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Preface

The Pan American Materials Congress (PAMC) is in its third iteration and was
originally initiated from a partnership between the Associação Brasileira de
Metalurgia, Materiais e Mineração (ABM) located in Brazil and The Minerals, Metals
& Materials Society (TMS) located in the United States. This partnership produced
two previously successful materials science and engineering conferences, titled “Pan
American Materials Congress” occurring in 2010 and 2014 and held in conjunction
with ABM’s large annual conference. These events were co-chaired by Prof. Sergio
Neves Monteiro, ABM’s incoming President. The 3rd PAMC, hosted by TMS,
includes nine participating professional societies, and is co-located with the TMS 2017
Annual Meeting & Exhibition. It is the first time that this international materials
science and engineering conference is held in North America, with TMS in the role of
host society. A program covering a variety of materials science topics has been created
based on the input from leading scientists and engineers representing eight countries
and nine international materials, metals, and minerals societies listed below:

1. Argentina: Asociación Argentina de Materiales (SAM)
2. Brazil: Associação Brasileira de Metalurgia, Materiais e Mineração (ABM)
3. Peru: Asociación Peruana de Metalurgia, Materiales Y Minerales (APMMM)
4. Colombia: Colombian Materials Society
5. Chile: Instituto de Ingenieros de Minas de Chile (IIMCh)
6. Canada: Metallurgy and Materials Society (MetSoc), Canadian Institute of

Mining, Metallurgy, and Petroleum (CIM)
7. Chile: Sociedad Chilena de Metalurgia y Materiales (SOCHIM)
8. Mexico: Sociedad Mexicana de Materiales (SMM)
9. United States: The Minerals, Metals & Materials Society (TMS; Host Society)

The participation of additional materials societies throughout the Americas is
being sought and is under discussion. The organizers of this congress seek to
provide an international Pan American focused program to address the needs of the
materials science and engineering communities as they relate to government, aca-
demic, and industrial institutions, while providing an intimate setting for profes-
sionals to interact with and form strategic partnerships with their peers. Student
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participation is strongly encouraged and is a focus for the lead organizers of this
event. Additionally, as far as we are aware, this is the only international materials
science conference where the emphasis is exclusively on North and South America.

The 3rd PAMC technical programming encompasses a wide range of materials, metals,
and minerals with applications specific to the international communities that are repre-
sented, including symposia on materials for transportation and infrastructure, materials for
the oil and gas industry, and minerals extraction and processing. These proceedings
contain the following sections, which correspond to the themes of the conference:

Advanced Biomaterials
Advanced Manufacturing
Materials for Green Energy
Materials for Infrastructure
Materials for the Oil and Gas Industry
Materials for Transportation and Lightweighing
Minerals Extraction and Processing
Nanocrystalline & Ultra-fine Grain Materials & Bulk Metallic Glasses
Steels

From this program, it is expected that rich discussions and collaborative
opportunities will result, heavily focused on the Americas. The congress is
scheduled to run for three consecutive days, with sessions in both the morning and
afternoon. Special attention has been paid to communications and complementary
planning between the congress organizers and TMS staff, and TMS 2017 symposia
organizers and volunteers, to ensure that the sessions are synergistic and not
duplicative of the TMS 2017 Annual Meeting & Exhibition programming.
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Analysis of Biomimetic Surgical Clip Using
Finite Element Modeling for Geometry
Improvement and Biomaterials Selection

Thays Obando Brito, Bianca Bastos Dos Santos,
Leonardo Sales Araújo, Luiz Henrique De Almeida
and Marysilvia Ferreira Da Costa

Abstract An absorbable suture clip (MU9102934-1) for surgical applications was
designed based on the bite mechanism of ant Atta laevigata. In order to emulate the
behavior of the ant mandible, the clip was designed to naturally fall after some time,
relieving the inconvenience of the clip removal process. The structure consists of a
metallic handle and an absorbable polymeric tip. This study aims to optimize its
geometry and select the best biomaterials to the handle structure, by analyzing its
mechanical performance using the finite element method (FEM). The biomaterials
selected for the simulations of the handle were AISI 316L and AISI 420 stainless
steels. FEM analysis was performed using ANSYS FE software. The stress and
strain distributions for each material and geometry changes were analyzed. From
the analysis performed, the clip was optimized in order to be applied in a less
traumatic form.

Keywords Surgical clip � Biomaterials � Atta laevigata � FEM

Introduction

Suture is used to help the healing process of the epithelial tissues, leading to a better
and faster result, through the approximation of the edges of an injury, sealing blood
vessels [1–3]. The approximation of the skin edges can be done by suture yarn,
adhesive ormetal clip [2]. Despite the constant improvement of the suturemodes, they
still have limitations concerning, due to the material used, the high cost, the shape, the
placement and release mechanisms or the traumatic placing and healing process.
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About 1000 years B.C. the use of jaws of ants for suture was reported in the
Indian medical text Charaka Samhita [2]. The use of an ant jaw as a suture
component permits the approximation of the edges and, during healing period, the
jaw degrades and the remaining parts fall from the skin [4]. This technique is
illustrated in Fig. 1.

According to the technique based on this bioinspired mechanism of suture using
an ant mandible, a bioabsorbable surgical clip was developed based on the Atta
laevigata bite mechanism, which resulted in technological patent type utility model
[5], as shown in Fig. 2.

The innovative aspect of this clip is that there is no need for the patient to return to
the hospital for the removal of the stitches, leading to a less traumatic and more
comfortable technique for both the patient and the healthcare professional. This is
because the product has a subsystem as an absorbable biomaterial. The absorbable
surgical clip design is composed by the subsystems: handle structure, approach
structure and cover, Fig. 2b. The handle structure is composed by a metallic material
and a bioabsorbable polymer attachment structure. Figure 3 shows the main
dimensions of the absorbable suture clip. The handle has to be capable of having a
dimensional span to open and close the approach structure by means of the elastic
properties of the metallic material, at the same time having high elastic modulus to
provide enough for to permit the penetration of the approach structure in the skin.

Fig. 1 Suture performed with jaw ant Atta. Ant jaw approximating the tissue edges (b). Ant jaw
as suture points (c). Adapted from [7]

Fig. 2 Design of bioabsorbable suture clip (a) and their subsystems (b). Adapted from [8, 5]
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The aim of this research is to optimize the geometry, dimensions and analysis the
biomaterials, polymer and metal, for the surgical clip, estimating their mechanical
performance using the Finite Element Method (FEM).

Materials and Methods

Two biomaterials, already used as medical applications, were selected for this
analyses: stainless steel AISI 316L (austenitic) and AISI 420 (martensitic). The clip
was modeled by Solid Edge software by two pieces of metal and polymer. The
opening mechanism of the clip was simulated using the software ANSYS 17.2®.
The element used is SOLID185 with 4-nodes tetrahedral configuration.

The primary analysis was geometric to prescribe displacement. After that,
nonlinear quasi static analysis was made at the handle structure of the surgical clip
to verify the stress and strain distribution in the surgical clip. According to these,
the design of clip and selection of the best biomaterial for the perfect functioning of
that can be optimized.

Results and Discussion

The geometric analysis was performed on the handle structure and the approach
structure to prescribe large displacement. An angle of 15° was set from the cal-
culation of height of the handle structure and the clip design of the plane of

Fig. 3 The technical design of bioabsorbable suture clip. Adapted from [5]
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symmetry, defining the opening of the clip. It results in the displacement of
0.05 mm for X and Y directions, equivalent to a force of 30 N. Figure 4 shows the
15° angle and the resultant opening span of the clip.

After defining the opening span for the clip, FE simulations were performed
using the selected metallic materials for the handle (AISI 316L and AISI 420). An
elastic modulus of 200 GPa was set for AISI 420 and 192 GPa [6] was used for
AISI 316L. The Poisson’s ratio used for both steels was 0.3. Figure 5 shows the
location of prescribed offset of 0.05 mm and the stress distribution in the handle
structure of AISI 316L stainless steel material.

Fig. 4 Schematic of the clip opening geometry with a 15° angle

Fig. 5 Identification of boundary conditions (prescribe displacement) on the of handle structure
(a) and open clip (b)

6 T.O. Brito et al.



For the design considered, the more intense stress concentrations were located at
point of contact between the opening tool (at the upper part of the handle) and at the
joint responsible for the elastic opening of the handle. The stress concentration at
these points are far above the yield strength and ultimate tensile strength of both
steels. For AISI 316L the relevant stress concentration is identified as shown in
Fig. 6, approaching 3 GPa. This indicates that plastic deformation and possible
rupture of the material will occur, especially at the joint, where there is an angle of
110°.

It has also been established the same displacement to the handle opening of
stainless steel AISI 420. Figure 7 shows the clip simulation AISI 420 with the
tension distribution to identifying regions of clip handle structure.

The stress concentration in the steel AISI 420 handle structure was also pre-
dominant in the central region, as identified in Fig. 7, reaching a pressure of about
3GPa. This also far exceeds its strength, equivalent to 967 MPa [6], indicating that
fracture should occur in this region.

Fig. 6 Identification of stress concentration on the handle structure of the AISI 316L surgical clip
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