Abdominoplasty and Liposuction. AORN J (October 2008), 88 587-600
(6).  Marcus  Vinícius  Jardini  Barbosa,  Fabio  Xerfan  Nahas,  Miguel  Ângelo  Sabia  Neto,  Lydia  Masako  Ferreira. 
Strategies  in  umbilical  reconstruction.  Journal  of  Plastic,  Reconstructive  &  Aesthetic  Surgery  (2009), 62, 
e147ee150
 (7).  Alexander P. Moya,  Devesh Sharma. A modified technique combining vertical  and high lateral incisions for 
abdominal-to-hip  contouring  following  massive  weight  loss  in  persistently  obese  patients.  Journal  of  Plastic,  
Reconstructive & Aesthetic Surgery (2009), 62, 56e64
 (8).  A.  H.  P.  NIGGEBRUGGE,  J.  B.  TRIMBOS,  J.  HERMANST,  B. KNIPPENBERG and c .  J.  H.  VAN DE 
VELDES. Continuous double loop closure: a new technique for repair of laparotomy wounds.  British Journal of 
Surgery (1997), 84, 258-261
 (9).  T. Isken,  E. Isil,  C. Sen, M. Onyedi,  H. Izmirli.  A useful  and simple  tool for  the design of abdominoplasty 
operations: a bendable wire. Journal of Plastic, Reconstructive & Aesthetic Surgery (2006), 62, Issue 1, Pages 134-
135
 (10). Veeravorn Ariyakhagorn, Volker Schmitz, M.D., Peter Olschewski, Dietrich Polenz, Sabine Boas-Knoop, Ulf 
Neumann,  and  Gero  Puhl.  Improvement  of  Microsurgical  Techniques  in  Orthotopic  Rat  Liver  Transplantation. 
Journal of Surgical Research (2009), 153, 332–339 
 (11). JulioHochberg,MD*,KathleenM.Meyer,MD,MichaelD.Marion,MD.  Suture Choice and Other Methods of Skin 
Closure. Surg Clin N Am (2009), 89, 627–641
 (12).  Ronald P. Gruber, MD; Jennifer Weintraub, MD; Jason Pomerantz, MD. Suture Techniques for the Nasal Tip. 
Aesthetic Surg J (2008), 28, 92–100
 (13). G.G. Jones, S. Saour, A.J. Botha, C.M.J. Healy. Surgical tip e a novel method of applying fibrin sealant during 
repair of divarication of the recti via an abdominoplasty incision. J Plast Reconstr Aesthet Surg (2008), doi:10.1016/
j.bjps.2008.08.035
 (14). K. Cassar and A. Munro. Surgical treatment of incisional hernia. British Journal of Surgery (2002), 89, 534-545
 (15). B. J . MORAN. Stapling instruments for intestinal anastomosis in colorectal surgery. British Journal of Surgery  
(l996), 83, 902-909
 (16). Masahiko Noguchi, John G. Seiler, III,  Richard H. Gelberman, Richard A. Sofranko and Savio L-Y. Woo. In 
Vitro Biomechanical  Analysis  of  Suture  Methods for  Flexor  Tendon Repair.  Journal of Orthopaedic Research 
(1993), 11, 603-611.
(17) Shigley, Joseph Edward; Elementos da Máquinas. Rio de Janeiro: Livros Técnicos e Científicos, Ed. 1984
(18) Norton, Robert L.; Machine Design: An Integrated Approach. Upper Saddle River, N.J. : Prentice Hall, Inc. 1998
(19) Juvinall, Robert C.; Marshek, Kurt M.; Fundamentals of Machine Component Design. New York: John Wiley, 
Inc. 2000
(20) Jornal de Pneumologia. News releases in pneumology. Available in: <http://www.jornaldepneumologia.com.br/>. 
Access in: 05/14/2008
(21) Skeleton and Walls of Abdomen. Abdominal physiological informations. Available in: <http://home.comcast.net/ 
WNOR/abdomen1.htm>. Access in: 05/06/2008
(22) The Secret Life of Machines. Information about general machinery. Available in: 
<http://www.secretlifeofmachines.com>. Access in: 05/14/2008


