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ABSTRACT

The purpose of this study is to propose a safeeasg method to help medical
practitioner for perforation of hole during pediderew fixation procedure by using
acoustic emissions technique. Generally in Malaydia medical practitioner had a
really hard time while doing the pedicle screw fiza procedure when it involved with
cervical spine. The cervical spine is the most darafed articular system in the body.
The pedicles of the cervical spine are short arnck thnd become the most critical part
during the screw insertion process. For this stimtp cervical bovine vertebras were
used instead of human vertebrae. The source oftbestic emissions (AE) signal
events was from the breakthrough of the bone tssamel it is was captured using AE
sensor with the help of Acoustic Emission Dete@oftware version 2.1.3. Acoustic
emissions signal events showed the different tiankits results when the signal run
through the bone tissues either hard of spongyhduhe perforation of the bone. By the
experiment on the first bone, there were sudderease of hits occur that tell us the
pedicle probe had been breakthrough the interfaterden the hard and soft bone
tissues. Meanwhile, in the experiment on the sedomde an indicator is used to
estimate the time of penetration level where ttazlcpropagation of the bone tissues
interfaces occur and the result showed the time wary for each hole.
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ABSTRAK

Tujuan kajian ini dijalankan adalah untuk mencaam satu kaedah yang
selamat dan mudah untuk membantu pengamal perubatak tebukan lubang dalam
prosedur pemasang skru di tulang “pedicle” mengkamnaeknik pancaran akustik.
Biasanya di Malaysia, pengamal perubatan akan naelagh kesusahan ketika
melakukan prosedur pemasangan skru di tulang “[édapabila melibatkan tulang
belakang serviks. Tulang belakang serviks adalaiy ymling kompleks dalam sistem
artikular badan. Tulang “pedicle” serviks adalalmngek dan tebal yang menjadikannya
bahagian paling kritikal semasa proses kemasukan sktuk kajian ini, sebanyak dua
tulang belakang lembu digunakan berbanding tulaglgkng manusia. Punca isyarat
pacaran akustik (AE) aktiviti adalah daripada tisu-tulang dan ianya dicerap dengan
menggunakan penderia akustik dengan bantuan pagariaperisian Acoustic Emission
Detector Software versi 2.1.3. Aktiviti daripadanparan akustik menunjukan pola yang
berlainan dalam keputusan “hits” apabila pancarafalmi tisu-tisu tulang yang keras
atau lembut semasa tebukan lubang dibuat. Dalarpegksen di tulang pertama,
terdapat peningkatan “hits” secara tiba-tiba berlakemberitahu kita bahawa alat
“pedicle” telah mencapai lapisan di antara tisuangl yang keras atau lembut.
Sementara itu, dalam eksperimen di tulang kedum, gananda digunakan untuk
menganggar masa tahap tembusan dimana penyebartakke pada lapisan tisu
tulang berlaku dan keputusan masa yang ditunjudlalah berbeza untuk setiap lubang.
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CHAPTER 1

INTRODUCTION

1.1 GENERAL INTRODUCTION

In medical practices, bone drilling process is ohthe processes that need to be
master by physicians especially by orthopedic samgén orthopedic surgery always
involved the musculoskeletal system and surgeom neaise both surgical and non-
surgical means to treat musculoskeletal traumartspojuries, degenerative diseases,
infections, tumors and congenital conditions. Besjdhe need of bone drilling process

is also important in treating the bone fracture.

Before this, bone drilling tools used in surgeoyribt include any means for the
control of penetration and it totally depend ongsan’s manual skills to stop the
penetration when completing a hole and already kntivat human bone is consist of
cancellous and cortical bone that are very diffiedénsity and thickness. This soft and
hard bone tissue could be estimated in order tistab® surgeon while drilling a bone.
Many researcher and organizations are trying ttdbany devices or ways in order to

improve the bone drilling technique which is ralaty low cost and time saving.

Besides drilling, pedicle screw fixation processiso important in dealing with
musculoskeletal system especially in vertebraeoreguch as cervical, lumbar and
thoracic vertebrae. Laine et al, (2000) has propadkat transpedicular screw insertion
is a demanding technique due to considerable vatyaim the human anatomy and to
the fact that it is impossible to guide a screwclyan three planes of space based on
the two-dimensional image information of fluorosgofghe pedicle screw fixation is

almost same or related to drilling process becdtuseed to produce a hole for fixed



screw and it is totally depend on the surgeon mlaskil to complete a hole. The
surgeon has to put enough pressure according ttwdhe tissue either hard or soft.
Sometimes, it is hard for surgeon to complete a hiolcervical or thoracic region
because the anatomy of the region itself are clésespinal cord and major vein that
could lead to other side effect to the patienh# process goes wrong. Pedicle screw
misplacement rates of between 21.1 and 39.8% hega keported in clinical studies
with conventional insertion techniques and an adtgpostoperative CT assessment
has been studied (Castro et al, 1996; Gertzbeih &090; Jerosch et al, 1992 and Laine
et al, 1997). So, realizing this shortage that @¢aidk the patient, this study would
enhance the process with the knowledge of acoestissions (AE) to unsure the safety
of the patients and give courage and confidenth® surgeon while doing this

procedure.

In this project, the acoustic emissions (AE) tegha was used to monitor the
pedicle screw fixation process. The technique ie oh non-destructive test (NDT)
group and it application is still new in term of miwring the drilling process. This
technique was developed base on the theory ofi¢rainslastic waves that emit from
rapid strain energy release inside a material thasubjected to stress. Acoustic
emissions are a suitable method for recognizingtbesing of interfaces between hard
and soft tissues and to discriminate among laydrdifferent tissues. Acoustic
emissions signal events will give different resulisen across these layers and these

results will be investigated in order to study ttend and it characteristics.

During pedicle screw fixation procedure, elasticvevas produced by pedicle
probe used by surgeon when perforating a hole. Athesensor will be attached at the
pedicle probe and will sense the transient elastice known as AE signal events. The

AE signal events will further analyzed to indicétie component’s condition.

Practically, the AE signal events will further aymdd into the time and
frequency domain. Time and frequency domain witltify some parameter such as
peak amplitude, signal duration, detection threghiiine, period, velocity, acceleration

and frequency.



12 OBJECTIVES

For this project two main objectives are listed:

» To investigate the Acoustic emissions (AE) signadres in cervical bone during
pedicle screw fixation procedure when through tyyetof bone tissue; hard and
soft bone’s tissue.

» To study the trend of the Acoustic emissions (Alghal events for penetration

level during the hole perforation in pedicle scifewation procedure.

1.3 SCOPE OF THE STUDY

The definition of scope is important to make sume tesearch is done towards
the right direction. For this research, the studlywse the acoustic emissions technique
to monitor the pedicle screw fixation proceduresaine device was used to perforate a

bone that consists of hard and soft bone’s tissue.

14 IMPORTANT OF STUDY

This research is important in order to monitor thedicle screw fixation
procedure that vital in orthopedic surgery. It @asist the surgeon in the perforation
process to be more precisely and accurately. T@gsarch also can help the surgeon
from doing carelessly mistake in order to save. lifbe interests in monitoring bone
drilling or perforation process using non destnetitesting (NDT) become very

essential since it is relatively low cost and tasuit could be save more life and pain.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

This chapter will briefly explain about basic boaeatomy, pedicle screw
fixation process, pedicle screw fixation’s toolspastic emissions (AE) signals and a
few related studies and journals that have beer tgrcurrent researchers. Besides, the
information about the software that has been udsd acluded here. All this

information is important before furthering to theadysis and study later.

2.2 BASIC BONE ANATOMY

A bone is made up of several different tissues wgrkogether: bone or osseous
tissue, cartilage, dense connective tissue, epitheladipose tissue and nervous tissue
(Tortora et al, 2006). For this reason each indigldoone in human body is considered
an organ. There are several functions of bonedidswstly, it is supports soft tissue and
provides attachment for skeletal muscles. Secoridiy,use to protects internal organs
and assists in movement along with skeletal musdlasdly, it is use to stores and
releases mineral. Bone tissues also contain red b@rrow which produces blood cell

and yellow bone marrow which stores triglyceridiass) (Tortora et al, 2006).

Bone in human and other mammal bodies is geneckdlsified into two types
of tissues that is cortical bone also known as @whpone and trabecular bone also
known as cancellous or spongy bone. These two tgpeslassified as on the basis of
porosity and the unit microstructure. Cortical basyenuch denser with porosity ranging

between 5% and 10% (Tortora et al, 2006). Cortcade is found primary in the shaft



of long bones and form the outer shell around spdmane at the end of joints and
vertebrae. Spongy bone is much more porous witbgitgr ranging from 50% to 90%
(Tortora et al, 2006). It is found in the end ofidgobones in vertebrae and in flat bones

like the pelvis.

Proximal —
epiphysis

Spongy bone

‘J—— Metaphysijs_’_' -

— Medullary cavity
_ in diaphysis

Figure 2.1 (a):Partially sectioned femur.

Source: Tortora et al (2006)



Figure 2.1 (b): Partially sectioned humerus.

Source: Tortora et al (2006)

2.2.1 Compact Bone Tissue

In compact bone tissue contains few spaces arnkeisttongest form of bone
tissue. Usually, compact bone tissue is found kéribe periosteum of all bones and it
form as diaphyses of long bones. Furthermore, #esl wf compact bone tissue is to
provides protection and support and resists thess#s produced by weight and
movement. Osteons or haversian systems are theormni{s of compact bone tissue
that arranged into repeating units. These ostexnalmgned in the same direction along
lines of stress. As a result, the shaft of longeboesists bending or fracturing even

when considerable force is applied from either @mitora et al, 2006).



2.2.2 Spongy Bone Tissue

Different from compact bone tissue, spongy bonsu@isdoes not contain
osteons. Spongy bone contains of lamellae arramgean irregular lattice of thin
columns called trabeculae. The macroscopic spagwgebn the trabeculae help make
bone lighter and sometimes it can be filled by bethe marrow. Spongy bone tissue
forms most of the bone tissue of short, flat amegularly shaped bones (Tortora et al,
2006). The trabeculae of spongy bone tissue akls@macisely oriented along lines of
stress which it is very important to help bonesstestresses and transfer force without
breaking. Usually, spongy bone tends to be locateele bones are not heavily stressed
or where stresses are applied from many directi8pengy bone tissue is light, which
reduces the overall weight of a bone and as atriesnbve more readily when pulled by
a skeletal muscle. The tarbeculae of spongy bos® @lpport ad protect the red bone

marrow (Tortora et al, 2006) .

2.3 VERTEBRAL COLUMN

The vertebral column also called spine or backdonmed about two-fifths of
human total height and consists of a series of daatled vertebrae. The vertebral
column consists of bone and connective tissue;sgieal cord that is surrounds and
protects consists of nervous and connective tisfliedora et al, 2006). Besides, the
vertebral column functions as a strong, flexiblel mith elements that can move
forward, backward and sideways either rotate. lditemh to protecting and enclosing
the spinal cord, it supports the head and serves a@int of attachment for the ribs,
pelvic girdle and muscles of the back. The vertebodumn can be show as in figure
2.2.



POSTERIOR ANTERIOR

i

— Cervical curve (formed by 7
cervical vertebrae)

Thoracic curve (formed by 12
thoracic vertebrae)

Intervertebral -
disc

Lumbar curve (formed by 5
lumbar vertebrae)

Intervertebral '

foramen

Sacrum

Sacral curve (formed by
sacrum)
Coceyx

Figure 2.2: Right lateral view showing four normal curves.

Source: Tortora et al (2006)

2.3.1 Region of vertebral column

The vertebral column consist of five regions thattebrae in each region are
numbered in sequence, from superior to inferioresehregions are cervical region,
thoracic region, lumbar region, sacrum and lastlgdccyx. But for this study only two
major region will be explain in general and withsltaanatomy. According to the
physician the most risky part during the processhés cervical region because it is

smaller compared to other region and also closdoid line and spinal cord itself.



2.3.2 Cervical Region

The cervical vertebrae (C1-C7) as shown in figuBe(2) are considered smaller
if compare with other vertebrae except those tloainfthe coccyx. However, the
cervical vertebral arches are larger. As showsénfigure 2.3 (b), all cervical vertebrae

have three foramina: one vertebral foremen anditamsverse foramina.

Dens of axis Groove for vertebral artery
and first cervical spinal nerve

SUPERIOR
A

C1
(atlas)

c2
(axis)
C3

C4
C5
C6

C7
(vertebra
prominens)

A
INFERIOR

Figure 2.3 (a):Posterior view of articulated cervical vertebrae.

Source: Tortora et al (2006)



1C

POSTERIOR
Bifid spinous process

Lamina

Vertebral
foramen

Superior articular facet

Transverse foramen Pedicle

Transverse process Body

ANTERIOR

Figure 2.3 (b): Superior view of a typical cervical vertebra.

Source: Tortora et al (2006)

2.3.3 Thoracic Region

The thoracic vertebrae (T1-T12) as shown in figRw are considerably larger
and stronger than cervical vertebrae. The spinosasegses on T1 and T2 are long,
laterally flattened, and directed inferiorly. Birt,contrast the spinous processes on T11

and T12 are shorter, broader and directed moreposy.
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Superior vertebra! mg
Transverse process .
Superior facet

Inferior vertebral nom

Inferior demifacet

Pedicle Superior demiface:

! : Inferior demifacet
Superior articular

facet

Superior demifacet
Body

Facet for articular
part of tubercle of rib

Superior facet
Spinous process

Inferior articular

Superior articular

process process
Intervertebral

foramen

POSTERIOR ANTERIOR

Figure 2.4:Right lateral view of several articulated thoraeosctebrae.

Source: Tortora et al (2006)

2.3.4 Lumbar Region

The lumbar vertebrae are the largest and stronigeghe vertebral column
(Tortora et al, 2006). It is because the amouitoofy weight supported by the vertebrae
increases toward the inferior end of the backbaoebar region projections are short
and thick. The superior articular processes arectdid medially instead of superiorly,
and the inferior articular processes are directgdrally instead of inferiorly. The
spinous processes are quadrilateral in shape, a&mdkbroad, and project nearly straight
posteriorly like in figure 2.5. The spinous proasare well adapted for the attachment

of the large back muscles.
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POSTERIOR B

Spinous process

£“———— Superior articular facet

Lamina

Transverse process

Pedicle Vertebral foramen

Body

ANTERIOR

(b) Superior view

Figure 2.5: Superior view of lumbar vertebra.

Source: Tortora et al (2006)

2.4 PEDICLE SCREW FIXATION

The procedure called a pedicle screw fixationssii@ical procedure that secures
two bones to one another to in effect make one .bosaally this procedure involved
lumbar region as shown in figure 2.6 (a) or othertebrae due to the following acute
and chronic instabilities or deformities of the rhac, lumbar and sacral spine:
degenerative spondylolisthesis with objective ewae of neurological impairment,
fracture, dislocation, scoliosis, kyphosis, spitiamor, and failed previous fusion
(pseudarthrosis). The pedicle screw system alemdi®d to provide immobilization and

stabilization of spinal segment in skeletal veraebr

The first part of the procedure is finding if angrmes are being pinched by
using an operating microscope. The bone from tlok lb& the spine would be remove
during this part of the procedure to give the asdesthe nerves as they could be

decompressed and also to use the bone later onfusi

The second part of the procedure is called theunmsgntation. For example, four

screws are placed, two in the bone above and anbileein the bone below. These
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screws are secured with steel rods approximateydiameters of a pencil. Finally, by
using X-rays, the position of the screws is catgfchecked at the time they are placed
to make sure the two bones that are slipping onamio¢her are secured to each another.

Figure 2.6 (b) shows the exact position of the @edicrew in the vertebral body.

Then, the third part of the procedure is calleddiusAs already know, the rods
and screws are extremely strong but they still ltheepotential to loosen over time and
to make sure that the bone secured to one anditbee, is placed that will grow from
one to the other creating a strong bridge thatledt forever. The bone that is placed is
a combination of the bone that had been takeneearlithe procedure and it is mixed
with a special material to stimulate the bridgirigoone from one vertebral segment to
the other.

DEGENERATIVE ‘

Figure 2.6 (a):Pedicle Screw fixation at lumbar spine
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Figure 2.6 (b): Screw insertion diagram

2.4.1 Pedicle Screw Fixation's Tools

To proceed with the pedicle screws fixation procedweed to have instruments
that would assist in the procedure. The instrumemislved in this procedure are
pedicle probe, pedicle screw and rod. All thesdrumsent are made from titanium
because of it is behaviors that strong and ligigtvei high corrosion resistant,
biocompatible and non-ferromagnetic material. Teem pedicle screws, a long, thin,
metal probe is inserted through the pedicle aml tin¢ vertebral body, forming a hole
for reception of the screw. There are variety adiple probe such as gear shift pedicle
probe and the Fox pedicle probe. The gear shitigoftas a round head on its proximal
end, whereas the Fox probe has a flat disc-shaged ¢n its proximal end as in figure
2.7 (a). Meanwhile, for pedicle screws are avadahl variety of diameters depend on
the company ranging from 4.75mm through 8.50mmintoease the versatility of the
pedicle screw as shown in figure 2.7 (b), polyaxalshers is used to facilitate three
dimensional adjustments, thus minimizing pre-logdifi patient anatomy and implant

construct.



Figure 2.7 (a):Example of Fox probe

Figure 2.7 (b): Pedicle screw

15
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2.5 ACOUSTIC EMISSIONS (AE) METHOD

Acoustic emissions monitoring is one of non-degivectesting (NDT) methods
and become most available and useful methods initarong process or behavior.
Acoustic emissions are pressure waves generatedodtransient release of energy
when a material is subjected to mechanical, therarathemical changes causing
irreversible deformations or changes in atomic ragement (Rao A.K, 1990). It can
give an intermediate indication of the response lagtthvior of a material under stress,
intimately connected with strength, damage andufail(Zohari, 2008). Acoustic
emissions (AE) is an inspection technique by meadndetecting elastic waves due to
dynamic motions at an AE source, such as cracldetamination, cleavage, fretting
and others. Acoustic emission method also usedtHer investigation of dynamic
behavior of materials especially in study of defation, fracture and corrosion. It also
used in monitoring corrosion process, phase tramsftion and liquid solid
transformation usually in monitoring chemical réawct Besides that, acoustic emissions
or high-frequency microseismic events also avadlaldbr crack initiation and
propagation in solid material such as rocks anddimgs. Another used of acoustic
emissions is it has certain advantage to deteabrtset of fatigue damage with its high

sensitivity, real-time monitoring and remote-segsiapability.

Up to the present, many research and publicatiane been made since of the
20" century especially in the area of seismology, mjnphysics and metallurgy. These
publications also involved for monitoring dynamiogess. During the 1950s and 1960s
researchers delved into the fundamentals of aaoustinission, developed
instrumentation specifically for acoustic emissio@®d characterized the acoustic
emissions behavior of many materials. Acoustic eiois were starting to be
recognized for its unique capabilities as a nortrdesve testing method for monitoring

dynamic processes.

The term of acoustic emissions is used to desctitee phenomenon of
generation and propagation of elastic waves assaltref sudden release of energy
stored at a certain point of the studied mediumergy emitted in this process is

changed into heat, mechanical work and a smallipaanitted as elastic waves. These
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elastic waves are called an acoustic emissionsaki@n the other hand, the source of
the acoustic emissions signal is defined as aimtat structural element that emits the
acoustic emissions signal. Acoustic emissions e be described as a shock wave

inside a material, which is under stress Tandorgtil (2005).
2.6 TYPE OF ACOUSTIC EMISSION

Usually there are only two types of acoustic sigoahtinuous signal and burst
signal. These signals are as shown in figure 208.tlkis research, both type of signal

were detected. Generally, most of it was burstadigecause by burst signal it is easy to

determine the characteristic of the acoustic enssi

]
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£ 4D i”f urgt Signal ;

153 :

10 0 10 20 30 40 S50 B0 VO 80 90

Figure 2.8 (a):Burst signal
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Figure 2.8 (b): Continuous signal

Sourcewww.ndt-ed.org

2.7 PARAMETER OF ACOUSTIC SIGNALS

In many analysis process, the time domain AE patarse¢hat been measured
for the analysis are AE burst, threshold, ring dovaunt, cumulative counts, event
duration, amplitude, energy, RMS amplitude, kudpscounts, rise time, peak
amplitude, signal duration and RMS voltage etc. Ti@st commonly measured AE

parameters are peak amplitude, counts and evetite sfgnal Tandon, N. et al, (2005).

Different research will use different AE parameteranalysis. The differences
could be seen through all the publication as in ritierences. There are some AE
parameters that were analyzed to find the relatietween these parameters and the
analyzed variables. It is important to know thaergvparameter will give different
expression and meaning. For example, in this siiS amplitude is vital and it is
represent the energy of the AE signal. Meanwhitegdency will give how fast the AE
activity and hits will show how much the AE actjuit
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2.8  ACOUSTIC EMISSION SIGNAL PROCESSING

Acoustic emissions signal is known as non-statipreard usually comprises
overlapping transients whose waveform and arriviaes$ is unknown. The signal
processing is vital for this study to get the aateiresults. In data analysis, the signal
processing is consisting of three basic steps; datpisition, data processing and
results interpretation. The main objective for sigprocessing is to gain the indirect

information from the signal.

2.8.1 Time Domain Analysis

In this study, indices such as the peak level, mean square (RMS) level and
the frequency are used in the analysis to obtanptioject’s objective. There is not a
statistical quantity since the peak level occurty @mce and is not a reliable index to
detect damage in continuously operating systems.cfést factors as equation 2.1 also
vital for this study and it is defined as the radiothe peak to RMS level. It includes
information from both of the peak and RMS level éontinuous signal y(t). For RMS
amplitude can be defined as equation 2.2. If tile@tzur progressively, the RMS signal
level will be increasing gradually although the strdactor might be showing a

decreasing trend.

2.1
Crest factor =2 P2 1)

Yrms

(2.2)

Yrms = 1 .[tz yZdt

—t_ K
il PR
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Meanwhile for the same continuous signal y(t),¢hergy can be given as,

Ey = fw|y(t)|2dt (2.3)

2.8.2 Frequency Domain Analysis

The frequency domain analysis is a plot of the #omié of vibration response
versus the frequency and could be derive by udiegdst Fourier analysis of the time
waveform. This analysis will show much valuable ormhation about the subject
condition. The changes can be detected more eesifyared to changes in overall

vibration levels, this characteristic be more vhlador this study.
2.9 ADVANTAGES OF ACOUSTIC EMISSION TECHNIQUE

Acoustic emissions could give many advantages comip# conventional
inspection method. Acoustic emissions as a passigthod other than active non-
destructive testing method (NDT) has drawn gret@néibn because of its applicability
to on-stream surveillance of structures or any dyingrocesses. One important point is
the capability of acoustic emissions to acquireadaery simply but with high
sensitivity, so that the development of non-consaetsing technique is particularly very
important. This method also is relatively low castl can give early and rapid detection

of defects, leaks, flaws, cracks etc.

Besides, the acoustic emissions inspection wagkedito inspect 100 percent
of a structure from only a few locations. It givas immediate indication of the
response and behavior of a material under strdgrately connected with strength,
damage and failure. A major advantages is acoestissions could minimizes the plant
downtown for inspection because it does not reqageess to the entire examination
area to find defected area. Furthermore, acoustisseons also have minor disturbance

of insulation.

In the next generation, acoustic emissions is feeixto be a technique not only

in monitoring conditions but also in repairing dayed structures combined with an
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active-adaptive technique using a device calledid'sstate actuator" or known as
"Smart Materials and Structure". Acoustic emissi@re considered to be a very
promising technique together with such sensing riegles as optical fiber, shape
memory alloy and electro-rheological fluid. Thuspastic emissions can play a very

important roll to monitor, evaluate and repair staues.

2.10 REVIEW STUDY OF CURRENT ACOUSTIC EMISSION METH ODS

A collaborative virtual environment for the simudat of temporal bone surgery
by Dan Morris et al, said that sound is a key sewt intraoperative feedback, as it
provides information about drill contact and abth# nature of the underlying bone.
The study simulates the sound of the virtual bsraaeries of noisy harmonics, whose
frequency modulates with applied drilling force.Dan Morris et al, sound can also be
a key indicator of bone thickness intraoperativ@yind quality and frequency change
significantly as the drill contacts a thin layer lobne, providing a warning that the
surgeon is approaching sensitive tissue. In theiulator, the pitch of the synthesized
sound increases when the drilled area becomesltharder to estimate the thickness of
bone regions, they used a raytracing algorithmlamio that used for haptic rendering.
At each voxel that is determined to be on the serfaf the bone, the surface gradient is
used to approximate the surface normal, and a gagast into the bone along this
normal. The ray is traced until it emerges from lome volume, and the thickness is
estimated as the distance from the ray’s entrytgoiits exit point. For sound synthesis,
this thickness is averaged over all surface vowgls which the drill is in contact. The
computed thickness values are also used to visshlyle thin bone, which tends to

appear red and translucent as the drill approaspfésissue.

Meanwhile, in pedicle screw fixation for cervicahnspedicular screw fixation
knowing the exact diameter of the pedicle sizaripdrtant especially for Malaysians
population because there are vitals structurescediato the pedicles. The standard
pedicle screw may not be accommodating for Asiapugaiion and that why it is
important to firsty measure the pedicle diametefole any transpedicular screw

fixation is done. According to Yusof et al (200@he study of pedicles in a local
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population is imperative before any attempt fowvas fixation using a pedicle screw is
initiated.

As mentioned earlier, acoustic emissions also teeen utilized for monitoring
process and many studies have been done to prateMthil Mathew et al (2008) did a
laboratory testing to detect AE signals from inseitting operation and to correlate the
various signal parameters with the status of tbé to the study, they use AC 750 2425
piezoelectric transducer to detect the acousticsgon signal. The signal then was
amplified using a preamplifier (60 dB gain) andefied using a wide band filters (30
KHz-2 MHz) and was recorded using AET 5500 AE Sigkrzalyzer. The experiments
were carried out using single or two inserts (aglifa@nd opposite) and three inserts in
the cutter for different cutting conditions. Andeoaf the conclusions from the study is
milling being an intermittent cutting process offdot of difficulties for tool condition
monitoring thus there is a need for more sophiwitand advanced signal processing
instrumentation systems and also signal procesdgwyithms, which can help in using
AE effectively as a sensor.

While current study are more interested in findihg relation between AE
parameters and status of tool in milling proceszykztof Jemielniak et al (1997) were
interested in study of cutting forces and acoustiission measures as a function of tool
wear for different cutting parameters and its cdpgln the tool condition monitoring
process. They developed special software simuldteg forward, back propagation
(FFBP) neural networks to employ for integratiortled selected measures into one tool
wear indicator. The analyzed network had eight iooous inputs and one continuous

output.

AE techniques also being used for monitoring fai¢ailure process in structure
or material like wind turbine blade. The wind turbiblade is always subjected to
repetition stress because of rotation that contethto the fatigue failure to occur. Many
studies have been done to improve the monitoringgss like A G Beattie study of AE
monitoring of wind turbine blade during a fatiguest Wei and McCarty also
performed fatigue tests on a 7. 5 and a 13 meted Wwirbine blade and monitored the

AE during static tests between intervals of attlé@s000 cycles.
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In A G Beattie study, he found that fatigue tedtdaoge fiberglass reinforced
plastic (FRP) wind turbine blades can be monitdmgdacoustic emissions techniques
and that the monitoring can produce useful inforomatThe system showed that the

peak load was too high so that it could have besmedsed before significant damage

was done to the blade.



CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

Project methodology play important role in orderdesign and analyze the
testing procedure in the process of pedicle scigatibn. This project methodology
would become a guideline for the overall projeaiguess from beginning until finish.
Before starting to design this testing proceduretton spinal vertebrae function and
characteristic of the spinal and bone itself shdaddknown. So, at the beginning of the
project, some research and literature review attmibone and some related study are

very important to enhance knowledge.
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3.3 SPECIMEN AND TOOLS PREPARATION

The experiments involved the usage of measurenteals which were
broadband acoustic sensor and pre-amplifier. Esé was done to get the acoustic
emission signal events from spinal bone especallyervical vertebrae during a pedicle
screw fixation procedure. In order to precede hin experiment a bovine vertebra was
used to replace the real human vertebrae. Althaudiovine vertebra was used the
results for this experiment still can be use beedhs anatomy and characteristic of the
bovine vertebrae were same as exactly to the huregebrae. Another reason why a
bovine vertebra was used is because it is easgttram any butcher store in Malaysia
with a lower cost. For the tools used in the pedistrew fixation procedure were

pedicle probe, pedicle screw and others as expiaihme previous chapter.

3.3.1 SPECIMEN PICTURES

/ Atlas (C1)

Axis (C2)

Typical
cervical
vertebra

POSTERIOR ANTERIOR

Location of cervical vertebrae

Figure 3.1(a):Location of cervical vertebrae

Source: Tortora et al (2006)
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Figure 3.1(a) shows the location of the typicalval vertebra on the human
vertebrae. This cervical region will be the maindbon for the pedicle screw fixation
procedure. For this study also, a bovine vertebsaigure 3.1(b) will be use instead of

the human vertebrae to fulfill the project’s objeet

Figure 3.1(b): Bovine vertebrae

3.3.2 DETAIL SPECIFICATION

In order to use the measurement tools, the dedpésification about every each
tool need to be described to get the accuratetsedal this experiment, the tools used
were sensor, preamplifiers, filters, DiSP card anchputer with appropriate software
for analyzing the acoustic emission signal eveststeown in hardware architecture in
figure 3.2. The heart of the acoustic is the sen$be function of the sensor is to
convert the acoustic wave energy emitted by thecsointo usable electric signal
typically voltage time signal. Another tool is pmeplifier. Pre-amplifier is the first
stage of the instrumentation system and its mamctfan is to enhance the signal level
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against noise. Since the sensor produces chargertiomal to the source intensity, the
pre-amplifier must be located near the sensor. elerarmally a preamplifier is used
along with the transducer and the two together $othre front-end of the acoustic
emissions instrumentation. Meanwhile, filter plesys important role in allowing the
amplified signal from sensor and attenuating unedmtoise. An ideal filter of passive
or active network allows the desired frequenciegwinit gain and rejects unwanted
frequencies. Filters are also designed for diffedfgendwidth and can be plugged to
preamplifier to meet the specific requirements. tBe, correct specifications for these

tools are really important in the experiment toureghe accuracy of the acoustic signal.

3.3.2.1 Hardware Architecture

Acoustic Emission System

————————————————————————————————————————————————————————————————————

Specime

Sensor Preamplifier

v
I
T

A
%)
%))
U
Q)
2
o

Computer

A

Figure 3.2: Acoustic Emission System
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3.3.2.2 Acoustic Emissions Tools

Acoustic 7 T RMSTET
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Filter RMS Out
n

Gain
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) out

Figure 3.3: AED-2000V

In this experiment, the instrumentation for thewstic emission system is single
channel virtual acoustic emissions instrument mMod&D-2000V as shown in figure
3.3. It is designed to work with Windows-based B(tovide complete setup and data
acquisition control, real time graphics, and ddtaage. This model also includes new
features such as parametric inputs, alarm outpudsaa external hold. It also brought
with AC adapter (110V/220V), 9-pin serial cableluding Integral preamp AE sensor
with 400 kHz resonance in figure 3.4, 40 dB gaid &NC coax connector as shown in
figure 3.5. Besides, it also has magnetic attachnf@nModel 400 integral preamp
sensors and Coaxial RG-58 cable as in figure 316 &% feet long and BNC coax
connectors. Meanwhile, by using this model alsodnee have Acoustic Emission
Detector Software (AED Software) version 2.1.3 & in figure 3.7. It provided data
logging and uploading to PC, with real time graglaod Windows based.



Figure 3.5: BNC Coax Connectors

Figure 3.6: Coaxial RG-58 cable

31
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Figure 3.7: Acoustic Emission Detector Software

3.5 TEST'S PROCEDURE

For this study, two experiments were conducteddigg two bovine vertebrae in
order to achieve the objectives. The test or thgesment done was to show that the
acoustic emissions signal events could be detedtethg the pedicle screw fixation
procedure. In experiment in first bone, the purpss®e evaluate the pattern of acoustic
emissions signal events graph when the screw dihatr acts like pedicle probe is
perforated through the bone. While in experimentskrond bone, an indicator of 1.5cm
long as in figure 3.8, is set up at the screw drimeorder to find the exactly time where
the crack propagation occur. The indicator is geby making the thick and width of
bone as in figure 3.9.

Before the procedures begin, a sensor will be lagihd¢o a screw driver that will
be used as a pedicle probe as in figure 3.10. Bygubat “pedicle probe” a hole was
created by giving enough pressure to the bone tifeestarting point and right angle is
recognized as in figure 3.11. This pedicle probesied by hand to actually understand,

observed and feels the resistant given by the mertebone tissues. This resistant is very
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important to surgeon because it can make surerépectory of the screw hole was
accurate enough to avoid any wall penetrationodliat lead to greater risk to the patients
if the trajectory of the screw is unacceptable. $&esor will be on during the procedure

was done to monitor and let the acoustic emisssasal events being captured.

Figure 3.8: Indicator

Figure 3.9: Indicator’s reference



Figure 3.10:Screw driver
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(b) Superior view

Figure 3.11:Location of screw insertion
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3.6

EXAMPLE OF HOLE'S PERFORATION

Figure 3.12

Figure 3.13:Hole’s perforation for experiment on the first lson
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Figure 3.14:Hole’s perforation for experiment on the secondebo
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CHAPTER 4

RESULT AND DISCUSSION

41 INTRODUCTION

As mentioned in previous chapter, two differemdgadures were conducted to
achieve the objective for this project. All the gedure was critical since it is the main
steps to prove the objective. The first procedarettie experiment on first bone is to
investigate the pattern of the Acoustic Emissignal events graph when the “pedicle
probe” is perforated through the bone and in tloesé procedure for the experiment on
second bone, an indicator is set up at the “pediodde” in order to find the exactly
time where the crack propagation occur. The examifpseoustic emission signal events
that viewed using software Acoustic Emission Dete8bftware version 2.1.3 was as in

the Appendix 2.

42 EXPERIMENTSON THE FIRST BONE

Figure 4.1, 4.2, 4.3, 4.4, 4.5 and 4.6 show tkalte for hits and cumulative hits
from the first experiment on the first bone for ledwle. This result collected by the
Acoustic Emission Detector Software during the ‘ipedprobe” perforating the hole.
All the result give almost the same pattern whéerd were sudden increase of hits
occur. For the cumulative hits result show the dreincrease for the hits when the

perforating process is begin.
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Figure 4.1: Result for the first bone at the hole number 1.

In figure 4.1, at the beginning of the perforathots graph showed a steady flow

without any increment until at the time between 100130 seconds that the sudden

increased of hits occur and can be say that thektitreough of the bone tissue had just

happened. Meanwhile, the cumulative hits showedribreasing of activity occur after

that.
180 4500
160 i /f' 4000
140 M' A 3500
i20 / 3000
w 100 '“ i 2500
=
T =20 | 2000 e Hits
60 - 1500 ——cumulative Hits
40 1000
20 500
0 0
0 20 40 60 80 100 120 14D

TestTime

Figure 4.2: Result for the first bone at the hole number 2
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For figure 4.2, the sudden increased of hits atsur when perforating process
was done. The breakthrough could be happened betiveeline at 80 to 90 second and
the perforation process take about 129 seconds toimpleted.

140

120

[ ]
|
100 II! / 5000

R

Hits

— Cumulative hits

Figure 4.3: Result for the first bone at the hole number 3
Meanwhile, graph hits for hole number 3 show thdden increase of hits also
occur between the timeline at 100 to 125 secondshvarch activity happened after the
breakthrough if compared before the breakthrougthefbone tissue until the process

end at 207 seconds.
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Figure 4.4: Result for the first bone at the hole number 4

Figure 4.4 also show clearly of the sudden inaeafsthe hit happened at the

time 65 to 75 seconds and the perforation procassmued until 154 seconds.
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Figure 4.5: Result for the first bone at the hole number 5

There were an increased of hits occur at the baggnof the perforation process

as shown in figure 4.5. This phenomena maybe caysthe disturbance from the
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outside sources. Then, the hits becomes steadlythattime of 50 to 70 seconds the

sudden increased of hits occur that showed thektinemigh of the bone tissue just

happened.
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Figure 4.6: Result for the first bone at the hole number 6

As mention before, there were disturbance fronsidetsources that may occur
during the perforation process was done. This \kasvs in figure 4.6 that the sudden
increase of hits could not be detected or seen dragap exactly where due to this
disturbance. Although there were some error hapipeing the process, the other result
still shown that the sudden increase of hits eyalstppened during the perforation
process and assumption may be make as the breagthod the bone tissue happened

where there were sudden increase of hits occur.

43 EXPERIMENT ON THE SECOND BONE

As discuss in previous chapter, an indicator hadnbeet up during the
experiment for the second bone. This indicator shibwed the time of penetration level
when the “pedicle probe” reach the interface ofdtinssues either hard or soft. In this
experiment, about 10 hole had been perforated utieg“pedicle probe” and all

acoustic emission signal events in the procedsisg captured using the Acoustic
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Emissiom Detector Software. Figure 4.7, 4.8, 4.9044.11, 4.12, 4.13, 4.14, 4.15, 4.16

showed the hits and cumulative hits result for dzalb.
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Figure 4.7: Result for the second bone at the hole number 1

In figure 4.7, the penetration level occur at tidgeseconds to reach the interface
of the bone tissue at the hole number 1. Meanwfulehole number 2 the time taken is

74 seconds as shown in figure 4.8 below.
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Figure 4.8: Result for the second bone at the hole number 2
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Figure 4.9: Result for the second bone at the hole number 3

For figure 4.9, the penetration level of hole ne@m® take time about 96 seconds
compare to 98 seconds for hole number 4 as indigutO to reach the interface of bone

tissue.
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Figure 4.10: Result for the second bone at the hole number 4
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Figure 4.11: Result for the second bone at the hole number 5

Therefore, in figure 4.11 and 4.12, the time tat@npenetration level for hole
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Figure 4.12: Result for the second bone at the hole number 6
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Figure 4.13: Result for the second bone at hole number 7

Time taken for penetration level for hole numbeand 8 as in figure 4.13 and

4.14 to reach the interface of bone tissue is a®ésteconds and 102 seconds.
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Figure 4.14: Result for the second bone at the hole number 8
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Figure 4.15: Result for the second bone at the hole number 9

Lastly, the time for penetration level for holenmber 9 and 10 is about 90

seconds and 98 seconds as shown in figure 4.18.a6d
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Figure 4.16: Result for the second bone at hole number 10
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From previous understanding the time should beeston each hole but the
results showed that each hole give quite differémg of penetration level that may
due to the composition of the bone tissue itselther misalignment of the perforation
angle that would give long or short time to perfera hole. This means that the
outcome of this experiment is not like what as expe. The time is marked as black
line and summarize in table 4.33. The cumulativehit¢ sometime also show the
increasing of hits before reach the time of pemieindevel in each perforation process
that tell us there were more activity when the ABnal events approaching the

interface of the bone tissues.

There are some reason that can be related taathiigty. Acoustic emission
signal events detected more activity due to the odtdeposition of mineral salts and
collagen fibers in the bone. Within limits, bonassties has the ability to alter its
strengths in response to changes in mechanicaisstéhen placed under stress, bone
tissue becomes stronger through incerased depositimineral salts and production of

collagen fibers by osteoblasts (Tortora et al, 2006

Another reason that can be related to this isgagmbone tissue. In old age, loss
of bone through resorption occurs more rapidly tbane gain (Tortora et al, 2006).
These factors contribute to the higher incidenceosteoporosis in female because
women bone’s generally are smaller and less masisare men’s bones to begin with,

loss of bone mass in old age typically has a gresdtect in females.

So, more hard the bone tissue there will be motigity of acoustic emissions.
When the hardness of bone tissue can be showelebgata as in result of hits that
mean it can help the medical practitioner in givihg enough pressure during the hole
perforation in pedicle screw fixation procedureeBthough, the study had show the
result but further study still need to be carried  get more precisely and accurate

data.



Table 4.33: Time of penetration level for each hole

Hole Time (s)
1 96

74

96

98

100

105

96

102

90

Ol O N| O O b W




CHAPTER S

CONCLUSION AND RECOMMENDATION

51 CONCLUSIONS

This study had proved that acoustic emissions (&Ehnique can be used to
evaluate the acoustic emissions signal eventsrince¢ bone during the pedicle screw
fixation procedure. The technique offers great oppoty to have new approach of

lower cost, safe and precisely method for pedictes fixation procedure.

From this study, the first experiment on the fitgine has proved that the
acoustic emissions signal events could be measuhed the “pedicle probe” perforated
through the interface of the bone tissues durireggldicle screw fixation procedure.
The acoustic emissions signal events had provegrénment of the bone’s interface of
hard and soft bone tissue when there is sudderedser of hits occur during the

perforating process.

Meanwhile the experiment on the second bone dieerésult with the time
marked to estimate where the acoustic emissiomak@yents detected the interface of
the bone tissues. It also tells us that the diffetele will have different penetration
level and it is depend on the strength of the biigsies or the pressure given when
prepared the hole. The indicator that set up eadi@ery important to give the initial
reference before perforates the bone. The indictdne ‘pedicle probe” will act as a
guideline while perforated the bone to make suee réal acoustic emissions signal

events is captured.
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This study use hits and counts in measuring theaétivities or events to show
how much activity involved when perforating a bomlese potential results of hits and
counts is very important in order to evaluate ahdly the trajectory path of hole
preparation and can be used in further researcbcedly in pedicle screw fixation

procedure.

52 RECOMMENDATION

In order to get more precisely and accurate resytoper device should be used
instead of using a screwdriver as a tool in the@gration of the hole. For this study it is
suggested to get a real pedicle probe as a topétimrate the bone. The real pedicle
probe that used by the surgeon in the pedicle stisation procedure is more flexible

and easy to operate.

Besides that to get the trends of the results ngoresincing, thus this study
suggested using more bone to get more hole pegthrBesides, time for perforating the
bone should be long enough than previous attengitety to see the trend of the hits
before and after the interface of the bone tissO#iser than that the most crucial thing
need to do before perforating the hole is to make the trajectory path or the angle of
the pedicle bone has to be correct to unsure wheripedicle probe” perforated the
bone is right through the pedicle bone and notetdgpate the wall of the pedicle. The

right angle also would give the time of perforatiemel may be the same for each hole.

Moreover, the signal events detected also is wapprtant in this study. So, to
make the signal more accurate and reliable it gggested that the location of the AE
sensor need to be place at the location that matabée and easy for AE sensor to
captured the acoustic emissions signal events witlamy disturbance from other
outside sources. This is because when the AE sémsdtached to the screw driver it
may cause the AE sensor move or not stable dugetonbvement of the screw driver

during the perforating process.

Another important thing that must be considerethésindicator of the penetration level.

In this study, the measurement of the indicatané&asure from the outside of the bone
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thickness as shown in previous chapter. It is ssigigpat in future study CT-Scan or X-
ray device should be used instead of conventionathaud to get the exactly
measurement of the bone thickness. CT-Scan wik givage in two dimensions and
sometimes certain Ct-Scan machine can be arramgedhree dimensions image that
useful to surgeon while surgery. That means thid kif devices will give more accurate

data on the bone thickness compared to the prewetisod.

The most important suggestion is that the proeedéithis study should be done
by someone that has the expertise about the pestiotev fixation procedure. It should
be done by practitioners that have the knowledgritablinical surgery and expert on
the anatomy of the vertebrae. The study of pedigles local population is also
imperative before any attempt for cervical fixatiosing a pedicle screw is initiated.
The standard of pedicles screw may not be accomtngdior Asian population and
that why is become important to firstly measurehbdicle diameter before any pedicle

screw is done.
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APPENDIX Al

The example of AE signals events that view using Acoustic Emission Detector Software from
the experiment on the first bone at the hole number 3.

* Acoustic Emission Detector (AED-2000V)
File Wiew Setup Chart Operstion ‘wWindow Help

10¢/2/2009 4:38.39 PM Samplng session lerminated.
10/2/2009 4:39.22 PM Samping session stated
1 wwgg 39,22 PM Mode=Hits Thiesh{vi=1.00 Thiesh(dB]=40ar gain=20 Fixed gair=20 Preamg gain=40 Totsl gain=60

; 4335PM Sampling session lerminated
| - 3 £ 10"21200‘3 4 4951 PM Sampling session stated.
}\ 10422009 4:4351 PM Mode=Hits Threshivl=1.00 Thresh(dB =40 Var gain=20 Fived gair=20 Preanp gain=40 Totad gain=60
10/2/2009 4:49:51 PM Sample processng= accumulate and store

S A AAL u.umwmh

1’ ' ; 10/2/2009 45204 PM S ampling session paused.
i : 10/2/2003 50311 PH Samping cession lerminated
RN aE SO S 10/2/2009 503:25 P Samping cession sated
Tost T (o) 10/2/2003 5.03.25 PM Mods=Hits Thieshivi=1 00 Thiesh{dB)=40Var gain=20 Fixed gain=20 Prearre gain=40 Total gain=80

10/2/2009 5:03:25PM Sample processing= sccumulate and stor
10/2/2009 50557 PM S amping sescion paused

Hits Trend - Channel 1

Counts

{s=conds) Hits Coy
5:06:41 PH 1 196 0.06 10 3 S.pdl 14
5:06:42 PH 1 137 0.8 33 625 5,674 1
5:06:43 PH 1 198 0.06 10 192 5,684 1
5:06:44 P 1 199 0 08 20 321 5,704 1
5:06.45 PH 1 200 0.08 10 210 5.714 1
5:06:46 PH 1 201 0.086 13 208 5,727 1
5:06:47 1 202 0.10 11 266 5.738 1
5:06.43 PM 1 203 0.06 22 164 6.760 1
5:06:49 PH 1 204 0.10 19 181 5.779 1
5:06.50 FM 1 208 0.06 5 B2 §.7684 1
5:06:51 FPM 1 206 0.06 & 146 §.790 1
5:06.52 PM 1 207 0.10 15 166 5,805 1
5:06:53 PM h 208 0.06 £l B4 5.814 1
5:06.54 PM 1 209 0.06 1t 128 5.825 1
{ 5:06:55 PH 1 210 0.06 17 1594 2 1
o R e 5:06 56 FH 1 211 0.08 37 323 5.879 1
 Tert T prssondy) e
< | ¥

= Link Hold [Current 13 | Recordng to 3.cav | Test Perod: continuous 00:0%:31

5.07 PM
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APPENDIX A2

Example of hits trend graph from the experiment on the first bone at the hole number 3.




APPENDIX B

The example of the test data gained from the experiment on the first bone at hole number 3

Test Total Total
Time RMS Hits Counts Hits Counts
1 0.06 8 79 8 79
2 0.06 6 91 14 170
3 0.06 1 2 15 172
4 0.06 10 100 25 272
5 0.06 5 40 30 312
6 0.06 8 79 38 391
7 0.06 7 20 45 411
8 0.06 12 470 57 881
9 0.08 4 12 61 893
10 0.06 5 7 66 900
11 0.06 3 5 69 905
12 0.06 7 17 76 922
13 0.06 2 39 78 961
14 0.06 4 12 82 973
15 0.06 1 1 83 974
16 0.06 3 13 86 987
17 0.06 6 50 92 1037
18 0.06 9 41 101 1078
19 0.06 7 25 108 1103
20 0.06 6 26 114 1129
21 0.08 10 66 124 1195
22 0.06 7 32 131 1227
23 0.06 13 196 144 1423
24 0.08 18 170 162 1593
25 0.06 24 960 186 2553
26 0.08 11 60 197 2613
27 0.08 14 174 211 2787
28 0.06 10 54 221 2841
29 0.08 14 85 235 2926
30 0.06 12 46 247 2972
31 0.06 15 65 262 3037
32 0.06 6 27 268 3064
33 0.06 15 422 283 3486
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33
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19
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12
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27

33
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19
24
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31
35
38
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14
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27
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13
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10
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31
48
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99
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85
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107
113
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232
68
97
136
36
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82
70
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104
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38
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16
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66
138
51
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797
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843
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990
1004
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1064
1079
1092
1113
1123

3622
3751
3783
3814
3862
4032
4203
4302
4458
4543
4642
4829
4936
5049
5174
5555
5787
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53
60
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14
76
61
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40
80
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33
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92
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76
223
122
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699
1129
78
358
153
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1146
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1202
1215
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1426
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1659
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0.16
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69
87
70
52
49
80

133
321
806
641
521
3030
3676
682
787
3576
2915
2239
865
1460
2885
1091
390
612
401
263
604
2344
1368
927
1891
725
4093
409
1543
522
810
751
1988
3932
3189
954
1981
2939
1395
1151
837
2221

1826
1865
1907
1956
1989
2056
2166
2204
2249
2371
2476
2538
2580
2650
2762
2816
2872
2924
2959
2974
3006
3088
3155
3188
3242
3279
3357
3392
3462
3491
3523
3553
3617
3736
3833
3887
3956
4043
4113
4165
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4294
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15881
16687
17328
17849
20879
24555
25237
26024
29600
32515
34754
35619
37079
39964
41055
41445
42057
42458
42721
43325
45669
47037
47964
49855
50580
54673
55082
56625
57147
57957
58708
60696
64628
67817
68771
70752
73691
75086
76237
77074
79295

59



160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201

0.26
0.06
0.18
0.06
0.2
0.08
0.24
0.12
0.1
0.14
0.1
0.08
0.12
0.1
0.06
0.06
0.06
0.08
0.06
0.1
0.06
0.12
0.06
0.1
0.06
0.08
0.14
0.06
0.06
0.06
0.08
0.06
0.08
0.06
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Gantt chart for Final Y ear Project 1

APPENDIX C

62

Project Progress

D

Get the project title and arrange

discussion time with supervisor

2)

Built the basic knowledge about the
project (leaming the theory)

3

Do research and collect the
information from various resources

7

State the objective, scope and

importance of the study (chapter I)

Review study of acoustic emission’s

journals and thesis {chapter IT)

6)

Study of pedicle screw fixation

procedure (chapter IT)

7

A visit to HUSM and had meeting

with surgeon

8

Study of acoustic emission technique

and its applications (chapter IT)

9

Review of primary research on

pedicle screw fixation (chapter IT)

10) State the overview of the pedicle

screw s procedures (chapter IIT)

11) Provide the expected result based on

previous research (chapter I1T)

12) Submit draft thesis and log book for

final vear project 1

13) Final vear project 1 presentation

Gantt chart for Final Y ear Project 2

Project Progress W
15
1) Specimens preparation Planning
and tools setup Actual
2} Perform the pedicde screw | Planning
fixation procedure (data
collection} Actual
3) Experimentresults Planning
a_rllalys1§ (calculation and Al
discussion)
4) State initial summary Planning
based on experiments
performed Actual
5} Discuss the analvzed Planning
results Actual
6} State the possible error Planning
during the experiment Actual
7) Make conclusion and Planning
provide suggestion for
improvement Actual
8) Prepare the properthesis | Planning
to submit Actual
9) Final year project 2 Planning
presentation Actual
10) Summit the thesis Planning
Actual




