IFMBE Proceedings

James Goh - Chwee Teck Lim (Eds.)

Volume 52

/th WACBE World Congress
on Bioengineering 2015

6th to 8th July, 2015, Singapore

@ Springer



James Goh - Chwee Teck Lim
Editors

7th WACBE World Congress
on Bioengineering 2015

6th to 8th July, 2015, Singapore

@ Springer



IFMBE Proceedings

Volume 52

Series Editor

Ratko Magjarevic

Deputy Editors

Fatimah Binti Ibrahim
Igor Lackovi¢

Piotr Ladyzynski
Emilio Sacristan Rock



Preface

On behaif of the Organizing Committee of the WACBE World Congress on Bioengineering 2015 (WACBE 2015), we would
like 10 warmly welcome you to this meeling, This congress is part of a series that began in 2002 and we had six mectings thus
far. This year's meeling is jointly erganized by the Department of Biomedical Engincering of the National University of Sin-
gapore (NUS) and the Biomedical Engineering Socicty (Singapore) (RES). This congress is also endorsed by the International
Federalion lor Medical and Biological Engincering (IFMBE}.

We are glad to report that we have more than 200 participants from 17 ceuntries. In this congress, we have received close
10 300 abstracts with 50 being keynotefinvited presentations. The rest of the contributed abstracts were peer-reviewed, with
124 accepted for oral and 99 accepted for posicr presentations. Qut of these accepted abstracts, we received 55 fina! papers
submitted for the proceedings, with 2 being invited papers, 25 oral presentation papers and 28 Poster papers.

We are very honoured to have Prof Kam Leong as the inaugural Savio Woo Distinguished Lecturer, as well as other very
prominent speakers as our Plenary and Keynote Speakers. Each of these speakers is an authority in their field of research and
we are grateful that they are able to participate in this congress.

We do know that the success of a congress lies in the participation of the delegates and the quality of papers presented.
Nevertheless, we also know that this will not be possible without the help and effort put in by the velunteers, reviewers, as
well as the members of the Organizing Commilee, Scientific Committee and the Interpational Advisory Committee. Their
dedicated contribitions to this mecting are very much acknowledged and appreciated. We would also like to sincerely thank
our sponsors, supporters and exhibitors for contributing to the success of this congress.

Finally, we would like to thank the stalf of INMEET CMS Ple Lid who has ensured the smooth running of the congress.
Finally, 10 all our delegates, 1 hope this WACBE 2015 meeting will not only be one where excellent sciendific ideas are
exchanged and shared, but also [ricndships are renewed and new friends made, Do enjoy the congress as well as the sights and
sounds of Singapore!

Best wishes

Prof James Goh
Chairman

Prof Chwee Teck LIM
Scientific Program Chair

WACBE 2015 Orgaaizing Committec



The International Federation for Medical and Biological Engineering, IFMBE, is a federation of national and transnational
organizations representing internationally the interests of medical and biological engineering and sciences. The IFMBE is a
non-profit organization fostering the creation, dissemination and application of medical and biological engineering knowledge
and the management of technology for improved health and quality of life. Its activities include participation in the formulation
of public policy and the dissemination of information through publications and forums. Within the field of medical, clinical,
and biological engineering, IFMBE's aims are to encourage research and the application of knowledge, and to disseminate
information and promote collaboration. The objectives of the IFMBE are scientific, technological, literary, and educational.

The IFMBE is a WHO accredited NGO covering the full range of biomedical and clinical engineering, healthcare, healthcare
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A Study of Frictional and Biomechanical Forces in a Trapezoidal Bracket versus
Rectangular Bracket and Periostin Activity

Teresa Cobo', Alberto A. Sudrez?, Juan Cobo', Santiago Cal®, and Alvaro J. Obaya®

! Department of Surgery and Medical-Surgical Specialties, University of Oviedo and Instituto Asturiano de Odontologia. Asturias. Espafia
2 Department of Mechanical Engineering. Escuela Politécnica Superior de Ingenierfa. University of Oviedo. Asturias. Espaiia
3 Department of Biochemistry and Molecular Biology. University of Oviedo. Asturias. Espafia
* Department of Fuctional Biology. University of Oviedo. Asturias. Espafia

Abstract — This paper presents a study of the frictional
and biomechanical forces in a trapezoidal versus rectangular
bracket. The main aim is to validate the novel and innovative
bracket design (utility model U-2013 30 854 applied for on: 8th
July 2013. The scope of protection of this utility model covers
Spain, France and Portugal).

Keywords - orthodontics, trapezoidal bracket, biomechani-

cal, periostin.

1. INTRODUCTION

Orthodontic treatment is characterized by the appli-
cation of forces to teeth with the intention of moving them
to a predetermined desired position. To efficiently establish
tooth movement, the forces applied to the teeth mist be
within a certain range. Forces which are too high can result
in rapid, painful tooth movement or ankyloses, while forces
are too low can result in slow or non-existent tooth move-
ment.

Our hypothesis is the following: given that the arch-
wire is not only supported by the bottom of the slot, but also
by the walls, could a change in the morphology of the slot
and/or archwire achieve an improvement in the behavioural
relationship between the two in different scenarios? At first
the bracket had a standard, rectangular face, and now, why
not a trapezoidal face?

Straight, rectangular bracket Trapezaidal bracket
{ FRICTION
|\ } \__ [  Velidation [ BIOMECHANICS
Before Now

Fig. 1 Evolution of the bracket
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II. METHOD
Starting palnt of the
analyals
‘Comparison of the
traperoldst versus
|rectangular bracket
Mechanical
behaviour study Efleton shidy

Definition of the bast

dimensions and angla of the
trapezoidzl bracket

Validation of the
trapezoldal bracket

End af analysls,
Fig. 2 Stages of the study

A. STUDY OF THE MECHANICAL BEHAVIOUR OF A
TRAPEZOIDAL VERSUS RECTANGULAR BRACKET

A numerical simulation was performed using the 3D
finite element method of three models of a dental bracket
with different geometries for the cross-section of the arch-
wire/slot: one “rectangular” in shape; one with trapezoidal
geometry, o = 5° in the area of interest; and a third with
trapezoidal geometry, a = 8°.

<3

Fig. 3 Trapezoidal bracket
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B. COMPARATIVE STUDY OF ARCHWIRE FRICTION ON
DIFFERENT BRACKET GEOMETRIES. 15t CASE

Three case studies were conducted of the brack-
et/archwire assembly, varying its gcometry.

~Rectangular bracket with rectangular archwire.

-Trapezoidal bracket witly rectangular archwire.

-Trapezoidal bracket with rectangular archwire sup-
ported on one side.

Ta obtain comparable results, ali cases were simulat-
ed under the same conditions of friction, estimating a single
coefficient of dynamic friction. Similarly, the forces applied
to the archwire were always equal and constant for all stud-
ics, the estimated slip velocity between the bracket and
archwire taking an equal and constant value in all cases.

C. COMPARATIVE STUDY OF ARCHWIRE FRICTION ON
DIFFERENT BRACKET GEOMETR - VARYING THE ANGLE
OF THE TRAPEZOIDAL SLOT BETWEEN I AND 107 Ind CASE

Considering & common state of loading, a statics
study of the archwire-bracket system was conducted on 4
possible hypotheses of impending movement.

Ten bracket geometries were studied in cach of the
four analysed cascs, with the angle of the trapezoidal slot
taking the values 17, 2%, 3% up to 107,

After defining the relative position between archwire
and bracket, different scenarios may be postulated based on
hypotheses regarding the possible impending movenent the
archwire may suffer within the slot.

Specific reactions or frictional forces are gencrated
for each case in cach of ihese scenarios.

Four different cases were postolated, analysing in
cach one the 10 bracket geomcetries under study {trapezoidal
stot angie varying between 17 and 10%). These cases arc
described below.

1. The archwire is supperted on one wall of the
bracket siof, considering no state of impending
movement. Hence, no frictional forces appear
along the direction of the contact faces.

2. The archwire is supported on one wall of the
bracketl slot, considering a state of impending
movement to exist on this surface. lence, a fric-
tional force appears along the direction of the
stot wali.

3. The archwire is supported on the wall of the
bracket slot, considering a state of smpending
movemeni to exist on the base of the slot (the
archwire tends to be displaced in an anti-
clockwise direction. In this case, a frictional
force appears along the direction of the base.

4. The archwire is supported on the wall of the
bracket slot, considering 2 state of impending
movement to exist simultancously on the hase
and the slot wall {the archwire tends to tum in a
clockwise dircction. In this case, frictional fore-
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es appear along the direction of beth the base
and the contact slot wall.

111, RESULTS

A RESULTS OF THE STUDY OF THE MECHANICAL
BEHAVIOUR OF A TRAPEZOIDAL VERSUS RECTANGULAR
BRACKET

RESULTS
Max. Stress Max. Displacement
(Pa} (mm)

Straight Bracket 1 FRO4R06 1,55076 E-07

Trapez. Bracket 11872979 1,59855 E-07
g0

Trapez. Bracket [IB84190 1,03252 B-07
a°

Fig. 4 Results of the study

It may be concluded that the geometry of the arch-

wire in the states of loading torque and compressive force:

1. Has a local effect only in terms of the distribu-
tion of forces around the siot.

2. The distribution of forces in the base of the
bracket is independent of the local geometry of
the archwire and the siot.

3. The actions or forces transmiited to the tooth are
independent of the local geometry of the arch-
wire and the slot.

Fig. 5 Comparison of the 3 cascs

B. RESULTS OF THE COMPARATIVE STUDY OF ARCHWIRE
FRICTION ON DIFFERENT BRACKET GEOMETRIES. Ist CASE

RESULTS
Frictional force |Nj
Rectangular brackeli .wiﬂ': 4.9504
rectanguiar archwire
lmpezmd'al brae:kct.\wth 4.0068
trapezoidal archwire
Trapezoidal bracket with
rectangular archwire supported 3.5005
an slot wal]

Fig. 6 Results of the comparative study

As can be scen from the above table, the resulis of
the frictional forces vary considerably depending on the
loading case, Although the value of the applied forces is the
same in all cases, the geomelry of the bodies on which they
are applied varies, resulting in a variation wn the normal
components associated with these extemnal forces.

From these results, il can be concluded that;

Brackets with rectangular slols gencrate greater fric-
tional forces than those with a trapezoidal geometry.
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For small angles of the trapezoidal slot (between
0.1°-1°), the influence on the resulting frictional force is
very small, as this depends directly on its cosine compo-
nent.

In the case of rotation of the archwire relative to the
bracket, we assume that contact occurs on a single surface.
The component of the reaction force, perpendicular to the
surface, is clearly smaller than the sum of the normal com-
ponents applied to both faces. The frictional force associat-
ed with the former normal component will therefore also be
less than in the case of contact with two surfaces. Compar-
ing the “trapezoidal bracket/trapezoidal archwire” with the
“trapezoidal bracket/rectangular archwire on the slot wall”,
a decrease of 29% is observed when only one contact sur-
face is involved instead of two.

C. RESULTS OF THE COMPARATIVE STUDY OF ARCHWIRE
FRICTION ON DIFFERENT BRACKET GEOMETRIES ~ VARYING
THE TRAPEZOIDAL SLOT ANGLE BETWEEN 1°AND 10°. 2nd
CASE

For all hypotheses of movement studied here, it can
be concluded that the frictional force always decreases with
increasing angle of the trapezoidal slot.

In term of the different postulated cases, the lowest
frictional force is found in the archwire that slides along the
slot wall until it is supported on its base, without the possi-
bility of it sliding on the latter.

Due to the large number of variables involved in the
movement of the archwire inside the bracket, it cannot be
affirmed that the same case of impending movement always
occurs. That is, the 4 cases of impending movement are not
exclusive and, at any one time, one and/or another may
occur,

CASE 1

Traperolal <iot aivgie £}

Fig. 7 Results of Case |
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CASE 2

F e I,

Trapestal ilat sigie [

Fig. 8 Results of Case 2

Teaprodul ot snglo 7]

Fig. 9 Results of Case 3

£ bt )
d

T apeoida e 2egle

Fig. 10 Results of Casc 4

Carrying out a percentage comparison, the most no-
table decrease in frictional force is produced in the case of
the archwire that slides on the slot wall until it is supported
on its base, without the possibility of sliding on the latter.
This decrease was calculated with respect to the value of the
theoretical frictional force (5N), which would be the value
in the case of a rectangular bracket and rectangular arch-
wire.

If a torque is produced in the archwire, what is most
likely to occur (failing a study to verify this) is that the
increasing angle would constitute an adverse factor hinder-
ing the rotation of the tooth.

If the direction or sign of the assumed forces are var-
ied (once again failing a study to verify this), increasing the
angle of the bracket slot could be counterproductive.
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V. CoNCLUSIONS

The distribution of forces fransmitied to the tooth is
more uniform in the frapezoidal than in the rectangular
brackel.

Brackets with rectangular slots generate higher fric-
tional forces than those with a trapezoidal geometry.

‘The frictional force always decreases with increasing
angle of the trapezoidal slot.

The lowest frictionai force is produced when the
archwire slides along the slot wall until 1t is supported on its
base, without the pessibility of sliding on the lalter.

The study of the frictional forces between the bracket
and archwire show that a greater bracket angle (regardless
of the assumed hypothesis) produces a decrease in the fric-
tional force of advancement in both the rectangular and
trapezoidal archwire.

The maximum recommended angle to manufacture
brackets is 8",

All the preceding results lead us to conclude that the
best combination is the trapezoidal bracket with a trapezoi-
dal archwire.

Furthermore, our research provides new cvidence on
the impact of periostin in the physiology ol tooth movement
resulting from the application of orthodontic forees using an
archwire bracket device with rectangular and trapezoidal
slot walls,

Fig. 1} Design of the innovative traperoidal bracket

Fig. 12 Comparison of the change in dimensions of the frapezoidal ver-
sus conventional bracket
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Fig. 13 Surface topography of the bracket using a scanning electron mi-
CIOSCORC.
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