CHAPTER 11

LITERATURE REVIEW
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coli (Lipipun, Nantawanit, and Pongsamart, 2002).



2. Etiology and Management of Recurrent Aphthous Stomatitis

Recurrent aphthous stomatitis (RAS) is defined as the presence of recurring ulcers
confined to the oral mucosa in patients with no other signs or symptoms of underlying
disease. The classical presentation of RAS in the oral mucosa consists of painful, shallow,

round ulcerations covered by a yellowish-tan pseudomembrane with a surrounding

erythematous halo. The lesions are s iting, lasting 1 or 2 weeks. RAS is classified

, /)ories; minor RAS, major RAS, and
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of RAS involves local immune dysfunétion that triggers the molecular'events responsible
for muchWu’rq aﬂaﬁe‘ilm %J%q Qd%ﬂl ar%_lmd pharyngitis,
various nditritional deficiencies with or without underlying gastrointestinal disorders,
some other primary immunodeficiencies, and infection with human immunodeficiency
virus. Rarely, drugs such as nonsteroidal anti-inflammatory drugs or nicorandil can give
rise to oral ulcers, similar to RAS. Food hypersensitivity, although rare, is related to RAS

and manifests as part of the gluten sensitivity enteropathy complex or celiac disease. Zinc
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deficiency, menstrual change, psychological illness and genetic factors associate with
RAS. Patients with RAS consume some kinds of food such as Japanese radishes,
seaweed, spinach, calcium, iron, vitamin B1, and vitamin C less frequently than the
controls. In addition, vitamin C is required for the synthesis of collagen, and vitamin C

deficiency might lead to the breakdown of already healed wounds (Ogura et al., 2001).

peroxide/water solution.

2.2 Covering "3 ilactin® (Rodu, and Russell,
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2.3 Antiseptics nio as " line HCI, hlorhexadine gluconate.

1988).

2.4 Low potency t@piga : '. ets' and oi tments; 0.1 % triamcinolone in
carboxymethylcellulose paste 10 otz one in orabase.
2.5 Aerosal; beclomethaSonex dipropionate aerosol.

2.6 Steroid mouthwashes: betametha: odium phosphate, fluocinonide, and

clobetasol. ’— ———— :
2.7 Buccal tabi S' thaiamcinolone acetonide), and
poly acrylic acid and ydroxyl propyl cellulose tablet absorbed with citrus oil

e NN e

3 Pharmacologlcal theﬁy for se¥ere
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3.2 Tetracycline capsules or topical.

3.3 Topical immunomodulatory agent; azelastine, human alpha-2 interferon
cream, deglycyrrhizinated licorice.

4. Pharmacological therapy for children under age of 12



4.1  First line therapy; benzydamine, lidocaine gel, and local anesthetics.
42 In more severe cases; hydrocortisone sodium succinate, or 0.1%
triamcinolone in carboxymethylcellulose paste.

5. Treatment for HIV-associated ulcers; antifungal treatment in conjunction with
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bf'de ability of a material (synthetic or

steroids, biopsy.

3. Pharmaceutical Aspects of

Bioadhesion or mucoad

biological) to adhere to tissue ed period of time (Duchene,

Touchard, and Peppas, 1

Mucus is a thic : &o{er " } \ is secreted by goblet cells. It
is a highly viscous liqui ing to %ﬁ' Hit el r
3.1.1 Chemical Com tlo ?‘J”
A £y \
Besides water, u Aepresents e than 95% of the mucus, its major

components are glycoproteins (0 569 %in low proportions, mineral salts (1%)
= 42

and free proteins (0.5 0y 19

nucys components, responsible
for its viscosity, adhesiVe and cohe , glycoproteins consist of a
protein core on which o@osacc aride S are a ached@iagram (a) in Figure 1). A lot
of terminal residues in tbe ollgosaccharld ide chains are sialic acids, which are

negatively cha'ﬂiyt Elf’%ew E}x%ﬁ w&%ﬂ ‘§e protein an anionic

polyelectrolyte e residues contrlbute equally to this negative charge The mucus

gel stru ﬂ coprotems in a
polyme:g\ &J ﬁ{nm mﬁngn i1s"a mixture of several
secretions from major and minor salivary glands with distinct protein compositions and
different rheological properties. The secretion from the sublingual gland displays a very

high elastic behavior, in addition to its high viscous property; the high mucin

concentration can cause the elastic behavior although it is not the only reason. The high



elastic component of these secretions at very low viscosities may be of importance for the
retention of the salivary fluid film onto the oral mucosa (Slomiany et al., 1996).

(a) glycoprotein chain (b) glycoprotein tetramer
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Figure 1 Schematic repres ta ns id (Dughene, Touchard, and Peppas, 1988).
/T
3.1.2 Diffusion Barrier- =+ ' &

The mug 3_,; .;..-_.....-.....-.:.;—.:;:—.:V.A._._mfi layer of heterogeneous
thickness, varying be »‘"‘ average of 80 um. The mucus
protective role is evident‘at the stomach level. Besides its gastric protection role against
hydrochloric aci ﬂ stit { | i diffusion barrier for
molecules, and %ﬁl Cﬁsﬁlﬂm ﬂﬂ:j mlays an important role
in the oral cavity. These large glycéproteins playsa major role @n’ the formation of
protectinan’g] ﬁ%ﬂo@ﬁdr&! %’(}z;l}nnﬁl %a %‘ as a dynamic
functional ‘tarrier capable of modulating the untoward effects of oral environment, and
are of significance to the processes occurring within the epithelial perimeter of mucosal

defense (Slomiany et al., 1996).



3.2 Bioadhesion Mechanism (Mathiowitz, Chickering, and Lehr, 1999; Lee, Park,
and Robinson, 2000).

The bioadhesion mechanism involves the following theories:
3.2.1 The Electronic Theory
The adhesive polymer and mucus typically have different electronic

characteristics. When these two surfaces come into contact, a double layer of electrical

charge forms at the interface, and then : n develops due to the attractive force from

electron transfer across the elec
3.2.2 The Adsorpti

The adsorption tatgs t e.bioadhesive bond formed between

C u dary strface forces such as van der Waals
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\\\1 ng theory emphasizes the intimate

adhesive substrate and m

forces, hydrogen bonds, o
3.2.3 The Wetting
For liqui

contact between the a \= ted surface is controlled by

0§
structural similarity, degre Tigking of |
3.2.4 The Diffusion

The essence of this theery is the
L J_,} w1 .

P e v

adhesive polymer.

chains of the adhesive and the substrate

interpenetrate one another

(Figure 2). The 45_— ate depends on the 8cfficients of both interacting

emipermanent adhesive bond

polymers, and the diffiision coe , 5 depénd on the molecular weight

crosslinking density.

‘o v |
3.2.5Thﬂ c rgeﬂﬁjy'leEJ']ﬂi
Thisgth analyzes the forces required to separate two surfaces after
adhesion, T ximum tensi ¢ Iy ﬁ ﬁ be determined
by divid@ mlﬁ ﬁcﬁymnﬁﬁ t ﬁm : rﬂinvolved in the

adhesive interactions (Nair, and Chien, 1996).



Figure 2 Chain interpe diiring b B hesion polymer A with the mucus B

4. Factors Influencing

4.1 Bioadhesive Polyme
4.1.1 Molecula
The opti M bioadhesion depends on the

|/

type of bioadhesive p mer at issue. It is generally inderstood that the threshold

”""“‘iﬂ";si?iﬂﬁﬁsﬂ ) i) 1121 e

There is an optimum coficentration ofspolymer corre§ponding to the best
bloadheawwlqradﬂlﬂtr% m H M }%w B’}. a);%_lln concentrated
solutions, Sthe coiled molecules become solvent-poor, and the chains available for
interpenetration were not numerous.

4.1.3 Chain Flexibility
Chain flexibility is critical for interpenetration and entanglement. As water

soluble polymers become crosslinked, mobility of individual polymer chains decrease
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and thus the effective length of the chain that can penetrate into the mucus layer

decreases, which reduces bioadhesive strength.

4.2 Environment-related Factors
4.2.1 pH

pH can influence the formal charge on the surface of mucus as well as

certain ionizable bioadhesive polymers. ,For example polycarbophil does not show a
Contact tim the -ioaw mucus layer determines the

During the afmig' pfocess of bioadhesion, maximum bioadhesion in vitro

To cure a disease on bucc em that can be retained on the mucosa
for a certain time per ar patch should enhance the
drug efficacy. HoweVer—patient-aceeptance-is-ti be'an obstacle in many cases,

particularly for retentim ' ling with an unconventional

delivery route. Furtherm re salivary flow is probably even more important an issue in

the context ofloﬁ qu 3] ﬁawn Efm‘w N9
5 Methodiq(o Study ﬁ -‘gzﬂ ﬁlﬁpfq Ny ﬂ t)

Bloadhesmn is a difficult phenomenon to measure. Results of bioadhesion tests vary
widely depending on factors considered when designing the test. Most tests measure
stress-strain curves and force of adhesion refers to peak height of the stress-strain curve,
which represents the force required to separate the probe from the substrate. Work of

adhesion is the area under the stress-strain curve (Eouani et al., 2001).
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5.1 Wilhelmy Plate Method
Smart, Kellaway, and Worthington (1984) developed a method for the
measurement of mucoadhesion, which is a modification of the Wilhelmy method for the
measurement of superficial tension. A polymer coated glass plate is suspended from a
microbalance into homogenized guinea-pig mucus. After an equilibration time of 10 min,

the plate is withdrawn from the mucus

e approach to quantify the bioadhesion is to

an den Heuij, and Tukker also used this
' ﬂf homogenized guinea-pig mucus
e —

calculate the fracture energy. |
apparatus with native Yorks
(Figure 3).
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Figure 3 SChe"’ﬁ:ﬁg%ﬁwgﬁ%ﬂaq ﬁaﬁtus; G. glass plate, M.

mucus gel (Smart§Kellaway, and Worthington, 1984).
¢ o [V
¢ n1IneIae
5.2 Tasmjteraeﬁm@u? m u
In 1991, Smart developed an in vitro method for the assessment of the adhesive
force between a disc of test material and a model mucous membrane. This technique
measured the tensile force required to break the adhesive bond between rabbit gastric

mucosa and a test polymer (Figure 4). This system showed reasonable and reproducibility
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data (Mortazavi, and Smart, 1994 and 1995). This technique was also modified to
measure maximum detachment force and duration of mucoadhesion

Figure 5 displays an apparatus which is composed of a model mucosal surface
and test disc which was placed in contact with the mucosal surface for a period of 2 min
in order to allow the mucoadhesive bonds to form and consolidate. Then, a constant
tensile stress of 10 g is applied and the duration of mucoadhesion of the test discs are
determined (Mortazavi, 1995 and 2002 _

A similar method was usec pOf l. (1992) to measure the force of
detachment for polymer-coated e N eﬁ intestinal mucosa in various test

fluids. The polymers wer O roufi vuw&‘o mucoadhesive properties by

measuring the force of detachmen SWO ’3 ' ocklsch et al. (2003) also used
this technique but porcine es | phapes |

Weight
Test Disc

Mucosal
surface

QN clo igfform

el ﬂﬂimumnﬂmaa

lagram of the mucoadhesion apparatus showing tensile and shear

arrangements (Smart, 1991).
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Figure 5 Schematic dr: 001 oné ¢omp: ’\ aratus used for assessing the

duration of mucoadhesia \\\

ati et al. (1996). The apparatus is

A tensile stress festgf wasidévelope

assembled in a horizontal Suppbrting'base (Figure

the carriage is moved until the ad}

At the beginning of the experiment,
e dressing comes into contact with the
paper disc. After application for3 mir emoved and the movable carriage

is moved forward, bot ent are recorded.

Ty NYaY

Figure 6 Schematic drawing of the tensile stress tester; A. load cell, B. movable carriage,
C. motor, D. LVDT transducer, E. dressing, F. sample holder, G. paper filter, H. preload
device (Ferrari et al., 1996).
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Instron is also used as a tensile tester and illustrated in Figure 7. A sample is
adhered to the upper holder of the tester, while a sample of mucosa is placed on the lower
jaws. The two jaws are brought together and then separated at a constant rate. The
detachment force is measured as a function of displacement, and the work of adhesion
(work of fracture) is calculated as the area under the curve. The data are analyzed using
Instron Corp. software (Guo, 1994; Li, Bhatt, and Johnston, 1998; Huang et al., 2000;

Shojaei, Paulson, and Honary, 2000; Jug 71 Becirevic-Lacan, 2004).

Figure 7 Schematic rep{‘-}en paratus (Jug, and Becirevic-Lacan,

_ AUEANENINgINg

TA.TX2i lgaHher apparatus propos 0 measure mucoadhesnon tensile strength

(Figure ﬁ sive properties
of adhegﬁﬂ ﬁﬁﬂﬁmmyﬁ IJ Ejnja E:rﬁed with the
TA.TX2i Texture analyzer and its Texture Expert Exceed software packages. For
mucoadhesive measurements, a sample of the prepared film is attached to the base of an
aluminium probe which is fixed to the mobile arm of the TA.TX2i. A sample of mucosa

is mounted on a platform within jacketed water bath containing artificial saliva. Upon

making contact between the film and the mucus layer, the probe is withdrawn with a
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constant rate. The maximum detachment force is determined by measuring the resistance
to the withdrawal of the probe reflecting the mucoadhesion characterization of the films
with mucus. The areas under the force/distance curves are also determined (Tamburic,
and Craig, 1997; Nielsen, Schubert, and Hansen, 1998; Tan, Peh, and Al-Hanbali, 2000;
Eouani et al., 2001).

Figure 8 Diagrammatic represen ' 1 for (@rmining bioadhesive tensile
strength (Eouani et al. 5 2004 ),

ﬂ‘LlEVJVlEJVI‘ﬁWEJ\’Iﬂ’i

5.3 Organ Ciilture Techmque

m w ﬂ?e m over prolonged
periods. po ucosa on stainless steel grids is submerged in

standard growth media. Duration of adhesion is assessed. The film is placed onto the
adhesive using a constant application force of 15 g for 2 s. Prima Instruments applies this
standardized force. Each cell is observed for the loss of retention of the film. The

completed model cell tissue is shown in Figure 9 (Needleman, and Smales, 1995).
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Figure 9 Diagram of org les, 1995).

4-Cylinder

éstinal porcine mucosa, which has

5.4 Modification of US
Buccal tablets are a

been spanned on a stainl€ss thereafier, the cylinder is placed in the
dissolution apparatus containing edium according to the USP. The

experimental set up is illustrated- ch, and Steininger, 2000).

HYITNEING

UUNT1INEH

Figure 10 Schematic presentation of modified USP XXII dissolution apparatus 4-cylinder
used to evaluate the mucoadhesive properties of buccal tablets; c. cylinder, m. porcine

mucosa, t. tablet (Schnurch, and Steininger, 2000).
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5.5 Dynamometer
The adhesion strength is assessed by a dynamometer using porcine mucosa. For
mucoadhsive measurements, tablets are attached on a support and connected to the
dynamometer. A piece of porcine buccal mucosa is glued on a support and kept in a
vessel placed in a thermostatic bath. The free side of tablets is attached to porcine buccal
tissues by applying a light force for 20 s. The vessel is filled with simulated saliva fluid.
ined (Perioli et al., 2004).

The maximum adhesive forces are also p

6. Bioadhesive Polym

Diverse classes of pglyfics / .... ed for their potential use an

(e i/:‘

/I\\\‘

mucoadhesives. These in as, monomeric o cyanoacrylate,

polyacrylic acid, hydroxy ~\ lymethacrylate derivatives as
well as naturally occu acid, chitosan (Shojaei et al.,
2001; Snyman, Hammang a 2005 al;; 2003), and tamarind gum, a
polysaccharide obtained from t} ' .r.f;-"'f" amari o\\ dica (Burgalassi et al., 1996). In
a more functional type of cl: ; ive 'polymers can be grouped into (1)
water soluble, which are typicallh_ and (2) water insoluble, which are
commonly a swellableyne - by covalent or 'o ic bonds via a crosslinking

olymers the duration of

sso@non rate of the polymer. In

agent (i.e., polycarbophill

residence time on tissuﬂsur :

contrast, cross-linked poly?ers given their la&lof solubility in common solvents, have a

e e SR AT A r s

used to anchor a polymer to mucus as shown in Table 2 (Lee, Park, and Robinson, 2000).

QW’m\‘Jﬂ‘iﬂJ UA1INYAY
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Table 2 Potential Bioadhesive Forces

Type of Force Example
Covalent bond Cyanoacrylate
Hydrogen bond Carbopol, polycarbophil, acrylates

Electrostatic interaction Chitosan

Eudragit® is methacrylic ap' L ‘\‘4 G olymer (1:1) having a mean relative
molecular mass of about 250,000 (L.ehman we, Shesky, and Weller, 2003).
The ratio of carboxylic groups to-ester g up ol bout 1:1. Three types (type A, type B,
and type C) are defined bas _' C
Type A (Eudragit® RL) 4 \

methacrylate copolymers

ontent and solution viscosity.
are also referred to as ammonio
'« d copolymers of acrylic and

"
methacrylic acid esters imonium groups. Type C may

contain suitable surfactani .T Sy ucﬂl u agit” is shown in Figure 11.
i 4
Eudragit® RL 100 is a cdpo ﬂﬁﬂg C 2

quaternary ammonium groups 100 is a copolymer of acrylic and

ethacrylic acid esters with 10 % of
® ¢
methacrylic acid esters with 5 % -_ Taternat ammonium groups and less water permeable
than Eudragit® RL 1000 Eldragit® NE 30D iSma meutral poly (ethylacrylate
methylmethacrylate) :‘,}:::::a—r::r:n ;.j polymerization. Their

applications are film for
The addition of the .ydraglt RL 100 is requnred to achieve a control over the

remarkable diss lcal properties of films.
The mcorporatﬁm I‘ﬂ nmm@ into polycarbophil films
significa mo ﬂ I—ﬁ r, no effect is
observedﬁ ﬁﬁi a&ﬁ 5 cl[ %Rya Qnﬂhr ?J , 1997).

addition, ﬁ ms containing carbopol 934P with Eudragit® NE 30 D or Eudragit® RL 100

dilue

exhibited good physical and mechanical properties (Khanna, Agarwal, and Ahula, 1997).
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Kollicoat® SR 30 D s ap " dispersion, of, p lyvinyl acetate stabilized with
polyvinylpyrrolidone and godigmdlaury! ate emical structure is illustrated in
Figure 12. Its applicati il &L pFo D -independent sustained release

formulations and film form aha;, 19894k ! sky, and Weller, 2003).

/‘
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7. Buccal Mucoadhesive Dosage Form

In general, dosage forms designed for buccal administration should not cause

irritation and should be small and flexible enough to be accepted by patients (Shojaei,
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1998). Dosage forms such as mouthwashes, erodible chewable buccal tablets, and
chewing gums allow only a short period of release, and the reproducibility of drug
absorption is poor. An application of bioadhesive semisolid gels creates considerable
technical problems. Bioadhesive buccal films/patches and tablets are the less developed
type of dosage forms. The bioadhesive buccal films/patches and tablets are usually
fabricated in different geometry, as shown in Figure 13. Type I is a single layer device,
from which drug can be released multidige

tionally. Type II device has an impermeable

backing layer on top of the drug 02 ; layer, and drug loss into oral cavity
can be greatly decreased due {6 the bioadhesive layer. Type III is
a unidirectional release des will be avoided and drug can

penetrate only via the buccal i

AV A s v e ey

A A AT A ALY Vav iy s AL, o e 2 T 2 s . e

"r_.- S5 X

y 2

EEREEER  Drug-loaded broadiesn o !a\cr
NN —

Basce design

FUESTETSNYINS
o ST STV v 00,

Based on the mechanism by which a drug is released, the devices can be classified
into one of the following two categories; monolithic (matrix) systems and reservoir
(membrane) systems. In the monolithic systems, the drug is dissolved or dispersed in the
polymer system and the diffusion of drug from the drug/polymer matrix controls the

overall rate of its release from the device. In the case of reservoir systems, the diffusional
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resistance across a polymeric membrane controls the overall drug release rate (Jasti, Li,
and Cleary, 2003).

The bioadhesive tablets are usually prepared by direct compression. Bioadhesive
buccal tablets containing triamcinolone acetonide has been investigated in the buccal
mucosa of healthy human volunteers. The tablets seem to provide a suitable compromise
for good bioadhesion and prolonged release of drug (Mumtaz, and Ch’ng, 1995). In vivo

bioavailability performed in dogs shqw

ed that the perorally administered danazol-

absolute bioavilability greatér-than th { al, formulation (Jain, Aungst, and
Adeyeye, 2002). " ¥V

Flexible adhesive films d pi C e used as buccal delivery systems.
These require a bioadhesi | ‘ with the mucosa and increase
residence time, a vehic opriate rate, and additives such
as penetration enha . efizyme 4inh itors. he films are commonly
manufactured by solvent i S USt esive oating machines. This method
involves dissolving a drug ion, 2 film, and drying and laminating

solutions in a reduced pressure-mim: imizes the ti me- ) ’ remove the solvents. The
C a_- 7 (Okamoto et al., 2001).

(gcinolone acetonide exhibit an in vitro adhesion time of 3.24 hr

[ 4. . .
are accepted w uﬂ‘ ﬂ m gjw.]:r[? of buccal mucosa is
reported (Ali, . hiya,” 1 'gl jrjci sSing teChnhology is quite similar to
pressure sensitive adhesive based pat&n manufactu ﬁi(] eﬁfgsion method is
reportedq fﬂu;]ea)ﬁ‘nm tﬁrm Nni&o’j)u e;rj, which! overcomes the

disadvantaaes associated with a solvent casting method such as environmental concerns,

hydroxy propyl cellulas

Bioadhesive films of tri

long processing times, and high costs. The extruded films demonstrate excellent content
uniformity and exhibit good bioadhesive strength (Repka, Prodduturi, and Stodghill,
2003).
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8. Methodology in Evaluation of Buccal Delivery Systems

8.1 Drug Release from Dosage Forms
The determination of drug release can be carried out according to the official
pharmacopoeias. They require a large volume of dissolution medium and are operated
under sink conditions. These methods do not simulate conditions prevailing for buccal

administration where low liquid enviranient exists and a non sink condition is more
AN |

appropriate for a poorly permea ble d ug, H in vitro dissolution tests for buccal
' es of dissolution medium. The

apparatus is fabricated wit ili adju he flow of water over the tablet

assembly in order to si : v iyaink nans (Mumtaz, and Ch’ng, 1995).
An automated method 4 1 ﬁ' g the anger Cell™, a modified USP

Mathematical mr els use f drug release from the test

formulation include zero-o&der first-order, Hi uch1 S, Hlxson Crowell’s, Weibull’s, and

o e A 1 e o
release rﬁ ﬁ"iﬁ }Iﬁn ﬂ‘iﬁj‘ﬂ ﬁﬁﬁiﬂeﬂﬂirﬁ Er'hlch the drug

The first order kinetic describes the release from the systems in which the release
rate is concentration dependent.
Higuchi model describes the release of drugs from an insoluble matrix as a square

root of time dependent process on the basis of Fickian diffusion (Equation 2)
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The Hixson-Crowell cube root law (Equation 3) describes the drug release from
systems in which there is a change in the surface area and the diameter of the particles
present in the tablet.

Dissolution data can be analyzed with the Korsmeyer and Peppas equations

(power law) (Equation 4):
O =kt (D
=KSAt =k, At

\/EO- kHC iz

Mt/szktn

O, is the amount of dru

equations, respectively.
M ; is the amount of drug rg cagh
M,, is the amount of drug rele
M,/ M, is the fraction of drug re Ica 4&!} I
k is the kinetic |_-:,-i

n is the diffusional e 'n"i :

8.3 Toxicity and Irritatien Studies

Eva]uanﬂ of tbciey bt Ifidiifd @ﬂbﬂ’%ﬂ edwith mucosal cells and

their rate of redbvery. Membrane dama e to the mucosal cells can be examined
Ye g &J

hlstologallwfl ANt EJM’TW]EI']Q t)

84 Bloadhesmn Measurement
Methods available for measuring bioadhesion are limited, and method selection
depends on applicability, reproducibility, and useful information provided. It is
unnecessary to compare the absolute values obtained from different methods and is more

meaningful to examine the relative bioadhesive performances using each technique.
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8.4.1 Duration of Bioadhesion

The measurement of residence time of adhesive at the application site provides
quantitative bioadhesive properties.

8.4.2 Tensile Test

The tensile test is based on the measurement of detachment force of the polymer

of bioadhesion strength.

layer from the mucus substrate. The detachment force and adhesion work are indicative
8.5 Mechanical Properti

An ideal buccal fi

withstand breakage due t }'n ies. Consequently, the mechanical

urable and adequately strong to

ens ile testing gives an indication
of the strength and e t ¢ parameters such as tensile

strength, % elongation ¢ s of the American Society for

Testing Material method g £ , efine definition of the parameters. The
ability of a material to resi ﬁﬁgvu dér 1 S 1 stress is one of the most important
and widely measured prope : or¢e per unit area (MPa) required to
break a material in such a marnmer is timate tensile strength. The ultimate

elongation of the sample is thé pércentage incre ngth-that occurs before it breaks
under tension. So, thé'¢ m-ot nigh ultin : strength and high elongation
leads to the materials of* ddulu§shall be defined by drawing a

tangent to the initial linear portlon of the load extensmn curve, selecting any point on this
tangent, and div, in. The result shall be
expressed in for@u‘ﬂg WEJ m im;j ﬂmjly characterized by the
mechanical parameters and describe

AQ)% ﬁf ﬁﬁ»ﬁﬁ ln Equ ﬁn&l % elongation

and Young s modulus

A hard and brittle polymer is defined by a moderate tensile strength, high
Young’s modulus, and low % elongation.

A soft and tough polymer is characterized by a moderate tensile strength, low

Young’s modulus, and high % elongation.
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A hard and tough polymer is defined by a high tensile strength, Young’s modulus,
and % elongation.

Suitable buccal films should have a relatively high to moderate tensile strength,
and high % elongation but low Young’s modulus (Peh, and Wong, 1999). The tensile

strength and % elongation are the critical parameters that should be considered.
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