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Preface

This book contains the abstracts and fulltexts of the Invited Lectures, Thematic Sessions, and Contributed
Papers presented at the Intemational Conference on Clinicai and BioEngineering for Women's Health-
BloMedWomen, that took place in June 20-23"' 2015, in Porto, Portugal. BioMedWomen covered several
fields of knowledge related to Women's Health, and brought together researchers from around the worid.
It included two Invited Lectures, three Thematic Sessions and 54 Contributed Papers.

The Invited Lectures focused on two topics affecting women woridwide: the Biomechanics of Female
Pelvic Floor and its applications in the cíinical pracüce (Margot Damaser, PhD) and the Bio-Psycho-
Social Model of Women's Health (Heather L. Rogers, PhD).

BioMedWomen gathered the clinicai and bioengineering perspectives from different professionals:
gynecologists, urologists, physical therapists, nutritionists, sport scientists, radiologists, neurologists, engi-
neers, dermatocosmetologists, gerontofogists, psychologists, dentists, among others. Students,̂  residente
and postgraduates of ali'medicai speciaüzation were invited to give their contribute and to share their
knowledge.

This Conference included Instituúonal Organizers from the educational, research and clinicai settings:
the Faculúes of Engineering, Medicine, Dental Medicine, Psychology and Educational Sciences, Nutria
tïon-and Sports of ïhe University of Porto; the Institute of Science and Innovation in Mechanical and
Industrial Èngineering (INEGI); and the Centro Hospitalar de São João-EPE.

The Conference Chair would like to express gratitude for the Institutional Support given by the FCT
(Fundação para a Ciência e Tecnologia), UNESCO (Comissão Nacional da UNESCO-Portugal), the
portuguese section of the IEEE Women in Engineenng, biomat.net, andthe Atmosfera M (Montepi o).
Also, a word of appreciation for ali the members of the Scientific and Organizing Committees, and to
the Local Organizei-s. Finally, to ali the Invited Lecturers, Thematic Session Organizers, Co-chairs, and
to ali the Authors for sharing their work and their knowledge in the context of the Women's Health and
well-being.
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5 CONCLUSIONS

In this paper, we have considered a mathematical
modd of~Ae hypothalamus-pituitary-adrena^axis,
descnbed in the literature by a nonlinear ditteren-
tíaÍ'svstem. Instead of taking the tiamportation
oFdÍfferent hormones as an instantaneous process
^ehawmtroduced tüne delay into the system to
account the'time needed by the hormones to tiawl
ftMn"source'to destination. Therefore, the^
coas te'of"a'system with_four no"line^di£FCTe^
^eq^aúonswith delay. The local rtabilitj^of^he
sltotio>n'ary"stateis-studied. I order toconAitíthis

rw rtartfrom the case withoródelay. The sta-

'state'is-locally asymptotically stable^when

wÏi^n"the"parameter of the delay is considered^as
meter, wemvestigate if it can produce penodic

^ÍutionïÍn some conditions, we have fmd the criti-
calvalue of the delay when thereis aünut cycie.

"Foï the reason that the stochasüc aspects cap-
ture"the-uncertainty about^the environment^m
^hTch"the~system is operating, we simulate the
orbits of the stochastic system.

Forv 'the'numerical simuladons we have^used
Maple and Matlab. The obtained fig
theoretical findings.
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Temperature assessment in the drilling of ex vivo bovine and porcine
cortical boné tissue

M.G. Fernandes & RJ. Natal
INEGI, Porto, Portugal

E.M.M. Fonseca
LAETA-INEGIIUMNMEE, Bragança, Portugal

M. I. Dias

CITAB, Vila Real, Portugal

ABSTRACT: Thermal damage in boné tissue is a common problem in drilling processes. The main
goal of this work is to analyze the cutting conditions that generate the lower temperature, avoiding the
occiirrence of thermal boné necrosis. In this work, the efíects of the drill speed and the feed-rate were
studied during the drilling of cortical bovine and porcine boné tissue. In the ex vivo drilling operations,
two methodologies were performed on several fresh femur boné samples.

The present study showed that the combinations of cutting conditions in the drilling process of ex vivo
cortical bovine and porcine boné tissue, produced temperatures far below the criticai values. It was
concluded that the temperature increases with an increasing drill speed and decreases with high feed-rates.
To the drill speed, the difference is less clear than that the feed-rate. The drilling temperatures on the
bovine samples were higher than porcine samples.

l INTRODUCTION

In medicine there are several surgical procedures
that could afFect the human boné tissue, mainly
due drilling, cutting or screwing operations of
boné tissue. The post-operative success of these
surgeries is widely dependant on many factors, and
also the temperature generation during the drilling
boné process (Fernandes et al. 2014; Fernandes
et al. 2015). The main concern in boné drilling is
the thermal damage of the boné tissue induced by
inappropriate parameters such as drill speed and
feed-rate during surgical procedures. Thus, it is
important to understand and to improve the drill-
ing conditions and ali the involved variables, to
reduce the heat generated and consequently mini-
inize the boné damage. Eriksson and Albrektsson
indicated that thermal necrosis in cortical boné
from living rabbits occurred wheii this one reached
a temperature of 47°C for l minute (Eriksson and
Albrektsson 1983), Other authors showed that
temperature values above 55°C for a period longer
than 30 seconds can cause great irreversible lesions
in boné tissue (Tu et al. 1999; Hillery et al. 1999).
Currently, the evolution of temperature during
the drilling of boné tissues is of great interest
and hás been examined mainly in animal models,

The most of these studies concentrate especially
on the long bonés from bovine or porcine animais.
These bonés have charactenstics that best resem-
ble to human specimens (Aerssens et al. 1998, Yue-
huei et al. 2000). There are many ways to measure
the temperature during the drilling process of the
boné. The most common instruments to measure
the temperature are the thermographic camera and
the thermocouples. The thermographic camera is
a very sensitive and efTective method for measure
superficial temperature changes (Bedrettin et al.
2009). Therefore, in this work, the influence of
the drill speed and feed-rate on evolution of the
temperature in drilling boné process, was studied
using the thermographic camera. The main goal
was making a qualitative analysis of the obtained
results in animal models, for further optimization
of the cutüng conditions that will allow achieve the
lower temperatures and consequently improve this
type of surgical procedures.

2 METHDOLOGIES

Drilling tests were carried out using animal models
through ex vivo studies. Cünical and laboratory pro-
cedures were used to evaluate the temperature rise on
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several fresh femur boné samples. The cUiucal_proc&-
dure was perfomied in Veterinary Hospital of UTAD
(University of Tras-os-Montes e Alto Douro) usmg
the cUnïcal conditions involved m such proceed-
ings. The laboratory procedure was performed m
Mechanical Laboratory at IPB-ESTiG (Polytechnic
Instituto of Bragança) using a CNC machine to try
sÍínulate the clinicai conditions but with total contiol
ofthe involved parameters. The results in both pro-
cedures were analysed and compared.

2. l Boné sample preparation

The study samples consisted of fresh bonés (bovine
and porcine feínurs). These bonés were chosen due
to its mechanical properties similar to humanbone.
In "total, eight bovine and three porcine femurs
were obtained from a local butehery, where have
been previously cleaned (muscle removed), Fig. l.

The bonés were obtained after the calves were
sacrifÍcecfatthe age of 9-12 months. In the clmical
procedure, only bovine boné samples were used and
the tests were performed immediately after obtainmg
the bonés. The femurs were kept untouched and the
holes were made respecting a real surgery procedure.
In fheexpenments performed in Mechanical Labo-
ratory were used both bovine and porcine bonés In
this case, the samples were prepared appropriately
in order to obtainjust the cortical boné tissue of the
femurs. These tests were performed few days after
obtaining the bonés. It is important to prepare the
femuTS appropriately, and keep their property until
the day of the tesís. In order to retain the charac-
teristics and properties, the samples were prepared
according toxtheguideUnes estabUshed by Yuehuei

and Robert Q^uehuei et al.2000). AU samples were
kept moist in saUne solution with gauze swabs and
stored in plastic bags at -4°C before the tests. To
íeaiize the experiments, the periosteum was removed
from the outer surface of the boné samples, as it
clogs the drill flutes. AU the epiphysis were remoyed
andthe mid-diaphysis columns were obtained using
a hacksaw. Also the boné marrow was removed,
leaving only the cortical tissue (Fig. 2).

'Thebovine samples were 120-150 iiimin length
with an average thickness of the cortical of 7-9 mm,
whïle the porcine bonés were 80-95 mm m length
and 4-6 mm of cortical thickness. AU samples were
divided to accommodating several drilled holes.

MM dupliysla

^
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Figure l. Fresh femurs bonés samples: (a) bovine; (b)
porcme.

Figure 2. (a) Fresh boné; (b) sample cut from
m-íd-displaysis and (c) sample with gauze swabs.

2.2 Clinicai procedure
This ex vivo study was performed at Veteri-
nary Hospital to simulate the clinicai conditions
involved in drilling process of long bonés. Eight
bovine fresh femurs were divided to receive six
holes with 20 mm between them. The holes were
maïe with an appropriate tool to orthopaedicsur-
genes (ComPact'Air Drive II) from Synthes Com-
panies, shown in Fig. 3.

This air-driven power tool, dedicated to trau-
matology, allows a maximum drill speed of 900
rpm. AU drilling procedures were performed by
one surgeon, for one operative standardization.
For tÍie purpose of this study, a conventional
drïll bit with 04 mm and point angle of 118°
was used. The temperature was measured in_drill
bit with a thermographic camera (ThermaCAM
365, FLIR Systems) at a distance of 1. 5 m from
the''drill bit The camera allowed to ob-tam
ttíermal images before and after of dnlling^ In
ordeïto obtain the feed-rate, the time o f drüling
and the hole depth were measured with a depth
gauge. The average of feed-rate for ali boles was
^alc^lated-and the values are represented in the
Table l.

2. 3 Laboratory procedure
In the laboratory, the ex vivo study was performed
using' a~CNC machine with total control of the
invoíved parameters. The same eight^bovine femurs
and three porcine femurs were used but with just
the corticaÍ tissue. In order to replicate the dini
procedure, the same drill bit and cuuinë.c<:mditions
were employed. The selection of the cutting param-
eters'and"driUmg depth of the holes were^cho-
sen through the means values obtained dimcaliy
Ïàble 2 shows the drilUng parameters employed on
CNC machine.

As it was tested in the clinicai procedure, onr
the thermographic camera was used to measure the

(c)

Figure 4. Drilling process in laboratory.

(d) 3 RESULTS AND DISCUSSION

Figure 3. Clinicai procedure: (a) measiiring (b) drilling
process, (c) thermographic camera, (d) measure the depth
boles.

Table l. Average of feed-rates used in the clinicai
procedure.

Fresh bovine
femurs

Feed-rate [mm/min]

Mean ± SD [Range]

l(n=6)
2(n=6)
3(n=5)
4 (n =6)
5(n=6)
6 (n = 6)
7(n=6)
8(n=6)

17. 77+3. 04
29. 73 ±4. 89
42.87 ±8.40
45.22+2.91
49.94 ± 2.45
55.23 ± 3.99
58. 76+6. 27
64. 24 ±5. 84

[14.54-22.50]
[23.44-36.0]
[30.83-52.50]
[42.27-49.09]
[47. 50-53. 33]
[52.50-63.0]
[53, 33-70.0]
[55. 0-70. 0]

n number of the holes, SD Standard Deviation

Table 2. Parameters used in laboratory procedure.

Ex vivo Ex vivo

Parameters bovine bonés porcine bonés

Drill diameter 4 mm 4 mm

Drill point angle 118° 118°
Depth of the holes 8 mm 5 mm
Drill speed [rpm] 800, 900 600, 800, 1200
Feed rate [mm/min] 50 25, 50, 75

temperature in drill bit, before and after of drilling
process. The boles were carried out at room tem-
perature without cooling and the distances between
the holes were the same as that used in the clinicai
procediu-e (Fig. 4).

Diiring drilling of the tissue boné, the cortical dssue is
the main part of the boné that generates higher tem-
peratures. In the clinicai procedures were observed
the difiGculties in maintaining a free-hand control of
the drill, m some parameters involved, mainly the
feed-rate. The main goal of this study is to under-
stand the influence of difFerent parameters during
the drilling of the cortical tissue with total control of
these parameters. The obtained results in this study
were organized in two groups. In the first one, the
temperature variation from clinicai procedure and in
the second one, the temperature variation from labo-
ratory procedure. In the clinicai procedure, through
different fresh samples of bovine femur was analyzed
the generation of heat to difíerent situations of drill-
ing. Table 3 presents the temperature values in the
tool cutting, obtained in clinicai procedurc.

Signifícant temperature diCferences were
recorded in the clinicai procedure. Overall, increas-
ing the feed-rate led to a signifícant decrease in
maximum temperatures (Fernandes et al. 2015).
However, the bovine femurs have an irregular
geometry with difFerent cortical thickness along
the femur. It was found that the boles made near
of the boné extremities (epiphysis), with lower cor-
tical thickness, had lower values of temperature,
while the holes made in the mediai área of the
boné (diaphysis), with higher cortical thickness,
had higher values. The maximum value of AT in
the drill bit was found to bovine femur l, with a
value equal to 33. 90°C and the minimum value was
found to femur 7 with a value equal to 7.0°C. None
of the holes made clinically exceeded the maximum
temperature of 55°C, considered as criticai value
according to the author Hillery (Tu et al. 203).

In order to evaluate the influence of drill speed
and feed-rate with a total contrai of the para-
meters, different boles were made in bovine and
porcine samples with different drill speeds and
different feed-rates.
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Tables 4 and 5 show the results obtained for ali
combinations of parameters in both animal models.
In the results from Laboratory, it was found that
the variation of the driü speed and the feed-rate
influence the temperature generation in the cuttíng
tool and consequently in boné samples. Thus, it
was found that when increasing the feed-rate, the
cutting tool temperature decreases (Table 5).

Table 3. Variation of temperature from drill bit, before
and after drilling, in ex vivo bovine samples.

Bovine

Feed-rate
[mm/min]

AT [°C]

Mean ± SD [Range]

l(n=6)
2(n=6)
3(n=5)
4 (n = 6)
5(n=5)
6(n=6)
7(n=6)
8(n=6)

17. 77
29. 73
42.87
45.22
49.94
55.23
58. 76
64.24

28. 17+6.21
22. 37 ±4.44
18.50 ±5.48
16. 32 ±1.72
20.46 ±5,95
14. 90 ±4. 58
14.37 ±4.96
15. 12 ±5.20

[19.20-33.90]
[15.90-26.70]
[12.20-26.40]
[14.0-18.10]
[10.0-24.90]
[11.0-23.30]
[7.0-20.20]
[8.70-21.40]

n number of the holes. SD Standard Deviation. AT
Temperature variation.

Table 4. Variation of temperature from drill bit, before
and after drilling, in ex vivo bovine samples,

Ex vivo bovine samples

Drill speed Feed-rate
[rpm] [mm/min]

AT [°C]

Mean ± SD [Range]

800 50 (n =23) 39. 80 ±6.57 [32.80-48.37]
900 50 (n =25) 39. 78+2.08 [35.55-47,02]

n number of the holes, SD Standard deviation, AT
Temperature variaüon.

Table 5. Variation of temperature from drill bit, before
ana after drilling, in ex vivo porcine samples.

Ex vivo porcine samples

Drill speed
[rpm]

Feed-rate
[mm/min]

AT [°C]

Mean ± SD [Range]

600
1200
800

50
50
25
50
75

(n =7)
(n =7)
(n =7)
(n =5)
(n =7)

28.22 ±6.20
36. 60 ±3.49
26. 42+6. 51
18.36 ±1.82
18. 87+1. 46

[20.4-34.20]
[31.0-41.20]
[15.90-33.90]
[16. 10-21.10]
[16.80-20.80]

n number of the holes, SD Standard deviation. AT
Temperature variation.

These results are in agreement with the clinicai
results. With regará to drill speed, the difference
is not só significant. It is necessary to increase or
decrease signifícantly this parameter to cause evi-
dent influences in the generated heat. Tables 4 and 5
show that just in drill speeds (600 and 1200 rpm)
occurred a significantly rise of temperature in the
cutting tool, while rotation of 800 and 900 rpm do
not differ significantly.

Comparing the holes performed in difíerent
animal models, it is verified that the temperatures
are higher in holes made in bovine samples, which
would be expected since the cortical boné thickness
is larger (7-9 min) compared with porcine cortical
boné thickness (4-6 mm).

4 CONCLUSIONS

The temperature rise analysis in the cutting tool
coupled with diCFerent techniques and difFerent ex
vivo animal models is crucial to improve the drill-
ing surgeries. The conditions of the boné drillingin
clinicai and laboratory environment were assessed
and the best cutting conditions to produce low
temperatures were found. It was shown by clinicai
and laboratory procedures that the feed-rate, the
drill speed and the cortical thickness, are essential
parameters in the predictíon of temperature rise,
and só reduce the damage levei in the boné tissue.
In this study it was found that the higher feed-
rates have produced lower drill temperatures in
both procedures. The drilling speed during boné
drilling suggests no consistent trend (Pandey and
Panda 2013). There was no signifícant change in
the drill temperatures produced in drilling from
800 rpm to 900 rpm in bovine samples but in por-
cine samples it was found that the temperatures
increases with increasing speed from 600 rpm to
1200 rpm.

It was also shown the temperature increased
with the increase of the depth of the bole. The
temperature generated in the drilling bovine sam-
pies was higher than that produced in the drill-
ing porcine samples. This was expected, since the
bovine boné is stífíer and the cortical boné tissue
depth is greater than the porcine boné. As conclu-
sion, appropriate control of drill conditions and
the joining of the clinicai and laboratory practice
will allow to preveni the thermal necrosis and to
improve the drilling surgeries.
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Tables 4 and 5 show the results obtained for ali
combinations of parameters in both animal models.
In the results from Laboratory, it was found that
the variation of the driü speed and the feed-rate
influence the temperature generation in the cuttíng
tool and consequently in boné samples. Thus, it
was found that when increasing the feed-rate, the
cutting tool temperature decreases (Table 5).

Table 3. Variation of temperature from drill bit, before
and after drilling, in ex vivo bovine samples.

Bovine

Feed-rate
[mm/min]

AT [°C]

Mean ± SD [Range]

l(n=6)
2(n=6)
3(n=5)
4 (n = 6)
5(n=5)
6(n=6)
7(n=6)
8(n=6)

17. 77
29. 73
42.87
45.22
49.94
55.23
58. 76
64.24

28. 17+6.21
22. 37 ±4.44
18.50 ±5.48
16. 32 ±1.72
20.46 ±5,95
14. 90 ±4. 58
14.37 ±4.96
15. 12 ±5.20

[19.20-33.90]
[15.90-26.70]
[12.20-26.40]
[14.0-18.10]
[10.0-24.90]
[11.0-23.30]
[7.0-20.20]
[8.70-21.40]

n number of the holes. SD Standard Deviation. AT
Temperature variation.

Table 4. Variation of temperature from drill bit, before
and after drilling, in ex vivo bovine samples,

Ex vivo bovine samples

Drill speed Feed-rate
[rpm] [mm/min]

AT [°C]

Mean ± SD [Range]

800 50 (n =23) 39. 80 ±6.57 [32.80-48.37]
900 50 (n =25) 39. 78+2.08 [35.55-47,02]

n number of the holes, SD Standard deviation, AT
Temperature variaüon.

Table 5. Variation of temperature from drill bit, before
ana after drilling, in ex vivo porcine samples.

Ex vivo porcine samples

Drill speed
[rpm]

Feed-rate
[mm/min]

AT [°C]

Mean ± SD [Range]

600
1200
800

50
50
25
50
75

(n =7)
(n =7)
(n =7)
(n =5)
(n =7)

28.22 ±6.20
36. 60 ±3.49
26. 42+6. 51
18.36 ±1.82
18. 87+1. 46

[20.4-34.20]
[31.0-41.20]
[15.90-33.90]
[16. 10-21.10]
[16.80-20.80]

n number of the holes, SD Standard deviation. AT
Temperature variation.

These results are in agreement with the clinicai
results. With regará to drill speed, the difference
is not só significant. It is necessary to increase or
decrease signifícantly this parameter to cause evi-
dent influences in the generated heat. Tables 4 and 5
show that just in drill speeds (600 and 1200 rpm)
occurred a significantly rise of temperature in the
cutting tool, while rotation of 800 and 900 rpm do
not differ significantly.

Comparing the holes performed in difíerent
animal models, it is verified that the temperatures
are higher in holes made in bovine samples, which
would be expected since the cortical boné thickness
is larger (7-9 min) compared with porcine cortical
boné thickness (4-6 mm).

4 CONCLUSIONS

The temperature rise analysis in the cutting tool
coupled with diCFerent techniques and difFerent ex
vivo animal models is crucial to improve the drill-
ing surgeries. The conditions of the boné drillingin
clinicai and laboratory environment were assessed
and the best cutting conditions to produce low
temperatures were found. It was shown by clinicai
and laboratory procedures that the feed-rate, the
drill speed and the cortical thickness, are essential
parameters in the predictíon of temperature rise,
and só reduce the damage levei in the boné tissue.
In this study it was found that the higher feed-
rates have produced lower drill temperatures in
both procedures. The drilling speed during boné
drilling suggests no consistent trend (Pandey and
Panda 2013). There was no signifícant change in
the drill temperatures produced in drilling from
800 rpm to 900 rpm in bovine samples but in por-
cine samples it was found that the temperatures
increases with increasing speed from 600 rpm to
1200 rpm.

It was also shown the temperature increased
with the increase of the depth of the bole. The
temperature generated in the drilling bovine sam-
pies was higher than that produced in the drill-
ing porcine samples. This was expected, since the
bovine boné is stífíer and the cortical boné tissue
depth is greater than the porcine boné. As conclu-
sion, appropriate control of drill conditions and
the joining of the clinicai and laboratory practice
will allow to preveni the thermal necrosis and to
improve the drilling surgeries.

ACKNOWLEDGMENTS

The author of this paper acknowledges the sup-
port of the Project "Biomechanics: Contributions

nonle, hra!thncarelc o-fínaüced by the Regional

ÊSÍÏNm;^fS^S
oïs^sF^ S^RM^
REFERENCES

AeÏ!senl^BOODen' s- Lowet' G- Dequeker, J. 1998.
^^Sdyïere^i"bon^ompSn: Úe^ty',
lnd^uality: . potential imPlit:atio"s'foTïn"wrb Ze
research_Enáocrino)ogy, 139: 663^70.'

BtS^^^£Bahï&'"Erêun' K-' toad,
^2009;. EÍrects?. flmgation. temPeratoeonhea^
^^atáíseétdTlllïaë^p^c^ Sï

Research, 20, p. 294-298.
EASloï^R'A;L, Albrektsson' T-'T983. Temperature

^oldJwekfoiheatiDduceábofle^ïfn 1uar^
^^crosTOPic. studyinA~e'r^
thetic Dentistry, 50: 1ÓI-107. ~~~""" """"'"' "' rluii~

FCTMndes',M-G: Fonseca' E-M-M.. NataJ. R. 2014.
^o^lo. lD2ara_análisetCTmica*d"rantTo^o^s7o
de faraçâo do osso cortical. ~Humbe'rto'Vaurupmu^^0

^.B^LO Í.. £lbstracts' 9th. National Congress, ^iíÊii£?=n;'»fcs°"
Fer^n;d%M:G' .vaz'M"  tal-R':' Fo^eca, E. M. M.

^^M^^dmim ico3Dpara'anaïi^'t:^'^
^ocfâ^s±. furaçao. os.sea;. RUi. B_ Ruben et"aÍ'(Eds)"
B,ooto f_abs.tra?^6th^ion^^grcTs^^

^chanics> p; 23J-232' ISBN:978~972':87&93OT74"-6.ÜIUIÜC'

Feraandei M-G' Na'tal. -R. 'Fons'e"ca;'E, MTM; 2015.

Sy^^ïï^^^s-
S 4th portuguese Meetmg-on'Bioengmu eeri^;

HÏ^M. T'ushu"b^1999' ^Peraturc effects in the
d;rlm^ofhuma.n and bovineïone;JoumÎ osf Matnee
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