5




/M Portuguese Congress on

Blomechanics

Guimardes - Portugal | 10— 11" February 2017

In Portugal, over the last decades, Biomechanics has contributed decisively to extending the frontiers of the knowledge, as result of the
excellence research. It has led to the development of important applications with relevance in the fields of medicine, bioengineering,
biology, sport, ergonomics, rehabilitation, accessibility, occupational therapy, among others.

The Portuguese Congress on Biomechanics aims to promote and encourage the participation of the scientific and technical community of
Biomechanics, in order to enhancing the progress and intervention of this field in Portugal.

In order to promote contacts between different research teams and to share the successes achieved, in 2005, it was held the 1st
Portuguese Meeting on Biomechanics in Martinchel. Two years later, the 2nd Meeting was held in Evora elapsing with great success. Due to
the natural evolution of these events, in 2009 the event name was changed to 3rd Portuguese Congress on Biomechanics, which took place
in Braganga. In subsequent editions, in 2011 and 2013, the Portuguese Congress on Biomechanics took place in Coimbra and Espinho,
respectively. Following the past events, the 6th Portuguese Congress of Biomechanics was held in February 2015 in Monte Real, Leiria

Therefore, the Portuguese Congress on Biomechanics aims to be an open forum for the scientific community engaged in the work and
research in various areas of biomechanics, to discuss and share the developed research.

Use o botdo abaixo para aceder as apresentagoes
Click the button to access the database

CNB-2017

Remark: using Microsoft Internet Explorer, please make sure scripts are enabled (in doubt see here)




7/ Portuguese Congress on

Biomechanics

Guimardes — Porfugal | 10" — 11" February 2017

back HOME .

Tépicos / Topics

01 - Antropometria
Anthropometrics

02 - Biofabricagéo
Biomanufacturing

03 - Biomateriais
Biomaterials

04 - Biomecanica cardiovascular,
biofluidos e hemodinamica
Cardiovascular and hemodynamic
bio-fluids

05 - Biomecanica celular e molecular
Cellular and molecular biomechanics

06 - Biomecanica da lesdo/impacto
Biomechanics of injury and impact

07 - Biomecénica de reabilitagdo
Biomechanics of rehabilitation

08 - Biomecanica desportiva
Sports biomechanics

09 - Biomecénica do cranio e coluna
Biomechanics of the spine and skull

10 - Biomecénica do Sistema musculo-
esquelético
Biomechanics of the musculoskeletal
system

11 - Biomecanica dos tecidos
Tissue biomechanics

12 - Biomecénica ocupacional
Occupational biomechanics

13 - Biomecénica orofacial
Oral-facial biomechanics

14 - Biomecénica ortopédica
Orthopaedic biomechanics

15 - Biomecanica respiratéria
Respiratory biomechanics

16 - Cirurgia assistida por computador
Computer-asssisted surgery

17 - Engenharia dos tecidos
Tissue engineering

18 - Ensino da biomecénica
Teaching of biomechanics

19 - Mecénica experimental em
biomecéanica
Experimental mechanics
biomechanics

20 - Visdo por computador em
biomecéanica
Computer vision in biomechanics

In Portugal, over the last decades, Biomechanics has contributed decisively to
extending the frontiers of the knowledge, as result of the excellence research. It has led
to the development of important applications with relevance in the fields of medicine,
bioengineering, biology, sport, ergonomics, rehabilitation, accessibility, occupational
therapy, among others.

The Portuguese Congress on Biomechanics aims to promote and encourage the
participation of the scientific and technical community of Biomechanics, in order to
enhancing the progress and intervention of this field in Portugal.

In order to promote contacts between different research teams and to share the
successes achieved, in 2005, it was held the 1st Portuguese Meeting on Biomechanics in
Martinchel. Two years later, the 2nd Meeting was held in Evora elapsing with great
success. Due to the natural evolution of these events, in 2009 the event name was
changed to 3rd Portuguese Congress on Biomechanics, which took place in Braganga. In
subsequent editions, in 2011 and 2013, the Portuguese Congress on Biomechanics took
place in Coimbra and Espinho, respectively. Following the past events, the 6th
Portuguese Congress of Biomechanics was held in February 2015 in Monte Real, Leiria
Therefore, the Portuguese Congress on Biomechanics aims to be an open forum for the
scientific community engaged in the work and research in various areas of
biomechanics, to discuss and share the developed research.

Observagdo:
- pode sempre utilizar a funcionalidade "Ctrl F" do seu browser
para pesquisar qualquer palavra no titulo ou nome de autor.
Remark:
- you can always use the "Ctrl F" functionality of your browser
to search any word in the title or author's name.

Escola de Engenharia, Universidade do Minho, 2017



ATAS DO
7° CONGRESSO NACIONAL DE BIOMECANICA

PROCEEDINGS OF THE
7TH PORTUGUESE CONGRESS ON BIOMECHANICS

D E D A D E
P QR T UG UTES &
BI OMETCARNICA

COMISSAO DE HONRA | HONOR COMMITTEE

Reitor da Universidade do Minho
Doutor Anténio M. Cunha

Presidente da Cdmara Municipal de Guimaries
Dr. Domingos Braganga

Presidente do Health Cluster Portugal
Doutor Luis Portela

Presidente da Sociedade Portuguesa de Biomecanica
Doutor Paulo Fernandes

Presidente da Sociedade Portuguesa de Estomatologia e Medicina Dentaria
Doutor Pedro Mesquita

COMISSAO ORGANIZADORA | ORGANIZING COMMITTEE

Paulo Flores, Departamento de Engenharia Mecénica, Universidade do Minho

Filipe Marques, Departamento de Engenharia Mecé4nica, Universidade do Minho
Filipe Silva, Departamento de Engenharia Mecinica, Universidade do Minho

José Carlos Teixeira, Departamento de Engenharia Mecanica, Universidade do Minho
José Luis Alves, Departamento de Engenharia Mecanica, Universidade do Minho
José Pimenta Claro, Departamento de Engenharia Mecanica, Universidade do Minho
Nuno Dourado, Departamento de Engenharia Mecénica, Universidade do Minho

Sara Cortez, Departamento de Engenharia Mecénica, Universidade do Minho

Jodo Folgado, Instituto Superior Técnico, Universidade de Lisboa

PATROCINIOS E APOIOS INSTITUCIONAIS | SPONSORSHIP AND INSTITUTIONAL SUPPORT

S Q C 1§ B oA o &
UMINHO

PoxTuGuEs A %«'Cm,_(*nc:

B1omeclh nilca CENTER FOR RMICROELECTROMECHANICAL SYSTEMS

e DISTRIM




COMISSAO CIENTIFICA | SCIENTIFIC COMMITTEE

Adélia Sequeira (IST)

Amilcar Ramatho (UC)

Anténio Completo (UA)

Anténio Figueiredo (UC)

Anténio Ramos (UA)

Antonio Silva (UTAD)

Anténio Veloso (FMH)

Aurélio Faria (UBI)

Cristina Santos (UM)

Daniela Vaz (IPL)

Elza Fonseca (IPB)

Fernando Simdes (IST)

Fernando Gilberto Costa (FMUP)
Filipa Jodo (FMH)

Filipe Carvalho (CMRRC-Rovisco Pais)
Filipe Silva (UM)

Gongalo Dias (UC)

Helena Moreira (UTAD)

Hélder Rodrigues (IST)

Jacinto Monteiro (FMUL)

Javier Cuadrado (UCorufia)

Joana Costa Reis (UEvora)

Jodo Espregueira-Mendes (CEM)
Jodo Folgado (IST)

Jodo MCS Abrantes (ULus6fona)
Jodo Manuel Tavares (FEUP)

Jodo Paulo Vilas-Boas (FADEUP)
Jorge Ambrésio (IST)

Jorge Belinha (FEUP)

Jorge Lains (CMRRC-Rovisco Pais)
José Alberto Ramos Duarte (FADEUP)
José Carlos Reis Campos (FMDUP)
José Luis Alves (UM)

José Luis Alves (UM)

José Manuel Casanova (FMUC)
José Oliveira Sim&es (UA)
Josep Llagunes (UPCatalonia)
Leandro Machado (FADEUP)
Lidia Carvatho (INESCTEC)
Luciano Menegaldo (UFRIJ)
Luis Rocha (UM)

Luis Roseiro (ISEC)

Luisa Sousa (FEUP)

Manuel Gutierres (FMUP)
Marco Parente (FEUP)

Maria Augusta Neto (UC)
Mario Augusto Vaz (FEUP)
Mario Forjaz Secca (UNL)
Mirio Jodo Gamelas (UNL)
Miguel Tavares da Silva (IST)
Miguel Velhote Correia (FEUP)
Nuno Dourado (UM)

Paulo Flores (UM)

Paulo R. Fernandes (IST)
Paulo Piloto (IPB)

Pedro Coelho (UNL)

Pedro Martins (FEUP)

Pedro Morougo (IPL)

Renato Natal Jorge (FEUP)
Rita Santos Rocha (IPS)
Ronaldo Gabriel (UTAD)

Rui Barreiros Ruben (IPL)
Rui Lima (UM)

Rui Miranda Guedes (FEUP)
Vera Moniz-Pereira (FMH)



7° CONGRESSO NACIONAL DE BIOMECANICA

Paulo Flores et al. (Eds)
Guimardes, Portugal, 10 e 11 de fevereiro de 2017

STRESS ANALYSIS DURING DRILLING OF HUMAN CADAVERIC TIBIAE

M.G. Fernandes ', L. Azevedo >, EEM.M Fonseca >, R. Natal®, M.C. Manzanares ’

! INEGI, Faculty of Engineering of University of Porto, Portugal; mgfernandes@inegi.up.pt

2 Polytechnique Institute of Braganga, Portugal; ldazevedol0@gmail.com

3 LAETA, INEGI, Polytechnique Institute of Braganga, Portugal, efonseca@ipb.pt

4 LAETA, INEGI, Faculty of Engineering of University of Porto, Portugal, rnatal@fe.up.pt

3 University of Barcelona, Faculty of Medicine and Health Sciences, Spain; mcmanzanares@ub.edu

KEYWORDS: Drilling, Cadaveric Tibiae, Stress, Strain Gauge

ABSTRACT: Significant researches exist to estimate and to control the bone drilling

temperatures, however no published data exist regarding the stress analysis during the bone
drilling, mainly in the case of human bones. The inherent difficulties to this process and to

collect human bones lead to a lack of information about this subject. The present study
investigates the influence of drill speed on the stresses generation of human cadaveric tibiae. An

experimental approach of bone drilling has been conducted using linear strain gauges on

surfaces of bone tissue. It was concluded when the drill speed is lower, the level of stresses in

the human cadaveric tibiae are lower.

1 INTRODUCTION

Bone machining includes a number of
procedures such as grinding, drilling,
milling and sawing. All of them are very
common in various surgical interventions
[1]. The desired outcome of bone
machining is to ensure the bone tissue
integrity which leads to success of bone
surgery interventions. Before performing
those surgical procedures, it is crucial to
study the bone drilling and its behaviour for
supporting  the  implementation  of
appropriate cutting conditions and improve
the quality and safety of these interventions.
Specifically, the present work focuses on
human bone drilling procedures, which is
often used in orthopaedic surgery.
Unfortunately, bone fracture is a common
reality and can happen as a result of road
accidents, falls, sports injuries, etc. Most of
the treatments involve bone drilling to
insert screws, wires and fixing plates, which
enables the immobilization and alignment

of bone parts for proper healing [2, 3].
However, if it is not used accurately,
especially in fixation procedures, may lead
to the tool breakage, structural damage of
the bone tissue and thermal necrosis [4-7].

Research on bone drilling has recently
regained a lot of attention. Many
experimental and computational studies
have been made to assess the drilling
parameters that influence surgical drilling
into bone. To date, however, relatively few
investigators have actually employed
human bone [8, 9, 10]. The majority of
published studies used bovine or porcine
cortical bone of the diaphyseal layers as test
material. Indeed, some animals can
resemble the human properties but none of
them is equal to the human bone. This
inherent variation in mechanical and
thermal properties of specimens taken from
different bones results in differences in the
results subject to virtually identical drilling
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conditions in repeated experiments [11].
Also, most of the researchers have been
focus their studies in determining the best
drilling parameters (e.g. drill speed, feed-
rate, hole depth, drill bit geometry or bone
density) to prevent excessive heating and to
limit the thrust pressure or drilling torque
[1, 6, 7, 11-16]. There is a lack of
information on the mechanical bone
damage, especially about the strain and
stress distribution in bone tissue during
drilling and its surface integrity. Although
in several methodologies have been
proposed estimated values for bone
temperature and cutting forces, none of
them include the stresses distributions on
the bone. In the literature, several
techniques can be found to measure the
strain level in body surfaces during the
drilling processes for many industrial
applications, but no application was found
for medical situations. Usually, the strain
level is measured using strain gauges and a
data acquisition system from which the
stresses can be calculated. Therefore, the
importance of the drilling process on the
mechanical damage for further patient
evolution has motivated this study on
human cadaveric tibiae.

In this study, an experimental model was
developed to predict the level of strains and
stresses during the drilling process of
human cadaveric tibiae. A series of
experiments under different drill speeds
were conducted, in order to evaluate its
effect on mechanical bone damage. Each
human cadaveric tibia was instrumented
with strain gauges in different surface
positions during the drilling process.

2 DRILLING EXPERIMENTS

2.1 HUMAN TIBIAE PREPARATION

Three non-embalmed sections of human
cadaveric tibiae were obtained with the
permission of the author’s institutional
research ethics board. The tibiae samples
were processed in the Body Donor’s

Service and Dissection Room of the
University of Barcelona. Human tibiae were
stripped of soft tissues and then visually
inspected to ensure no bone pathology (Fig.
1). Donor medical histories, when available,
were accessed to verify the absence of bone
pathology. The gender of the human
cadaveric tibiae used in this work were 1
male and 2 females.

Fig. 1 Human cadaveric tibiae used in the study

Sections of the tibia from the medial
condyle to the medial malleolus were cut
with a band saw into segments of 209 mm
length on average. The cortical tissue was
measured with an average thickness of
cortical wall of 3.5mm, as shown in Fig. 2.

Medial

Condyle\ — R
5

209 mm

3,5 mm

Fig. 2 Human cadaveric sample dimensions used for
the drilling tests

2.2 DRILLING SETUP

It was decided that the most efficient
method of measuring the strain level at the
bone surface during drilling was to locate
several strain gauges as close as possible to
the drilled zone. Therefore, each sample
was instrumented with three linear strain
gauges (1-LY18-6/120, 120Q+0.35% from
HBM) to estimate the level of strain at the
facies medialis flat tibial surface. To
promote the strain gauge bond, the bone
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surface was prepared by stripping of the
periosteum in the area to which the strain
gauge was applied. A small amount of
adhesive was applied to the under surface
of the strain gauge, which is then
immediately placed in the prepared surface
of the bone being careful to observe correct
alignment. To promote the uniformity of
results, all gauges were mounted in
identical locations, considering the same
distance of 3.5 mm between the hole and
the strain gauge (Fig. 3).

Fig. 3 Human samples instrumentation

Wire leads were soldered to the strain
gauge contacts and connected to an
acquisition data system (Vishay Micro
Measurements P3 Strain Indicator and
Recorder). This system allowed to read the
strains over time during each step of the
drilling. The corresponding profiles of
stresses in tibia surface versus drilling
depth were calculated.

In order to investigate the effect of drill
speed on the stresses generation of human
cadaveric tibiae, the holes were performed
on a vertical drilling machine with a twist
drill bit (@4 mm and point angle of 118°)
and using three different drill speeds: 520,
900, 1370 rpm. The combinations of
parameters have been chosen considering
the existing clinical practice based on hand-
held drilling machines. In clinical practice,
the drilling operations are blind in nature
with unknown hole depth and feed-rate.
Therefore, our drilling tests were performed
in the same way. However, all holes were
carried out by the same operator, for one

operative standardization. All  drilling
parameters used in this study are
summarized in Table 1.

Tab. 1 Parameters used in the drilling tests

. Drill speed Drill bit
Human tibiae (rom) geometry
1 520 @4 mm, 118°
point angle
2 900 and 30° helix
3 1370 angle

To obtain the feed-rate for each drilled hole,
drilling time and hole depth were measured
with an appropriate depth gauge. The
average of feed-rates in each human
cadaveric tibia was calculated and the
values are represented in Table 2.

Tab. 2 Mean values of feed-rates

Feed-rate (mm/min)

Human tibiae
Mean value (Range)
1 (n=6) 23,88 [13,25-34,03]
2 (n=6) 19,49 [16,41-26,82]
3 (n=6) 14,45 [11,85-17,41]

n number of the holes

Temperature measurements of drill bit were
also considered through a thermal camera
(ThermaCAM 365, FLIR Systems). The
camera was rigidly fixed to a tripod at a
distance of 1.5 m from the drilling area and
allowed to obtain thermal images of the
drill bit surface, before and immediately
after drilling. Temperatures were measured
in real time and the thermal image data
were transferred to a PC for simultaneous
analysis in appropriated software (FLIR
QuickReport Software, FLIR Systems). The
tests were conducted from room
temperature (23 °C) without applying
cooling at the drilling zone. The complete
experimental setup for bone drilling is
shown in Fig. 4. Measurements for each
combination of machining parameters were
randomly repeated six times.
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Fig. 4 Drilling tests on cadaveric tibiae

3 RESULTS AND DISCUSSION

With three combinations of drilling
parameters and six randomly performed
measurements for each combination of
parameters, eighteen readings have been
extracted from all experimental tests. The
results were divided into two groups. In
first group, the drilling stress variation with
drill speed. In second group, the
temperature variation of the drill bit was
presented according to the drill speed
variation.

Fig. 5 shows the average of maximum
drilling stress distribution on surface of
human cadaveric tibiae, considering the
variation of drill speed.

0.4
0.36
0.32
0.28
0.24

0.2
0.16
0.12

520 900 1370
Drill Speed (rpm)

Maximum Drilling Stress (MPa)

Fig. 5 Maximum drilling stress oz (MPa) with drill
speed.

It can be seen from Fig. 5 that the drilling
stress increase with increasing of drill
speed. Combining the Table 2 with the Fig.
5, it was also observed that the maximum
drilling stress increase for the lowest values
of feed-rate. Similar behaviour was reported
in our previous studies using polyurethane
foam materials with properties similar to
the human cadaveric bone [17].

To display the relations of drilling speed
and drill bit temperature, the temperature
variation was calculated and compared
subtracting the recorded temperature (Tr)
with the initial temperature of the drill bit
(To) for each hole (AT (°C) = Twr-To). The
results were summarized using means
values of AT. Fig. 6 showed the result of
AT at different drill speeds and a drill bit of
@4 mm HSS twist drill bit.

AT (°C)

520 900 1370
Drill Speed (rpm)

Fig. 6 The effect of drill speed on temperature
variation of the drill bit.

It has further been demonstrated, through
the Fig. 6, that the temperature variation on
the drill bit increases with the increasing of
drill speed. By carrying out this analysis, it
can be expected that the bone temperature
also increased with the increase in drill
speed. One explanation for these results
could be that the number of cuts and the
amount of friction between the drill and the
bone will be relatively increased, thus
leading to a higher accumulated friction
energy and a higher bone temperature rise.
These outcomes are consistent with our
already published works, using bovine and
porcine bones [18]. In addition, other
authors suggest the same results [19].

4 CONCLUSIONS

In this study, the effect of drill speed on the
stresses generation of human cadaveric
tibiae was investigated by wusing an
experimental methodology. The parameters
for the drilling tests included three drill
speed and different feed-rates obtained by



M.G. Fernandes, L. Azevedo, E.M.M. Fonseca, R. Natal and M.C. Manzanares

the manual drilling, as it happens in clinical
practice. Based upon the experimental
results, the following conclusions are
drawn:

-a drill bit with a lower drill speed can
reduce the level of stresses and strains in
the human cadaveric tibiae during drilling;

-the drill bit temperature and, consequently,
the bone temperature increases as the drill
speed increases;

-the stresses increase with the tool
penetration and, consequently,  with
increasing of hole depth.

To summarise, in the clinical practice
decreasing the rotation speed and increasing
the drilling load, this also means, increase
the feed-rate of the drill can shorten the
friction time between the drill and bone,
which reduces the friction heat, thereby
reducing the rise in bone temperature and
also the stresses and strains on human bone.
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