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Pressure tra _bases may be different
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oll l

depending on the type of arti # f ntu te n purposes of this study were to
evaluate pressure 810 * distri tne n " load using artificial denture
teeth composed of differe terials, ard 40 ,* ne the modulus of elasticity of the
artificial denture tee dg ase cnm ~ cial denture teeth made of 4

different materials (acryl " m1 “an d cor a anocomposite resin, and
ceramic) were evalug ' ~ 1 \' n, and maximum pressure
(n=10) were obseryec jith pressurg ‘#?{‘: & ‘ n impact load. Modulus of
o measured by using an

i

elasticity of the art' 6
ultramicroindentation /8! gy zed with 1-way ANOVA,
followed by Tukey HS D ; Ta r- post hoc tests (a=.05).

Maximum pressire transmiss ) d ' ceramic denture teeth was
significantly higher tha et “grot .001). Nanocomposite resin denture
teeth presented the lowest p sure-transmission, whereas a localized stress transmission

-

area was observed in the-ecariic den ure fee! p. Significant differences in the

modulus of elastici ' of artificial denture teeth
(P<.001). =3

Pressu *?’, ' ' th # enture tooth materials.
Differences in thednod i& tooth were demonstrated.

Artificial denture teeth composee aterials shawed different amounts and
patterns of pressufe distribution. Choosing the appropriate @€nture tooth material may
lessen the force tran%nkd to the supportingit}ctures
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CHAPTER I
INTRODUCTION

Pressure from a prosthesis Is an important factor in increasing residual ridge
resorption in denture wearers (1,2). Several auithors*have indicated that bone resorption
was observed when high-pressure was applied (3,4). Berg et al. (5) stated that to maintain
normal blood circulation, a contiiuous mechanical pressure higher than 1.3 kPa should
not be exerted to the" deniure-supporting tissues. Zarb et al. (6) mentioned that a
continuous mechanicalspressure/0f 1.3 kPa would compress soft tissues to the thickness
of 95% of the tissue atrest Matsuo. et al: (7) investigated the intracellular response to
hydraulic pressure ia-human periodontal lid_ament fibroblasts. The results suggested that
fibroblasts started to respond to the pressh-llre"by increasing intracellular calcium at a
threshold level of 27 ta 68 g/cm of pr'es_sure. According to these studies, dental
prostheses should be fabricated with a goé] 'f"bf"'reducing the amount of force to the
residual ridges. Choosing appropriate denturé'tf;oth materials is one of the crucial steps in

prostheses fabrication that may.-reduce pressmjré a'n'd avoid stress concentration to the

supporting tissues.

g
iy Tl

Artificial denture teeth should have the ability to resist impact force and transfer
light and WeIIV diétributed pressure to the supporting structurés. Suzuki et al. (8)
demonstrated that porcelain teeth showed poor impact resistance. Conventional acrylic
resin teeth had superior impact resistance compared to highly“Crosslinked plastic teeth.
These results were supperted by Kawano et al,.(9) who measured the impact values of
differenttypes of artificial denture teeth: The results demonstrated that acrylic resin teeth
presentedgexcellent impact resistance and shock absorbability, whereas porcelain denture
teeth revealed the highest impact values. However, koth studies (8,9) uséd/measuring
devices whichyshowed only'the 'impact values and not the pattern’ ofimpact force

distribution.

Nanocomposite resins have been introduced as a material of choice for artificial
denture teeth (10-12). Zheng et al. (13) studied the effects of nanoparticles on the



performance of nanocomposite resins. The results revealed that nanoparticles serve as
binding agents to modify the morphological structure of the epoxy resin. On the basis of
this structure, numerous cavitation sites are created at the interface between the
nanoparticles and the amorphous layer. WWhen the impact occurs, the formed cavities will
release the plastic constraint in the matrix and trioger large-scale plastic deformation. As
a result, the fracture toughness of the matrix wilisbe significantly improved. Moreover,
the interfacial surfaces generated between polymer-and nanoparticles also assist in
absorbing stresses. Several.authors have attempted to record pressure under the denture
base and to evaluate therameunt and distribution of pressure transmission (14-17).
Several techniques and measuring devices have been developed and widely used. Strain
gauge and pressuig transducer imeasurements are 2 of the most common pressure
recording methods (18-20)s However,-these 2 devices are only suitable for measuring
pressure at specifi€ sitesi A pressure-sensitin-"vae sheet (Prescale Film; Fuji Photo Film Co,
Ltd, Tokyo, Japan) has been developed ar'u_JI used as a pressure-detecting device for
measuring occlusal pressure, ocelusal forceu,: 'qnd,.-occlusal contact areas (21,22). When
contact pressure is applied-over the film, different shades of red color are developed
which are correlated to the amount of pressur;: Fl'hji_s' film may be considered one of the
most useful devices for pressure measuremenfd:l'{é to its simplicity and capability in

detecting large pressure ranges.and large distribution areas (21-23).

Modulus of elasticity-(Croung s-modulus-or-elastie-modultis) describes the relative
stiffness or rigidity of a material (24). The modulus of elasticity of artificial denture teeth
for removable prostheses may be a factor that influences pressure transmission and

pressure distribution on the underlying alveolar residual ridges.

The purposes of the present study were to'examine pressure transmission and
distributian; using simplified models with artificial denture teeth of different materials
under impact load, and to evaluate the modulus of elastieity of each type of denture tooth.
The null hypotheses were that there would be no differences in pressure transmission and

distribution and in the modulus of elasticity of the artificial denture teeth.



CHAPTER 11

LITERATURE REVIEW

1. Alveolar mucosa under dentures

To ensure the sueeess of removable prostheses; the dentist has to capture and
maintain the morphelegic and-histologic characteristics of the oral mucous membrane
that is in close contact with the prostheses (25). A number of studies regarding
histological and histochemical changes in nkhe oral mucous membrane subjected to stress

under complete denturesawerg'extensively established (25,26,27,28,29).

Sharma and assoglates (25)_‘ observeﬁ thde_: palatal mucosa in denture wearers and
non-denture wearers. They found an increasé in thickness of epithelium but a decrease in
keratinization in denture wearers, Furthermdrdé ,th,ey also concluded that denture wearing
not only results in changes within the eplthellum but also results in an equally significant
reaction of the connective tissue. ThIS reactlon re§ults in the appearance of a highly
resistant and elastic oxytalan fiber system, \AAofrehJasswts the connective tissue to react
successfully to the stresses-exerted on it -ahd-.prevent underlying bone resorption.
Nedelman et al..(26) investigated the alveolar ridge mucosa in denture and non-denture
wearers. Their sfu‘dy also demonstrated keratinized layer thickening in non-denture

wearers and a thinfiing of this layer in denture wearers.

In contrast, a report in histological comparison of the palatal mucosa before and
after wearing;ecomplete denturessby-Jani-and Bhargava (27); showed,an-increase in keratin
thickness ih mast patients after dentures plagement. They explained ithat after denture
insertion, the entire masticatory load.is distributed over the palatal mucosa and residual
ridgesy Fhus,~the palatal mucesa of sdenture-wearing, patients; is ssubjeetedsta more
mechanical forces than that{of non-denture wearers. This may lead to the increase in
thickness of keratin, which can be considered an adaptive phenomenon for wearing

dentures comfortably.



Watson (30) suggested that literature on the nature of changes in oral mucosa is
controversial because of three main reasons. First, mucosa from different sites have been
examined. Secondly, mucosa covered by different types of prostheses have been
compared. Thirdly, the methods of analysis have varied considerably in complexity and
accuracy. Therefore, the purpose of his study,was te develop a method of analysis which
is accurate and easy to use, and which would provide guantitative information on various
morphological parameters of oral- mucosay He examined the oral mucosa of non-denture
and denture wearers and found no significant difference in epithelial thickness between
two groups. Changing type of keratinization from complete orthokeratosis to incomplete

orthokeratosis under dentures was also determined.

Since keratinizagion is the manifestation of the protective mechanism against
functional forces, the response of . oral ;mucous membrane can be inflammatory,
degenerative, or hypegplastic, depending Upon" the nature and severity of injury and
individual tissue responsgs. Therefore, the dentists should be responsible for providing

good dentures so that stresses are within the bib‘ioé‘ic limits of tissue tolerance (27).

Literature publications. npot .only proabge Jj_nformation about histological and
histochemical tissue changes, but-atse offer data about mucosal blood flow after wearing
dentures. The effect of complete-tenture wearing on the palatal mucosal blood flow was
further investigated by Atasever et al. (31). The investigator§ measured blood flow
changes before'and after denture insertion by using “**Xe inert gas. Before the insertion
of dentures, the mean blood flow to palatal mucosa was 18.9 £ 7.1 ml/ 100g/ min. Seven
and forty days after wearing dentures, the mean blood flows were 10.6 £ 4.5 and 12.6 +
5.3 ml/ 100g/ min, respectively. However, bloéd.flow returned to near normal levels after
resting the oral tissues for about 24-hours. The conclusion was made from the study that
there wasg significant decrease in blood flow after using complete dentures for seven and
forty days. It was clearly shown that wearing denttites continuously hindered blood
supply: to ithe'palatal’ mucosa; Nevertheless,: hindrance [of blood supply is- hot an
irreversible condition. The blood flow almost returned to normal after a short (24 hours)
rest. Permanent effects of the lowering of blood supply might, however, result from the

wearing of dentures for long periods of time. Hence, leaving dentures out of the mouth



for a minimum of 6 hours per day during sleep is generally recommended, and may be

essential for the recovery of the blood supply to the palatal mucosa.

2. Bone resorption and pressure

The relationship between bone resorpiion.and pressure has become a topic of
interest amongst experts: The published literatures-are divided into two groups, animal

studies and clinical studies.

2.1 Animal'studigs \

Several animal stugdies demonstratepl that excessive and constant pressure caused
an increase in bone resorption (32,33,34,35,365.

Early animal researchiin the 1960s réiatg_d to pressures on bone was performed in
male white Carneau pigeons, by Ackermé’n et.al. (37). It was summarized from the
experiment that pressure applied to. bone caUSed [bone resorption. Using lower pressure
(33 to 113 Gm. per square centimeter) appl_ie:d for a long period of time caused more
severe resorption than using higher pressure_l,.(-z,-g“?,]n__to 548 Gm. per square centimeter)
applied for a short period of time-Applying Iowand high pressure for the same period of
time caused resorption of nearly the same degree. Thus, it was concluded from this study
that the duration.of pressure application was a more important.factor in regard to bone

resorption than thefamount of pressure applied.

An impressive series of studies by a group of researchers at the Okayama
University Dental school, presented the results in histopathological changes under
simulated-denture in rats+(32;33;34:35,36,38)~0One of their studies+(33)-revealed that the
lowest lIoad continuous pressure (1.5 kPa) did hot cause_bone resofption, whereas when
using higher pressure (3.4 and 4.9 kPa) bone resorption was observed. This study used
experimental ,denturessadhere: to~the palatesof, the, molarsregion of~Wistar strain rats.
Another studys accomplished byiSato et+al. (34), aimed to clarify whether, osteoclastic
bone resorption is pressure-threshold regulated or merely a proportionally pressure-
dependent phenomenon. The simulated dentures were exerted on the rat hard palate with

a defined amount of continuous or intermittent compressive pressure. They found no



bone resorption when the continuous pressure was <1.96 kPa or when the intermittent
pressure was <9.8 kPa. On the other hand, continuous compressive pressure >6.86 kPa or
intermittent pressure >19.6 kPa caused significant bone resorption. It was concluded from
the study that osteoclastic bone resorption was a pressure-threshold regulated incidence

with a lower threshold for continuous, than for integmittent pressure.

Histomorphometric analysis was also undertaken te determine bone dynamics in
denture supporting tissue under masticatéry and continuous pressure in rats (35,36). It
was revealed that masticatery jpressure caused different time courses of the bone
dynamics depending on the initial intensﬂity of the pressure. The pressure under bone
resorption threshold dnduced the transient increase of ostéoid formation in denture
supporting bony tissue £ompared with non-pressure denture base tissue. However, other
bone dynamic parametersiwere not affected. It was shown that masticatory pressure over
the threshold for bone fesoiption caused hiéj,her‘ hone resorption upon the increase in the

intensity of the presstre (35).

Similar research was done‘ by Imai"n et al. (36) but focused on the effect of
continuous pressure. Bone dynamlcs under. a fabn}:'ated denture base, in relation to the
intensity of continuous pressure exerted thmugh the denture supporting tissue, was
investigated. It was summarized from the study that bene dynamics under continuous
pressure showed ,aTtime course depending on the intensity of‘ t“he‘ initial pressure. The
amount of bone [ésorption also corresponded to the initial intensity of the pressure. Both
the Ohara et al. (35) and Imai et al. (36) observations revealed that bone formation
following bone reso‘rption was not equivalent to the bone surface level observed in the

case without bone resorption in their studies.



2.2 Clinical studies

Clinical studies have suggested that residual ridge resorption is due more to the
effects of denture wearing than to disuse atrophy (39). There are several factors related to
residual ridge resorption (40). One of the few firm facts relating to edentulous patients is
that wearing dentures is almost invariably accompanied by undesirable and irreversible
bone loss. The magnitude of this loss is extremely variable, and little is known about

which factors are the most important for the observed variations (41).

The tissue support for-complete dentures is conspicuously limited in both its
adaptive ability andanherent capability of simulating the rele of the periodontium. As
complete denture movementsds related to the resiliency of the supporting mucosa, almost
all “principles” of complete denture construction have been formulated to minimize the
forces transmitted 10 thessupporting struciures, or to decrease the movement of the

prostheses in relation tgthem (41).

i

The alteration of forces exetted by, tkié_:_denture o the supporting tissue has been
the subject of much discussion. Cuttight etjal_lu. (42) observed the pressure movements
beneath the dentures during various masticat:o_ryﬁnd non-masticatory activities. The
results of the study showed that stabie denturesﬁroduce high pressures on the supporting
tissues and transmit these pressures from regioh_'té;region. The results varied depending
on how the patient used the dentures. Surprisingly, non-masticatory pressures produced
under dentures wére found to be as great as, or greater than, masticatory pressures. The
researchers implied from the study that effect of the continually occurring, non-
masticatory, induced pressure changes and pressure waves bengath the dentures may well

be of greater significance'than that of mastication.

Since the 1960s, imost investigators have paid_attention to the alveolar ridge
resorption“Atwood and associates (43) examined the reduction of residual ridges by
measurings anteriorsverticalbone, lossy The elinical~examination, ,cephalometric, and
densitometric_measurements were compared for the average time of 3L months. The
findings suggested that the rate of residual ridge resorption varied between different
individuals and also varied between the upper and lower jaw. The rate of resorption of the

mandible was four times greater than the maxilla. They came to the conclusions that



residual ridge resorption is a chronic, progressive, irreversible, and disabling disease,
probably of multifactorial origin. Moreover, it was suggested that residual ridge
resorption is almost universal but with wide individual variation. Because the amount of
resorption was very important, longitudinal, cumulative, and repeat examinations were

necessary.

Atwood (44) examined and divided the facters related to the rate of residual ridge
resorption into anatemie, metabolic,” functional, and  prosthetic factors. When
concentrating on the-functional factors, the frequency, intensity, duration, and direction
of forces applied to_bene which were transiated into cellular activity were included. This
results in either boneformation or bone resorption, depending on individual response.
Prosthodontic factors are extremely difficult to evaluate because of the tremendous
number of variabless The faciors include trie myriad of techniques, materials, concepts,

principles, and practices which are-incorporated into the prostheses.

Campbell (45) compared, the alveolarv'irjdge resorption between denture-wearers
and non-denture wearers and found. that dentur{e-wearing jaws lost more bone than those
without dentures. According to ihis result, Ieé\:/i;ngc__)ut the dentures at night time might
reduce bone resorption. Jozefowicz {46), in hi%study of bone loss among 1012 patients,
made the supposition that wearing dentures at night induces atrophy of the residual
ridges. This is.because of the constant pressure on the soft tissues which is then
transmitted to the pone. Thus, correlation can be established between continuous denture
wearing and bone resorption. However, the research done by Kalk and Baat (40) did not
show a significant correlation between alveolar bone resorption‘and dentures being worn
day and night. Tautin (47) had reviewed the literatures and commercial booklets for
complete“denture patients” education, and discovered a-difference of opinion regarding
continuous denture wearing. The literature indicates that it would be beneficial to remove
dentures at night or for some extended period every=24 hours, but the Commercially
prepared booklets'do not emphasize denture removal as a preventive practice. 1t-has been
shown that the routine removal of dentures at night or for some extended period helps in
maintaining the health of the underlying tissues. He suggested that dental professions are

in charged with the responsibility of preserving and maintaining the health of the oral



tissues. Therefore, dentists should make an effort to educate edentulous patients about

oral tissue health and the length of time that dentures should be worn.

An interesting early study in alveolar bone loss by Tallgren (48) showed the
relationship between facial morphelogy and the anterior bone loss during a 7-year period
of denture wear by lateral cephalometric films: The observation indicated that changes in
position of the lower incisors due to denture-construction may contribute to alveolar
resorption. Therefore, amorelingual positioning of theineisal edge of the artificial lower
incisors than that of the naiural teeth was found to be associated with a marked
mandibular resorption:"However; resorption of the alveolar process was not found to be
related to age, and no significant associatiéns between resorption and the initial height of

the alveolar processes was found in his study..

Another classic literature presented 63'/ Tallgren (49), who observed two groups of
complete denture wearers to the 15 year an;ﬁ 25 year stages of denture wear, revealed a
continuous reduction of the residual ridges,.{;ér.ticularly marked on the lower ridge. The
most likely reason for'the gbvious.lower rldga reductlon IS because of the smaller area
and less advantageous shape of the Jower basal seat Maoreover, correlations between the
shape of the mandible and the-anterior manelﬁular bone loss indicated a pronounced
resorption in subjects with a-marked mandibuia’r.ﬁase bend, and a less marked resorption
in subjects with- a flattened mandibular base. Hence, he Suggested that careful
examination of thé mandibular shape can provide valuable infor‘majtion on the response of

the residual ridge 0 the wearing of dentures.

The non-conclusive results about denture-related bone resorption are still often
seen in dental, literatures~Prohablerexplanations are, ;amongroethersthings, the enormous
individual variation in the'rate of bone loss reported In many studies. This great variation

makes size‘and selection of samples critical for establishing comparable results (39).
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3. Artificial denture teeth

Tooth placement and physiological tooth arrangement are considered the almost

Fenton (50) ment ( ledge and understanding of a
number of physical and biological fa irect 0 the patient for appropriately
select artificial teeth to rehabilitate ion. The goals for this phase of treatment

ridges. In order tos dentist mu imulate, correlate, and
evaluate the biomecharlical.information-so-that t e artificiz th selected will meet the
individual needs | @Is0 suggested on of artificial teeth is a
relatively simple nopstimg-consuming proe i ires the development of

il ot bl

experience and confidence. % yredEy

ALy
materials are avai

ple on the

Several denture narket. Porcelain and acrylic

resin teeth have been used for many year jever, neither of them completely
accomplishes the requirement Wg r an ideal prosthetic denture tooth (51).

P _ | 'j;-'?:'.«.f:--‘ e 1

Comparisons are.as follows (52);

X

y
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Plastic teeth Porcelain teeth

¢ High resilience Very brittle

e Tough

i rﬁ§ion resistance

. Iw&no dimensional

~ Change N

e Soft-low abrasion resistance
e Insoluble in mouth flu
dimensional change
o Low heat-distortion tem {0 'on emperature; no
flow under press ont deformation under forces of
¢ Bond to denture base hona o-d \ re base plastic;
"‘« \ tion provided in tooth

o Natural appearance ‘ pp ance

o Natural feel-silent

licking sound in use

e Easy to grind and poli + Grin urface glaze
5 .--‘QV ,‘ J
« Crazing and blanchi ’ ']

Linked -ED

¢ o LY
R B T
practitiongr, t e acquainted*with the ‘materials,“and uantitatively decide

which material is most suited for thedindividual patienﬂhe choice of mater@p and tooth

BRI RS

The majority of resin teeth are based on poly (methyl methacrylate) compositions.

Poly (methyl methacrylate) resins used in the prosthetic teeth fabrication are very similar



12

to those used in denture base construction. However, the degree of cross-linking within
prosthetic teeth is much greater than that within polymerized denture bases. This increase
is achieved by elevating the amount of cross-linking agent in the denture base liquid. The

resultant polymer displays enhanced stability and improved clinical properties (53).

Acrylic resin (PMMA) denture teeth are manufactured either by the compression-
molded dough technique or by injection molding«(54). The wear resistance of acrylic
resin teeth has improved-since the time of their introduetion when they were molded
under high heat from'powderedpolymer. These early teeth were of poor quality and had a
tendency to partially~revest to their original powder form in the mouth. Injection
machines were used i@ force molien pol;)mer into a mold cavity, using manufacturing
technology in the late 1940s,These teeth, however, had a tendency to craze and undergo
dimensional changes from water imbibitio;l, and exposure to organic solvents. Marked
improvements occurred with the d(‘avelopm%pt of cross-linking agents, which solved the
crazing problem. Changing the types and amounts of the cross-linking agents has been
done to improve the physical pfopérties (55}.1"'H6'\/vever, cervical portions of prosthetic
teeth often exhibit little or slight créss-linkirig-Fi“Fhis feature facilitates chemical bonding
with denture base resins.”Additional enhanceméﬁtiéjf chemical bonding may be achieved
by removing the glossy “ridge;-|ap” surfaces of%in'rtgeth (53).

Since the 7introduction of resin denture teeth in the mid-”207t‘h century, there have
been steady devq?dpments in order to improve their propertieé. Polymer-based denture

teeth have been catégorized into 5 groups by Shahdad et al. (56) as follows;

Polymethylmethacrylate (PMMA)

PMMA withyfiller

Cross-linked polymer and matrix (Double Cross:Linked [DCL])
Interpenetrating Polymer Network (IPN)

® B w noe

Mierofitled urethanedimethacrylate (Composite-resin based)
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All of them except the composite-resin based material contain PMMA as their
basic constituent. Various manufacturers also have their own brands available within
these categories (56). The major difference between acrylic and modified resin teeth is
the microstructure. The acrylic has a linear polymer chain structure, while all modified

resin teeth have a cross-linked structure (57).

Double Cross-Linked [DCL] is an aceylieematerial constructed using a dough
molding procedure in-which both the bead pre-polymer and the freshly polymerized
monomer are cross-linked. Traditional acrylic materials contain only cross-linked matrix
methacrylate, and this‘restriets the beneficial effect of cross-linking. Cross linking both
the matrix PMMA and the_original bead PMMA offers a potential advantage. This is
provided that the bead PMMA 'is not® cross-linked to an extent which prevents

interpenetrating networks of the matrix.and discrete phase polymers (56).

An Interpenetrating Polymer Netwofk [iPN] artificial tooth was introduced into
the market by a major manufacturer. in an effdrt to minimize the disadvantages of acrylic
resin teeth and enhance certain of their desi{nable qualities. IPN tooth material was
constructed of an unfilled, highly cross-lin_k_-e;:t Jc__opolymer with an interpenetrating
polymer network. Interpenetratingpolymer networks are structures formed when a
polymer is cross-linked inte-a three-dimensional network, occupied by a second cross-
linked polymer. The cross-linked networks coexist in the same volume of space, one
physically trapped within the other, and cannot be disassociated without rupture of
chemical bonds. This interpenetrating polymer network structure allows polymeric
materials to be used in new ways that result in enhanced physical properties (55). Several
in vitro studies about wear rates of IPN artificial tooth and conventional acrylic resin
tooth have been well documented (58,59). Coffey et al.(58) evaluated the acrylic resin,
IPN, and matural teeth for wear characteristics using an artificial oral environment that
simulated in vivo conditions. The“study showed thats IPN denture teeth.were more
resistant to wear than acrylic resin teeth when opposing each ather in functien. The result
was supported by Whitman et al. (59), who compared the wear rates of three types of
commercial denture tooth materials. Their study indicated that interpenetrating-polymer

network tooth denture material is more wear resistant than conventional acrylic resin.
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Microfilled resin composite tooth composed of urethane dimethacrylate (UDMA),
100% crosslinked, containing a small hydrophobic silicon dioxide microparticle filler
aerosol (60). The inorganic fillers in the composite teeth are subjected to a silane-
coupling treatment to enhance the adhesion of these particles to the matrix base of tooth
material (61). Composite resin tooth has been claimed to possess increased wear
resistance and greater bond strength to denturg‘bases. Most investigations indicated that
micro-filled composite denture teeth had a superior wear resistance compared to
conventional acrylic resin.and 1PN denture teeth (59,61,62). An interesting research in
wear resistance accomplished by Zeng et al. (63) showed a remarkable result. The
investigators compared the wear resistance of three types of composite resin denture teeth
in vitro based ongeomposite resin filler content. It was shown from the study that
composite resin dentuge teeth with 68% (Duréféross) and 47% (Endura) organic filler had
a higher wear resistance than 42%- filled céﬁqpaosite resin teeth (Duradent). Therefore, it
was concluded that agtificial tegth containing mdre organic filler exhibited less wear than

the type containing less filler.

Effect of filler size in denial composit’e§ on laboratory wear was also determined.
Schwartz and Soderholm  (64).compared the wear rates of three composites containing
silane-treated filler particles with the average p;Etjcl_e_ diameters of 1.5, 3.0, and 10.0 pum.
The wear analysis showed that the finer compdsifes (1.5 pm filler diameter) wore the
least and the coarsest composites (10 um filler diameter) the most. The authors from the
study explained thatfiner filler particles and shorter filler spaciiag slow down diffusion of
plasticizing agents,.and the lower plasticizing effect caused by the finer particles is the
key reason why wear decreases as filler size,decreases. They summarized that dental
composites containing smaller/ filler particles.are more wear-resistant, than composites

containing larger filler particles.

A _new_type of denture tooth, fabricated of nano-composite resin, has recently
been developed as'a highly polishable, stain and impact.resistant material, It consists of a
co-monomer of urethane dimethacrylate (UDMA) and methylmethacrylate (MMA),
polymethylmethacrylate (PMMA), and uniformly dispersed nano-sized filler particles

(65). Suzuki (65) questioned the wear rate of this material. He suggested that even the
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material contains PMMA, cross-linked with UDMA and reinforced by inorganic fillers,
excellent wear resistance might not be expected. Therefore, he compared the wear rates
of a recently developed nano-composite denture tooth with the various types of resin
denture teeth, including micro-filled composite teeth, cross-linked acrylic resin teeth, and
traditional acrylic resin denture teeth. He found no statistically difference in wear depth
between nano-composite denture tooth and thosesof micro-filled composite and cross-
linked acrylic denture tooth. However, he suggested that nano-composite denture teeth
may be a promising selection for denture teeth, as this material has wear resistance
equivalent to most micro-filledscomposite teeth and improved impact resistant and anti-

staining properties.

4. Pressure measurement

To measure and record the pressure at the denture base-mucosal surface interface
involving complete denture €onstruction, many techniques and measuring devices have

#

been developed and widely used. A
Frank (66) performed a#n investigation;r—toljn"-measure pressures produced during
edentulous impression procedures. A pressure gauge was constructed of brass tubing with
one end covered.with a thin flexible rubber membrane and the other end connected to a
polyethylene tubesand a wire strain gauge. When pressure was applied to the rubber
membrane, it causéd water displacement in the closed system, Which was then converted

to an electrical signhal by strain gauge.

Another pressure~measurementsinvolved ;in: edentuleus impression making was
evaluated by Rihani (67). The measure equipment lapparatus congisted of flexible
polyethylene tubes placed on the special custom trays and connected to the glass tubes to
formgsimple manometers. Pressure appliedstosanyspart, ofythe flexible tubingscaused a

movement of the column of liquid in the glass tubes which could then be measured.

A different method of pressure recording at the denture base-mucosal surface

interface was used in the study by Watson and Huggett (68). The authors examined the
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forces generated by complete dentures during mastication by using strain gauge and
pressure transducers. Those transducers were used for the following reasons: (1) the
sensitivity of the transducer could be varied by altering the size and thickness of the
diaphragm,; (2) it was of small size and weight; (3) it was simple to assemble and repair;
(4) the assembly time for each transducer was approximately 3 hours and the total cost of
all the component parts, including the strain gaugeywas dow, making it a very economical
system; (5) the resistance strain gauge eould be-used with an a.c. or d.c. excitation
system. However, the transducers lead-based system was a major disadvantage that

should be one of the deviees main concerns.

Pressure transdiicersivefe also_used in some. studies aiming to examine the
amount of pressure developed during impression making (69,70). The oral analog was
constructed with the embedded metal tubés attached to the pressure transducers. The
tubes were filled with distilled water and nq air bubbles. When pressure was applied to
the water in the tubes, the pressure‘was tﬁe_n transferred through the transducers and
amount of pressure could be evaluated. 'i M

L

The new convenient method for pressud;é}rjga}surement was used by Komiyama et
al. (71), who investigated the-pressure charaeteristics of the maxillary edentulous
impressions. The miniature--pressure sensorsfwére-embedded into a cast which was
attached to a rheameter to apply a continuous isotonic force.-Data obtained from the
miniature pressure sensor were calculated using a sensor Interface and then pressure were

recorded on a personal computer.

441 Pressure.sensitive sheet.(Dental Prescale, Prescale film)

A mew pressure measuring device (Dental Prescale System, Fuji Photo film,
Tokyo) has been developedrsin Japan. Thesystem=eomposedsof pressure-sensitive; sheets
(Dental Prescale) and its analysis apparatus (Occluzer): This device has'been improved
for dental use and now widely applied for bite force, occlusal contact area, and occlusal
pressure measurement (72-83).
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4.1.1 Fundamentals of Pressure sensitive sheet (84)

Pressure sensitive sheet or “Prescale film” is used for measuring contact linear

and planar pressures. The structure is a thin film consisting of micro-encapsulated color

forming and color developing mate " en pressure is applied to the film, a red color

impression is formed in varying dens ‘ e amount of pressure and pressure

pressures up to 130 7 | ' ——

Prescale film is availahle'tinder two possible formats, one based on two sheets (A
+ C), and another as a single sk / ir Usa |

Two shee

Two sheet type of Pres i ‘1 , Y ‘ ” which is coated with a
particular micro encapsulate Géhﬂglj _ At i d'e “C film”, which is coated
with a specific color devel )ing mm use i junction, the two films should
be placed with the coated (roug| “and opaque) surfaces facing each other.

Gt

Dc 3 .r ;
AR NN NN

the single sheet film, th&color forming I%r is coated on the wester base

q W“’m”ﬁ”ﬁ‘ ISR TIVIETRE"

r r
@.U %. lﬂ:}r developing
Gnlor forming
= layer
— palyester base
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When pressure is applied, the microcapsules are broken and the color-forming

material that is released reacts with the

olor-developing material to generate color.

MODEL | Desci -_"'“ \ Type
LLLW S % 4m(l) fwo
' 1 x4 m
; g m 2106 kg \ ‘ sheet
LLW ) ‘ = L% Wxsm |
. wd 2 W) x5 m
o s DE [ 1R % sheet
r From 5 to Pa two
LW ; e 0 mm (w) x 10 m (I)
(from 100 ki sheet
. two
MW V)X 10 m (1)
- ,,:,.- =3 sheet
dlu - — single
EI . 70 mm 10m (1)
essure (from 100 to 500 kg/cm?) sheet

ﬁmﬂﬁwﬁ HING

Note : 1 MPa = 10 kgf/cmé = 145 Ibf/inZ (psi) =

ARIANNITN UNIAINYAY
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4.1.2 Pressure sensitive sheet analysis (84)

Approximate density and pressure can be easily determined by visual comparison
of the displayed pattern with the pressure chart, which will provide the accuracy of +/-
10%. However, more precise and refined results can be evaluated by using the digital

analysis system.

.

4.2 Applicationof presstike sensitive sheet.in dental research

Pressure sensitivegsheets have beerﬂ used in various fields of dental research. In
prosthodontics, Preseale film was used for (;Iinical measurements of the parameters which
were related to the analysis of occlusion in complete denture wearers (72). Those
parameters composed of.occlusal force, meﬁh pressure, the deviation of the center of the
occlusal loads from the median line, occlusal contact area, and the number of occlusal
contact points. The authors suggested that ‘Dental Prescale was preferable in the
examination because of the following advarrtages (1) the thin material induces only a
small change in the occlusal vertlcal d|men310n (2) |t IS not necessary to prepare special
measurement equipment; (3) it fieeds a shortﬂmod of time for evaluation; (4) record
storage is simplified; and (5} itiis gasy t0 explap-n_the treatment to patients by using dental

images.

In dental~Surgery, the pressure sensitive device was applied for measuring the
changes of bite force and occlusal contact area after surgical procedures (73,74,75). The
researchers indicated that this device was very easy to apply and was a simple way to
evaluate~the sbite farce .and jocclusal; contact-area jof patients. MMoreover, the occlusal
balance was alse measured by the analysis system (73). Ohkura et al. (74) examined the
changes In' bite force and occlusal contact area after orthognathic surgery in the
prognatheus mandibular«patients:«lt was shown fremsthe study that.measuringswith the
pressure-sensitive sheet ‘may indicate ‘the masticatory ability of the “patients after

orthognathic surgery.
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Pressure sensitive sheets were also applied for use in Paediatric dentistry. Karibe
et al. (76) observed a relationship between clenching strength and the distribution of

occlusal forces on a primary dentition. They recommended that this measuring device

made it possible to measure the o c! orce, the area of occlusal contact and the

In Orthodontics, Dental Prescale film Wvas i aluate the occlusal force and

the thickness of the pressure i ely 0. 1m, the occlusal force and
occlusal contact arease e measur he state of il ereuspal position. Moreover, it
is independent fromulocals fa as wetness Aemperature in the oral

environment (77).

The pres ange of application in
valuate the bite force or

occlusal pressure. Because of all its advantages, Prescale film should be considered as

other research (79-83

AULININTNEINS
ARIAINTUURIINYIAY




CHAPTER 11

MATERIAL AND METHODS

Forty mandibular right and left first melaws made of 4 different types of denture
tooth materials (acrylic resin, AR; microfilled composite resin, MC; nanocomposite resin,

NC; and ceramic, CR) were examined in:this study (Table 1)

Table 1. Artificial denture teetiused in'the present study

Type Brand name Code - Mold Manufacturer
Acrylic resin Resin Kyushi- AR M30  Shofu, Tokyo, Japan
Microfilled d

Endura posterior-fat sMC M30 Shofu

composite resin

#

Nano-composite ~ NC Veracia posterior = NC M30 Shofu

Ceramic Ace Kyushi SLGH M30 Shofu

The denture base specimen was composed of the artificial tooth on denture base
acrylic resin. Ten denture bases with each type of denture tooth, 15 x 15 mm and a
thickness.of 3 mm, were fabricated, by .using. putty-type silicone impression material
(Provil; Heraeus Kulzer GmbH, Hanau, Germany) as @ mold. Melted-wax was poured
into the mold, and each denture tooth was lowered into the wax using a surveyor (Ney
Surveyor..Parallometer .System; .Dentplsy .Ceramco, Burlington,.NJ)..to ensure. that the
occlusal surface was parallel to-the base. All Specimens were then invested in denture
flasks (Hanau; Water Pik, Inc, Ft. Collins, Colo), followed by conventional packing
procedures using heat-polymerizing acrylic resin (Lucitone 199; Dentsply Trubyte, York,

Pa). Long polymerizing cycles were used for acrylic resin packing procedures. The
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temperature was slowly raised from room temperature to 73°C and held for 9 hours. After
completion of the polymerizing cycles, the flasks were allowed to cool to room
temperature before deflasking. All specimens were then removed from the denture flasks,
and any flash was removed with a carbide bur (Abbott-Robinson HP Burs; Buffalo
Dental Mfg Co, Syosset, NY). The basal surfaces of all specimens were polished using an
automatic polishing machine (DPS 3200; Imptech; Boksburg, South Africa) with 0.05-
um-particle-sized aluminum-oxide slurry (Leco Corp;"St. Joseph, Mich) under slow speed
and constant water irrigation: A total of 40 specimens were stored in water for 1 day

before testing. The specimen 1lustration is shown in Figure 1.

l

Fig. 1. Schematic drawing of deniure base specimen with denture tooth.

Pressure ffansmission and pressure distribution were examined by 2 types of
pressure-sensitive Sheets (Prescale Film, LLW and LW; Fuji Photo Film Co, Ltd). The
reliable measuring-ranges of the pressure of LLW and LW were between 0.5 and 2.5
MPa and between 2.5 andy10 MPa, respectively The system includes pressure-sensitive
film anddigital analysis software. The LLW pressure-sensitive film was used primarily
to evaluate pressure distribution. The structure of the pressure-sensitive sheet consists of
microencapsulated color-forming and color-developing:materials. When contact pressure
is applied to the film, & red celaor impression is formed In various densities according to
the amount of pressure and pressure distribution. In the present study, the pressure was
applied by dropping a weight freely onto each denture tooth specimen with the film

placed underneath to measure the force transmission and distribution. After the pressures
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were transferred onto the sheets, the sheets were scanned and analyzed by digital analysis
software (FujiFilm Pressure Distribution Mapping System FPD-8010E, version 1.1; Fuji
Photo Film Co, Ltd). Different amounts of pressure were shown as different colors,
which were automatically designated by the software. Areas of no pressure were
displayed as white. Pressure of less than 0.5 MPa was green, whereas pressure higher
than 2.5 MPa was yellow. The pressure range 0i=0.5 to 2.5 MPa was seen as different
shades of red, depending on the-intensity,of the pressure. However, if pressure over 2.5
MPa was observed, the L\A/-sheet type was used to determine the maximum pressure

transmission.

According to the manufacturer, the accuracy of Prescale film is £10%. However,
authors of a previous study (85) stated that'the accuracy of the color scanner for area and
pressure measurements isswithin 0.5%, andathe accuracy of Prescale film for area and
pressure measurements is within 10% amd 2%, respectively. Another study (86)
suggested that for the greatest accuracy and ure_liability, Prescale films should be analyzed
within 8 hours of exposure 0 pressure. Thus, Prescale films were analyzed immediately

after testing for maximum accuraey and reliability.
=

The impact drop test used-in the present st.g'i-dy was modified from the study by
Kawano et al. (9) In that study;-an-accelerometer was used to evaluate only the impact
values, while in-the present study, pressure-sensitive sheets were used to evaluate the
amounts, transmission areas, and distribution of the pressure underneath the denture
bases. According 1O results from previous studies, the mean maximum occlusal force for
complete denture Wearers was approximately or under 100 N (87-89). Therefore, 100 N
was chosen as the impact load used in the./present study. A glass tube was set
perpendicular to the-long axis and central fossa of the denture tooth specimen. A small
piece of the LW pressure-sensitive sheet was put over the occlusal surface of each type of
denture tooth specimen to measure ‘the impact force@atsthe contact sites. The mass and
height of the drop‘test were adjusted to achieve a 100-N impact force at the'central fossa.
A fixed mass of 15 g and height of 20 cm were found to be appropriate, and, therefore,
used in the present study. In the impact drop test procedures, pressure-sensitive sheets

were placed underneath the acrylic resin denture bases, over the flat surface. A 15-g mass
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with a 5-mm-diameter ball tip was released and allowed to fall to the central fossa of the

artificial tooth specimens. The impact load testing apparatus is shown in Figure 2.

Weight
169
‘ — Class tube

-y

20 cm

Specimen

/ ,Pressure sensitive sheet
R

Fig.2. Impact load,testing apparatus.

i
1 4
% J

Modulus of elasticity at the surfaces fé)j the artificial denture teeth was determined
after load testing by an uItramicroindentatiofn-system (UMIS 2000; CSIRO, Lindfield,
Australia). The load applied was composed dﬁ?g incremental loading steps with a delay
of 0.1 seconds at every increment. ‘the maximum fg-r,ce applied was 25 mN. The modulus
of elasticity can be automatlcally calculated from the load-displacement curve instead of
visual measurement of the mdentatlon lmpressmn '(90) Ten specnmens of each type of

denture tooth Were evaluated for the modulus of elasticity. Three indentations were

performed on the enamel layer of each specimen. The distance between each indentation
was 100 pm to prevent indentation overlapping. The overall average value for each

material was obtained to represent the modulus of elasticity of each type of denture tooth.

Pressure transmission: area, maximum, pressure’ transmission;~and modulus of
elasticity were analyzed using 1-way analysis of‘variance (ANOVA)*(a=.05). Tukey’s
HSD (Honestly Significant Differenge) post hoc test was used to compare sneans of the
maximum préssure transmission-among groups. ‘For the pressuré transmission area and
modulus of elasticity, the robust-tests of equality of means and TFamhane®s post-hoc test

were used, as equal variances could not be assumed.



CHAPTER IV

RESULTS

(Fig. 3).

r‘vc‘.{lﬂ!|lﬂ§lﬂllﬂlllVlt!llltL\ﬂlllmﬂﬂlLﬂIll?i‘_iiii:l:l -------- - "'-ﬁ tgroups

Pressure transg\iﬂpn was divided into@roup ranges: low (pressure of less than

B D07 e 400 b
higher than 2. , as designate e'software. otal pressure transmission area

was calculated from the sum of the 3"group ranges. Taresults of the AN%\_/‘A for each
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Table Il. One-way ANOVA results for pressure transmission area, maximum pressure
transmission, and modulus of elasticity

Source Sum of Squares df Mean Square F P

Pressure
transmission area

Between Groups 32 <.001
Within Groups

Total

Maximum pressure

transmission
Between Groups 109 <.001

Within Groups

Total

-
-

A

—

Modulus of elasticity :
|
A |

34649 11550 762 <.001

wmﬂﬂﬂ?ﬂﬂﬂﬁ%ﬂﬂﬂﬁ

Total | 35195" 39 Q/

Between Groups
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Percent pressure transmission areas calculated from the total pressure
transmission areas for each type of artificial denture tooth are shown in Table I1I.

Table I1. Percent pressure tran : / culated from total pressure transmission
areas (P) for allspemmen in d ngé

P>25 MPa
Type / Pressure

(High range)

AR 0.00%
MC 0.00%
NC 0.00%
CR 0.64%

NC ui,— ransferrec ""'4. e low range (62.15%
and 57.54%, resp’ five
l 61.63%). AR demonstrated about half in

intermediate range. E]I‘fﬂﬂ pressure transmlwn areas of the different pressure ranges

a“‘”ﬂﬁ%iﬂ‘ﬂﬂ%‘ﬁﬂﬁﬂﬂ‘i
AR AINIUNMINYINY

alf of the pressure in the

["

intermediate range. he low and half in the
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MPa=2.5 2.5>MPa20.5 MPa<0.5 [ 5 = mpa

g . 2.25 MPa
Acrylic resin

2.00 MPa

Micro-filled 1.75 MPa

composite

1.50 MPa

1.25 MPa
Nano-composite

1.00 MPa

Fig. 4. Representatived Ure'sheet fter analysis by so e in 3 different pressure
: gl ' ‘ ‘x_. 8 ranges).

A 0.64% pr vas observed only in the CR
group, whereas no pre sure bov 25 "yf‘ was fo he other groups. The total
pressure transmission areas, mea red—fromn ure-sensitive sheets of all types of

Micré

composite '

Nanocomposite

. Y .
Pl 14 i 2 ) 1) 3
. . L C )
. i ! r 1 | — 1 ]
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Pressure Tr‘smission Areas (mm2), QS

q orizontal bars show standar iation; bars with same letter are not significantly

different at P<.05).
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The total denture base area calculated by the size of the denture base specimen
was 225 mm? (15 x 15 mm). Means of the total pressure transmission areas observed on
the sheets ranged from 144.9 +17.8 mm? (CR group) to 201.3 +7.3 mm? (MC group). The

areas of colors developed on the sheet ]s nted the pressure transmission areas. MC

nich was significantly different from
ively). AR also demonstrated a

higher pressure transmi as not significantly different

from the MC group. ressure transmission area

Microfilled
composite resin

Nanocomposite |
resin

bars showstanI i deviation: bars .t"ﬁniﬁcantlydifferentat
P<.05). £

ighes pressu was statistically
differen % Q m ignificantly less

maX|mu ressure than MC (P<. 05) however, it was not S|gn|f|cantly different from the

@W} ﬁﬁ&d ke ﬁ“ﬁiﬁmﬁ I
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CHAPTER V

DISCUSSION

The results showed differences in presstire transmission and distribution with
artificial denture teeth made with different materials.and differences in the modulus of

elasticity of each type of denture tooth; therefore the null hypotheses were rejected.

Acrtificial denture teetih used in the present study were selected from the same
mold and manufacturegdn ansattempt to minimize the effect of the size and shape of the
specimens. In addition, the same type .of pressure-sensitive sheet was used in all tests;
therefore, pressure transmission aréas bet&yéen each type of denture tooth could be
compared. However, only in‘the CR group, which demonstrated pressure above 2.5 MPa,
was a higher pressuie range sheet (LW typi)) used to determine the maximum pressure
transmission. iy 4
o

A nanoindentation technigie-was chdé‘é‘rftp evaluate the modulus of elasticity of
each type of denture tooth. Fhis technique iiéfrﬁﬁle and reproducible for measuring
mechanical properties of small specimens (90)..*The_fefore, it was used for the modulus of
elasticity measurement in the present study. ‘Differences In pressure transmission and
distribution under-fhe impact force obtained from pressure-sensiti\)e sheets were clearly
demonstrated in the present study. When impact load occurred, pressure would be
transmitted through-the denture teeth and denture base layer before being transferred to
the residual ridges. LOw.pressure with wide distribution would be preferable, as there
would be-less force and’better pressure‘distribution to the supporting structures. Denture
base fabrication'in the present'study*was controlled to'be“the same in every specimen, and
the size and shape of denture teeth used were equalized. Therefore, the resultsscompared

anly the different toath materials.

Regarding pressure transmission, both NC and CR specimens demonstrated
pressure primarily in the low range (62.15% and 57.54%, respectively) (Table I11) and
significantly smaller pressure transmission areas than MC and AR (Fig. 5). Kawano et al.
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(9) suggested that impact values obtained from porcelain teeth with polymethyl
methacrylate (PMMA) resin may be less than porcelain teeth alone because there is no
bond between porcelain teeth and PMMA resin, so the impact may be dissipated at the
interface of the porcelain and PMMA. The results from the present study seemed to
support this explanation. However, when pressure distribution was considered in the
present study, a high stress concentration area in the CR.group was observed. Such stress
areas may result from a thin‘denture base supportarea:The results from the present study
suggested that adequate thickness of the denture base resin might act as a shock absorber
during impact when pokeelainsdeniure teeth were selected for removable prostheses.
Moreover, when interarch'space is limited, porcelain teeth might not be an appropriate
choice because it would berdifficultto provide adequate thickness for the PMMA denture
base resin. The MC group exhibited Iarger’p'nr'éssure transmission areas compared to the
NC group (Fig.5)«MC showed most of then-"brer_sure in the intermediate range (61.63%)
(Table I11) and alsg: presented significantiy higher maximum pressure transmission
compared to NC (Fig.6). This might.be a reéU_lt of the high modulus of elasticity of the

MC tooth material. .

The role of the modulus of elasticity of"'déhfi.ire tooth material is relevant because
it shows the ability of the material 10 flex (24fbe_nture teeth with a lower modulus of
elasticity may flex and absorrb the impact energy frz)m the impact force and transfer less
pressure to the underdying-siruciuies=—ti-the-pieseni-studys-the-HIghest maximum pressure
transmission wasobserved in the CR group, which might have resulted from the modulus
of elasticity of the CR teeth, which was highest (72.24 GPa) (Fig. 7). CR teeth were more
rigid and less flexible; therefore, they did not absorb much pressure, and the higher forces
were transferred jonto ithe“pressure:sensitive sheets: A similar-trendswas-found in the MC
group. The MC displayed the second highest pressure transmissian and maximum

pressure transfer and the second highest modulus of elasticity.

It is interesting to note that NC showed a higher modulus of elasticity than AR,
but NC still presented the lowest maximum pressure transmission. As reported by Zheng

et al. (13), numerous cavitations at the interfaces between nanoparticles and the resin
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matrix assisted in absorbing the impact. The impact energy was dissipated through these

interfaces, so as to increase the impact strength of the nanocomposite resin.

Pressure refers to the force per unit area. The pressure observed in the present
study was divided into 3 ranges: less than 0.5 MPa (5.1 kgf/cm?), 0.5 to 2.5 MPa (5.1-
25.5 kgf/cm?), and more than 2.5 MPa (>25.5 Kgi/eém?). Matsuo et al. (7) suggested that a
pressure of 27 to 68 g/cm’ caused fibroblasts toinerease the intracellular calcium which,
in turn, initiated the alveolar-bone remodeling. Bergetal:(5) reported that, to keep blood
circulation normal, eontinuous mechanical pressure higher than 1.3 kPa should not be
transferred to the demture-supporting tissues. The maximum pressure observed in the
present study was mueh higher than thes@e pressures. However, the size of the denture
base specimen was only' 225 mim? thus, 1'} had a limited area to absorb the pressure.
Therefore, maximum extension of .the denture bases within the anatomical and
physiological limits is fecommended to inc:nfgeaSé the supporting areas and minimize the
pressure. '

@i &7

Pressure transmission to the denturg’jh}%se in removable prostheses should be
equally distributed to avoid . high stress cqngei,rﬂation areas which may result in
discomfort, pain, inflammation-and bone reswptibn. From the results of the present
study, NC appeared to be a favorable artificial:den'tWe tooth material because it displayed
the best results within the measured parameters. NC presented Welrl distributed pressure,
the lowest pressu:?ef transmission, and the lowest maximum preésu,re transfer. CR should

be avoided when limited interarch space is presented.

A limitation of.the present study was that pressure transmission and distribution
were evaluated in vitro and under simplified modelsiwith anlya vertical-load application.
Therefore, future research should be aimed towards multidirectional force application

with conditions similar to those of the.oral environment.



CHAPTER VI

CONCLUSIONS

Within the limitation .,_ i I llowing conclusions were drawn.

1. Maximum pressure trans \4._ /ith ce ' th was significantly higher as

— -

compared to all other groups(P<

2. Significant differeq bser ed among all 4 types of

denture teeth (P<.0G € ted significantly highest
values, followed by microfilied’ composite resin, nanoc site resin, and acrylic

resin (P<.001) dentlire

ﬂ‘UEJ’JVIWITWEﬂﬂ‘S
ammmmumawmaﬂ



1)

()

3)

(4)

Q)

(6)

(7)

(8)

9)

REFERENCES

Tallgren, A. The continuing reduction of the residual alveolar ridges in complete
denture wearers: a mixed-longitudinal study covering 25 years. J Prosthet
Dent. 27 (1972): 120-132,

Campbell, R.L. A comparative study of the resorption of the alveolar ridges in
denture wearers and non-demture-wearers. J Am Dent Assoc. 60 (1960):
143-153.

Mori, S., Sato, TaHarayT., Nakashima, K.,.and Minagi, S. Effect of continuous

pressure o histopathological"[ changes in denture-supporting tissues. J Oral
Rehabil: 24 (#997): 87-46. .

Sato, T., HaragT., Mo, S., ShiraiLH., and Minagi, S. Threshold for bone
resorption indueed by. continugus.and intermittent pressure in the rat hard
palate. JdDentRes. 77 (1998): 3%]-392.

Berg, T. Jr., Chase, WeW.; and*Ray; K Denture base pressure tests. J Prosthet
Dent. 17/(1967): 540-548, /.

Zarb, G.A., Bolender, C.L:, and Carlsson, -G;i'?:".' Boucher’s prosthodontic treatment
for edentulous paﬁents. Tith-ed: le:liSZ Mosby; 1997. p. 20.

Nakago-Matsuo, C.; Matstio; T., and Nakago; T. Intracellular calcium response to

hydraulic pressure in human periodontal Iigament‘ﬂbr,oblasts. Am J Orthod
Denfdfac Orthop. 109 (1996): 244-248. '

Suzuki, S., Sakoh, M., and Shiba, A. Impact resistance of highly crosslinked plastic
denture teeth. J Biomed Mater Res. 24 (1990): 1661-1671.

Kawano, F., Ohguri; T., Ichikawa, T..“Mizuno, I, and Hasegawa, A. Shock

absorbability. and hardness of commercially available denture teeth. Int J
Prosthodont. 15 (2002): 243-247.

(10) Suzuki, S. In vitro wear of nano-composite denture teeth. J Prosthodont: 13 (2004):

238-243.

(11) Ghazal, M., Albashaireh, Z.S., and Kern, M. Wear resistance of nanofilled

composite resin and feldspathic ceramic artificial teeth. J Prosthet Dent. 100
(2008): 441-448.




36

(12) Ghazal, M., Hedderich, J., and Kern, M. Wear of feldspathic ceramic, nano-filled
composite resin and acrylic resin artificial teeth when opposed to different
antagonists. Eur J Oral Sci. 116 (2008): 585-592.

(13) Zheng, Y., Zheng, Y., and Ning, R. Effects of nanoparticles SiO, on the
performance of nanocomposites, Mater Lett. 57 (2003): 2940-2944.

(14) Inoue, S., Kawano, F., Nagao, K., and Maistumoto, N. An in vitro study of the
influence of ‘ocelusal scheme on-thepressure distribution of complete
denture suppoiting tissues. Int J Prosthodent. 9 (1996): 179-187.

(15) Ohguri, T., Kawaney F., dchikawa, T., and Matsumoto, N. Influence of occlusal

scheme ongthe jpressure di\Ftribution under a complete denture. Int J
Prosthedont. 42 (1999): 353-358.

(16) Kubo, K., et ak Developme‘nt of 1n vivo measuring system of the pressure
distribttions under fthe dentu?e base of removable partial denture. J
Prosthodnt Res. 53 (2009): 15:21.

(17) Kawano, F., Nagao, K.;. lnoue, S., and Matsumoto, N. Influence of the

buccolingual position of artificiaj‘ljposterior teeth on the pressure distribution
on the supperting tissue under gs-c;%rpplete denture. J Oral Rehabil. 23
(1996): 456-463. —

(18) Watson, C.J., and Huggeit, R. Pressurés"-}eborded at the denture base-mucosal

surface interface in complete denture wearers. J Oral. Rehabil. 14 (1987):
575-589.

(19) Masri, R., Driscoll, C.F., Burkhardt, J., Von Fraunhofer, A., and Romberg, E.
Pressure generated on a simulated oral analog by impression materials in
custom trayS-of different designs."d.Prosthodont. 11 (2002): 155-160.

(20) Al-Ahmad, Ay Masri, R., Driscoll, |C.F., Von Fraunhafer, J., and Romberg, E.
Pressure generated on a simulated mandibular oral analog by impression
materials in custom trays of different design. J Prosthodont. 15.(2006): 95-
1041.

(21) Miyaura, K., Matsuka, Y., Morita, M., Yamashita, A., and Watanabe, T.
Comparison of biting forces in different age and sex groups: a study of



(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

37

biting efficiency with mobile and non-mobile teeth. J Oral Rehabil. 26
(1999): 223-227.

Miyaura, K., Morita, M., Matsuka, Y., Yamashita, A., and Watanabe, T.
Rehabilitation of biting abilities in patients with different types of dental
prostheses. J Oral Rehabil. 27 (2000): 1073-1076.

Ng, T.W., and Yeong, W.K. Inexpensive color evaluation of dye-based pressure-
sensitive films for plantar studies. J Biomech. 38 (2005): 2130-2133.
Powers, J.M., and Waiaha, J.C. Dental materials: Properties and manipulation. 9th

ed. St.LouisaMoshy; 2008. p. 27-28.

Sharma, A.K., and#Mirza, FD. Plalatal mucosa under dentures: A qualitative
histolggic and histochemical anaIyS|s J Prosthet Dent. 56 (1986): 574-582.

Nedelman, C., Gamey, S, and Bernlck S. The alveolar ridge mucosa in denture
and non-demturgwearers. J Prqlsthgt Dent. 23 (1970): 265-273.

Jani, R.M,, and/Bhargava, K. ‘A hist{ﬁl‘ogﬁic comparison of palatal mucosa before
and after wearing complete denf—g]’r:?es.dg Prosthet Dent. 36 (1976): 254-260.

Razek, M.K.A., and Shaabaﬂn_,nﬁN.A. H,[Et?fhemical and histopathologic studies of
alveolar mugosa J‘u“nde[ complete gen}t%es. J Prosthet Dent. 39 (1978): 29-
36. —

Krajicek, D.D., Dooner; J:; and Porter, I:Q""Cbservations on the histologic features

of the human edentulous rldge Partl Mucosal eplthellum J Prosthet Dent.
52.(1984): 526-531. - ,

Watson, 1.B." The effect of complete dentures on oral mucosa. J Dent. 6 (1978):
171-178.

Atasever, N.E.,"Ercan, M.T., Naldoken,"S:; and Ulutuncel, N. Effect of wearing

complete dentures on human palatal mucosal bload flow measured by ***Xe
clearance. Archs oral Biol. 36 (1991): 627-630.

Hara, T., Sato, T., Nakashima, K., and Minagi, Si=Effect of occlusal pressure on the

histopathalogical changes In denture supporting tissues. J Oral Rehabil. 23
(1996): 363-371.




(33)

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

38

Mori, S., Sato, T., Hara, T., Nakashima, K., and Minagi, S. Effect of continuous
pressure on histopathological changes in denture-supporting tissues. J Oral
Rehabil. 24 (1997): 37-46.

Sato, T., Hara, T., Mori, S., Shirai; H., and Minagi, S. Threshold for bone
resorption induced by continuous and: intermittent pressure in the rat hard
palate. J Dent Res. 77 (1998): 337-892"

Ohara, K., Sato, T., Imai; Y., and Hlara, T.-~Histomorphometric analysis on bone
dynamics in_denture supporting tissue under masticatory pressure in rat. J
Oral Rehahii#28 (2001): 695-701.

Imai, Y., Sato, T.,Moriy'S,, and Okﬁamoto M. A histomorphometric analysis on
bone_dynamies in denture supportlng tissue under continuous pressure. J
Oral Rehabil. 29 (2002) 72-79:

Ackerman, JiL., Cohen, J.,;and Cohen,l M.l. The effects of quantified pressures on
bone. A J Ofthadontics' 52 (1966): 34-46.

Nakashima, K., Sato, T., Hara, T, ar_;d___.M_inagi, S. An experimental study on

histopathelogical changes in thé tissue covered with denture base without
occlusal pressure.J.Oral Rehabil. 21 (1994) 263-272.

Carlsson, G.E. Responses efjawbone te:pfessure Gerodontology. 21(2004): 65-
70. -

Kalk, W., and Baat, C. Some factors connected with alveolar bone resorption. J
Dent; 17 (1989): 162-165.

Zarb, G.A. Prosthodontic treatment for edentulous patients : Support mechanism
for complete dentures. 12th ed. St.Louis: Mosby; 2004. p. 10-14.

Cutright, D.E., Brudwvik, J.S., Gay, W.D’;.and Selting, W.J. Tissue pressure under
complete maxillary dentures. J Prosthet Dent. 35 (1976): 160-170.

Atwood, D.A., and Coy, W.A. Clinical, cephalometric, and densitometric study of
reduction of residual ridges. J Prosthet Defit: 26 (1971): 280-293.

Atwood; D.A, Some clinical factars related ta rate of resorption of residual ridges.

J Prosthet Dent. 12 (1962): 441-450.




(45)

(46)

(47)

(48)

(49)

(50)

(51)

(52)

(53)

(54)

(55)

(56)

(57)

39

Campbell, R.L. A comparative study of the resorption of the alveolar ridges in
denture-wearers and non-denture-wearers. J Am Dent Assoc. 60 (1960):
143-153.

Jozefowicz, W. The influence of wearing dentures on residual ridges: A
comparative study. J Prosthet Dent 24 (1970): 137-144.

Tautin, F.S. Should dentures be worn:/centinuously? J Prosthet Dent. 39 (1978):
372-374. 2

Tallgren, A. Alveolarbone loss in denture Weareis as related to facial morphology.
Acta Odont.Seand#258/(1970): 251-270.

Tallgren, A. The gontinuing reduction of the residual alveolar ridges in complete

denture weaters: A mixed- Iongltudlnal study cowvering 25 years. J Prosthet
Dent. 27(1972): 120- 132, -

Fenton, A.H. Prosthodontw_treatmeﬁt for edentulous patients : Selecting and

arranging prosthetic teeth and (?lcclt'jsion for the edentulous patient. 12th ed.
St.Louis: Mosbys 2004. p. 298. . J d

Appelbaum, M. Theories of posterlor t-ooth selection: Porcelain versus acrylic.
Dent Clin N Am. 28 (1984) 299- 306

Powers, J.M., and Sakaguchl == Crarq:s Restoratlve dental materials. 12th ed.
Philadelphia: Mosby Elsevier; 200@. p...544-546.

Phoenix, R.D. Phillips’Science of dental materials : Résin teeth for prosthetic

appljbétions. 11thed. St.Louis: Elsevier Science; 2003; p. 754-756.

Diwan, R.R. Prosthodontic treatment for edentulous patients : Materials used in the
fabrication of prosthetic denture teeth. 12th ed. St.Louis: Mosby; 2004. p.
195-198:

Ogle, REE., David, L.J.,’and-Ortman, H:R. Climical wear study of a new tooth
material: Partll. J Prosthet Dent. 54 (1985): 67-75.

Shahdad, S.A., McCabe, J.F., and Wassell, R.Wi=Developments in denture teeth to
prevent softening by food salvents. J Mater Sci: Mater Med. 18 (2007):
1599-1603.

Suzuki, S. In vitro wear of nano-composite denture teeth. J Prosthodont. 13
(2004): 238-243.




40

(58) Coffey, J.P., Goodkind, R.J., Delong, R., and Douglas, W.H. In vitro study of the
wear characteristics of natural and artificial teeth. J Prosthet Dent. 54
(1958): 273- 280.

(59) Whitman, D.J., McKinney, J.E., Hinman, R.W., Heshby, R.A., and Pelleu, G.B. In
vitro wear rates of three types oficommercial denture tooth materials. J
Prosthet Dent. 57 (1987): 243-246:

(60) Abe, Y., Sato, Y., Akagawa, Y., and,Ohkawa; §-An in vitro study of high-strength
resin posterior.denture tooth wear. Int J Prosthodont. 10 (1997): 28-34.

(61) Hirano, S., May, KuB., Wagner, W.C., and Hacker, C.H. In vitro wear of resin
denture teethe™J Rrosthet Den‘L 79 (1998): 152-155.

(62) Von Fraunhofer, J. A., Razavi, R., and Khan, Z. Wear characteristics of high-
strength dentuge teeth. J Prosthet Dent 59 (1988): 173-175.

(63) Zeng, J., Sato, Y., Ohkubo, C., and qusoh'_l'. In vitro wear resistance of three types
of compgsite resin denture teetrf. J 'Prosthet Dent. 94 (2005): 453-457.

(64) Schwartz, J.1., and Soderholm, .M. -l_%tfecgs of filler size, water, and alcohol on

hardness and Iaboratoruyj Wear of~"fqrgndtal composites. Acta Odontol Scand. 62
(2004): 102-106. . =Tl

(65) Kawano, F., Ohguri, T., dchikawa, T., Mizuno, I., and Hasegawa, A. Shock
absorbability and-hardness of cdﬁﬁﬁefcially available denture teeth. Int J
Prosthodont. 15 (2002): 243-247. :

(66) Frank, R.P. Analy5|s of pressures produced during maX|IIary edentulous impression
procedures. J Prosthet Dent. 22 (1969): 400-413.

(67) Rihani, A. Pressures involved in making upper edentuloUs impressions. J Prosthet
Dent. 46'(1984): 610-614.

(68) Watson, C.J.,-and Huggett R. Pressures recorded at the denture base-mucosal

surface interface in complete denture wearers. J Oral Rehabil. 14 (1987):
575-589.

(69) 'Masri, Ry Driscoll;, C.F.,/ Burkhardt, Ji,' Von Fraunhofery A., and ‘Romberg, E
Pressure generated on a simulated oral analog by impression materials in
custom trays of different designs. J Prosthodont. 11 (2002): 155-160.




(70)

(71)

(72)

(73)

(74)

(75)

(76)

(77)

(78)

41

Al-Ahmad, A., Masri, R., Driscoll, C.F., Von Fraunhofer, J., and Romberg, E.
Pressure generated on a simulated mandibular oral analog by impression
materials in custom trays of different design. J Prosthodont. 15 (2006): 95-
101.

Komiyama, O., Saeki, H., Kawara, M., Kobayashi, K., and Otake, S. Effects of
relief space and escape holes en.pressure characteristics of maxillary
edentulous impressions. J Presthet Dent:91(2004): 570-576.

Suzuki, T., Kumagai,H:; Watanabe, T., Uchida, T., and Nagao, M. Evaluation of

complete demture.ocelusal contacts using pressure-sensitive sheets. Int J
Prosthodont#10 (4997): 386-?191.

Harada, K., \Watanabe, M., Ohkura, K., and Enomoto, S. Measure of bite force and
occlusal 4€ontact Jarga " hefore '.éind after bilateral sagittal splint ramus
osteotomy 4of the ‘mandible lesir]g a new pressure-sensitive device: A
preliminary report. J Oral Maxi'l!ofac Surg. 58 (2000): 370-373.

Ohkura, K., Harada, K ; Morishima, S., and Enomoto, S. Changes in bite force and

occlusal gontact area after orthogg_athic surgery for correction of mandibular
prognathism.= Oral Surg Oral Med;HQral Pathol Oral Radiol Endod. 91
(2001): 141-145. —

Alkan, A., Arici, S., and-Sato; S. Bite:”fc)r"ce- and occlusal contact area changes

follewing mandibular widening using distraction -0steogenesis. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod. 101 (2006): 432-436.
Karibe, H, Ogata, K., Hasegawa, Y., and Ogihara, K. Relation between clenching

strength and occlusal force distribution in primary-dentition. J Oral Rehabil.
30 (2003): 307-311.

Yamada, K., “Hanada, K., Sultana, M.H., Kohno, S., and Yamada, Y. The
relationship between frontal facial morphology and occlusal force in
orthodontic patients with temporomandibular disorder. J Oral Rehabil. 27
(2000):413-421.

Sultana, M.H., Yamada, K., and Hanada, K. Changes in occlusal force and occlusal

contact area after active orthodontic treatment: a pilot study using pressure-
sensitive sheets. J Oral Rehabil. 29 (2002): 484-491.



42

(79) Hidaka, O., Iwasaki, M., Saito, M., and Morimoto, T. Influence of clenching
intensity on bite force balance, occlusal contact area, and average bite
pressure. J Dent Res. 78 (1999): 1336-1344.

(80) Kurita, H., Ikeda, K., and Kurashina, K. Evaluation of the effect of a stabilization
splint on occlusal force In patienis with masticatory muscle disorders. J
Oral Rehabil. 27 (2000): 79-82.

(81) Sondang, P., Kumagai, H.; Tanaka, E., Ozaki;"H., Nikawa, H., Tanne, K., and
Hamada, T. .Cerrelation between maximum bite force and craniofacial
morphology.ef young adults in Indonesia. J Oral Rehabil. 30 (2003): 1109-
1117. ‘"I

(82) Matsuyama, M, Tsukiyama, Y., Tomioka, M. and Koyang, K. Clinical assessment
of chewing function” of obt'.L'J'rator prosthesis wearers by objective
measurement ofimasticatory pe_;ffo[mance and maximum occlusal force. Int
J Prosthadonty19 (2006)253-257.

(83) Hashimoto, M., Yamanaka, K. Shimos;\'tp, 1., Furuzawa, H., Tanaka, H., Kato, H.,
Ozawa, A., Sakali, T.,ne}nd Nogqgt;!i,d T. Oral condition and health status of
people aged 80-85 years. Ceriatr gergqtol Int. 6 (2006): 60-64.

(84) www.fujiprescale.com (accessed December—i“:2009)

(85) Glaser, F.E., Gorab, R:S.;-and Lee, T.Q.:Edﬁé loading of patellar components after
total-knee arthroplasty. J Arthoplasty. 14 (1999): 493-499.

(86) Patterson, R;.',TPogue, D., and Viegas, S. The effects of ti‘mre,and light exposure on

contact and pressure measurements using Fuji prescale film. lowa Orthop J.
17 (1997): 64-69. '

(87) Haraldson, T., Karlssen, U., and Carlsson,.G.E. Bite force and oral function in
complete denture wearers. J Oral Rehabil. 6+(1979): 41-48.

(88) Heath; M.R. The effect of maximum biting force and bone loss upon masticatory
function and dietary selection of the elderlyInt Dent J. 32 (1982): 345-356.

(89) /Tzakis, M.G, Osterberg, T., and Carlsson, G.E. A study of some masticatory
functions in 90-year old subjects. Gerodontology. 11 (1994): 25-29.




43

(90) Mahoney, E., Holt, A., Swain, M., and Kilpatrick, N. The hardness and modulus of
elasticity of primary molar teeth: an ultra-micro-indentation study. J Dent.
28 (2000): 589-594.

AULININTNEINS
AR TUNN NN Y



AULININTNEINS
AR TUNN NN Y



APPENDIX

Contents

Statistical analysis for differer

Statistical analysis for differenc

——

Statistical analysis fo

| -
i ' i¥

AU INENINYIN
MIAINTUNNING

9
188

45



Statistical analysis for differences in pressure transmission areas

Descriptives
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Tvpe Statistic Std. Error
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3.00 Mean 1702000 5.91946

95% Confidence Interval Lower Bound 156.8093

for Mean Upper Bound 183.5907

A% Trimimed Mean 169.7222

Median 171.0000

Yariance 350,400

Std. Deviation 18.71897
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Statistic if df2 Sinl.
4774 3 36 xaar




ANOWA
Fress area
Sum of
Squares df Mean Sguare F 3ig.
Eetween Groups 19133.274 a B37T. 758 32.271 .0oo
Within Groups 7114.700 26 197 631
Total 26247975 a5
Rohust Tests of Equality of Means
Fress area
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Post Hoc Tests

Multiple Comparisons

Press_area
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i Type & Twoe ] Std. Errar Sig. Lower Bound | Upper Bound
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* The mean difference is significant at the 0.05 level.
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Statistical analysis for differences in maximum pressure transmission

Descriptives
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Tupe

Statistic

St Error
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3.00 Mean 2.2260 11594
Q5% Confidence Interval Lowear Bound 1.9637
for Mean Upper Bound 24883
5% Trimmed Mean 22178
Median 2.21580
Variance 134
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* Thig'is a lower bound ofthe true significance.

Test of HoOmogeneity of Variances

hlax press
Levene
Statistic df df? Sif.
836 3 36 483
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ANOWVA
Max press
Sum of
Suares f hMean Sguare F Sin.
Between Graups 32184 10.730 109.463 .0oo

Within Groups
Total

Max_press
Tukey HSD
(0 Twpe G5 Tyoe |
1.00 2.00
3.00
4.00
2.00 1.00
3.00
4.00
3.00 1.00
2.00
4.00
4.00 1.00

3.529

S :
=1 4D 01

AT

098

AT

onfidence Interval

o~ | |,
_‘ ]_&_-E'EE!III__E!IIII-—IIIII-ﬁ’ 'r_f 4

ul,-;h’

* The frean dwn B s
|

) Lipper Bound

- 5451 2081
B33

-1.6359

-.2081 5461
0478 8021
-2.2211 -1 4569
- 5331 1211
-.8021 -.0479
-1.5919

2.3901

o 2.2211
SV 2 G461

{

AU INENINYINS
RN TUNRINYINY

51



Statistical analysis for differences in modulus of elasticity

Descriptives

52

Tuvpe

Statistic

Std. Error

Modulus  1.00 Mean :
95% Confidence

1-

2000

fe dia
Variange -
Std. Deviatighs o <
Minirum

Maximu a'— AT _I
S ey, ~'Il

3.4800
3.4722
3.5078
3.4894
3.4800
0o
02404
2.45
3.54

007ag

BET
1.334

06435

BaT
1.334

AULININTNEINS

AMIAN TN INAE



3.00 Mean 3.7580 3043
Y5% Confidence Interval Lower Bound 3.68492
for Mean Upper Bound 38268
A% Trimmed Mean 3.TGOG
Median 3.75850
Yariance 004
Std. Devigtion 09624
Minirricin 3.59
bl axirmLi 3.88
Fanne 29
[nterguartile Fange 6
Skewness -.301 BETY
Klrosis -1.064 1.334
4.00 hlean T2.2430 246063
5% Canfidence [nterval Lowwer Bound FE.6TET
for Ligem Upper Bound 77.8093
5% Trignmed Mean F2.3039
Median ¥1.82480
Yarance B0.547
Std. Deviatian TR
hinigaL a7.92
bl LR 2547
Fange 27845
Interguartile’ Fange 912
Skewness -.028 BETY
kurtosis B13 1.334
Tests of Normality
kolmogorow-Smirnoyd Shapice=byilk
Tvpe Stafistic df Sii. : Stafistic df Sig.
Modulus  1.00 44 10 200 65 10 .Bas
2.00 186 10 200 475 10 430
3.00 203 10 200 A 10 362
4.00 64 10 Pelniij v 3 10 A13
a. Lilliefors SionificancesZorrection
* Thig is a lower bound of the true significance.
Testaf Homogeneity of Variances
Modulus
Levane
Statistic dif1 df2 Sig.
11.043 3 36 000
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ANOWA
Modulus
Surm of
Suares f Mean Square F Sin.
Between Groups J4648.3449 i 11548.783 TE2.372 .0oo
Within Groups 45393 36 15.1460
Total 35194 742 34
Robhust Tests of Equality of Means
Modulus
Statisticad df f2 Sig.
Browin-F orsythe CEEAT 3 9014 Qoo

a. Asymptotically F distibuted.

Post Hoc Tesis

Multiple Comparisons

Modulus
Tamhane
H45% Confidence Interval
ldean
Difference (-

i Twvpe i Twpe Ji . Sid, Errar Si. Lower Bound | Upper Bound
1.00 2.00 -2.16300 JE535 0o -2.3803 -1.9457
3.00 - 26800 03144 0o -.3r0z -. 1658
4.00 -G8 75300° 2. 46065 200 -T6.9931 -60.5078
2.00 1.00 2.16300° JE534 00 w8457 2.3803
3.00 1.89500" T TES 0o 1=B72A 21174
4.60 -GE.59000° 246148 0o -T4.8350 -58.34480
3.00 1.00 2EE00° 03144 00 1658 Ar0z
2.00 -1.89500° L7166 0o -21174 -1.6724
4.00 -G8 485007 246082 0o -TEY3M -60.23498
4.00 1.00 B8 753007 246065 00 E0.50749 76.9981
2.00 FE.59000° 246149 00 58,3450 74,8340
3.00 EB.48500" 246082 L00 F0.23589 TE.73M

*. The mean difference is significant at the 0.05 level.
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