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Abstract :

Due to various and increasing human medical needs and requirements in
dentul medicine , severnl techniques and applcations have been developed to
facilitate Dealing with difterent oral conditions , situations and abnormalities such as

Broxism.

Rruxism is a health problem which can be presented by grinding or tightly clenching
the upper and lower teeth of the jaw. Teeth grinding behavior is affected by Lhe
smount of force that can be penerated when teeth are contacting with each other.

A fore probe or teeth prototype which consists of two force sensors will be used to
monitor and detected teeth grinding . The two sensors were embedded inside it above
the third molars since they are responsible [or producing most of teeth force. It is
made from silicen which is biocompatible material, does not have any side cflcets and
it has a litlle contribution in absorbing some amounts of the applied Toree . A specific
clectrical circuits were designed to convert the sensor response to a readable voitage
values which are easier (o desl with, Voltage sigmals will be compared to a reference
voltage which represents the force amplitude at Bruxism state, the result will control
smogering safe electrotherapy treatment to provide relaxation to mastication

Bvperactive muscles and facial nerves ,

Forty five person, from both genders male and female, were selected for this purpose
Thar measure the left and right jaw force. then the results were analyzed by SPSS
woltware . The mean maximum hite foree for right jaw was statistically higher for
males (39,3989 1h) when comparcd to right jaw females (44.5778 1b) (P< 0.05), and
“ w0 the mean maximum bite force for lefl jaw was statistically higher for males
52 2662 1h) when compared 1o left jaw fomales (44,2344 Th) (P< 0.05). The previous
wasietical analysis demonstrated thar there is no stabstically significant difference
Setween the mean ripht female foree value and the mean value of left male loree (T-

slne — < | 906- and P-value = 0.063) .

S results illustratad thar Bruxism peak force wes detected and noticed clearly

S=e night, withowl recognition any differemce in force level or range between

Sewne and normal people hiting foree during midday,
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Chapter One : Introduction

Project Overview :

sroiect will support and contribute in developing dentistry field by

s ementation of & force probe , which will measure teeth’s force that is gensrated
see oral ocelusion 1o control teeth grinding . A suitable and special kind of sensors
% used 1n order to determine the lorce which is generated between teeth surfaces
e oral occlusion in different mouth’s Logations . Morcover ,TENS

Segue and its principleswill be emploved to produce an electmical current from the

sored foree between teeth to achieve facial muscles relaxation for bruxisers,

Project Maotivation :

Sewwism is o Sertous health problem with progressive side effects .

= Desability of diaonosis bruxism during initial stages ,

= Sepeated replucement For night guards witheul ellicieney due o high teeth foree
Surn out efforts for dental technicians due to repeated replacement for night

mis =nd high cost for the patient

sjectObjectives :

Desien 3 foree probe to monitor teeth grinding .

Seming new rreatment for bruxism depending on teeth foree .

= Swoding a2 limitation of using night guard and their repeated replacement

& 2 result reducing costs and wasted efforts |

Wiy the numeneal valoe of the teeth force and the curves of hoth right and left
e of t2eth

eenstion of hyperactive muscles and nerves that is surrounding oral cavity |

13



L ALiterature Review ;

Several technigues have been used for the measurement of human biting
Sorces. The instrumentwhich used lor this purpose referred o asa
Ceathodynamometer. Several studics review the types of instruments that have

Seendeveloped w overcome many of the problems found in earlier

E=hodynamometet;1].

Mowth Guard for Treating Bruxism withClectra Stimulation technique using
e slestrical stimulus Lo stop thepatient from bruxing . The components of the

Sevice are a transducer to sense thehruxing, circuitry to convert the signal to pulse of

et fefrequency and widlh,electrodes to stimulate the patient, and a mouth guard

B ootz the entire system(2] .

LS Time Plan :
e Table L1 shows the activirics that done in the project, and the time of cach one.

Table 1.1 :Activities Planning .




1.6 : Project Cost :

Table 1.2 : Project cost .

Component Cast ID
operativnal amplifiers
Resistors , Potentiometers 151D
CONRCCIOTS,
2-Flexi-loree scnsor 421D
LCD display . Arduino . 66 Jh
Ouler cover "case” 33)D
Total 156 1D

15




Chapter Two : Dental Anatomy

3 Istroduction :

8 teeth provide an efficient svstem of mastication with incision tearing , and
=g capahilities . The unique composition and structure of teeth allow them to
e foree and wear of masticalion . Alteration of the composition or in the

e the oral cavity . It is important o have knowledge of the anatomy and
s=opment of your teeth n order to preserve the health of the teeth |, By
emstanding normal teeth development and learning to recognize abnormal
Semstions |, you will be able to spot the carly warning signs of problems or disease .

)y imtervention can make a hig difference in correction health issues before they

Secome 2 major problem . This chapter offers helpful understanding to the anatomy
e dovelopment of the teeth .

== Dental Anatomy ;

I a field of anatomy related to the study of human tooth structures . The

eciopment |, appearance , and of teeth fall within its purview . Toath formation

s before birth , and tecth cventually morphology is dictated during this time .
el anatomy is also taxonomic science ; it 15 concerned with the naming of teeth

e the structure of which they are made | this information offering practical purposc

e dental treatment . (4

Basic Terminology

Before beginning the studv of the teeth themselves it is necessary to defiae somne

s that are basic to learning aboul dental analomy | [5]




=51 I'he maxilla and Mandihle Bones :
The facial bones making up the oral cavity and its associzted strucrures are of

e utmost importance to all dental care professionals .

B The maxilla:
he maxilla forms the npper jaw by fusing together two irregularty-shaped hones
e the palatal fissure. The maxallary bones on each side join in the middle at the
semaxillary suture and help to support the posterior teeth . The maxilla elTectively
s the muddle - third of the face . and as with various eranial hones , it has several

Se=mana and bony projections that are dentally relevant . See Figure 2.174)

Figure 2.1 : The Maxilla Bones .

T2¢ mandible !

mandible is the single. horseshoe-shaped bone that forms the lower jaw and is
soly movable bone of the skull Its front horizontal portion extends into the
process which holds the lower Leeth . while its two posterior vertical strots

articulation with the temporal bene at the Th) and allows the insertion at

17




emious points for the muscles of mastication . Looking at the mandible from an right

teral view ., See Figure 2.2 (71, the following anatomical lundmarks are visible -

& Angle of mundible: the corner o bone where the horizontal section furns upwards

% form The vertical bouy strut of the mandible .

& Ramus of mandible: the verlical bony strut of the mandible, and the arca of
smseriion of 3 Musele of mastication .

#ead of condyle : the articulation point of the mandihle with the temporal bone, at
e TMU _ and the point of insertion of some muscles ol mastication .

eenaid process - the front bony projection of the ramus . and a point of insertion
2 Muscle of mastication .

s==and notch: the dipped arca between the condyle and the coronoid process |, at
%o of the ramus |

Cesonoid noteh: the coneave anterior surface of the ramus , as il slopes to jomn the
Sedy of the mandible .

& “vealar precess: the tooth bearing area of the mandible | upper pat of the body of
mandible ),




Mandible e
bular fossa
Temperomandibular— “I;mpz; bons
jaint \ | ~ Coronoid 3'
Mandibularnotch— ‘,J».@ J process |

Mandibar,  \ | A/ é"lﬁhq
condyle \ \ ‘T (55

Rarus —
ol
mandibla

Figure 2.2 : Mandible, Right lateral View.

=322 Temporo - mandibular joint :

I'MJ is the movable joint between the mandible (lower jaw bone) and part of the
Cmmiam called the temporal bone. Tt is a complicated joint and the two hard bones
Sartaces are separaled by a cireular picce of soller cartilage which acis like a cushion,
s joint 1s in constant use during chewing, swallowing, talking, and laughing,
Semme of these movements involve rotation of the joint and some are shiding
Sevements. The joint is separated into a superior and an mferior compartment by the
Smcular disc . The superior compartment is bordered superiorly by the mandibular
Sussa of the temporal hone and inferiorly by the articular disc itself. It containg 1 2mL
S smovial [uid and is respensible for the translational movement of the joint. The
emor comparmment has the articular disc as a superior border and the condyle of the
Samdinle as an mferor border s It is slightly smaller with an average synowvial flud

e of 0.9mL and allows rotational movements, See Figure 2.3 |y



Temporomandibular
joint (TMJ)

Disc

Fipure 2.3 : Temporo-Mandibular Joint

203 Muscles dental jaw :

B IB= masseter muscle :

& masseter is a jaw muscle that gets its name from the Greek work " to chew ", It is
e maor musele of mastication (chewing) of the human jaw and serves primarily Lo
wevase the mandible (lower jaw) while the deep rissues help ro protrude ( protract ) it
rward. Although we rarely think ol it, the mandible is the only bone of the skull
S s actually moveable(iu] . The upper jaw is fixed , There 13 a lot of moving for the
ble to do. therefore, and the masseler is the primary worker . Located on each
e of the face in the parotid region at the back of the jaw, these muscles are easily
e or palpable when you elench vour jaw, as they contract strongly just in front
“ae lower ears . The action of the muscle during hilateral contraction of the entire

1€ w elevale the mandible, raising the lower jaw, Elevation of the mand:ble

0




wecurs during the closing of the jaws. The masseter parallels the medial pterygoid

mescle, but it is stronger .

= The ptervpoid museles :

e prerygoid muscles (M wing museles ") are two jaw muscles located on the inmer
sertace of the mandible .

o Media] pteryeoud musele: orgimates from the pteryeoid fosss and pteryeaid

socess of the sphenoid. Distally it inserts on the pterygoid tuberosity on the inner
surtace of the mandibular angle. Along with the masseter. this muscle forms a sling
wound the mandible. The medial pterveoid can be palpated medially to the ramus of

WS¢ mandible both intra- and extraoral .

= Lateral prerypoid muscler has two heads which lie almost horizontally to cach other
e small superior head runs from the mratemporal erest of the sphenoid o the
= cular dise of the temporomandibular joint, The much larger inferior head courses
o the pterveoid process of sphenoid o (he condviar process of mandible. Due to
= anatomy, palpation of the lateral pterveeid is quite difficult.

= The temporal musele :

e iemporal muscle, or temporalis muscle, is one of several chewing muscles that is
Sewessary for crushing objeets between the molars, Dug to its location and use, this
Mascle may be a primary center for tension headache pain acearding to neuralogical
Sscarch. The lemporal muscle is broad, fan-shaped, and situaled along the side of
Ui head, ocoupying the temporal fossa

The buceinator musele
Succinator muscle 1s the major facial muscle under ying the cheek. Tt holds the
ek 1o Lhe teeth and prevents sageing, This musele is mnvolved ina wide variely of
s ties from smiling to chewing The buceinator muscle is served by the cranial

e, also known as the fucial nerve. See Figure 2.4 111
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¢

Biccinator
muscle {cut)

Massater
muscle

Figure 2.4 : Muscle Dental Jaw,

Dental tissues ¢
Each wonth in the mouth contains foor di fferent tissues that serve different

sooms the teeth are made up of two major parts: the crown and the root the

= of the tooth 1s what is visible in the mouth. The root of the tooth is the

=on which normally not visible in the mouth and is anchered within the bone
s cach leoth the four different tissues that arc present are the enamel. the dentin
e pulp and the vementum . See Figure 2.5 (12

el - Makes up the protective outer surface of the crown of the tooth .

Se=en c Makes up the majority of the inner surface of the toath | It cannot normally
e cxcept on X-1ays .

P This is the area ingide the tooth that holds the nerves and hlpod vessels of

sooth | It g in the conter of the tooth and 18 10 both the crown and the root of

21



Cementum ; Makes up the outer surface of the root of the tooth, It is much softer

e eniamel .

SECTION OF TOOTH

C — =i ol }
B — v « | _Enamel
w 1 - =
N N~ el Dentin
Pulp
=
T 7
R e | | Cementum
3 gy e
T LV PR Neryeand
! %l.' .Hl!" ) - blotﬂguppfy
| & R\ r ntal
’:.'* membrana
LN

Figure 2.5 : Dental Tissues .

= Perindontal anatomy :

Anatomically . the pertodontium is the colleetive term used for those structures
supports the teeth in the juwhone, and traditionally includes the Lllowing

e |

Cementum : hard tisspe covering ol the root that anchors the penivduntal ligament

e tooth .

olal ligument - connective tissue attachment between the tooth and the

TTOCH

ey bone .

solar bone — specialized ridge of bone over cach jaw | where the teeth sitin

=r sockots,

wva - specialised soft tissue covering of the alveolar processes thal are also in

gament with the teeth ot their necks,




Classification Teeth:

Teeth during our lifetime :
alv, there are 20 primary (baby) teeth and 28 1o 32 permanent teeth , the last
being third molars or "wisdom teeth”, each af which may or may not grow o .
ome primary teeth | L0 usually are found in the maxilla ( upper jaw ) and the other
= the mandible ( lower jaw ) . Among permanent teeth . 16 arc found in the

w15 and the other 16 in the mandible. Mast of the teeth have distinguishing

Teeth during sitwation and function:
5 the maxillary and mandibular arch there are similar teeth. There are

s types of teeth in both arches , These include the incisors, the canines, the

and the molars. Each of these tecth are located in a different area ol the

o andd serve different fanctions. See Figure 2.6[14]

| Snosorss The four front teeth in Lhe mouth are known as ineisors. They are located
Seess the maxillary and mandibular arches, The two center tecth arc known as
L incisors and the teeth on cither side of them are known as lateral incisors. All
e tecth are responsible for culting or biting food. They act like seissors.
Cwenes: The teelh located distal fo the lateral ingisors are known as canines,

seeth form the corners of the mowth. There are two canines in the maxillary

& == two canines in the mandibular arch . These teeth are responsible for tearing
particles when chewing .

solars: The teeth located distal to the canines are known #s premolars. There
Sour premolars in each arch and two are located behind each canine in the arch

e teeth are stnaller than the molars and are responsible for crushing food in the
WENG process .
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== There are normally six molars in each arch ; three on the left and three on
we side They are referred to as first | second and third molars . Some people

Sevelop third molar sand often these are the molars that are so far hack in the

Cenlral Lateral
incisor incisor
Canine First
secand premolar
premaolar
Sacrid Fh"ﬂ'l molar
malar Third malar
Sacond - Third molar
malar First molar
Second Firsl
premolar premalar
Cantral RIS

Figure 2.6 : Four Types of Teeth.

The tooth and supporting stractures:

The anatomic crown: Each tooth 18 divided into the crown and the root (or roots)
soown i thit parl ol the teoth which is covered by conamel, The term clinical
Swwn i often used to refer to that part of the tooth which is visible in the mouth.
The anatomic root: The root (or roots) is that part of the tooth which ig covered by
sorum. It s mostly embedded in the hony process of the juw. The tip (or end) of
oot 1s called the apex.

e pulp chamber: houses the dental pulp, an argan of myelinated and

sveimaled nerves , arleries | vens . lymph channels | connective tissuc cells , and

other cells . See Figure 2.7[15].
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s—— -Enamel

Crown —
E/Gums
- ;(/ Bone
Root
Root — Canal

"N
7.'. . blood vessels
. -""Tlr'ﬂl,’ -’

Figure 2.7 : Supporting Struclures OF The Taoth

Dental Disorder :

Most peaple probehly grind and clench their teeth from time to time.

esasional teeth grinding, medically called bruxism, does not usually cause harm, but

W en teeth grinding occurs on a regular basis the teeth can be damaged and other

: health complications can arise,

= Slear the patients with TMD wha report high levels of bruxism have more

sere sizns and svmptoms of TMD and more advanced tooth wear than paticnts with
2 who report lower levels ol bruxism . The cause of hruxism is not completely

== upon, Consuming stimulants such as caficine appears Lo increase the nisk of
s however a vanety of psychological and physical factors are also thoughr to
soonsible. In many cases, bruxism has been linked to stress, however bruxism be
Soddy s reaction to poor tooth alignment. an uncommaon side effect of same

cwamnic medications, a complication of severe brain injury or a symptoin of certain
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ncuromuscular discaser involving the face. (16]

Bruxism definition !

s=m , alse known as Woth gnnding |, is the condition of foreefully sliding the

“ewoing surfaces of the bottom teeth over the chewing surfaces of the top teeth
semenally in o sideways, hack-and-forth movement. Bruxism is oflen accompanicd
clenching which is tightly clamping the top and bottom teeth together,

Figure 2.8 [17]

Figure 2.8 : Grinding Teeth .

Causes of Bruxism:

Why bruxism oceurs is nol always clear? In the dental profession the belief that
wwism and dental ocelusion are causally relaled has beon widespread. However

is little evidence to support this belief recent research concluded that neither
wlusal interference nor factors related to the oral facial skeleton have a role in the
Soology of hruxism. Recent studies suggest that sleep bruxism is secondary to sleep
L ested arousals (defined by a rise in autonomic cardiac and respiratory activily (hat
=ds to he repeated §-14 times per hour of sleep), The rhythmic muscle activity that

wcurs in sleep bruxism peaks in the minutes belore rapid cye movement sleep. This
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“uezests that there is some mechanism related 1o sleep stage transitions that

uence he motor neurons of bruxism (18]

253 Symptoms :
Clenching the leeth puts pressure on the muscles, tissues, and other structures
=ound Your jaw. The sympioms can cause TMJ problems . Grinding can wear down

o teeth, Grinding can be noisy enough at night to bother Sleeping partners

*  Svmptoms include ;

Anxiety, stress, tension and depression.
Egrache (due in part because the structures of the T M) are very close to the ear

Canal, and because you can feel pain in a different location) than its source
this is Called referred pain [19]

* Faling disorders

» Headache .

*  Hot cold, or sweet sepsitivity in the teeth |
* Insomnia.

* Sore ot painful jaw .

=5 4 Complications :

seme cases, chronic teeth grinding can result in a fracturing, loosening, or loss of
The chronie grinding may wear their teeth down to stumps. When these
happen. bridges, crowns, root canals, implants, partial dentures, and even
picte dentures may be needed. Not only can severe zrinding damage teeth and

'1 i tooth loss. Tension-type headaches. Facial pain, it can also affect vour

= result in bearing loss, cause or worsen 'TMD . Sce Figure 2.9020).
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Figure 2.9 : Bruxism Complications .

Temporo-mandibular disorder ;
Sruxism 18 an abnormal clenching or grinding of the teeth, ither while awake or
==z sleep, Bruxism may play o role in TMD although the exact link is unclear. A
woer of studies has shown a stronp relationship berween bruxism and TMD.,

reding looked at 212 patients with o disgnosis of TMD and found brusism in

% of patients with myofascial pain with disc displacement and in 68.9% of
wents with myofiscial pamn without dise displacement. However, show a causal link
ween the two. The relationship is complex and it may be that bruxism leads fo

ptoms of TMD . See Figure 2,10 1217
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Normal Jaw Joint Displaced Jaw Joint

Figure 2.10) : Normal and Displaced Jaw Joint.

- 2.5.6 Monitoring bruxisim ;

There are different methods that contribute in reducing the side effects of
Srwosm Including medical doses and night guards .On the other hand, medical doses
cemnat Be effective enouph with patients who suffer from progressive side elTect and
sewere bruxism . Also | night guard can be destroved several times duc to the huge
Soae Foree which is generated between teeth thus inereasing the fnancial expenses
et Cost for the patient which as a result causing fecling of dissatisfaction for hoth
Dwctors and dental techinicians. So here is our work in this project , Lo provide a
Semtation for these insullicient Treatment techniques and replace them with more

eshle one such as clectrotherapy Principles .
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Chapter Three : Basics Of Electrotherapy

~ 1 Flectrotherapy:

i 1= a physieal therapeutic trentment wherehy electrical stimulation is applied to

Serves and muscle-motar fibers via electro-pads placed on the skin. There are

- Sment fypes of electrotherapentic devices in rehabililation including TENS .

g Ficure 3.1 122)

Figure 3.1 : Transcutaneous Electrical Nerve Stimulation .

Transcutaneous Flectrical Nerve Stimulation:

TENS is a highly ellective treatment for pain whereby electrodes arc placed on

Near the area of pain and soothing pulses are sent via the elecrrodes through the

= e along the nerve libers. The pulses suppress pain signals to the brain also

eos the hody to produce higher levels of its own nutural pain killing

smecals called Endorphins and Encephalin . Eleetrotherapeutic programs, utilizing

sembed variations in electrical frequencies And intensities. serve fo interrupt |, alter

e specilic electzical impulses in Order to affect the perception of pain and

=mate wound healing and muscle Rehabilitation




| Dees Electrotherapy Reduce Pain ?

Seciong the information travelling along the nociceptive fibers (those that
BCE pain),

= Sumulating release of natural pain-relieving chemical substances in the

which the body usually releases when there 1s injury or stress . The chemical

sances released are known as endorphing and enkephalins |

1.2 Stimulation Parameters :

Snefly we will deseribes the parameters of ewrrent, the wavelorm, Irequency
Durution and intensity which we have to adjust according to patient comfort
These are followed by a deseription of the four different modes of TENS that are
Sascelly different combinations ol these parameters in order to chose the most

Seeronniate one for the patient .

=  (Current: TENS i s pulsed current. i.e. a current in which the unidirectional Or
Sudirectional flow of current periodhcally ceases over time .

*  Waveform: The waveform of a current simply refers to its shape as seenon a
CGraph of amplitude versus time. Usually TENS wavetorms are described as
Asvmmetrical biphasic rectangular or symmetrical biphasic rectangular
Figure 2.12 illustrales a typical TENS waveform, A biphasic wavelomm means
that Current flows in both directions. therefore each eleetrode acts as a cathode
(negative) For some part of the waveform . The wavelorm therefore has two

| companents (or Phases ), & positive and 2 negative component which

represent the change in current Flow .
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TENS wavelvrms usually have a zere nel direct current . this means that the
Smoant of charpe under the positive portion of the wavelorm 15 egual W (he amount
O charge under the negative portion of the waveform . The production af a this

reduces the likelihood of chemical skin irritation , a direet current can
Sueennally cause skin irritation due to the buildup of tons of one charge under the
Bectrodes .

*  Frequency : The frequeney of a current refers to the number of pulscs

Devered per second therefore a frequency of 200Hz means that 200 pulses arc

meSivered per sceond .

= Pulse Duration/Width :The unit of pulse duration is usually given in
Ssoseconds (ps) which are units ime, hence it 18 more correct to use the term
“wration” rather than “width’, The pulse duration 15 usually defined as the duration
¥ =ly the positive component of the waveform TTINS pulse durations are in the us
Bames (1ps=1x 10%) .,

= Intensity/Amplitude :Intensity refers o the magnitude of current or voltage
Sowiied by the TENS unit TENS anits are typically designed with a constant current
O comstant voltage output

Seecally this means that cither the voltage or current (respectively) will vary to
Westsin o constant current or voltage amplilude (within limits) as the impedance
“Wesstance) of the electrode-patient system changes. The intensity of a constant

1 unil 1s messured in milliamps and the intensity of a constant voltage unit 1s

ed involfs
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03 TENS Modes :

*  Conventional TENS ;
“saventional or High frequency/Low intensaty TENS is the most commonly used
Wodc of TENS, The stimulation paramerers are 4 low intensity, a high [requency
pecally above 100Hz and a short pulse duration (50-80us) .

* Acupuncrure - like TENS :
Sespuncture-like of Low frequency/High mtensily TENS parameters include a low
Sossoency (usually 1- 4H2). a high intensity (high enough to produce visible muscle
smmactions) and a long pulse duration (~200ps).

*= Buist Teain TENS :
% Burst Train mode of TENS is really a mixture of Conventivnal end Acupuncture
e TENS. and comprises a haseline low frequency current together with high
Seeguency trains of pulses. Typically, the frequency of the trains is 1- 4 [z with the
Smemmal frequency of the trains arcund 100z .

= Brief, Intense TENS::
s mode of TENS uses a high frequency (100-150112), long pulse duration (150-250
o & Lhe patient’s highest tolerable intensity for short periods of time (< 1 Sminutes) .
*  Modulated output:
maodulated output means that there iz a variation in either pulse duration
Smmuency or amplitude parameters in a cyvelic fashion. ndeed. some units have
ation of two or all three of these parameters. If the outpot is set for amplitude
lation, a cyelic modulation in amplitude is produced which increases from zero
2 pre-set level then back to zero again, This choice of modulated output has been
by manulacturers apparently to overcome accommaodsation of nerve fibers

0 provide more comtort to the patient .




3.1.4 Tuke Into Consideration :

W hen using electrotherapy techniques there nre several factors thal we have to take
=0 pecount as illustrated below .

= TENS Pad Placement ;

“he small electrical sipnal which is developed by the TENS device is delivered 1o the
Sody by specialized pads or electroudes. The two electrodes that attach to the TENS
Machine are called the anode and the cathode. The anode is positively charged and
"he cathode is negatively charged , they are designed to cnsure sale and elfective
Treatment . 1l is important though to take into consideration the location in which the
Siectrodes will be pluced on to keep the electrodes working properly and optimally.
The distance between the electrodes 1s very essential | 1f thev are too close topether
“he current will ¥short” and bypass the person, but if they are too far away from cach
Ceher stimulation may be lost .

Um the other hand it is essential to know that inter<electrode distanee will affect hoth
T8 current density and depth of penctration of the current. Current density decrenses
W ith distunce from the electrodes due to a high clectrical impedance of the deeper
“issucs. If the inter clectrode distanee 15 decreased. current density in the area
Setween the electrodes will increase and the depth of penetration decreases.
Conversely with a greater inter electrode distance, the current density is Tess but the
Depth of penetration is greater .

* lreatment Periods:

Siadies have shown that in most cases at least 20 minutes is needed for a TENS,
Treaiment to begin w be effective . However, in the case of using low-frequency or
" Surst " made for acupuneture-like effects , 20 minutes would be considered the
Meumal treatment time , though it could be repeated later in the day. On the other

“and | for high-frequency or "conventional” TENS . there are no rules governing

sl treatmienl Broes .




Chapter Four :ForceProbe Prototype &Its Electrical Circuit

Design Principles :
This project aims to design a complete circuit which ¢im identify the

esssive forees which is gencrated during oral ecclusion . Also a treatment for this

Soiogical situation will he provided 1o reduce its side effects by using

serotherapy principles,

s can be achieved by using apecific type of force sensor called "Flexiforee-
017 Aceording to teeth distribution and (heir surlace area | 2sensors were needed

S scquiring the force from teeth's surface that are responsible for gencrating it |

N two sensors will be connected to a suitable conditioning cirenit to provide

wser g meuningful reading that expresses the amount of the apphied force (Each
wmg force (Right/Left or Average) has an analogousvoltagevalue which will be
=moarad 1o o Reference voltage which representexcessive testh force " Bruxism " .
e patient biting voltage is greater than orequal to the reference voltage . Arduino
amiming will control producing a stimulating pulses thatwill be applied to the
sent by a specifickind of electrodes to achieve muscle-nerverelaxation”

stcation muscle and facial nerve " . Also biting forces will be displaved
sencallyin Newton which is very essential in dental applications . The block

=am helow summarizes work destination .
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'LI F
Power Power [r
Visihle Ala
Supplty = supply Level g
=N Arduino Programming
Fd \. F - # =
Fed-Force Conditioning Switch for choosing Summing Compare with
Seosor —*  Left/Hight side or op-amp — Red- voltage
Circuit
both
L e b _i—,‘
= ~ .-' >
Electrodes Contral
Far Patient - stimulating
parameters
e o =2 o

Figured. 1 : General Block Diagram .

i, "

measure the force which is generaled between teeth surfuces (vertical

== , the type of sensor which we should chase |, must be thin as much as possible

« can belocated and settle between teeth easily without motion artifacts . Also the

~sccarea of the sensor must cover tho teeth's surface arca to insure detecting the

sesenerated foree. Also | aceording to related study the maximum bite foree that

sezeneratedfrombruxist is approximately S00Newtonf23] so the sensors must

thas range af force
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Force Sensor Specifications :
e Force — A2(N " sensor has heen chogen due to several features and

permies which provide various facilities and simplicity .With its paper thin ,

pebility and force measurement ability . the Flexiforce sensors can

sesure the foree between almost any two surfaces and is durable enough o stand up
L st environments . FlexiForee has a betler force sensing propricties | lincarity
=sis , drift and temperature sensitivity than any other thin-film sensors as

simated in Appendix A

| Physical properties :

The force sensor i constructed of two layers of substrate such as polyester

==0 1t 18 safe . On each layer a conductive material (silver) is applied |, followed

W & Laver of pressure sensitive area . The active scnsing arca is delined by tha silver

seiic on lop of thepressure sensitive area . Silver exrends from the sensing arca to the
sm=ctors at the other end of the sensor |, forming the conductive leads . A 201 are

emnated with a male square ping instead of the standard berg conneciors . These

= much thinner connectors and theredore less intrusive and allows sensors to be

Smoorporated into a circuit . The outer pins of the connector are active and the centor

e s inactive . See Figure 4.2(21)
= ¥ : A |'=-'_"" e 1w :-'|_'_- : ’ s,
SREYCYC - WSRO (5 (0000 10 G R -

Figure 4.2 :Flexi - Force Sensor,
e new and improved FlexiForee is an ultra-thin sensor with a thickness of
2200 mm , Itis 14 mm wide and 203mmin full length . The active force

g arca 15 9.53 mm diameter ¢irele at the ¢nd of the loree sensor.
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4.2.2 Furce runge :
The sensor has a wide force measurement range 0 — 100Th approximately 440
tor. This range of measurcment is an appropriate one , since the

memrmum biting force for bruxist can be approximately 300 N

4.2.3 Conditions could damage the sensor :
the sensor is nol waterproof |, water-submersion ezn damage the sensor (as the
wtesive holding the top & boltem layers together would likely separste) sharp objscts,
e forces, creasing the sensor, loads that are around or ebove 10,000 PSI and temperature

mowe | 35°F (25)

the sensors will be coated with silicon -as will be deseribed later . this will insure

Semecting them from saliva secretion and from sharp edzes for the teeth .

& - 2Comparizson with other force sensors :

* FlexiForee scnsor-A20] were compared with similar thin force sensorsas FSR

402 &[251FSE 4060271, those in fipure 4.3 |

Figure4.3 :Torce Sensors |



Sexi- Foree —A201 has a suitable shape , small size and 2 suitable diameter that can

sover eeth's surface area without any parts outside the tarpet area .

= Srrain gavnges and FlexiForce sensors are resistance based lechnologies
walable in a varicty of shapes and sizes. Floxi- Force sensars provide a flexible,
sumer-thin solution at only 0.2mm thick and with Larger dynamiec resistance range

e MO o KQwithless sensitivily 0 lemperature)g .

< 1.5 Typieal performance

The FlexiForce single clement foree sensor acts as a force sensing resistor in an
wectrical circuit. When the force sensor is unloaded. 11s resistance is very high. When
& force is applied to the sensor, this resistance decreases. The resistance can he read
= conneeting a multimeter to the outer two pins, then applying a force to the sensing
e The conductance for this semsor distimguishes that it has a linear relationship

wmeh the apphied force, See Table 4.1,
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Table 4.1 :Foree Vs, Conductance Relation

Foree (1b) Conductance (mS)
ilbh 0.001
10 b 0.002
201b (.004
3010 00045
40 1b 0.006
L ' 0.008
60 1 0.009
701 0.0103
80 1b 0.013
B0 1b 0.014
1o 0.016
110 1b 0.017

Mote: Famoe "Ip"=2448 N

3 3 &3 25 85 105

Force | 1h)
Fignure 4.4 :Conductance-Torce Relation[24)

Sooording to table 4.1 above . we can caleulate the value of resistance by this relation

EEmuciance — (i} . See Table 4.2




Table 4.2 : Force - Resistance Relation |

| Force (Ib) Resistance (£2)
51b 1M
101b 500 k
20D 250 k |
30 1b 222k
40 Th 166k
501b 125k
60 1b . 111k
70 05.24k
20 Ib 76k
90 Th 71.43k
100 1b 62.5k
1101h 58.82k
120 1b 55.56k

Wote . Force h"=4 48N

P bbamen | Hakin]

Foree | I1b)

Figure 4.5:Resistance-Farce Relation [29]
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= & Flexi -Foree - electrieal cirenit :

According ta the performance of The sensor and since it is a variable

ssstance that echanges its value according to the input foree |, If the variable

sesnce is conneeted with a supply voltage | the voliape Between the resistanee's
somals will vary aceording to changes in the resistance Value itself duc to the

e force .

cperation amplifier Was chosen toamplily the autput voltage from the

the maximum and suitahle output voltage from the sensor will be calibrated
voltage Since it is a valid voltage input to Arduine environment .

e the output voltape is DNC | a positive single supply op-amp is an appropriatc
wee . Also this will elimimate the necessity to conneel a negative supply voltage
‘oo ) andd as o resull reducing hardware components & cost .

—Npositive single supply op-amp was chosen since it has a wide input

»aee ranged - 32 V oand a severa] acceptuble features as power supply rejection
secommaon mode rejection ratio , inpul ofTsel current and other characteristics us
sirated in Appendix B .

mee FlexiForee cirenit desipned at maximum output voltage of 5 volt , it is

able to use a DC power supply equal or greater than 7 volt aveid op-amps

fion Yyolt power supply was preferred as it commercially available .

e LM324N op-amp were used | two for representing the voltage related Lo
s and left side of Jaw . the third to the obtain the average for hoth sides |

g Bpurc 4.0
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Fipure 4.0:Flexi -Force-Elcctrical Cireuit .

Secording to Appendix CThe recommended inpul vollage [or the sensor is -3
St Toavonl changes m it , a4 -9 volt DCpower supply was connected tozener

seeclator diode IN4733A see Appendix C .

M 2AN was connected as inverting ap-amp since it produces more linear
wepat voltage than non-inverting op-amp(3n}. To obtain 5 volt as maximum output

woage |, feedback resistanec should be adjusted as

0 calibrate 5 output voltage al maximum load " 120 [b" with an mput of S valt, the

eductance of the sensor will be 0.018 mS as illustrated 10 table 4.1 as a result

Seedhack resistance should be adjusted as helow.




Vout = Vi 3
= g
oLl in i

RS
RF = Vouls —
Vin

HlF = Vout = Tovin
RF-=5 :
T 0.018mS = 5

RF = 55.5 kfl = 56K

A5 3 result . we can caloulate the output voltage as shown in tahle 4.3 .

L .i
E.'i = 1.!' W
{d L .

Where Vin — -5 volt, RF 56K , and Rs as shown in table 4.2,

Tuable 4.3 : Force - Ouiputl Vollage Relation .

Force (Ib) Vout(v)
51b 0.28
10 1b 0.56
2016 | 1.12
301h 1.26
40 b 1.686
501b 2.24
60 b 252
- 701b 204 |
80 Ib 3,684
90 I 3.92
100 Ih 4.48
110 1b 4.76
120 Ib 5.04

Maode = Foree "Th" =d 448 N .
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After getting the voltage signal of right, left side or the averase of them | the
s malwill inter Ardino environment and be compared with a reference vollage which
mepresent Bruxism force . it the input voltage is greater or equal to reference voltage |

2 peogrammable code will trigper stimulating pulses for clectrotherapy treatmenlt see
Appendix D .

S maximom output voltage that can be oblamed from Arduing is 5 volt . Bur
sccording to electrotherapy principles the advised stimulating amplitude or intensity

= 9 volt so pulsed signal should be amplified .

<3 Amplification Voltage Circuirt :

A= the main power supply voltage and the recommended stimulating intensity is
“olt, a rail to rail op-amp should be used . ADS22N op-amp was used since 11 1s
=2 10 rail with a wide range of single supply voltage with several acceplable
seeciiicabions as power supply rejection ratio . commuen mode rejeclion ratio . input

wifser current and other characteristics as illustrated in Appendix E.

Cutput From Arduine

=0
RAS
AR
J_ 15k
-

Figure 4.7:Amplification Volrage Circuit .




Sor Vout —9velt , with Vin —=5Svolt from Arduinoe

Vit

in

9
&=

Tt
6G=18.
Rf14
t=[1+

T ( R]_S

]xb’in

Let R = 15k

Rf3 = 12k0)




4.4 Power Supply Level Deteetion Circuit ¢

Magnitude of supply voltage have (o be checked (o insure providing op-amps
with the required input voltage (Voe =9 volt) . see fipure 4.8, this circuit was
designed to provide a visible alarm when supply vollage "9V" decreases for

less han 5 voll .

Vee
o
vee | LED1
L3 L i
1000 RS
D1 1000
& 1H4T33A
V1 o2
—av A
33k
_ ha o BC54TC
33k0 q
BC547C
R1
i Sssnn
=

Figure 4.8 :Power Supply Level Deteetion Circuit of
9 Wnlt .

According Lo Appendix C |, for zener diode to drive it with the suitable
current . Bz — 50002 .

According Lo Appendix F, for both transistors BC347C the minimum and
maximum base current are 1250A & 909 pA respectively . So bias resistor can

be determined within the range as illustrated below .

Vmar=Vdlode 9-=-07
= = =i .1 [{ ! I
R Priax SEG)A ! :
Fmax-Yatads S
R = ~344KQ .

tin © az8p4

We choosc R g to be 32 KL .




for the Yelloww LED |, the required current for it 15 20mA and [orward voltage
is 1.83V . Ttis required to muke the LED turn on when the power supply

voltage drop less than § voll | as a resull LED resistance squal :

Ry = S 103.5L).

o

a4

100 £ was chosen to increase the current for more light intensity .

when supply voltage is between 9v and 5.1v and by vollage divider | the
voltage across Rz will cause the first transistor 1o switch . At saturation
region e=lg=0 & Vep will be a very small and not enough to switch on the

second transistor and the LED will be turn off .

when supply voltage cquals 5V |, there will be ne voltage across Rz lerminals
so the first transistor will operate as an open circuit and the sceond one will be
swilched on & the LED will turn on as an mdicator for pawer supply dropping
. In this casc , if R:pug docs nor exist a short circuil belween V. and the

around will occur . So a pull up resistance 00K 0 is requirad to avoid that

e ey
¥ -I ‘_ *I:ll"lfut"i’h?

. . naic Uniyersity
ﬁi: palesiine Salygihnic Uniw
< i IF'“‘|+ =
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*  FlexiForee supply voltage have to be checked to insurg delivering it -5 voll by
negative supply voltage -9 voll. see ligure 4.9.

it
Oy
b et i
6600 Ly

510k § J
| — —"(Jr : D4 D2 R4

- . 1N3890A 1N3890A 33002

LM74

B2 o | H w | LED1
§1‘““ﬂ 1N4733A ®

VEE
oV

Figure 4.9 :Power Supply Level Delection Cireuil of
-9 Volt .

5 or zener diode IN4733A voltage regulator -5 volt . in order to operate
sereversebiasregion it should be supphed with greater than -3 volt . LM 741
somparator was used to control LED lighting to express power supply level
according to comparator prineiple of operation . output of comparator depend on the

Siierence of the two inputs "inverting and non inverting” .

*  When power supply value is greater than -5 voll , suppose -9 voll . the
comparalor inverling input will egoal - 4.5 wolt and pon inverting input by
voltage divider equals -5 volt . so the difference hetween the bwo inputs is

negarive .so the output wall be (-vsal) and LED lighl 1s activated |

vout = (-vzener v 10KL2) * A, =-Tvolt
where A, =20000,




*  When power supply value is less than or equal -5 volt , suppose -5 voll .the
comparator inverting input will equal -2.5 volt and non inverting input by

vollage divider equals 4.4 volt .
viout = (-vzener —v TOKL) * Ay = -3 3vall
where Ag=20000,

St silicon diedes will make a drop veltage of 1.4 V | so the remaining output voltage

= mot enough to turn on the LED |, so this is an indicator for dropping the voltage of

We power supply .
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4.5 Oral Design :
ke force sensors will he locared within Night guard molding and distributed on
sesthsurfaces that are responsible for generating biting foree as illustraled in

Szure 4,11,

" D

/j_i*"l? "\\
7Y

3 A

Figure 4.11: | ceth Generating Force .

* Night Guard ( ManuFfacturing and biocompatibility )

Dental mouth guard for bruxism is a device intended to provide a physical harrier
setween the upper and the lower teeth during night . Testh grinding or clenching .
Saeht puard 1s made from silicon material . It is inherently flexible, resilient, tough,
= show excellent resistance tocavironmental stress cracking | it can be molded to
ey different sizes | shapes thickness and hardness ro make 1t more durable and
“emiortable for the patient  The product can be prescribed for either the maxillary or

mandibular arch . See Figure 4,12,
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__ Hard outer layer is durable
and sparkling clear.

F
=
; .
Soft Inner layer A
"":j‘ |

rests comfortably \-——’:“‘:ﬁ

LM
against the teeth
and gums.

Figure 4.12 :NightGuard’s HardnessLevels .

~hs material s stable and does not have any chenical reaction with hio fluids such as
siva Safety, genotoxity, irritation, toxity .and cytotoxicity have heen performed on
s produet to demonstrate not causing any unacceplable side effects Force sensors
werefixedinside a similar design W night guard geometry . theshapewill take the
Semcpatient's ornl cavity structure to guarantee avolding movements artifacts that can

“sise discomforl for the patient and to reduce losses in the generated foree between

wh see figored | 3& fipure 4,14

Figure4.13 : Bruxism Detection Prototype During Night
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Figured.14 : Bruxism Delection Prototype During Midday |

Electrotherapy Treatment :

1 Electrotherapymodes :

“ectrotherapy treatment will be vsed mn order to reduce the side eftects of

xismBy muscle relaxation mechanism . As the most common used stimulaling

al 15 4 syuare pulsed one . timer 553 can be used W generate this type of signal |
there was an obvious difficulty in adjusting the characteristics of these sipnals
o0 =5 [reguency and pulse width since they are varying guickly with respect to
Arduino programming is used to stimulate freatment signal by depending on
vious electrical cireuits (the output vollage from summation amplifier will

ol triggering the pulsed signal from Arduine by specific programiming code |

pulsed signal parameters will satisfy electrotherapy prineiples and modes
seney , pulse width and amplitude will be contralled aceording tis TENS 3000
Bcs 1]

are several modes that this device can provide . the most common used are :
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= Normal mode :the frequency and pulse width remain constant during
treatment period . A frequency of ®0Hz and a pulse width of .15 ms will be

chosen according to physiotherapist |

=  Modulation mode ; trequency and pulse width will vary in a periedic form (211,

Slectrotherapy period differs from patient to another according to the
sethological level that the she'he suffer from . In most cases |, electrotherapy
sewtmenteanapplied for 15 minutes up to 30 minutes and signal can be translated

Srouch al-:ctmdis :

<.6.1Elecirodes ;

sumulating current will be sent by two pairs of electrodes which have to be

weated in check museles at both sides of the mouth In general we have two kind of
Sectrodes , unipolar und hipolar . bipolar recordings measure the bioelectric potential
@ Serence between adjacent pairs of electrodeswhercas unipolar electrodes measure
Setoelectric potential difference belween each electrode and a common indifferent

-

EESCTCTICE .

e significant advantage of unipolar is that the potential difference is recorded
wrespective of the orientation of the advancing wave front . bipolar recording
woatrast are dircetionally sensitive , such that the voltage gradient detected 13
Sependent on the orientation of the wave front relative to the electrode pair . bipelar
wewro gram offers noise reduction advantages (when noise vccur simultaneously in
% =polar electrode pair , they cancel each other ) .

= our project we will use unipolar Ag/ApClelectrode . The silver/silver-chloride

ectude 15 by far the most common Lype ol electrode used in research and industry
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“ue 10 its simple construction. [t has a low impedance sa it will not affect the
sotential of the original signal \ The reference clectrode must have a high exchenge
urrent density, must be reversible and non-polarizeable. These properties will allow
exchange of charge between the electrode-electrolyte interface due Lo electrochemical
seactions and other environmental Factors withoul significantly chunging the
giectrode potential .

= order to guarantce minimizing noise signal | through cur work we have to take into

consideration electrode area and the placement site 32




Chapter 5 : Software Design
Programming process for the project was build through the use of Arduing sofltware
control the trearment modes and time in arder to be applicd later to the patient to achicve
muscle relaxation tor the bruxist . The result of the hardware desion and the

neters of treatment are displayed at a 16x4 liguid crysmal display, which supports the

1 requirements |

Liquid Crystal Display

LOD (Laguid Crystal Display) sereen 15 an electronie display module and have a wide

== of applications. 16x4 LCD display is very basic module and 15 very commonly used

vanaus devices and dreuls . £33)

-

BY 16 Characliers 4 Lines Yellow: Green LED Backlight

Figure 3.1: 16x4 LCD display .

zions

» Width: 3.45 inchesor 87mm .

» Height : 2.35 inches or 60mm .

= Display : view size 62mm x 26mn




Table 5.1 : LCD Ping Configuration .

T TR Ground |
L 2 lTvmelll 3¢ Supply Voltage for lomc |
3 VO | (Varable)|| Operating voltage for LCD |
4 | RS | HL |[H:DATA, L: Instruction code
5 [ RW | HL |[  H:Read L Write |
6 | E || HH->L || Chip enable signal |
7 | DBO | WL ||  Databusline |
§ | DBl | HL | Data bus line |
9 | DR2 I || Databusline 1]
10 DE3 HL | Data bus line |
11 DB4 HL || Data bus line |
12 DB | HL | Data bus line |
13 DB6 HL || Dutat bus line |
14 [ pB7 || L. || Data bus line |
15 Al s |l EED |
16 K v | LED- |

Arduino Mepga - 2650 ;
Arduino is an open-source physical computing platform based on a simple VO boand
& developmient environment that implements Processing  language .
soen-source Arduino environment makes it casy to write code and uplead it to the
soard. It runs on Windows, Mac OS X, and Linux, The environment 15 written i Java
s other apen sauree software .
The Arduine Mcopa 1s 2 microcontroller board hased on the ATmega2650. It contains
iz needed to support the microcontroller; simply connect it to a computer with a

cable or power it with a AC-to-DC adapter or hattery to pet started . It can operate on

= ) voltage supply ,with a léMhz Clock Speed . 341
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Figure 5.2 : Arduine Mega 26350 .

main parts :

8e ATmega processor @ Main 1C " ATmega2630.
Soser (LISB / Barrel Jack) :Fvery Ardno board needs a wayv to he comnected o 2 power .
» The Arduing Mega can be powered from a USB cable commg [rom your compuler or
= power supply thal is lerminated in a barrel jack.
Fos 5V, 3.3V, GND, Analog, Digital, PWM, AREF) : The Arduine has several different
s of pms

* GND : There are several GND pins on the Arduino, any of which can be used to

ground
e circuit ,

® SV & 3.3V: Most of the simple components used with the Arduino run happily off of

5ar 3.3 volts.




Analog : The area of pins { AD through A15 ) are” Analog In" pins . These pms can
s==d the signal from an analog sensor and convert 1t into a digital value that we can
read .

Digital: 54 digital pins ( 0 through 53) . These pins can be used for both digital input

and chigital output .

=  PWM; These pins act as normal digital pins. but can also be used for samething

called Pulse - Width Modulation (PWM)

*  AREF: Slands for Analog Reference, It is sometimes used to set an external reference
tage ( between O and 5 Volts ) as the upper limit for the analog input pins.
st Button : Pushing it will temporarily connect the reset pin to ground and restart any
Pt 15 loaded on the Arduino .
wee Regulator: [t controls the amount of voltage that is Iet info the Arduino board |
% BX LEDs : I'X is short for transmit, RX is short for receive. These LEDs will give us
mecations whenever the Arduing 1s receiving or transmitting data .

LED Indicator .

' Chart
This diaprammatic representation is helpful for progriumming the Arduino Mega 2650
21 | initialize the values of sensors by declare each of them by a vanable . According

| sofiware code and switches selection we will get right |, lell or average voltage
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which rclated to faree on these sides. [ the voltage value is greater than the refercoce
value , this means that the patient 1% in Bruxism slate then a suitable freatment

=nd time will be selected 1o achieve facial muscle Relaxation .

lntalze Varables of Sensors

»

Initialize LCD and Perpherals

v

Read the Volage Vabe ( Right /Lef/Average ) Which Related 1o Torce

Ts the Voltage Value = Reference Voltage

Mo Bruxism ‘ Select the Mode of Treatment

Select the Time ol Treatment

.

Display the Treatment aramelers

B 5

C = D

Fignre 5.3 : Flow Chart .




Chapter Six : Results & Analysis

S 1 Testing Flexi - Force Sensor 's specifications :

» achicve the best results or measurements from flexi forée sensor | several

smeters have to he tested -

1. High impedance at no load .

I
L3

Decreasing impedance while increasing the applied load .

:..H

Increasing the cutput voltage while increasing the applied force

4. The effect of sensor's external coating on the previous conditions |

2 Results :
1. At no load the impedance measurement is described as below :

Table 6.1 : Sensor's Impedance Measurement Without Load .

Sensor impedance without coating Open loop "high impadance”
Sensor impedunce with coating Open loop "high impedance”

will emphasis that with coating . sensor's impeadance will start to change from the

mitial impedance . as any sensor without coating .

2. While applying different loads the impedance and output voltage change
zs following :

Table 6.2 : Sensor's Impedince Meusurement Withowt Coat .

N) Sensor's Impedance without Output voltage without
eoating”® coating(mV)

5 1.4887ME) ! 87.6

i L 477SMQ 92 4 .
LS 1. 4663MK0 97.2

2 1. 4551ML2 101.9
=5 1. 4438M(] 106.7

B | 1.4325M0 1115
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The results shows that the impedance deereases when inercasing the applied load |
Also | Tt is obvious that the sensor has a linear relationship between the applied foree

=d the output voltuge |

%.2.1Take into consideration :

It 1% important to determine the effect of coating material on the loses of the
Sl amount of force that is applied . Stiffness of this material has a major role in
Se=ermining the amount of foree that was neglected " Young Modulus * or " Modulus
o Elasticity " describes the relative stillness or rigidity ol a material , which is

=easured hy the slope of the elastic legion of stress-strain .

Becnze the elastic modulus represents the ratio of the elastic stress to the elastic ;modulus |
Wodulus of clasticity is given in units of force per unit arex, typically gigancwions per

SeEare motcr (GN-’mI ). or gigapascals (GPa) .

Modulus of elasticity " E "can be cxpressed as

E= % = %;} =N/’ , Where :
Tha sircss |
2 ihe strain .
The applicd foree ar load .
The cross sectional arcy of he material under stress .

The increase in length .
“h=oripinal length .
most and common appropriate material to use in dental applications 1= silicon It
= young modulus of 0.0003GPa . In order to determine the real applied foree
sespect to Lhe equation ahove |, cross sectional area of the material and change in
» must be taken into consideration
seizinal length for silicon cover equals 4mm . Change in length is very small
' approximataly 0.5 mm _ so the real amount of force can be caleulated as the

ang procedure :




- 4!:'1_4[ _ 0.5mm
A

=0.125

Silicon material is of O.0003CGP or Q00033107 N/m™
oss seelional aree of the material under stress with a diamieter of 953 mm ¢
garey "A" = i

® (953 210" % =28 % 10w,
e amount of the applied force :
F=ExaxAi
= D.0003 % 10" N/m® x 0125 x2.8 x 10" m’
=105 Nor=241b
=mount of force must be added to the onginal amount that was represented by voltage

Total amount of foree = F yigam + F coming

F=1(2350xVout—1903) x 4448 N + 10.5 N
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5.5 Normal Biting Force :

Table 6.3 : Voltage & Foree Values Analogous To Normal Biting Foree .

= Wasted Wasted
s side R{ght force nn Si | Lell side L site forceon 5i | . Patient
side force - Crender ;
= (v) (Ib) material foree (v) (1b) material Copmment
{+2.41b) : (+2.41h)
' Right side is
2 || sm 196 | 442 46:6 | Female | more used in
normal life
Right side is
=== 333 55.7 2.18 4493 51.7 Female | morc used in
normal life
_ _ - Right sideis
41.3 437 212 479 503 Female | more used in-
~ normal life
Right side is
35 65.3 67.7 259 58.5 6.9 Female | more used in
normal hile
j Left side is
E AT 451 246 559 583 Male | mareusedin
a normal lile
Right side is
= 63.7 6.1 2172 62.03 6 43 Male more used in
normal life
Right side is
49.3 51.7 2.04 46,04 38.44 Male | more usedin
i ' : normal life,

8 seder to iagnosis bruxism | biting force should be measurad for normal people
s for bruxist . Table 6.3 shows (he oulput voltage for both sides of mouth with thewr

seesponding force values for both penders .

selation between voltages and their eorrcsponding foree values for both side of

soth was drawn using " On Line Curve Fitting” [35]. Represented in graph 6.1 & 6.2
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* For Right Side :

E":Q-,ﬂ.!'

i

%0

=2 10

10

a __- s - F—— T P | =
184 384 15 140 im 148

Kight Jaw Vollage output V)

— e REgre S & Cabmator

Figure 6.1: Right Side OF Jaw Foree (Ib) With Qutpul Vollage (V) .

following equation describe the relationship between the force (Y) in Th unit with

cutput voltnge (X) from Flextloree Sensor cireuil for nght side .

Yilb)=23.55318% X- |.976947 .

*  For the Left Side :

L ___—-—'—_g:
|
|

1Es 208 .18 216 136 136 158 a0
Lelt v Voltage Cutpul [v)

— AR PRI A ® Calkemter

Figure 6.2 : Left Side Of Jaw Focce (Th) With Qutput Valtage (V) |
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The following equation describe the relationship between the foree (Y) in b unit with

S output voltage (X) from Flexiforce Sensor errcut for left side .
Y{lb)=23.30273% X- 1 90308

'« ohvious that the most common used side has a higher voltage and higher force

mch is the right side .

*  The general relation hetween force from different loads and fexiforce circuit

output voltage is illustrated in figure 6.3

120 |
200
E o
$ 50 E==
&
M
] ; —_ == -
2B o7E 108 178 a8 178 el | 378 475 a.78
Voltsge autput (V)

—| T RAZrEECOP ® Colibrator

Figure 6.3 : Output With Voltage With Different Loads |
seuation below describes the linear relation between several applicd loads and
sut vollage from Hlexiforee circuit

Y(lb)= 23.52178* X- 1.948102 .



Statistical Analvsis :

sanical unalvsis was performed using SPSS 16.0 soflware packages . Comparison

means between the simulared results and the actual results was made using paired

i T-lesl. The t-test tells us if the vanation between the means of two groups of

wults s " sipnificant . Readings were taken for measurement teeth force of a

o ( 45 male und 45 lemale ) of young people and their age from 19 to 23 vears
cading were taken for 13 hruxsers patient and their reterence value [or teeth

s about S00N | See Appendix G

Results of Statistical Analysis :

The difference between left and right jaw force for male
first comparison between the night and the lefi jaw {orce for male. by using some

stical tests that summanized i table (6.4 ) .

Table 6.4: Statistical Analvsis Tests Between The Left And Right Jaw Force For

Male
Variables Right force (Th) Left force (1b)
Count 45 45
Mean value 50,3980 (M) T 542662 (My)
Standard Deviation 2221907 (5Dy) 2483102 (8D;)
Std. Error Mean 331222 370139

Paired Samples Confidence ~Limits of Difference Section

Bee Varinhles Right force — Left force
e difference 5.13267
t Deviation of 19.79490)
Berence
Paired Sample , Tow —Samples T-Test (H:M=M: versus Hi:M;<M;)
eo Assumplion Equal Unequal
44 4.
aluc | 1.729 1.730
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*=(.000 ).

B alue of T-test {.089 (.089
Merent HI ar5.0% NO NO
Samificant!
Paired Sample Correlations
elation Coellicient (R) | 0.651

Searad Correlation 0.423%
Eeeificient (R}

wi-level (P-Valuc) 0,000

s statistically significant difference between the mean right furee value and the

walue of mean left force ( T-value = 1.739 and P-value = 0.089 ) . There was

%52 The differcnee between left and right jaw force for female :

e mean value of the right force und lefl force was 59,3989 = 331222 and 54.2662

= 370159, respectivelv. The previcus statistical analysis demonstrated that there is

wenificant correlation between right force and left force ( R= 0.651. R2— 0.4238 and

e second comparison between the right and the lefl jaw [oree for female , by using

sweme statistical tests that summarized in Table (6.5 ).

Table 6,5 : Statistical Analysig Tests Between The Left And Right Jaw Force For

Female
Variables Right force (Ib) | Left force (ib)
Count 45 45
Mean value 445778 (M) 442344 Mz) |
Standard Deviation 21.47491 (SDy) 2041545 (SDy) |
Std. Error Mean 3.20129 3.04336 o
Paired Sumples Confidence —Limits of Difference Section
- Variables Right force — Left foree

fesn difference

bendard Deviation af

0.34333

2170741




B ierencs

1 Paired Sample , Tow —Samples T-Test (T1;:M=M, versus H;iM;=M;)

~ \anance Asswmption Equal Uneqlmi
 OF ¥ H
; T-value 0. 106 016
| F-Value of T-test 0.915 0.915
| ceot HI 21 5.0% NG NO

Segnilicant?

Paired Sample Correlations

Lerelation Coefficient (R) (0,464

Sgmared Correlation 02153

Ceefficien! (K°)

-leve] (P-Value) (1,001

= mean value of the right force and laft force was 44.5778 + 320129 and 44.2344 +
© 4336, respectively. The previous statistical analysis demonsirated hal there 13 no
wanstcally significant difference between the mean right force value and the mean
swue of lefl foree ( T=value = 0.106 and P-value = 0.913). There was significant
werelation between night foree and left force for female (R=0.464, R2=0.2153 and
= = 0.001) . According to the previous analysis we [ind maximum bite foree 15 higher
= males than females, The greater muscular potential of the males may be attributed
e anatomic dillerences  The masseter museles of males have type 2 fibers with
= diameter and greater sectional area than those of the females . The authors have
sted that hormonal differences in males and females might contribule o the
sition of the muscle fibers In addition, the correlation of maximum hite foree
zender is not evident up to age 18, L 1s apparent that maximum bite force
=ses throughout growth and development without gender specificity. During the
—pubertal penod, maximum bite forec increases al a greater rale in males than in

les and thus beeomes pender-related[ss)
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553 The difference between lell foree of male and 1cft force for female ;

e thind comparison hetween the lefl farce of male and lefi foree for fomale , by

g some statistical tests that summerized in Table { 6.6 ).

Table 6.6 : Statistical Analysis Tests Betweoen Left Force Of Male Aud Lelt Foree

For Female .
Variahles Left male force (Ib)  Left female force (Th)
Count 45 45
Mean value 54.2662 (M) 442344 (My) |
Standard Deviation 24.83102 (SD) 20.41545 (SD3)
Std. Etror Mean 3.70159 3.04336
Paired Samples Confidence —Limits of Difference Section
Variables Left male force - Left female force
22 di Frerence .00318E1 ==
Sumcard Deviation off 28.02007

i e

Paircd Sample , Tow —Samples T-Test (Hy: V=M versus Hy:M,<M-)

- L ]
ant

mance Assumgtion Fiqual Unequal
44 4
=alie 2.401 2.401
alne of T-iest 0.021 0.021
o HI 4. 5.0% YES YES

Taired Sample Correlations

mlation Coefficient { B ) N.244

d Correlation 0.05954
Seienl (R7)
B-level (P-Value) 0106

=ean value of the left male force and left female foree was 54.2662 4+ 3.70150
P48 2344 £ 304324, respectively, The previous statistical amalysis demonstrated

there is statistically sipnificant difference between the mean left male foree value

T2




end the mean value of left female force (T-value = 2.40] and P-value — 0.021), There

was no significant correlation between left male force and lefi force (B—0.244, R2=

05954 and P=0.106) .

454 The difference between right force of male and right force for female

e fourth eomparison between the right force of male and right force for female . by

winz some statistical tests that summartzed in Table ( 6.7 )

Table 6.7 : Statistical Analysis Tests Between Right Force OFf Male And Right Force

For Female
Variables Rigit male force (1b) Righr female foree |
(b} |
Count 45 45
Mean value 593989 (M) 44,5778 (Mz)

Standard Deviation

22.21907 (8D))

2147491 (SD2)

Std. Error Mean

' 3.31222

3.20129

I Varublcs

e difference

Right male force — Right female force

1 48211E1

sierd Devialion of

=

3054150

Paired Sample , Tow —Samples T-Test (Hy:M =M versus Hy:V;<M;)

et H1 st 5.0%

=t/

pamce Assurmplion Equal Lnegual
44 44
3:253 3255
== of T-leslt 0.002 0.002

Paired Sample Correlations

sesion Coefticient (R ) 0,023
! Correlation {L000529
Eeent (-H_.I }
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pievel (P-Value ) 0.880

sszan value of the right male force and right female force was 39,3989+ 5331232
24 5778 = 3.20129, respectively. The previous statistical analysis demenstrated
there 15 statistically significant difTerence between the mean right male force

we and the mean value of right female force (T-value = 3.255 and P-value -

W0 There was no siznilicant correlation betweoen right male foree and right female

we (R=0.023, R2— 0.000529 and P = 0.880) .
* = The difference between right foree of female and left foree for male :
5ith comparison between the right force of male and right force for female | hy

sog some statistical tests that summarized in table (6.8 ) .

Table 6.8 : Stalistical analysis tests between right force of Female and [eft force for

mile .
Variables Right female foree (1h) {eft male force (lh)
Count 43 45
Mean value 445778 (M) 542662 (M3)
Standard Deviation 21.47491 (SD) 2483102 (SD;) |
Std, Error Mean 3.20129 3.70159
Paired Samples Conlidence —Limits of Difference Section
Varishles Right female force (Ib )- left male force (1) |
e difference -9 68F44ED
wierd Devialion of 14,00315

‘.i.l..'l-

Paired Sample , Tow —Samples T-Test lﬂ]}:ﬁ]#l\h versus Hy M;<Ma)

mee Assumption Equal Unequal
44 ot
- -1906- -1.906-
wue of Tetest (.063 (.062
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Sccept 111 at 5.00% | NO NO
Semificam?
Paire d'm_{fﬁfre[ﬁtium
Eorrcldlion Coellicienl ( ) . -{L079-
Seuared Correlation | 0000241
Coefficient (R)
Beob-lovel (P-Valug) [L.6US

= mean value of the right female lorce and lefl male force was 44.5778 | 3.20129
ol 542662 + 3.70159, respectively. The previous statistical analysis demonstrated
St there is o statistically significant dillerence between the mean right [emale
Swrce valve and the mean value of left male foree ( T-value = -1.906- and P-value =

U63). There was no significant correlabion between nght female force and lefl male

Seee (R= 0.070-, R2=0.006241 and P = 0.605) ,
The difference between right foree of male and left foree for femnle :
wxth comparison between the nght foree of male and left foree for female |, by

pe some statistica] tests that summarized in table { 6.9) .

Table 6,9 : Statistical analysis tests between right force of male and Left force lor

Female .
Variables Right male force (Ih) left jemale force (b}
Count 43 43
Mean value 56,3989 (M) 44,2344 (M)
Standard Deviation 2221907 (51) 2041545 (SDw)
Std. Error Mean | 3312322 2.04336
Paired Samples Confidence —Limits of Difference Section

Varables Right male force ith )- left female force (Hh)
== difference 1.51644E1
piard Deviation of 2843509

e

Paired Sample , Tow —Samples T-Test (Hy:M=M; versus Hy M <Ms)
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sance Assumprion Egual Unequal

44 ' 44
== 1577 | 1,577

MNalue oF T-tost 0.001 0.001

H1at5.0% YES YES

B ficant 7

Paired Sample Coerelations

relation Coefficient ( R ) (1.462
sered Correlation 0.213444
ficient (R7)
we-level (P-Value ) 0112

mean value of the right male force and left female force was $9.3980 + 3.31222
W 24 2544 0 3.04336, respectively. The previous statistical analysis demonstrated
there is statistically significant difference between the mean right male force

wee and the mean value ol lefl [emale force (T-value = 35377 and P-valuc = 0.001)
e was no significant correlation berween right male force and lefl Temale force

= 0462, R2= 0213444 and P=10.112) .

Teeth Grinding Questionnaire

According to our visit to 30 Dentist . we make questionnaires and atter well

wsisto them we get the following results ¢

* When asking shout the percentage of bruxers who visil the doclor manthly
S doctors have varving answers . the percentage of hruxsers per month varying
Som 1% to40% and reachied up to 30% of the patients . Bul most doetors

ustruled that 5 % per month visited then as shown in grey in figure 6.4,
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Figure 6.4 : Percentage of Bruxsers Visit the Doctor Monthly,

*  When ssking about who suffers from brizxism more than other according to
the geander . the majority of doctors answers that female suffer [rom bruxism

more than male as shown in figure 6.5.

B
s mrepmmss

Figure 6. 5 Female Suffer from Bruxism More than Male .




=  When asking about the percentage of bruxsers who have noliceable
umprovermnent in their situation using medical drugs, the ratios varying between
20% up to 99% of the bruxisers . But most doctors illustrated thal 80 % of

salienils get better using drugs . as shown in light blue in figure 6.6

CROEW
IES8Y
coom
BRER

Slzure 6.6 : Percentage of Bruxsers Who Have Noticenhle Improvement in their
Siruation Using Medical Drugs

= When asking about the period of treatment using medical drugs . the doctors
answets varying from one to several weeks and reached up to six months .

But most doctors illustrated that one manth is a good period for reatment as
shown in purple in figure 6.7 .
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Figure 6.7 : The Penod of Treatment Using Medical Drugs .

*  When asking about the percentage of bruxsers who have noticcable
improvement in their situation using night guards | the doclors answers
varying belween 1% up 1o 100% of bruxsers . But most doctors illustrated
that 90 % of paticnts get better using night guard as shown in orange in

figurc 6.8 .
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xS
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Fizure 6.8 ; Percentage of Bruxsers Who Have Noticeable Improvement in their
Simation Using Night Guards .
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=  When asking ahout the period of treatment using night guard , we get a results
as shown in figure 6.9, And the treatment period varying from two months
up to uneg vear and other doctors answers that the treatment period is life time

But most dectors illustrated thal one vear is a suitable period for treatment as

shown in dark green

Figure 6.9 : The Period of Treatment Using Night Guard .

=  When asking about the percentage of bruxesers who does not have noticeabls
improvernent in their situation using night guard | the doclors answers
varving between 1% up to 80% of the bruxsers . But most doctors iliustrated

that 20 % of patients did not get betler 48 shown in orange in fgure 6.10 .
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Figure 6.10 : The Percentage of Bruxsers Who Does Not Have Noliceable
Improvement in their Situation Using Night Guard .

2.7 TENS Modes :

“eouch arduing software . sipnals similar to the TENS were obtained to
aschieve facial muscle relaxation in two modes . normal and modulation .

Saermal Maode :

= [n the normal mode , the stimulation signal is continuously within
fixed lrequency rcaches 1o 90 Tz usin Figure.6.11.

e e ol e
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Figarc 6,11 : TENS Normal Mode .




Modulation Mode :
There 1s varying i frequency i the range ( 60— 150 Hz §.

* In the first four minutes , the frequency started from its maximum
valua 150 Hz then it decreases gradually from maximum value to the
minimum value 60 1z as in figure 6.12 & Figure 6.13 .

* in the fifth second |, the [requency stabilizes al 60 Hz as m Boure 6,14,
*  from sixth to ninth second the frequency 15 increasing gradually from
minimum value 600 Hz (0 maximum value 150 Hz a8 m figure 6,158

fipure £.16 .

= in the tenth second | the freguency stabilizes al maximum value 150 He
as in figure 6.17.

*  afier the tenth sceond the signal will be repeated at the same procedure
as in figure 6,18,

SEESERinEn

Figure 6,12 ;: TENS Modulation Mode
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Figure 6,13 : TENS Madulation Mode
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Figure 6.15 : TENS Modulation Mode
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Figure 6.18 : TENS Modulation Mode .
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5.8 Acquiring Stimulating Signal @
The outpul Fom Arduine has a magnitude of 5 volt . the signals for two modes
were amplified as deseribed in previous chapter . The amplified signals illustrated in

Szures below .

1S:-=9est e —TOF I = 4 18 kSars
e e 4 T _ﬁ 4 =
n-'- i " i v i v 11 . L} i ur =ria ()
P i R I= I Pk—PELI=2, 28U | Fresiii=s1.T4H=
e RN M 28.8m= CHL 4.4

T, guveE

Figure 6.19 : Amplified Signal . Normal Mode .
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Figure 6.20 : . Amplitied Signal , Modulation Mode .
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Figure 6.21 : Amplified Signal . Modulation Maode .

*  The obtained signal from Arduine program conlirming TENS device principle and
paramclers:

Normal Mod=

Medulation Mede

Figure 6.22 : TENS Device Stimulating Signal 37,
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5.9 Power Supply Level Detection Circuit Results
291 -9 Power Supply Level Detection Circuit
Power supply which operates the op-amp of the eleetrical eircuiis should be
setected as illustrated before . power supply at the range from 9v — 35 v wall give the
s=cuired voltage . so no alarm is needed . see hgure 6,23 & gure 6.24 . When

sower supply dropped less than 5 volt | visible alarm will be activated . see

Beure 6.25 & Figure 6.26.
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Figure 6.26 :.Power Supply Less Than

Figure 6.25 : Activated Alarm. I
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292 -9 Power Supply Level Detection Cireunit @

Power supply which operares the force sensors of the elecmeal arewts should
Se detecteas illustruted before . A Red LED will be tum an while poawer supply is at
Be range from -9v ta -5v . see figure 6.27 & figure 6.28 . When power supply
Somped less than -3 volt . The LED will turn oft as an indicator for a power supply

wiuch should be replaced see figure 6.29 & Figure 630,

Fioure 65.27 : LED Iz Tum On . Figurc 6.28: Power Supply Greater Than -3V,

EH FCHE -

GY INSTEK

Figure 6.29 : LED s Turn Off. Figure 6.3 :Power Supply Less Than -3V,




Chapter Seven : Future Work & Recommendations

Siling force was measured depending on third molars which are responsible for
g=nerating the main farce | More aceuracy can be achieved if force will measured on
Sther regions to mitimize neglected forces .

FENS device has several modes . two of them Normal & medulation modes were used .
“thier modes could be attached so the device and can treat olher diseords related 1o
muscles and nerves |

Sectromyograph (EMG) recording could enhance analysis of muscle's activity during

Seuxism at night to observe relaxation and improvement in muscles state .

5 system can he developed by a computerized system 1o record and save biling values

98 respect to time . s will facilitate analyzing data with preater accuracy .

Sesording to biting force , a srady about the ability to find a relation hetwasn biting
“oree and the thickness of night guard will be a hrilliant solution for doctors since some

o Shem suller from a difficulty in determining the suitable thickness for (he palient .

seditional elestrical circuils cun be ineluded to increase the safety level of this device . as
“wse which can open the system when there is an unexpected leakeage from electrical

SEmponemis

= connest the system with phone by using special application with real time monitoring

ot data acquisition sollware to allow patients to scll dizsnosis and moniloring

24




conditions at home
esing rechargzable battery can inerease the possibility of using the device for a longer

pericd of time without hattery repeated replacement .

connect the system with a kevpad | in order to facilitate dealing with it |

1 Challenges :

Choose an appropriate material with U-shaped desipn and suitable size for patient s
==th structure | biocomparible which deoes not have any side effects for the patient . Also

o be suitable to cover the sensor without affecting its normal response .

1o determine the reference value for each patient that will trigger clectrotherapy

seahment .

1o provide the maximum level ol safety as much as possible when applying

ciecirotherapy treatment by restricling with ils principles .

Lo persuade consumers with a new , unigue method for diagnosis and treatment of

sruxism with Jess cost and without night puard repeated replacement |




APPENDIX A

Datasheet For Flexi - Force Sensor .
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A201 Standard Force & Load Sensors
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APPENDIX B

Datasheet For LM 324N Operational Amplifier .




324, LM324A, LM224,
902, LM2902V, NCV2902

gle Supply Quad
serational Amplifiers
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

IMUM RATINGS (Ta = + 25°C, unlzas omerwise noted )
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902
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LM324, LM324A, LM224, LM2902, LM2g902V, NCv2902
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2302
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LM324, LM324A, LM224, LM2902, LM2502V, NCV2902

e LM324 series is made wsing four intemally
#ied, mwo-staze operational amplifisrs, The fim
af each consists of differential input devices Q20 sl
®ih input buffer transistors Q21 aml Q17 and the
e=atial o single snded converter Q3 and 04l The first
periorms not only the First stage-gam funciion but wlse
=g the leval shifting end transconductance reductinn
Soes. By meducing the tanseonductsnes, & smaller
st capacitor (only 5.0 pb) can be employed, thus
chip area: The warsconduciance reduction s
Platied by splittng the collectors of Q20 snd Q14
¢ feature of this Input stige s at the inpot commeon
mnge can include the negative supply or ground; in
sapply aperation, without satuzating elthir the | il
=% o the differental 1o single-ended sonvorer ‘The
Mage consists of a standwrd current soures Joad
T stage.
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CIRCUIT DESCRIPTION
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Ti=285°C
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Figure 2. Large Signsi Voltage Follower Responss

Eech amplifiec s biased Fom an internal-veltage
regulator which bus u low mmperanire coeMivient thus
giving each amplifier good temperature charecierisnics as
weell as exeellent power supply rejection,
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LM324, LM324A, LM224, LM2902, LM2902V, NCv2002

Ver FOWER SUPPLY VOLTAGE ()

Power Supply VioHage

Figure 9, Pawer Supply Current versus
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SEDERING INFORMATION

LM324, LM324A LM224, LM2902, LM2902V, NCV23902

Device Operating Temperatere Range Peckage Shipping'
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APPENDIX C

Datasheet For 1IN4733A Regulator .
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— 1N4728A to 1N4764A

v Vishay Semiconductors

Silicon Power Zener Diodes

Features
* Silicon Planar Power Zenar Diodes

« Foruseinstabilizing and cloplng cirsuits with high
power raling.

« Swandard Zener voltage tolerance suffix "A” for Mechanical Data
= 5 % tolarance. Other Zener voitages and Casa: D041 Class Cass

it
foiorances are available upon requast. Welght: approx, 350 mg

Aoplications Packaging Codes/Options:
- bifizati TR/ 8k per 13 " reel , 25k/box
Sl TAR / 5k per Ammo mag. (52 mm tapa), 250box

Aesolute Maximum Ratings

e = 25 °C, unlaza stharwiee spsclfied

_ Paramater i Tazt sonddtinn Swmbal \alna Urir
Assipation Tonn % 50 °C . 1 W
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Depleting Substances Policy Statement

zclicy of Vishay Semicanductar GmbH to
2l present &nd futyrs nehonsl and intermaional siatuony requiraments.

and sonfinuously imprave the padamance of our products, processes, diglribution anc
=ingsystems with respect 1o their impact on the health and salety of our employees and the publie, as
== thelr Impact on the anvironmend.

Soular conicam to control or elimingle relesses of thoss substances into the atmosphare which-arzg
=5 ozone depleting substances (COSs).

treal Protocol (1987) and its Londan Amendments (1560) intend to severely restrict the use of ODSs

= thelr use within the next ten years, Varous nalional and inlernalional iniialives ara prassing for an
an on thess substances.

W Semiconductor GmbH has been able (o use its policy of continucus iImprovemants ta aliminate the
Ss listad in the lallewing documents,

w & B and list of Iraneitional subsignces of tha Montrezl Prolocal and tha Londan Amandments
ECtively

| and || czonz depleting subetances in tha Claan Alr Act Amendments af 1920 by the Environmental
=ction Agency (EPA) In tha LUSA

aol Cecision 08/SAO/EEC and 91/650/EEC Annex A&, B and C (Transitional subsiances) respectively.

Semlconductor GmbH can cedily that our semiconductors are natmanufactured with ozene deplating
c== and do not canlain such eubstances,

We reserve the right to make changes to Improve technlcal design
and may do so without further notice.

Saremeters can vary in diferent applications. All aperating paramstars must be validated far each
Swstomer application by the customer. Should the buyer use Vishay Semiconcuctors products for any
wmtended or unautherized applization, the buyer shall indemnify Vishay Semicenductars agalnst all

“aims, costs, damages, and expenses, arising out of, directly or indirectly, any claim of personal

damage, injury or death associamd wilh such unintended ar unauthorized Use.

Vishay Semiconducter GmbH, P.O.B. 3535, D-74025 Hailbrenn, Germany
Telephone: 49 (017131 67 2831, Fax number: 49 (07131 67 2423

Cocument Mumbar 83816
Heov. A3 25-Marsd




APPENDIX D

Project Software Code .




// initialize the state of switches to control treatment modes
int 50 = 40;

intsl =42:

int 52 = 44;

mt 53 =46;

int s(istate =0;

It s1state = (3

int s2state = ()

mt s3state =

[/ initialize variables tu cantrol change in frequency for stimulating signal and
palse width

it s
ml c;
float n;

float t;

* initinlize variables to control Applying tratment one time for each tigger
mi trear=1;

nt o=1:

mt =1;

=l s=1;

mtl=1;

mt x:

- initialization to measure Right Side Voltage and its analogus Force

Soat voltforceR = 0;

Soat voltageR = (;

Soar foreeR = 0




// initinlization to measure Left Side Voltage and its analopus Force
float voltforeeL = 0;

float voltagel. = 0;

floal foreel=10:

(/ Initialization to measure Average Voltage and its analogus Foree
tloat voltforeeS = 0

float voltages = (;

float forceS =0;

// initialization to measure Reference Yaltape and its analogus Force
float voliRel =0 ;

float voltageRef = 0;

float forceRef =10

sinclude <LiguidCrystal h>

LiquidCrystal led(31, 33, 35, 37, 39, 41);

oid setup() {

Serial begin(9600);

pinMode(s0, INPUT); // sets the digita! pin 7 as input
s=aMade(s1, INPLIT); 4 sets the digital pin 6 as input
siaMode(s2, INPUTY; // sets the digital pin 5 as inpul
saMode(s3, INPUT); #/ sels the digital pin 4 as input
ed begin(16,4);

ol clear{);

)




void loop() |

M read switches state to control reatment modes
sihstate = digitalRead(s0); // read the input pin from switch
slstate = digitalRead(s1); // read the input pin from switch
s2state = digitalRead(s2); // read the input pin from switch

sistale — digitalReadi(s3); // read the input pin from swilch

/I Display Right Side Valtage and its analogus Foree
voltforceR = analocRead(0); // force AC R
voltagelk = voltforceR* (3.0/1023.0%;
forceR = (23.522%voltageR - 1.948)%4.448;
led. setCurson(0,0);

led.print("R-V="};

led.setCursor(5,0);

ted print(voltageR);

led:setCuarsor(10,0);

led.print{"F= N ");

ted.setCursor(13,0;

led.print{forecR);

' Display Left Side Yoltage and its analogus Force
volttorcel. = analogRead(1); // force A1 L

voltagel = voltforcelL* (5.0/1023.0);

forcel= (23.522*voltagel - 1. 948)"4.448;

sod.setCursor(i.1):

oA print("L-V=");




led setCursor(s,1):

led print(voltageL);
led.setCursor(10.1);
led.print("F= N");
led setCursor[13,1);

led. print(foreel);

!/ Display Average Voltage and its analogus Force
voltloreeS = analogRead(2); // force A2 SUM
voltageS = voltforces * (3.0/1023.0):
forceS= (23.522%voltageS - 1,9)*4 448;
ted.setCursor(0,2);

led.print("SUM-V=");

icd.setCursor(6,2);

led.print{voltageS);

‘ed.setCursor(10.2):;

ed print("F=  N");

led setCursor(13,2);

‘o print( forceS);

/! Display Referance Voltage and its analogus Force
voltRef = analogRead(3);

voltageRef = voltRef * (5.0/1023.0),

ted setCursor(0.3):

e print("REF-V=");

ted.selCursor(6,3):

‘ed print(voltageRef);




forceRel'={22.522%voltageRel - 1.9)74.448;
led.setCursor{10,3);
led.print("F= N ")
ied.setCursor{13,3);

ld. print(forceRet);

!/ chech if the parient Is in Bruxism state ar not

(Jif "YES" Start stimulating pulsed signal for treatment according to treatment
mode

HivoltageS>=vollageRef)
{

switch( sUstatedes1state)

i
| 1

I if switch{S0)is HIGH AND switch(51) L5 LOW :
! Start Modulation Mede for 15 minutes
' Display the STATE of person " Bruxist or not " , Mode of treatment

! Display Frequency & pulse , treatment period

case HIGH & LOW :
ted.clear(),

ted. setCursor(0,1);
lod print("Mode:");
‘ed.setCursor(12,1);
odprnt("T:");

sed setCursor(0,2);

ed.prnt{"F: Hz");




led setCursor(9.2):
led. print("PW: M"}L
led.setCursor(5.1);
led prmt("Modu™);
led.setCursor(14.1);
led.pring("15");

led setCursor(2,2);
led print("150");

led serCursor(12,2):

led.print("150");

for(x=0;x<=90x++){

i digitnlRead(40) = HIGH && digitalRead(42) — LOW )
for(d=150;d>=60;d--} {

if{digitalRead(40) — HIGH && digitalRead(42) =LOW }{
delay(34);

=0.1*d;

digital Write(9 HIGH);

delav(t);

digital Write(9,LOW);

Serial print(t):

Serial prnt(" "),

]

cise

digital Write(2,LOW);

}
for{e=0,c<=136;c++){




ifidigitalRead(40) — HIGH && digitaIR ead(42) — LOW){
d=60;

digital Write(9, HIGH);

=0.1%d;

delay(L),

digital Write{9,LOW);
Serial print(t);

Serial print(" "),

}

clse

digital Write(9,LOW);

)
for{d=60;d<=150;d-++){
HidigitalRead(40) == HIGH && digitalRead(42) — LOW){
delav(34);

=0.1%d;

Sigital Write(9, HIGH);
delay(t);

Sigital Write(9,LOW);
Serial.print(t);
Senal.pring(" ")

i

gital Write( 3, LOW),

arie=0:c=64:c++){




{digitalRead(40) == TTIGH && digitalRead(42) — LOW ){
d=150;

digital Write(9, HIGH);

=0.1%d;

delay(t);

dipital Wnite(9,LOW )

Serial.print(t);

Serialprint(" "

i

¢lse

digital Write(2,1.OW);

case FIIGH & HIGH :

I if switch(S0)is HICH AND switch(S1) IS HIGH :

// Start Normal Mode for 15 minutes

/I Display the STATE of person " Bruxist or not " |, Mode of treatment

// Display Frequency & pulse , tratment periode

led.clear();

led.setCursor(0, 1)




led.pont("Mode:");
led.setCursor(12,1);
led. print{"T:");
led.setCursor(D,2);
led print("F:  Hz");
led.setCursor(,2);
led.print("PW: M™);
led.setCursoz(S,1);
led.print("Normal");
led setCursor{14,1);
led.print("15");
led.setCursor{2,2);
led.print("%0");
led.setCursor(12,2),

led,print(" 150"}

for(x=0x<=1583x++){

il digitalRead(40) = HIGH && digitalRead{42) = HIGH ){
for(c=0,c==90:ct—){

il digital Read(40) = HIGH && digital Read(42) = HIGH ){
n=0.15;

digitalWrite(9, HIGH),

dalay(n);

SigitalWrite(9, LOW).

Serial.println{n);

}

elsc




digital Write(9.1.0W):
}
}

else

digital Write(9,] OW);

i

=0

break:

1
switch({s2statedsIstate)
{

case HIGH & LOW :

1 if switeh(S2)is TITGH AND switeh(83) IS LOW :
// Start Modulation Mode for 30 minutes

/| Display the STATE of person " Bruxist or not " / Mode of treatment /
/I Display Frequency & pulse / trearment period /
led.elear();

lod setCurzor(0,1);

led print{"Mode:");

led setCursor(12,1);

led.print("T:"Y);

led.setCursor(0.2);

led.print("T:  Hz");

led.setCursor(9.2):

led.print("PW:  M");

led.setCursor(5.1);




led print{"Modu");
led.setCursor(14,13;
led.print(*30");

led serCursor(2,2);
led print("150");
led.setCursor(12,2);

led.print(" 130");

for{x=0;x==180;x+){

if(digitalRead({44) =— HIGH && digitalRcad(46) —=LOW ){
for(d=150;d>=60;d--) |

ifidigitalRead(44) == MIGH && digitalRead(46) —LOW ){
delay(34);

=0.1%d;

digital Write(9,HIGLI);

delay(r);

digital Write(9,LOW),

Serial.print(t);

Serial.print(" ");

}

slse

digital Write(9,LOW);

)
Sor(e=0c=156c++){

fdigitalRead(44) — HIGH && digitalRead(46) —LOW){

=6,

SipitalWrite(9, HIGH);




=0.1%d.

delay(t);
digitalWrite(9,LOW):;
Serial. print(t):

Serial print(" "),

i

clse

digital Write(9,1.OW);

}

for(d=60;d<=150;d++){

ifldigitalRead(44) == HIGH && digitalRead(46) —LOW ){
delay(34):

=0.1*d;

digital Write(9,1 [IGH);
delavit);
digital Write(9.LOW);

Serial.print(t);

Serial.print(" ");

]

else

digital Writc(9,LOW);

¥

for(e=0;e<=64:c+1)

ifidigitalRead(44) = HIGH && digitalRead(46) — LOW ){
d=150;

digitalWrite(9, HIGH):

=0.1%d;




delay(t);

digital Write(9, LOW);
Serial print(t);

Senal pring(" ");

| #/ inner if

else

digital Write(9, LOW):
} 4/ inner for

} aE

glse

digital Write(9, LOW);

] case HIGH & HIGH :

/if switch(S2)is HIGH AND switeh(S3) 1S HIGH :
// Start Normal Mode for 30 minutes
// Display the STATE of persan " Bruxist or not "/ Mode of treutment /

/I Display Frequency & pulse / treatment period /

LedsetCursor(0,1);
‘ed print("Mode:");
fed setCursor(12,1);
“od. print("T:");
wd.setCursor(0,2);

Sod.print("F: Hz");




led setCursor(9,2);
led.print("PW: M");
led.setCursor(3,1 )%
led print("Normal™);
led setCursor(14,1);
led.print{"30");

led setCursor(2,2);
led print{"90");
led.setCursor(12.2);

led.primt{"150");

for{x=0x==3170;x++){

ifidigitalRead(44) == HIGH && digitalRead(46) — HIGH ){
for(e=0;e<=90;c++){

ifi digitalRead(44) == HIGH && digitalRead(44) =— HIGH) |
digital Write(¥, ILLGL):

o=0.15;

delay(n}:

digitalWrite{9, LOW);

Serial.printinin);

i

else

digitalWrite(9.LOW),

I

J

glze

digital Write(9,LOW);




led.clear();

led.setCursor(0,0);
led.print("STATE:No Bruxism");
i
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ANALOG
DEVICES

Single-Supply, Rail-to-Rail
Low Power FET-Input Op Amp

AD822

TURES

single-supply aparatian

Dutput swings rabl-to-rail

nput voltage range extends below around
Single-supply capability from 3V to 30Y
Suzl-supply capahliiey fram 2.5V to £15V
load drive

Capacitive load drive of 350 pF. G =41
Minimum output currant of 15 mA

#nt ac performance for low power

Unity-gain bandwidth: 1.8 MHz

Sew rate of IVps

de parfarmance

00 WV maximum input offset voltage
2 uVrCtypical off1et voltage drift

i3 pA maximum input blas current
nolse

13 Wi Hz @ 10 kHz

%o phase invarsion

LICATIONS

-powered precision instrumentation
odiode preamps

e filkers

ta 14-bit data acquisition system:

I instrumentatlon

power references and reguletors

200 pA maximum guizscent currem per amplifier

furrechend| by g Pedoes b beboverd n e e e redside, M i
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GEMNERAL DESCRIPTION

The A13823 15 0 dusl precision, low power FET lopul upamp
thet con operane fronsa sicgle supply of 5 V16 30V or dual
supplics ol 2.5 V 15 +1 5V, [t has e single-supply capability
with a1 input voltsge range extending below the negative rail,
il e ATEXD L dezommiodate inpul sipnals below
ground in the single-supply mode, Dutpat valtags swing
e s roewithin 10 o ol esch il providing the mdmum
cutput dynsnus runge,
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PREGLENGY () §

Flgere 2, Input Valtage Mol vi Freguerey
Oifset valtmg: of 00 PV middnuim. offset voltage drift of 2 pb M0,
input biss currenty below 25 pA, end low input voltage noise
provide di; precision with source impedances up 1o & piganhm.
The 1,8 MEHz unity-gein bandwideh, 23 dB THD et 10 LHz,
and 1 ¥/ slew rate are provided with a low supply current of

B0 A per amplicier,

One Technology Way. P.O. Box 21046, Morwood, MA DID62-9706, US.A.
Tel: TE7,329.4700 wwnw.analog.com
Pami 781 48131713 ©1993-2010 Analag Devices, Inc. All rights meseraed.
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AD822

Cme ADEIY drives upto 350 oF of diree: capavitive load ws 2
Sower and provides-4 minipam ontput-current-of 13 ma.

S allows the ammiificr 1w handle & wide runge of load conditioms.
% comaination of ac and de perfarmance, plus the cutstanding

{ drive; cupubility, tesuls in an sxceptionally versatile amplifcr
Wour

e the qinilz-sug:ﬂr LHET:
= 412822 % available in twa performance grades. The & grode
¢ B grade are rated wver the industeia temperature ramds of

S o +BFE.
S ADA27 (2 offered in theee varieties of 8-lead puachoges LT

iF, MSOR and SOIC-,
Figure 3 Gein=cHI AmpaiTher Vi= 3 ¥, 3Y,
= 2.5 Sine Centared a0 135V R = 100100
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IFICATIONS

L

VSV Ta= 250, Ve = 0V, Vegr = 022V unless atherwise poted.

A Grade B Grade
Canditions Tvp Max Min Typ Max Unit
RMARCE
i Oiffsat .1 181 e | 0.4 mY
wim Gftzet Over Tempemtune 12 11 oo 9 Y
= Orift 2 e (1S
¢ Sias Cument Yew =0V 2 g W 2 25 2 10 pa
T 05 B BS L na
Offset Current - 0 2 L pa
Tuax 05 035 na
Loop Gain Voir =02V ioqV
A= 100kaG S 1002 60 1000 Vimy
5 Theax 4 400 Wemy
A= 10403 2] 150 £o 150 Wmh
10 T i) #0 Wam
Ri=1k3 15 0 15 an AW
2 T 1 10 Wirmns
AMOMIC PERFOAMAMCE
valtage Noise
S Hzto 10 HE z 2 UV p-p
10Hz Pi 25 rivi-z
00 Hz n 2 | 2
TkH: 14 16 [ mviryHz
EkH2 13 13 vidHz
Currgnl Mome
LlHrea 10HE 14 18 fApp
ThHz 0B 03 fasHz
Ciztorton =Tk 2S5V
10 kH2 Vor=035Vio475V 3 L d3
PERFORMANCE
Sain Frequency 1.8 12 MHz
e Response Verpp=43Y 4 210 ez
3 E Vs
3 Tima
Ve =32V o dsy 14 14 s
% Vor=02V o5y 18 1.8 fiL
CHARACTERISTICS
il 10 .1 i
 Ofset Creer Termparatune 1.4 13 v
= DirifL 3 3 PNE
@5 Current Fi 1} 1 oA
a2f=1kHz R=3 =130 =130 dE
&F =100 kHz =35k =33 =41 di
A TERISTICS
seace Bange’, Tum 00 Tuas +4 =02 +4 W
o Miode Rejection Ratie (CMAR}) | VewsOWio2ZY BL a9 an Af
= Tz Y=V 2V i1 J8
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AD822

A Grade B Grada
atar Conditions Min Typ Max | Min Typ Max: | Linit
Inpait Imoedance |
Differantial 10305 1970s | ClipF
Common Made - 10'"iz8 10728 ol
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the Righmer noasible autzos valiags (.4 and the pos e supply voltage Vel




=S NE T = E8%, Ve =84 Vs = 1V, unlese dthervdie noted,

' B
A Grade BGrade
Cenditions Min Typ Max | Min Typ Max | Unit
=SORMANCE o '
i Oiffsat k| oA 03 (L mh
i m Ciifsat Crver Termparature 0.5 15 s 1 vt
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ORIZ FERFOEMANCE
Waltage Moizz
=11 Hrto 10Hz 2 2 PV -2
W He ] 25 nVirHz
00 Hz i1 23 niHz
T 16 15 n\ivHz
ke 12 13 iz
Cusment Nojss
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AGrade B Grade |
Condltions Min  Typ Max | Min Typ Max | Unit
U CHARAC ERISTICS it
Sutput Saturation Voitege?
Ve — Vs Jorm = 20 A 5 7 a 7 mit
Tian 30 Thinz 10 10 mY
Ve —Vaw fonse =20 pA  [s] 14 10 4 [
Tum T Thax 20 o0 mv
Voo — Vil lsn = 2 A 40 5% 40 L1 Y
T be Tranz EQ B mv
Ver —Vor [4rinee = 2 WA 83 110 EO 110 m
This 12 Thine 160 16 my
Ve —Wie b= 15 mA a0 500 200 500 mi
Toasi B0 Totazt 10040 10ae | my
¥or = Won begpce = 15 mA 1] 1500 800 1500 | mv
Trore b Traws 1900 1900 | 'mV
Seemting Output Current 13 15 i
T T Tl 12 12 mA
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Tl 10 Thaai 64 i _:".:'g_ i
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AGrade B Grade
r Conditians Min  Typ Max | Min  Typ Max | Unit
CHARACTESISTICS
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= typeically hess Lian § mi widls S comimor-rrode waltage et ab 1Y Delow the podithve sugply.

W lx d=fined as the S sopce between Py owest possibic ourp ot veltage (o) ard the neqative volfage sUpedy fal (Vah Vo Yomls defined as 1he difference

e highest possiise cuipn waltage (Vo= and the pasitive supply wotage (Ve

Fow I | Page 9 of 22



&,

UTE MAXIMUM RATINGS

Rating
g Li1av
“ower Dissipatian
FOIP () U= erve demting curves
SOIC MR Qbserve demting curves
REDPIRM) Observe desating corves
#% ) (V] + 02V 1o
(=)= 20V]
t=Circuit Duratlon Indafinite
msl InputVokage £330V
“empdralure Hange (M) 55 to+125°C
Sempsrature fangs (R RM) | —BE°C to +150°C
Emperitune Hznge
g 3 @ Grade 40T to 85T
e 260°C

s, 51 sec)

Characiarstizs secxlan.

Sahiliny

sowe those Tisted under Ahsolute Maximum Retings

pecmanent damage 00 the device. This is a stress

o minctional operation ol the device ot these or any
s ubuve these indicared id the operationad

T specification is notimplisd. Exposire to hsnlote

= rating conditions for extended paciods may sffect

THERMAL RESISTANCE

B 18 specified for the worst-case conditions, that s wdevice
soldered n u circuit heard for surface-mount packagpes

Table 5, Thecmal Resistance )

Package Type By Unit
Blead PLEP (M) o W
3mad SOIC_N (B! 160 A
B-lezd MSOP [BAD 130 Gy

MAXIMUM POWER DISSIPATION

The madmum power Gt can be safely dissipozed by the
AD32] i limited by the assocleted risc in junclion lemperasre,
Far plagtle packzges, the maximum safz frnetion temperatuze is
125°C. T thess maximums ase exceeded momenturily, praper
eircuit operakion s restarad of soon es e dic tempeennee is
reduced. Leaving the device in the overheated condifion for an
extended perind can resuln in device burnoul. Ty ensuze proper
eperation, itis important w abserve the derating curves shown
in Figure 37,

Whila the ADS22 i3 imternally short-ciresit provected, tus muy
aod b sufficient to guzcantes thar the mutimum junetion
lemperatare ks sot exceeded underall conditians. With nower
supplies £12 WV lor le) at an amblent tempereiur: of 25%C ar
less, if the autput nede bs shorted to a supply rail, then the
amplifier ls not destroped. sven I this zandition persists foran
extended peripd

ESD CAUTION

ESD (electrostatic discharge] sensitive davica.

Charged dewices ard circult board: ezn discharme
‘ wimwous detection, Although shils  producs feanses
patented of prooretary protacion dincaitry, camege

'E i ‘ TRy ocewd o diévices suolected o hlgh energy ESG
Thesefare, proper ESD grecautions should Be taken
awold cerermance degradation or bus: of fundtiomaling:

Fev.| | Pags 102824



AD822

FRAM R O s

iy Bl

ICAL PERFORMANGE CHARACTERISTICS

2 skl
3 | wg=onomy
L)
[
141 — — 1
= i
|
o 211 .:f
= m H] i '_ﬂ'.‘

L5 04 k3 &3 W1, @ o1 oA B3 04, 05
OFFSET VOLTAGE (V]

fioure 4 Tholeal Distibution of Qe Valioge (390 Linits)

il |

14 . ! -l'u,-ltwl —
Eugures

iz |

|

[ I

L] i

al '

ot

sl

ST R SR T T RS USSR |
OFFSET VOLTAGE DRIF T JpW=]

Fure 5 Typica Dustrivetion af Offser Vautoge O (700 Units)

k]
i -—i—__
]
=
X .
o !
= !
W —} A
= = |
{
:'| -1 mimamH - nln

T T e
NPT BiAS CURRENT [pa) 3

Sgure & Fyproof G bunion of inpur Sias Current 213 Links

.-—"'-'-r-—

INFUT BIAS CUREENT [is4]
]

[
|
1.4 B

"
=5 =k &1 = = D 1 Z

CSOMMOR-WMODE YyOLTADE (V]

=T

Figue 7. Inoid Bles Covrent s, Sommon-Meds Volboge Ve =SV 0V ord
Vem BN

=

|

i :
E = _:\ ; = T T |
- \ . |
g S —
- - B . —
a1 == - - |
=16 =3 =8 =i o L] 5 '} 15
COMMH-MOTE WL TASE [V) i

Figuee & Inour Has Carrene vi. Cermman-dode Valtage: Vi= <13V

#ii0l =
I 1 i i I i
e
i [ 1 : L] | i |
el
= ==
§ 10
a = =
i e | i 1 1
S e—
s =
= ==
I_.
| = 1 L] I___I i |
D " 1 1 | 1
o | | i | | |
g | a0 Bl E.1el 108 1Pl 142

e

TEMPERATLURE [T
Fiiiara 9 ngut Hezs Currpet o, Temgarstice: V= 5%, Yae= 0V

Hawr, | | P 114629




o
I

Vg =

i
: i
HA ¥ Dy, ey |
S | :
) g 0
= /5. £
—— e Va=V 40y L i
] |£ T .r'r" ¥ r il E ay
Y1 ;
ik T L 120k g = W = ™ FrT) o 3
LOAE RE
SISTANCE () H OUTRUT WILTAGE FROM SUPPLY RALE (mV! i
Figure 10, Dper-Logs Goin wi, Lood firisionce Figure 13, -'r‘purfrfww'f?’q.:fe with Ot Voitage Wthin 360 ml of Either
Sipeds Bl Viorlous Reslifine Loade: s = a8 1
L m— ] 1k : —
- ﬂ_- |
Wy m 1Sy ¥ 4 5 W A
N = 0V, 5 R ——
T E =00 =1 i
Wy =B 2 {
5
\I',-u:.'. 5 = i ]
H% g x ' =L
— Vg Ly = i
- E I -
i = E 3 - -
[ ; Vg DN, 45 T - I T >
d T~ ; T LI
-4 -3 s &h a0 M 100 430 1 § 1 1 110 TH 13
TENPERATURE (G} i FRETUENCY [Hz) i
Figure 11, Open-ioca Eafn vi Temperarure Figure T4, {npue Velrage Nafea ve Freg sy
T Fod e I T
A, = /‘I
g} AeLm i"
- = | /
N [ N g/ e A
= = | | | \?L
— = = ”
h',-l'ﬂm"‘mn'ﬂwr-ﬁl _..4/ |r|
T i rhnm =N i
%, =430 \\ g =5V Vaur < TV | _d_/"f/
' : [ Ii=g
—3% | - H!lr!
o = B, BN N T LS B
=TI T i 4 & R e e | =y oo
SUTPUT VaLTAGE (v i FRECLBNEY [sir) _%
- E, s " . L
= St Errar Velroge ve: CNrput Martage for Risistive Loods Fgure |5 Tona! Harmenfs Disrarian (THO) v Freqlancy

Eir ) [ Paryes 17 of 24




ADB22

Rt h. 1 1 ] l ’IH
30 -
i 12 |
- M | i 1 It
R, . ) E
il i : u
| Gam . = 5 s
L x 144 JEE [
b H | . E g o
- | = g
; =TT an g z M
| | x i P !
o UL i : S :
Fy = 35 0 :
ot e 11| I .
3] 0 1 ok 1004 Tom i 10 "o LY R ik M 128 ;
FREGUENCY (i) FREQUENDY [Hr]
Fiqucs 14 Open-Loog Gain and Pise Moo v Frequency Fiaiwe 18 Commian-Made Rgfechion s Frequency
1k ]
By == =1 I |
Wy == I’ i"I i I E
[ NECATIVE_|[! | POSSTIVE
e T4 RAIL RAIL
f —= i 11 - : ;
b2 - 4 -
_| I = N t fl %
=
; =H it = I E’
4 = T el %
Ll g
t_ _:I" : -
') 1 |
=" 1 % ‘J_'im ™ 104§ 1 2 3
FREQUENCY {Fr) ; COMEDON-MONE VOLTAGE FROM SUPPLY RAILS [V E
Figure I 7. Qurpur impedancs v, freguency Fiture Mﬁbﬂhﬁfﬂ%ﬁ?ﬁ us.;@mm#ade Valraae fram
e 1~ Ve
e Lo z EF I
e ' i Ein
| T
g " / e g il BhiFi 7
H =
— = l
E : i et .H"f 2 o0 = i
- 4 /).-f.'{u % g S ==
T Eikd = =1 L =
! 1 L% EARCA E i 7 i
———-.‘-_-._g-uqh——um g i
i = - _!‘— - y ¥ai -V
i D 3" s
Y ';-"::ﬁ E :
M T 7
=31 x-'t'.“-..ﬁ""._‘ a | |
I | I T |
_"n 1 ] E q l i Ierl aail [ &} [l n 100 ;
SECTLING TIME (18] i LOAD CURMENT jmi} i
Figure 78 Cutpurt Twing and Fror vk Setting 1ime rigure 2. Curnet Sottinotion Velfoge vi, Lood Currsnr

Fev || Pags 136734




— = 10 T - "
= — - || | |
— g .':l:_l.lhﬂ!““"’m':- 3 T T TTH
5 i T o - "
1 _— = ]
Iy = 184 ; i \’.‘.‘ | ALl ]
! 1 +HERR
E———— Sa < H
- oymge=tma B & |
" == T e - | ] [
—— e L ™ A E i | 1 |
T :“ il LisaY '
———— — = Iyourgs = Tous — E e ] —r&ﬁi il
E ] lgmy = 10pa 2 a0 ! | ,.T\.I"“\ i
1 11| \\
| | LI | H THIiH
- = - o M W & 8 W0 0 W5 Y 0@ e 10k 10aK IN 1k E
TEMFESATURE ("C) i FREQUEMCY (M)
Syre 22, Durput Sstirs tion Volloge v TRmpendtare Fguve 23, Power SUpows Ravectiorl v, Brogiency
| ] . ! M TT1
——— | |
"""\:::\:Iu 2K T Ri=2wid
B ¥g =21 S
'-h."'h-_“‘- i P L il
L -x'lsu'. Sl g | A
— s | =
] = ___-_‘-h-‘ ; il ] ll
Wg Ty e ! | Pt § \ |
] Vg = 0%, =Y — E 12 . X
——
EI——__________:_‘____“—-—..:-._! Wy =0, 8 |
T e e I
| | Wy m O, ST = |
E I | [T |
e R B R T T R T T T 10k 1008 ™ 10w -E
TEMPEAS TURE {3} FREGIENG Y [Ha! |
e 21 SnertCincit Comrent Linwi vy, Teriparaturs Figuie 26, Large Digmal Fraguency Fespons:
- 24 - G
T= ns-r:r_._.---‘___-“:: a3 = |
__.-—-*"= e =g -
: et L 3 I NG
e g N B e T =
- ] i Mi"""h ‘\:\.\
E 13 .‘-\-""'ll\.‘__‘.‘.‘.L T -\\
; 18 -;"‘"-q.'h?____' "l?““\ \‘
b B :‘-‘- ~r M“\\'
2 0s T M -.____;_:;:-\: |
B oot -
i :fli
: 0 =
B s & 42 w.oam o ow o@m o= W3 B T T o # 4 o e I
TOTAL SUPFLY WOLTAGE %) i ANBENT TEMPERATURE [ ]
N Ouisscant Crrenr vt Shopily Voirdge v, Tornperarurs Figuire 27 i Fower Cirolparton vs Tesweeroinres for Arckager

Ry, || Page 14of 24




APPENDIX F

)

Data Sheet For BC547C transistor .




“U TOFHJ'I-A er this
SEMICONDUCTOR TECHNICAL DATA s oo

| acggf.‘:: B, '
’_ BC548, A, B, C |

Amplifier Transistors
NPN Silicon

COULECTCR
1 _— .|
HALS
3 /
TMTIER %{/x '
MAXIMUM RATINGS | ! :_3
8G [ BC | BE |
HE"IIQ E}"I‘l‘lbbr 545 547 548 Ui CASE 2”". BTYLEAT
SoiSCior=Emiflar Vndtge NCEo |55 s e 1 ie | ' TO-82 | TO-Z2aa0,)
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Eial Davice Li=dination & Ty =50 Pg G2 AT
Derater anove 2500 50 A
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APPENDIX G

Normal & Abnormal Teeth Force Recording .




Table 6,10 ;

Normal Biting Force For Male

“=Mo

Rizhre
sitle
(v}

Right
vide

(1)

Wasted
foree on
si

material

(+2.41h)

Left
side
[oree

(v)

Left
side
foree
(Ib}

Wasted
faree on
Si
material

(+2.41h)

Gender

Patient
comment

4.2

96,84

99.24

47

108.61

11101

Male

- Right side is

more used in
normal life

B ]

4.1

94,49

96.89

34

TR.03

B0.43

Male

Right side is
more tsed in
normal life

3.0

82.73

85.13

2.5

56.85

39.25

Male

Right side is

more used in

normal life

Right side 15
more used in
normal life

Both Sides

Left side is
more used in
normal life

ight side is
mire used in
normal life

Left side is
mure used in
normal life

Right side is
more used in
~ normal life

' Right side is
more used 1in
narmal life




Wasted Wasted
Right R.i.ght foree on i"::: :it force on
#No side side Si inveel fhivs Si ) Gt Patient
(%) {Ib) | material ) (1b) material comment
{(+2.41h) - (+2.41h)
_ Right side is
L 14 | 7R.02 R(1.42 23 47.45 49.85 Male mere used in
ngyrmal i
Both sides
12 [.4 3098 3338 12 20,28 28.68 Male
Right sideis
13 3B | 8743 | 8983 | 41 | 9449 | 9689 Male more used in
normal life
Left side is
| 4 A 52.15 5455 1.6 35.69 38.09 Male muore used in
normal life
Right side is
15 2 4745 40,85 1.5 3313 35.73 Male miore used n
normal life
Right side is
6 22 | 4980 2.2 1.6 8275 8513 Male more used n
normal life
_ Right side is
7 29 | 6627 | 6RE7 23 | 5%l5 54.55 Male more used m
normal life
Right side 13
|8 248 4745 48 85 1.9 42,74 45.14 Male more used 1
normal life
Right side is
19 l.6 | 3569 | 3800 BA | 1687 1927 Male more used in
normal life
Right side iz
N 3 68.62 7102 ix R7.44 80 %4 Male more nsed in

normal life |




Wasted , Wasted
Right | Right | force on L;:i" L;:lﬂ force on
£No | side | side Si f‘ o s Si : Patient
. . orce | lorce - Gender
{v) {Ib) | material ) (1b) muaterial comment
(+2.41b) b (H241h)
_ _ _ Right side is
21 34 | 78.03 | 8043 2.2 | 4980 52.2 Male more used in
normal hife
Left side is
22 43 | 99.19 | 101.39 3.6 82,73 85.13 Male more used in
norma!l life
_ \ Right side 1s
2% | t4 | 3098 | 3338 | 1.7 | 3808 | 4048 Male more used in
normal life |
_ Right side is
2 3.1 70.97 T3.37 L 44980 52.20 Male more used in
normal life
Left side is
25 | 22 | 4080 | 5220 | 19 | 4274 | 43514 Male | moreused in
| notinal life
Right side 18
26 2.1 47.44 40,84 Pl &1 56 63.096 Male more used in
normal life
Right side is
27 2.8 | 63.91 66.31 L IR08 4048 Male mare used in
| ‘normal life
. Rioht side is
28 2.4 54,50 56.90 L 70.97 THRT Male more used in
| normal life |
Left side is
29 | 39 | 8978 | 9218 | 2.8 | 6391 | 6631 Male | more used in
normal life
Left side is
30 24 | 54,50 5690 0.9 19.22 21.462 Male meTe used n

nermal life




# No

Right | Right

gide side

(v) | (i)

Wasted
[orce on
Si
material
(+2.41h)

Left
side
faree

(v)

I.cft
side
toree

(1)

Wasted
force on
5i
materinl
(=2.41b)

Gender

Patient
comment

31

1.2 ‘ 26.27

28.67

1o

2397

Right side 15
more used in
normal life

1.3 ‘ 28.63

31.03

1.1

23.92

26.33

MMale

Right side 13
more used m
narmal life

33

22 | 4980
|

52,20

1.4

30.98

33.38

Male

Both sides

Right side is
muoTe used in
normal life

Both sides

Right side is
more used in
normal life

Both sides

Right side iy
more uged in
normal life

Right side is
mare used in
normal lifs

Right side is
more used 1
normal hife




a4 Np

Right
xide

v

Right
gide

(Th]

Wasied
force on
Si
material
(+2.41b)

L.cft
side
force

(v)

l Jﬁﬁf
side
force

(Ib)

Wasted
force on
i
material
(+2.41b)

Goender

Patient
comment

g

52.15

54.55

1.0

21:57

2397

Male

Right side is
more used in
normal life

5215

54.55

1.9

42 74

45.14

Male

Right side 15
more used m
_ normal life

Right side 1%
mare used in

Left sideis
more used m
normal life

Right side is
more used in
normal life




Table 6,11 : Mormal Biting Force For Female

Wasted Wasted
Right | Right | lorce on L.E“ L.Eﬂ force on
: side side :
il sade 3 force = force & Gender Patient
() | () | material | ©0 (b | material mm“ ;
(+2.41h) {(+2.41h) =
|
- , Left side is
i (.55 | 1089 13.39 2.1 47.45 49,85 Female mare used in
normal life
L.eft side is
2 Ti¥ ErH dih.2d 3. 68 K5 71.25 Female mere used
normal life
: Right sidcis
3 1.4 | 3293 3533 0.47 gll 11.51 Female more used in
normal life
_ Right side is
4 2.1 47.45 4985 | 1.03 22,28 2468 Female more wsed in
normal life
Right side is |
5 22 l4sEn'| 522 26 | 59.21 61.61 Female | more used in
normal life
Left side is
& 23 52:19 54.55 1.7 38.04 40,44 Female more used in
normal life
Both sides
% 0.5 u.4 12.2 24 | 54.30 56.9 Female
Right side is
5 .8 16.86 19.26 2.6 59.21 Al.al Female more used in
narmal life
Both sides
4 1.03 | 21.64 D4 1.1 23.01 26.33 Female
Right side 1=
10 3.36 | 77.09 7049 223 50.51 52.91 Female muore used in

normal 1ife




Wasted Wasted
Right | Right | force on ;:;: tflf: force an
filNo e sie B ) force | force st : Gender Pulient
{(v) {Ib) | material ) (Ib) material R
(+2.41h) (+2.41h)
Right side is
11 42 | 9484 G9.24 45 | 103.90 106.3 Female more used in
normal life
i Right side is
12 2.4 54,50 50.9 2B A3.81 66,31 Female more used 1n
normal lite
Right side is
Female more used n

normal life




Wasted _ Wasted
Right Right | force on Leﬂ' Ly force on
e : = side side =
=Nop €64 | side Si : force  faree Sk : Gender Patient
{v) (Ib)  material P (Ib) material s
(+2.41b) (+2.41b)
Right sidc is
I 4.2 | 96.84 | 9924 45 | 10390 | 106.3 Female | more used in
normal life
Right side is
12 24 | 5450 S6.9 2.8 6391 006,31 Female more used in
normal life
Right side is
13 24 | 5450 | 568 ar | 7097 | 137 Female | more used in
normal life
Right side is
14 1.3 | 28.43 1.0 3.1 70.97 73.37 Female more used in
normal life
Left side is
15 | L& (4039 4279 | 288 | 68.15 | 7055 Female | mare used in
normal Tife
. Right side is
37 | 8508 | §7.48 30 | 6862 | 71.02 Female | more used in
normal life |
' . : Leftside is
L4 (3098 | 3338 | 093 | 1093 | 2233 Female | morc used in
' normal life
Both sides
18 0.4 7 46 Q.86 0.3 981 12.2] Female
: Right side s
19 | 1.9 | 4274 | 4514 | 049 | 958 11.98 Female | more used in
normal life
Right side is
20 102 | 22.04 24.44 054 | 1675 13.15 Female more used in |

normal life




, _ Waﬂted Left Left Wasted
Right | Right | force on : . force on
side side
2 No S B S - force | force S ; Gender Patient
(v) (Ib) | material ) (1h) material comment
(+2.41b) (+2.41h)
Right side 1s
M B2 | BTEE 39,73 1.96 4.2 A48.6 Femnle mere used 1
et it
Right side is
2 335 5313 557 2.18 483 ST Female maore used in
i | npormallifc
Left side is
23 1.2 | 2627 | 2357 14 2().98 3338 Female more used in
normal life
Right zidc is
24 2.1 4744 4684 1.6 35.68 38.08 Female more used in
normal life
Right side is
25 1.1 | 2382 | 2632 10 | 2157 | 2397 Female more used in
‘_ normal Tife
a3 Right side is
26 1.8 42.74 45.14 23 3215 54.53 Female more used n
normal lite
| | Right sidc is
27 168 |21L57 23497 1.3 28.63 31.03 Female more used in
normal life
Right side 14
28 il 7097 7337 33.33 35.73 Feinale more used in
normal life
Both sides
29 19 | 4274 45.14 1.3 28,03 31.03 Female
Right side is
30 12 | 2627 28.67 0.9 19.22 21.62 Female more used in

nommal life




2 Np

Right
side
(v)

Right
side
(Ih)

Wasted
force on
Si
material
(+2.41h)

side
foree

V)

Lelt
side
foree
(1)

Wasted
foree on
Si
material
{(+2.41b)

Cender

Patient
commoent

12

IR67

ﬁ'.'il:

23.92

2632

Left vide s
morc used in
normal life

9

30.98

33.38

2.8

63.91

66.31

Female

Right side is
moere used in
normal hife

2.2

49.80

5220

5

31.03

Female

Lelt side is
mare used in

30.98

33.348

1.1

23.93

26.33

I'emale

Right side i
more used in
normal lile

3804

40.44

3874

Female

Right side is

16.87

19.27

1.1

23.93

26.33

Female

Rightsideis
more used in
normal life

2627

2867

17

38,03

4043

Female

Left side is
more used in

38

33.33

35,73

253

32,15

54.55

Female

Right side is
more u:_eﬂd in
narmal life

14

80142

22

49.80

52.20

Female

normal life

1338

Female

Right sidc is
IHOTE Used 1n
normal life




‘ Wasted
Right | Right | force on
side side Si

(lb) | material
| (~2.41b)

Left
side
foree

(v)

Left
side

force
(1b)

Wasted
force on
Si
material
(+2.41h)

Gender

FPatient
comment

‘ 41 31 | 97| 7R37

Female

Feftaideis |
more used in
normal life

Right side is.
more used in

Left side is
more used in
normal life

more used in

|




Table 6.12 : Riting Force For Bruxsers Patient

Wasted Wasted
# Mo Right Risht force on iﬂ: :;Z!: force on
side Side 5i force | foree si Gend
(V) by  material " GE TONE material s
(+2.41b) (+2.41h)
E 38 8743 R9.83 42 9684 9u24  Male
2 65 13094 15334 | 61 | 141,53 14383  Male
3 40 9214 9454 6.3 | 150.94 15334  Male
4 53 | 12271 | 12501 | 6.1 | 141,53 14393 Female
|
5 58 13447 13687 65 15000 5334 Female
|
6 62 14388 14628 65 15094 15334 @ Male
7 | 71 16505 16745 | 81 | 11801 12041 | Female
8 52 12036 | 12276 5.3 | 12271 12511 | Female
! [
9 5 11566 11806 51 11996 12236  Female
10 50 11566 11806 | 45 | 103.90 10630 Male

Patient
comment

Left side is
more used in
normal life
Left side is
more used in
~ normal life
Right side 1s
more used in
~ normal lite
Right side 15
mmore nsad in
- normal life
~ Right side is
| mure used in
- normal life
- Leftside is
| more used in
normal life
Both side

Right side is
| more used in
| normal life
" Both side

" Right side is

| more used in
normal life




108,60

120.36

125.07

111.00

122:76

12547

4.8

11095 11335  Female

12743 | J29%2 Male

11095 | 11

LAY
[F¥)
) ]

Female

Teft side is
mare used in
U:clrmﬂl life
Ieft side is
mare used in
normil lite

| Right sideis

more 1sed
normal life




47 10860 11100 | 48 11095 11335 Female moreusedin
. normal life
; _ - i Left sidcis
12 52 12036 12276 55 | 12742 (2982 Male moreusedin
SEs - " normal life
' Right side is

11

13 4 | 107 12747 48 | 11085 11335 Female morcused in

normal life
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