=
S
S

g
LORIAM

Loyola University Chicago

OWIW-AvV §

e Loyola eCommons
Master's Theses Theses and Dissertations
1971

The Effect of Eugenol and Eugenol-Containing
Root Canal Sealers on the Microhardness of
Human Dentin

Glenn M. Biven
Loyola University Chicago

Recommended Citation

Biven, Glenn M., "The Effect of Eugenol and Eugenol-Containing Root Canal Sealers on the Microhardness of Human Dentin"
(1971). Master's Theses. Paper 2536.
http://ecommons.luc.edu/luc_theses/2536

This Thesis is brought to you for free and open access by the Theses and Dissertations at Loyola eCommons. It has been accepted for inclusion in

Master's Theses by an authorized administrator of Loyola eCommons. For more information, please contact ecommons@luc.edu.

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 License.
Copyright © 1971 Glenn M. Biven



http://ecommons.luc.edu
http://ecommons.luc.edu/luc_theses
http://ecommons.luc.edu/td
mailto:ecommons@luc.edu
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/

THE EFFECT OF EUGENOL AND EUGENOL-CONTAINING ROOT
CANAL SEALERS ON THE MICROHARDNESS OF HUMAN DENTIN

Covy
B’.ven. B.S., ‘DcDoSvo

A .Thesis Submltted to ,the Faculty of the Graduate School
of Loyola Unlvérm zty‘ m Partial Fulfillment of

| ‘ ent for the Degree of

‘“Ipter,_of Science

‘f-nay._1971‘

RPR—




CURRICULUM VITAE

Glenn Mamo Biven was born in Honolulu; Hawaii on the 4th
day of July 1935. He attended Iolanl School in Honolulu, and
graduated in June, 1954,

After four years at Creighton University College of Arts
and Sclences, Omgha. Nebraska, he received his Bachelor of
Sclence degree in June, 1958, and entered Creighton University
School of Dentistry that fall. He graduated from the dental
school in June, 1962, with the degree_of'Doctor of Dental
Surgéry.

Following graduation from dental school, he entered the
United States Army Dental Corps and has served at Fort Lewls,
Washington; Seoul, Korea; and Fort Sam Houston, Texas. In
1969, he was accépted to the Graduate School, Loyola University
matriculating in the Department of Oral Biology, and to the
Department of Endodontics as a resident.

He 1s a career officer in the United States Army with the

rank 6f Ma jor.

11




DEDICATION

To my wife, Lucille, and my children, Petrina and Gentry,

whose loyal support and sacrifices have contributed to my goals.

To my mother, Carnation K. Biven, for her love, encourage-

ment, and inspiration in making this all possible.

111

R L 3

AR P A et

.



ACKNOWLEDGEMENTS

It 18 with sincere apprecilation that I thank my research
advisor Mahendra S. Bapna, Ph.D. for his untiring guidance
and encouragement in the preparation of thls thesis,

I am especially grateful to Michael A, Heuer, D.D.S.,
M.S., for proposing certain ideas which culminated in the
concept for this investigation. His undaunted efforts and
assistance is accepted with deepest gratitude.

My gratitude to Marshall H., Smulson, D.D.S., Chairman,
Department of Endodontics, and the members of the faculty of
the department for.thelrvencouragement and immeasurable con-
tributions to my education.

I am grateful to my superior officers in the United States
Army Dental Corps who made poééible ny attendance to this in-

stitution of advanced education programs,

iv

A

3
S



CHAPTER
I.
II.

III.

Iv,

VI.

TABLE OF CONTENTS

Page
INTRODUCTION ......Q..QO.‘.0.0.I.......OQ 1
REVIEW OF THE LITERATURE ecevcecccccscscees 5

A. 2Zinc Oxide and Eugenol Cements
B. Root Canal Cements or Sealers

METHODS AND MATERIALS evecccocosscnccanss 24
A, Selection and Preparation of Specimen

B. Method of Microhardness Evaluation

C. Materials Utilized to Affect Dentin

D. Procedure for Determination of Values
RESULTS‘.’...........;..'................ 3“
DISCUSSION .....l'.O..'O..OO.........0.0; 47
SUMMARY .0......‘..?0...0...:000.‘..'...0. 55

HEFERENCES '.’......'."O..A..l..........C 56




e

LIST OF TABLES

Table Page

1 Mean Comparative Microhardness Deter-
minations (KHN) of Control Teeth ..... 35

2 Typical Rows of Microhardness Values
. ut11121n8 EugenO].v se0eesecrssssecsecae 37

3 Mean Comparative Microhardness Deter-
minations (KHN) utilizing Eugenol .... 38

4 Typical Rows of Microhardness Values
utilizing Proco~Sol Radlopaque
Silver Cement ccecessccescesccoscsesses 39

5 vMean Comparative Microhardness Deter-
minations (KHN) utilizing Prococ-Sol
Radiopaque Silver Cement eceeeeoesceccss 40

6 Typical Rows of Microhardness Values
utilizing Kerr Root Canal Sealer ..... 42

4 Mean Comparative Microhardness Deter-
minations (KHN) utilizing Kerr Root
c&nal Sealer T EEEEE RN N A N I A IS A BN A Y ) uj

-8 Summary of Mean Comparative Microharde
ness Values (KHN) of Human Dentin
due to Eugenol and Eugenol-contain-
ing Root Canal Sealers .ccececessccssee 45

9 Statistical Analysis Utilizing the

t-Test Evaluation of Microhardness
Increase of Affected Dentin ..eeceeec.. 46

vi




CHAPTER 1
INTRODUCTION

Through the years, men especially versed in the field of
endodontics have been concerned with the perplexity of exactly
obliterating a root canal., It is a most important phase in
endodontic therapy that the root canal space be entirely filled
with some inert and hermetically sealing agent to attaln
success,

Ingle1 simply states that: "The primary objective of
operative endodontics must be the development of a fluid-tight
seal at the apical foramen, and totai obliteration of the root
canal space.” This idea of a totally obliterating and hermet-
1cally sealing the root canal has been expressed by many
authorsz'B'h'5'6 in a number of ways.

Grossmane'has characteflzed the various acceptable fill-
ing materials as cements, pastes, plastics, and solids.

Currently, the methods most frequently employed to rill
root canals involves the combination of a bulk filling materi-
al consisting of a rigid or plastic pqint used in conjunction
with a cement or sealer., Whether or not the cement or sealer

1tself would bring aboﬁt thé hermetic seal 18 not a matter of




conjecture, for it is the combination that properly fills

the root canal,

The requirements and characteristics of a good root canal

6

cement has been enumerated by Grossmen  and Sommer et a1.9

as follows:
1) It should be tacky when mixed to provide
good adhesion.
2) It should provide a hermetic seal.
3) It should be radiopaque,
k) It should be tissue tolerant,
5) It should be bacteriostatic.
6) It should not shrink.
7) It should set slowly.
8) It should be insoluble in tissue fluids.
9) The powder particles should be very fine
for easy nmixing.
10) It should be soluble in a common solﬁent for
easy removal if ﬁecessary.

The ideal root canal cement or sealer that will satisfy
all these requirements has yet to be formulated. For the
various commercially available root canal sealers, there are
no set standards of quality or performance with which they

must comply. Root cansl sealers are currently outside the




scope of the Food and Drug Administration of the Federal
Government and do not come under the auspices of eilther the
Council on Dental Therapeutics or the Bureau of Materials and
Devices of the American Dental Assoclatlion, although the
latter body may at some future date concern itself with the
physical properties of root canal sealer, if not their histo-
pathological potentials, In general, very little basic re-
éearch preceeds the introduction of a root canal sealer into
the dental market place, and it is up to the consumer to dis-
cover the discrepancies between promotional patter and clini-
cal performance, and then attempt to compensate for short-
comings in the different products that they desire to utilize.
The majority of the studies of root canal sealers deal
with connective tissue responses to them, and a limited number
of the investigations have been concerned with the physical
propertlies of root canal sealers. Thils study will undertsake
the investigation of an'unknown property of root canal sealers,
It is the purpose of this study to determine the effect(s)
that eugenol and eugenol-contgining root canal sealers have
on sound dentinal surfaces. By means of comparative micro-
hardnesses of pretreated and posttreated dentinal surfaces of
the root, the effects of varlous sealers will be measured by

determinating the alteration these materials produce in the




hardness of dentin,




CHAPTER 2
LITERATURE REVIEW

During the past two decades, tremendous strides have been
made in the scientific approach to endodontics. At the Second
International Conference on Endodontics held in Philadelphia
in 1958, Ingle and LeVlne10 demonstrated the fact that there
was a total absence of true formulation of endodontic instru-
ments and filling materials alike. The analysis of their
reported data led the way to the resolutioﬁ of some of the
ma jor problems relating to the uniformity of sizing in endodon-
tic instruments and solid core filling materials. We are
currently aporoaching a point of ultramodern refinement of the
degign and construction of the instruments required in the
practice of endodontics, but we have yet to begin resolving
the problems relating to endodontic filling materials.

The clinical methods of preparing the pulpal space for
recelving a root canal filling material, the method of bacte-
rial control, and the method of obliterating the root canal
are mény and varied, and are justifiably so. As Grossman11

reminds us, the fact that there are several methods of filling
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canals 1s 1n itself an indication that no one method will
suffice in all cases. The canals may be wide or narrow, long
or short, round or ovold, straight or curved, and all combina-
tions thereof. The methods used in arriving at a good root
f111 may be considered immaterial provided the pulpal space

1s totally seasled and obliterated.

There have been many materiasls, literally hundreds, used

s e

in the attempt to find the root canal filling materlal ideal

€

for all circumstances, Grossman gives a partial list of

these that runs the gamut from amalgam to wood. Coollidge and

Kesel13 groups the root canal filling materials into:
1) Antiseptics combined with a vehicle.
2) Cements and plastic materials.
3) Gutta-percha used separately or in combilnation
with other substances.

4) Metals.

Grossman has stated in 196311" and in 196!56 that the next
great advance in endodontics wlli be in the field of root §
canal filling: a more simple and accurate filling material. ‘
Slnce.that time, there have been no major advances in this areaf

The use of a solid or plastic point in combination with a
cementing material is by far the most popular means of obliter- :

ating s root canal at present (1971). Whether the more uni-
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versally used gutta-percha cone or the less acceptable silver
cone is used, it 1s felt by most practitioners that these
points alone do not adequately seal a root canal and they

must be used in conjunction with a sealer or cement,

The need for a root canal sealer or cement can be clearly
shown when one looks at cross-sections of the roots of teeth
prepared for filling. The normal irregularities of the pulp
canal are almost never complétely eliminated during the canal
preparation. Hagal6 in 1967 pointed out that at 2mm. and 6mm.
levels from the apex, the root canal files cut only on three
walls of many of the root canasls he studied. Gutlierrez and
Garcla17 demonstrated through mlcroscopic and macroscopic in-
vestigations that a high incldence of prolongations of the root
canal, closely resembling the fins of a fish, were never
touched by the root canal instrumentation, The occurrence of
transverse or horizontal intra-radicular canals may persist
and may interconnhect the normally occurring central root
canals at varying levels of the tooth. Accessory canals also
ocour at different levels of the root, and they communicate
with the periodontal ligament, Employing sealers or cements
faclilitates the complete obliteration of these internal irreg-
ularities in pulp canal anatomy found in many teeth.

The history of root canal cements goes back to 1856, when
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Soreln'13 introduced a cement consisting of a saturated solu-
tion of magnesium chloride and magnesium oxide, In 1883, Sir
John Tomesl1 recommended using paraffin as a root canal filler.
Paraffin was easy to use, but it tended to shrink. In 1920,
Brady18 used a neo-balsam sealing agent which he claimed
neither shrunk nor sbsorbed moisture. In 1929, Grovel? em-
ployed the use of "neutrolite®™, a carbolated resin which he
described as being an impervious liquid sealer which hardens

0 utilized a mate~

at body temperature. Also in 1929, Buckley2
rial called "dentinoid"™, a2 physical mixture of calcium phos-
phate, barlum sulfate, with resins and éntiseptics added to
provide more‘plasticlty when used in combination with lead
points. In 1931, Rlckert21 formulated a zinc oxlde-eugenol
cement which is still available commercially, and widely used
in clinical practice. .Iﬁ 1936, Grossman?? developed a cement
conslisting of zinc oxide, Staybellte resin, and silver. Both
the Crossman and Rickert sealers met most of the postulated
requirements of the ideal root c~nal sealer. Schmitt23‘1ntro-
duced a polyvinyl resin, Diaket, in Europe in 1951, Waechterzu
reported Diaket was a keto—comblex in which the neutral organic
agents reacted with basic salts or basic metal oxides. These

polyketones united with the metallic substances in the sealer

to develop cyclic complexes which are insoluble in water, but




e

soluble 1in special orsanic solvents and in chloroform.

The formula for Wach's compound, a root canal sealer, was
published in 195525 and again in 195826, although it had been
in use for over 30 years. This cement is essentially a zinc
oxide and eugenol mixture with most of the eugenol replaced
by the Canada balsam. In 1957, Schroeder27 demonstrated that
AH-26, an epoxy resin, is well tolerated by the periapical
tissues, and has good adhesive proberties. contracting only
slightly while hardening. Then in 1958, Gros_sman28 developedr
a nonstaining root cﬁnal cement. This cement is also a zinc
oxide-eugenol mixture that has been modified to glightly retard
the setting time. Although reasons were bublished for the
various additives, these reasons were not substanciated by
experimental evidence. | |

The present day root canal cements are composed of various
substances which when first combined are soft and adhesive, but
later‘become hard as the result of chemlcal reactions between
certain specific substances and in addition to the loss of
excess liquid portions by evaporation and side reactions with
other substances extraneous to the cement itself. Nielson??
gstated that in order forba root canal cement be effective, it
must have s reasonable coefficient of expansion, It should

also be impenetrable by bacteria and be resistant to both

EPR—
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physical and chemical influences, while in situ.

A. Zinc Oxide and Eugenol Cements

Fugenol 1s an aromatic oil which has a methoxy group ortho ;

to 2 phenolic hydroxy group. It is the essential constituent
of 011 of cloves, cinnamon, and other splces. 1t is also

called eugenic acid or caryophilic scid.

H
OCH3
CH2 -CH=CH»p
Eugenol

Molnar30 reports that oll of cloves had been used for the
treatment of dental carles as early as the 16th century, but it
was not until 1873. that Chrlsholm31 described the preparation
of zinc oxide-oil of cloves., Since eugenol makes up 85% of oil
of cloves, and 1t alone is the agent responsible for the thera-
peutic effects, 1£ has been substituted in dental preperations
for oll of cloves.,

The nature of the setting reaction of zinc oxide and
eugenol has been studied by many 1nvest1gators32'33'3u'35’36.
The setting resction of zinc oxide-eugenol involves both a
physical and chemical processes, Copeland et al.3u points out

that the set cement resulting from mixes of zinc oxide and

P




11
eugenol consists of zinc oxide embedded in a matrix of long,
sheath-like crystals of zinc eugenolate. Since zinc is a
bivalent element with a coordination number of four, it is
1ikely to form a chelate. With eugenol having a replaceable
hydrogen and a nearby donor in the oxygen of the ortho-methoxy
group, the chelate formed here would show two moleculeg of

eugenol and one molecule of zinc.

H,C=HC-HC
CHj
Zn0 + 2 + H0
Zinc Oxide ?-033 Water
CHp ~-CH=CH
Eugenol CH3~-
Zinc
Eugenolate

CH, CH=CH2
Upon seeing the setting reaction of zinec oxide and eugenol,

one may wonder how a set mass of the cement could contain an
equimolar mixture. Most mixtures do not contain an equimolar
‘mixture of zinc oxide and eugenol, and even if the mixture did
contain such equal proportions, Copeland et él,au have shown
through extractloﬁ procedures that there 1s unreacted zinc
oxide as well as free eugenol, Thelr explanation ffom their
findlngs_is that the sheath-like zinc eugenolate crystal act

as a matrix for the zinc oxide, and the excess eugenol 1s
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12
sorbed by the zinc eugenolate and posslibly by the unreacted
zinc oxide. In 1958, Smith>> demonstrated that during the

setfing reaction of the zinc oxide and eugenol cements, a con-

LR S Y S

current sorption of eugenol took place. Hardening of the mix-

ture 1s due to the zinc eugenolate formation while the unreac-

P i T

ted eugenol that remained trapped tends to weaken the mass,
And in 1967, Molnar37 reported the progressive decrease in
free eugenol in mixtures of 2 hours to 10 years, He also
showed that the greater the amount of agitation, the less free
eugenol was present,

Besides the studles pérformed on the nature of the settingé

reaction of zinc oxide and eugenol, many investigestors have

i attempted to‘perféct the formula of the cement, while a con-
siderable number of researchers studied the effects of addi-
tives to the basic mixture. Molnar and Sklnner32 showed that
zinc acetate and resin reduced the setting time, We15838 and
Messing39 indicated that the addition of polystyrene and zinc
acetate would produce a cement which had a slow setting time
and a high crushing strength., The strength of the cement can
be hiéhly increased by varlous additives such as polystyrene,

hydrogenated rosin, and>ortho—ethoxybenzoic aciad (EBA)32'38'39’
’4’1 .bj,uu'u59u6’a7.

There are many other factors which affect the setting time

Ry,
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13
of zinc oxide and eugenol cement. Smitn0 found that the
method of how the zinc oxide was prepared was closely related

36 g35,41 42

to its setting time, Wallace and Hansen and other

demonstrated that an increase in temperature and humidity
during mixing resulted in a decrease 1in setting time. Smithuo
also made comment on the effect of the manner of spatulation
as regards the setting time. He stated that the longer and
more vigorously the mixture was spatulated, the greater the
decrease in setting time. Norman et al,l’3 demonstrated that

the setting time of the cement was increased by decreasing

the particle size of the zinc oxide.

B. Root Canal Cements or Sealers

Today, the most commonly used root canal cements or
sealers are the modified zinc oxide and eugenol mixtures., An
1deal root cansl cement or sealer should fulfill the necessary
requirements enumerated in the introduction of this paper, but
as yet, none satisfies them all,

The mode of re;ctlon in the setting of zinc oxide and
eugenol 1s probably the mode of reaction in the setting of
root canal sealers since zinc oxide and eugenol ére the basic
constituents., Through the use of various additives to the
basic zinc oxide and eugenol, different authors have been able

to vary the setting time, the solubility, the sealing property,
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the strength, and the dimensional stablility of their prepara=-
tions of a root canal sesler,

In the past two decades, the drive for a more scientific
approach to endodontics have lead men to investigate the phys-
ical properties of root canal sealers. In 1954, Seldler15
reported a great amount of shrinkage on setting of all the
sealers, although he 414 not use any evidence to jJustify his
observetions. The following year McElroy25 did a volume and
a porosity study of nine seslers and theilr modifications. He
concluded that the chloropercha combined with gutta-percha and
Callahan's chloroform-rosin combined with gutta-percha had the
greatest volume chénge; while Wach's fiillng material, Neo-
balsam, and Rickert's sealer demonstrated the least change in
volume of those examined. 1In the porosity study, he found
Wach's filling material to be least porous, and chloropercha

to be the most porous,

The staining effect of the precipitated silver on tooth

22

substance in both Rickert's?! and Grossman's®? root canal

sealers prompted Grossman28 to develop a nonstaining cement
which contained zinc oxide, staybelite resin, bismuth subecar-
bonate, barium sulphate, eugenol, and 011l of sweet almond.
The staybelite resin attributes adhesiveness., The bismuth

subcarbonate gives it better radlopaclity. The o0il of sweet

TNV
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almond retards the setting time, There was no scientific data
presented on the adhesiveness or the retardation of the setting
time. |

In 1958, Stewa;rt'48 did a study on the permeability and
tensile strength (or "adhesive property" as Higginbotham5°
describes it) of Diaket, the'new Grossman sealer and the Kerr
antiseotic pulp canal sealer, He concluded that there was no
penetration by a test dye when Diaket was used, but that the
new Grossman and Kerr sealers showed sealer-tooth interface
penetrstion by the test dye to a depth of 0.5mm. While in
another part of the study he showed Diaket to have the greatest
tensile strength. In the tensile strength studles, he used
orthodontic wires sealed in tubes, After the sealer was per-
mitted ﬁo‘set for one week, m Scott tester was used to record
the necessary pounds of pressure required to withdraw the wire
from the tube,

ngglnbotham5o studied some of the physical properties of
five popular commercial root canal sealers: setting time, film
thickness, solubility, rad;opaclty, and sealing abllity. Dia-
ket, Tubli-Seal, and Kerr sesler had about 21 to 23.5 minutes
setting time, while no results were obtalned for Proco-Sol and
Kloroperka N-@, Film thickness varied from an average of 0.83

mm, for Tubli-Seal to 0.433mm. for Diaket., The solubility of

RV BB 5 e T 19 A SRR TS 358 181 5.
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mented into a standard size canal preparations. These were

. commonly used root canal sealers set in about two hours or lessé

16
the materials in water for one week ranged from 0.11% (Proco-
Sol) to 0.72% (Kloroperka N-@), The sealing ability was deter- é
mined by the use of radloactive 1sotopes, Ca“5. The antiseptic
pulp cenal sealer and Proco-Sol showed better sealing proper-
ties at 1 month than at 1 day. It was belleved to be related
to the slow setting time of the materials,

In 1965 and 1968, Curson and Kirko1+52 testea aifferent
sealers for sealing ability, retentive strength, setting time,
and working properties, The sealing ability was tested utl-
1izing the dye penetration method. It was found that the
fortified zinc oxide and eugenol cement, Tubli-Seal, Kerr Seal-
er, and AH-26 produced an excellent seal for the 30 day period.

The strength test was studled using standard steel posts ce-

separated on the tensometer after varying intervals. Fortified
zinc oxide and eugenol cement and Diaket strongly retained the
posts., The setting time was determined according to the method é
of the American Denatl Associlation specifications for dental
cements. The materials were tested dry and with moisture to

simulate a periapical situation. They showed that the more

I

and the addition of moisture decreased the setting time in most§

i

}

cases by one-half. They concluded that most sealers produced :
. : |

g
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legss satisfactory results after 30 days, although they felt

S R, e g SR g 39

that all the zinc oxide and eugenol cements and AH-26 were
suitable root canal sealers, ;

Further studies on the comparative physical properties of
Rickert's sealer and the new Grossman sealer were conducted by
Isasmend153. He judged the cement set ﬁhen it resisted pene-

tration of the explorer point., At room temperature and humid-

s

ity, Grossman's sealer set in three hours, and Rickert's sealer |
in twenty mihutes.' At 37°C in water, Grossman's sealer set in
four hours, while Rickert's sealer set in 30 minutes. 1In test-
ing th§ water absorption of the cements, he prepared mixes
which set at normal room conditions. The samples were immersed

in distilled water for 48 hours., He found Grossman's loss

2.78% of 1ts welgth, and Rickert's sealer loss 0.99% of its
welght. He concluded that Rickert's sealer was superior to :
Grossman's in all respects. %

In some of the most recent studies concerning the physicalj
properties of root canal sealers, Weiner ¥ investigated the ‘

setting time at various temperstures and relative humidities,

and the dimensional changes after setting. In evaluating the

L L T 1 e < A i S

setting time, the different mixes were subjected to nine combi-
nations of environrmental conditions, All of the specimens

showed decreased setting time with increased temperature and

o e pinh
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relative humidity, with the exception of Proco-Sol Radiopaque'
Silver cement in a few of the test conditions where after three
months the sealer was still unset. In the evaluation of the
dimensional changes, the different sealer speclmens were placed
in glass micropipettes and visusl and photographic observation
were made at varying intervals., After 90 days, linear dimen-
sional changes were seen only in Kerr sealer, Tublil-Seal, and
Roth 601. Volumetric loss was made by comparing the average
volume change with the original volume calculated. The loss
of volume increased with the increase of time. Kerr sealer
was the only cement that did not show volume loss after 30 days
wheress most sealers demonstrated a greater loss of volume
after 30 days. Values for Proco-Sol nonstalning sealers were
not obtained because the cement did not set completely in the
pipette.

The use of radioactive isotopes have been utillized by many
1nvest1gators55'56'57'58 to study the sealing abllity of the
various root canal cements. Dow and Ingle55 had concluded that
poorly filled root canals did not reveal leskage, and this
could lead to an endodontic faillure. It may be concluded from
the different studies usiﬁg radioactive isotopes that the best

seal 1s obtained when a well-fitted solid core was cemented

with a zinc oxide and eugenol sealer.
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In 1970, Messing59 used a high molecular weight fluores-
cent dye to study the sealing properties of chloropercha, Kerr
sealer, AH-26, and silver amalgam in conjunction with a solid
core filling material. A low molecular welght fluorescent dye
was not used because it passed through the walls of the teeth
and gave false positive reports. In all of the specimens, no
dye penetrated into the dentin because of the high molecular
welght., It was declided that the different methods and mater-
ials used produced a hermetic seal without any penetration of

the dye provided that a careful filling technic was followed.

Dentinal Response

One can conclude from a review of the literature, that
there have been several investigations on the physieal proper-

ties of root canal sealers, and numerous studies on connective

tissue responses7'8'12'52'53’56'57’65'66 to these sealers,

However, there have been few, if any, investigations relative

to the effects of root canal sealers on dentin,

Dentin 1s a calcified connective tissue through which run
dentinal fibers which usually are noncalcified, The dentinal
fibers are protoplasmic processes of the cells that remain in
the pulpal cavity. The mature dentin is composed of about 21%

organic material and 67% inorganic material largely in the form
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of tricalcium phosphate. The root canal sealer used in a
careful total obliteration of the pulpal space is in contact
with sound dentin, M38r62 in 1962 studied the effects of zinc
oxide and eugenol on dentin in situ. First bicuspids which
were to be extracted for orthodontic purposes were used in this
study. He made preparations well into the dentin of several
teeth, and covered the pulpal floor with a thick mixture of
zinc oxide and eugenol, then filled the rest of the preparation
with amalgam. Some of the teeth were left unoperated as con-
trols. Using the Kentron microhardness tester on the unpol-
jshed teeth section after varying intervals, he found a sta-
tistically significant increase (2.9 KHN) in the microhardness
of the zinc oxide-eugenol covered dentin, It was felt that

the increase in hardness was due to an increase in the miner-
alization of the dentinal tissue, Fusayama and Maeda63 invest-
1gat¢d the efféct of pulpectomy on dentin of adult dogs. One
of their findings was that no significant difference could be
observed in the hardness of the dentin between the devitalized
teeth with the pulp chambers left open and those obliterated
with a zinc oxide and eugenol cement and a gutta-percha core,
However, no details on the method of hardness testing was given,
nor were the areas of dentin examined identified.

To evaluste the effect of eugenol and root canal sealers
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containing eugenol on the microhardness of dentin, the methods
of testing must be well described as well as the areas of den-
tin to be examined must be well dellneated.

There have been a number of methods used to determine the
hardness of tooth structure. Craig and Peyton65 found that
the microscratch or microindentstion was the preferred method
since the hardness of enamel and dentin has been shown to have
large local variations. The following year Craig, Gehring,
and Peyton66 undertook the study to correlate the microhard-
ness of dentin with differences in structure. In thls invest-
igation, they stated that:

Measurements taken with the 10-gram load were

found to show less experimental variation than

those obtained with smaller loads and were con-

sidered to be more representative of microhard-

ness values than those obtained with lesser

loads because of the heterogeneous nature of

dentin,
They used a 15-second time load cycle. The results of the study
showed dentin adjacent to the root canals to be softer than the
rest of the dentin, and the majority of the root dentin had the
same microhardness as the dentin in the center of the crown.

In studies by Craig et 31.66 and Peyton et a1.67. it was
emphasized that the Knoop hardness measurements were taken from

the same teeth since the hardness of dentin 1s likely to vary

considerably in similar areas in different teeth. And more
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precise data can be obtained from the same tooth in the adja-
cent areas of comparable indentation. Because of this highly
heterogeneous nature of dentin, the comparative values report-
ed by M38r62 of an increase of 2.9 KHN can hardly be statis-
tically significant,

Rotberg and deShazer® in 1966 reported on the complexing
action of eugenol on sound dentin. Rectangular samples of
dentin were immersed in eugenol and in water, At perlodic
intervals, the samples were removed and the liquid phase was
examined for calcium content. The comparative values were
21.5mg./100ml, of calcium in the eugenol, end 2.8-4.1mg./100ml.
of calcium in the distilled water. In another investigation
of this study utilizing a von Kossa method of staining treated
dentin to measure its calclum content, less calcium was found
in the eugenol-treated samples than in the distilled water-
treated samples, Samples treated with ethylenediaminetetra-
cetic acid were devold of any stain, indicating that the cal-
cium had been completely chelated. In the third portion of
their experiment, their zinc oxide and eugenol mixtures were
applied to dentin sectlons, Later, these mixtures were re-
moved in toto from the dentin and the samples stained by the
Glycoxal bis(2-hydroxynil) method of Kashiwa and Atkinson.

The surface next to the dentin stained red, indicating calcium
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present, while the surface not exposed to the dentin did not
staln at all., BRotberg and deShazer concluded that the "soft-
ening®™ of sound dentin beneath a zinc oxide and eugenol mix-
ture might be explained by the complexing of the mixture with
caelcium. Since the more commonly used root canal cements or

sealers are modified zinc oxide and eugenol mixtures, it 1is

suggested that some similar interaction may take place between

the sound dentinal walls of the root canal and the sealer,

Upon retreatment of an endodontic case, or in the case of a
restorative procedure that is intimately connected with the
core root canal filler, one not infrequently finds silver cones
that are very loose, Does this mean that the complexing action
of eugenol on sound dentin causes it to physically soften?

With Rotberg and deShazer6u pointing out the fact that
eugenol has the abillty to complex with calcium, and the fact
that Molnar37. Copeland et a1.3u. and Smith 35 have shown that
there is much free eugenocl in zinc oxide and eugenol mixtures,
it would seem appropriate to investigate the effect that euge-

nol and eugenol-containing root canal sealers have on sound

hunman dentin.
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CHAPTER 3

METHODS AND MATERIALS

A, Selection and Preparation of Specimen

Freshly extrscted mature permanent teeth were collected
from the Oral Surgery Department, Loyola Unilversity School of
Dentistry, Maywood, Illinois. The random selection of root
specimens was completed on sufficiently large roots which de-
monstrated some hemorrhage or gelatinous pulp remnent in the
canal upon sectioning. The specimens included samples of all
types of teeth with the exception of mandibular centrals and
laterals, These were not used because of thelr narrow meslo-
distal width, The fact that a tooth had eithgr carles or
restorations did not affect its selection for the experiment
since only the midportion of the roots were utilized in the
study.

Immedisately upon the removal of these teeth, they were
placed in sterile normal saline solution, and shortly there-
after the roots were sectioned horizontally, mldway between the
cervical area and the apex of the tooth, using a high speed air

rotor handpiece with water spray. The apical portions were
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used for the experiment, The sectlioned surface of the root
was left exposed while the rest of the root was embedded in
Buehler plastic for cold mounting utlilizing the Buehler Stan-
dard Specimen Mount Press*., The specimens were mounted to
fecilitate stabllizatlion and easy handling during polishing
and microhardness testing. |

The resin mounted root specimens were polished on the
Buehler Fine Grinding Apparatus®* at low speed using emery
polishing paper starting with grit #1, then progressively to
0, 00, 000, and finally effecting the final polish with 0000,
During the polishing, care was taken not to overheat the
specimens., This was accomplished by applying the blocks to
the polishing wheel for only short intervals and alternatingly
dipping the specimen into room temperature distilled water.
The face of the block was then dried with paper towel, and
returned to the polishing wheel. At the conclusion of the
polishing on the Buehler Fine Grinding Apparatus, the block
was then refined on the Buehler Standard Metaliographic pol=-
isher using a microcloth and a_thln slurry of levigated alum-
ina (15 micron) and distilled water at 550 rpm. This polish-

ing procedure resulted 1n an adequate surface for mlcrohardness

#Buehler, Ltd., Evanston, Ill.
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testing. In the case where the specimen was to be treated
with various sealers, a carefqlly prepared trough was placed
around and contiguous with the tooth specimen using a #4 round
burr on the high speed handpiece. This procedure was initlated
to prevent contact of the sealers with the resin block., A
smell round burr (#2) was used to countersink into the root
canal to simulate biomechanical preparation of the root canal.
The act of countersinking into the root canal helped remove
necrotic debris and also much of the predentin that is usually

removed in root canal therapy.

B. Method of Microhardness Evaluatlion

The method utilized to evaluate the microhardness of the
dentin was similar to that utilized by Craig et al.66 The
Kentron micro hardness tester with the Knoop diamond indenter
was used in this study. It was determined by Cralg et al.66
that a 10-gram load exhibited less experimental varliation than
measurements of smaller loads. They also employed a 1l5-second
time load cycle in applying the Knoop diamond indenter to the
specimen of dentin., |

Utilizing the 10-gram load at the 15-second time load cycle;ﬁ

it was necessary to view the indentations at 50X megnification

for proper transcription. When measuring indentations, the
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makers of the Kentron micro hardness tester recommends that
the objective used show a length of not less than 200 nor more
than 700 filar units, The 50X magnificatlion satisfiled this
requirement, The ocular piece contained a filar micrometer
for determining the filar units of the lndentation. These
filar units can be converted to microns by multliplying them
by the factor of .2068, With this measurement in microns,
reference is then made to standard tables prepared for each
tester by the manufacturer that will in turn convert the mea-
surement of each indentation to Knoop hardness numbers.,

Due to the heterogeneous naturg of dentin, it was decided
that in order to acqulire valid compafative meg surements, they
would be made as close a8 possible to each other, and yet not
be influenced by adjacent marks, It was empirically deter-
mined that indentations to be compared side to side be made
epproximately three widths apart (approximately 40 microns).
If.the marks were compared length-wise, end to end, they were
separated by not less than one indentation width. Initial
indentations were placed approximately 200 microns from each
other so as to provide sufficient margin for subsequent compa-

rative microhardness measurements,
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C. Materisls utilized to affect Sound Dentin

The following materials and preparations were selected
for study:
A. Eugenol, U.S.P.*
B, BRoot canal sealers

1., Proco-Sol radiopagque sillver cement¥*¥

Powder:
Precipitated silver 17%
Zinc oxide, U.S.P. Ls%
Hydrogenated resin 36%
Magnesium oxide, U.S.P. 2
Liquiad:
Eugenol 90%
Canada balsam 10%

2. Kerr pulp canal sealer¥*#*¥

Powder:
Zinc oxide (arsenic free) 34%
Stlver (molecular) C.P. 25%
Oleo-resins 30%
Dithymol dilodilde 11

Liquid:
011 of cloves . 78%
Cenada balsam 22%

#The J. Bird Moyer Co., Inc., Philadelphia, Pa.
#%Proco-Sol Chemical Co., Inc., Phlladelphia, Pa.

##%¥Kerr Manufacturing Co., Romulus, Mich,
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3. Wach's root canal sealer*

Powder:
Zinc oxide powder A.R. 184,.0 gm.
Calcium phosphate tribasic 36.81gm.,
Bismuth subnitrate 64,41gm,
Bismuth subiodide 5.52gm.
Magnesium oxide, heavy 9.21gm.
Liquia:
Canada balsam 222.00cc.,
Clove 011. UoS.Po 66.6600.
Eucalyptol - 5.67cc.
Beechwood creosote 5.,67cc.

D. Procedure for Determination of Microhardness Values

In all of the procedures involving the various root canal
sealers, the following measures were pursued:

1. The use of a sterile and clean glass slab and
spatula was utilized to mix the different materials.

2., The materials were nmixed according to the recom-
mendations of the manufacturers.

3. After the initial microhardness measurements, the
specimens were abundantly covered with the sealers
on the sectioned dentinal surfaces only.

4, The sealer covered specimens were stored in an
analytical oven (low gradient)*¥* at 37°C at approx-

imately 90% relative humidity.

*King's Specialty Co., Fort Wayne, Ind.

*#ggrgent-Welch Scientific Co., Chicago, Il11.
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5. After a three week interval, the specimens were
removed from the oven, and the root canal sealers
or cements were fllcked off the dentinal surface
with a #23 dental explorer probing into the center
of the root canal. In removing the bulk sealer,

care was employed to avoid marring the dentinal

surface. The residue sealer was removed with xylol

swabs and immediately swabbed with 70% alcohol. The
specimens were then dried with the air syringe.
6. Comparative microhardness readings were obtained
from areas adjacent to the initial measurements.
There were two root specimens used as controls in this

study. They were mounted in a sample block and polished in the
manner previously described, The specimens were placed in an
analytical oven at 37°C at approximately 90% relstive humidity
for three days. This period permitted the specimen to adjust
to the environment standard for the experiment. After wiping
the sectioned surfaces with 70% alcohol, thirty-six initial
microhardness readings were recorded. Twenty-one indentations
were made on specimen #1, and fifteen on #2. The sample block
contalning the specimens were returned to the oven for a three
week Interval. The comparative microhardness measurements made

on these control specimens were made adjacent to each other.
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Two resin blocks with three and four root specimens respec-
tively were used for the eugenol treatment portion of the study.
The teeth in thls group were transected at mid root, and the
sectioned coronal portion utilized in the study. The crowns of
the teeth were embedded in the mounting resin with the speci-
mens protruding approximately 5-7mm. This arrangement prevént-
ed contact of the resin with the eugenol. The eugenol could
have caused the mounting resin to dissolve, The specimens were
vpolished and a total of 115 initial control indentations were
made on the specimens, and then recorded. Each root specimen
averaged 15 to 19 initial indentations. The surfaces of the
specimens were then covered with a thin layer of fresh eugenol
in a clean and sterlle petri dish. The petri dish was placed
in the oven for a predetermined interval,

After two and four weeks of contact in the eugenol, the
specimens were removed and wiped dry. The sectlioned surfaces
were washed with 70% alcohol and thoroughly dried with the alr
syringe. Microindentatlion measurements were made on the two
week samples on the left and the four week on the right of the
initial measurements.

In that part of the study concerned with the effect of
Proco-Sol radiopaque silver cement, three root specimens were

prepared in the usual manner and subjected to a total of 99
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initial hardness measurements. Each specimen received from
28 to 42 initial measurements.

Subsequently a smooth and creanmy mixture of one capsule
of Proco-Sol cement powder and one drop of the Proco-Sol ce-
ment liqulid was spatulated as recommended. A drop of the
catalyst was added and thoroughly mixed with the cement, The
mixture was appllied to the dentinal surfaces of the exposed
sectioned roots, care being exercised to restrict the cement
to only the dentinal surfaces of the block. The sample block
was then placed in the oven. After a three week interval (time
period determined from the results of preliminary studles,
page 34), the block was removed from the oven and the root
canal cement removed from the specimens, Immediately there-
after, the specimens were swabbed with 70% alcohol, and com-
parative microhardness readings were recorded.

The three root specimens employed in the Kerr pulp canal
sealer portion of the study received a total of 95 preliminary
microhardness measurements; each of the specimens had from 22
to 45 initial readings. One capsule of Kerr pulp canal sealef
powder was mixed with one drop of the required liguid to make
a smooth and creamy mix. Generous amounts were placed over the
sectioned surfaces of the speclmens, The samples were stored

in the oven at standard temperature and humidity, and at the
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end of a three week intervsl, they were removed and the sealer
was cleaned from the specimens. Comparative microhardness
measurements were made for each intlal reading.

In the last portion of the study, Wach's root canal sealer
was studied by the manner described above. A total of 74 ini-
tial microhardness measurements were recorded on three root
gpecimens. One drop of the liquid was comblned with sufficient
powder to make a smooth and creamy’"mlx", which after spatula-
tion, would string one inch from the glass slab to the spatula.
The sealer was placed on the sectioned dentinal surface, and
the specimens stored in the oven for the three weeks. Hence
the hardened sealer was removed, and comparative microhardness
measurements were obtained from areas adjacent to the initlal

readings.
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CHAPTER U4
RESULTS

In the preliminery studies with eugenol, it was found
that the interaction between eugenol and human dentin as eval-
uated with the micro hardness tester attalned a steady state
of increased hardness at approximately three weeks. Values
recorded after that time interval, up to six weeks, did not
appear to fluctuate much desplte the weekly change of fresh
eugenol., Furthermore, the sealers or cements hardened quite
rigidly in less than three weeks whlle 1n the oven at the
experimental conditions, Consequently, the three week inter-
val was selected as the appropriate length of time required
for this study. . |

‘The results obtalned from the control root specimens
showed a minimum change in microhardness values (Table 1).
The mean of ‘the 21 initial microhardness recordings of speci-
men #1 was 53,48 KHN with a standard deviation of 8.19. The
mean of the 15 initial values of root specimen #2 was 47.35
KHN with a standard deviation of 8.69., The values obtained

from root specimen #1 after the three week interval demonstated
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MEAN COMPARATIVE MICROHARDNESS DETERMINATIONS (KHN)

CONTROL TEETH

Tooth | Mean Microhardness Values (KHN) Increased
Specimen Time (Weeks) Microhardness
No. Ho Hj A Hy (KHN)

1 53,48%8.19 52.13%7.67 -1.35

(n = 21) (n = 21)
2 47.35%8,69 48.41%9,56 +1.06
(n = 15) (n = 15)
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a mean of 52,13 KHN and a standard deviation of 7.67, thus
showing a decrease in hardness of 1.35 KHN, Specimen #2 dem-
onstrated a slight increase in hardness of 1.06 KHN,

In the part of the study which involved the interaction
of eugenol and the root dentin, seven root speclimens were
utilized, Typical rows of the microhardness values are shown
in Table 2. The mean comparative microhardness determinations
of each tooth specimen is shown in Table 3, The mean of the
initial recordings of all the specimens was 48,61 KHN with a
standard deviation 9.35. The mean value of all the specimens
at the two week interval showed 58.83 KHN with a standard de-
viation of 10.19. The mean value of all of the microhardness
recordings at the four week interval was 60.37 KHN with a stan-
dard deviation of 9,65, These results are shown in Table 8,

Table 4 demonstrates typical rows of microhardness values
for Proco-Sol radliopaque silver cement. The results of this
portion of the study are shown in Table 5. The results here
demonstrated a vast lncrease in hardness of dentin after being
in contact with the cement., The mean of the initial readings
of specimen #1 was 43,26 KHN with a standard deviation of 7.54,
and this value increased to 50.40 KHN with a standard deviation
of 6.12, thus ylelding an increase of 7.14 KHN in the differ=-

ence of the means, Root specimen #2 had a mean of 47.70 KHN
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TABLE 2
TYPICAL ROWS OF MICROHARDNESS VALUES
EUGENOL
Row Field Readings (KHN) Increased
Time (Weeks) Microhardness
Ho Ho Hy AHo (KHN) AHL
1 1 40,06 55.79 57.84 15.79 17.78
2 ks,70 62.80 66.30 17.10 20.60
3 54,07 62,80 59.75 8.73 5.68
4 k7,38 63.87 63.87 16.49 16.49
5 b, 9k  §5,36 62,80 10.42 17.86
6 Li, 94 56,24 58,78 17.86 13,84
7 us.uu 55.79 56,81 735 8.37
8 38,24 41,20  54.49 2.96 16.25
9 41,00 52.02 53.23 11.02 12.23
10 37.02 51.23 49.60 14,21 12.58
11 28,78 ko.40 37.02 11.62 8.24
12 28.78 31.51 37.02 2.73 8.24
2 1 43,39 75.54 71.85 32.15 28.46
2 46,26 L9,66 51.23 2,90 L.97
3 36.90 55. 36 57.61 18,46 20.71
L k2 4l 55.79 55.79 13.35 13 35
5 55,36 62,80 65.24 744 6.88
6 32,06 37.02 43,39 k,96 11.33
3 1 67.54 71.21  74.17 3.67 6.63
2 56,81 62.80 68.13 5.99 11.32
3 49,16 54,07 60.24 4.91 11.08
L 40,10 63.87 64,69 23.77 24,59
-5 5&.49 60.24 68.73 5.75 14,24
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TABLE 3
MEAN COMPARATIVE MICROHARDNESS DETERMINATIONS (KHN)
EUGENOL |
Tooth Mean Microhardness Values (KHN) " Increased
Specimen Time (Weeks) Microhardness
No. Hg Hp Hy AHz (KHN) AHy
1 46,498,552 | 58,30%9.34 | 59.20%9.23 | 11.80 12.70
(n = 28)( . .
2 49,06%4,92 | 63.45%4.,97 | 63.33%5.43 | 14.39 14,27
(n = 33)
3 59,1448,48 | 75,74%9,12 | 74.,19%6.66 | 16.60 15,05
(n = 24)
4 48,51412.52 | 55,34%13,35 | 59.66%11.61 | 6.83 11.15
(n = 17)
5 43.43%6,07 | s2.04t7.70 | 52.43%7,29 | 8,61 9.00
(n = 6)
( 68) 46,78%12.22 | 55,98%10,44 | 61.51%9,33 9.20 14,73
n = '
46.84%12,72 | 50.96%16.,42 | 52,28+18,00 | 4,12

(n

"~

k)

5,04
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TABLE 4

TYPICAL ROWS OF MICROHARDNESS VALUES
PROCO-SOL RADIOPAQUE SILVER CEMENT

Row | Field Readings (KHN) Increased
Time (Weeks) Microhardness
Hop H3 AH3 (KHN)
1 1 49,16 56,24 7.08
2 49,16 52 .42 3.26
3 53.23 59.75 6.52
L 1.23 60,74 9.51
5 5.70 54,49 8.79
6 b2 . 4y 50.85 8.41
2 1 41.30 sk, 07 12.77
2 £8.31 62.80 b .49
3 60.24 65,81 5,57
L 44,30 63.87 19,57
5 38.77 40.40 1,63
6 32,47 k.84 - 9.37
3 1 34.85 42,74 7.89
2 50.85 57437 6.52
4 30.20 37.02 6.82
5 36.19 41,00 4,81
6 54 .49 62.80 8.31
7 55.79 62.28 6.49
8 L3,06 47,38 4,32
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TABLE 5

MEAN COMPARATIVE MICROHARDNESS DETERMINATIONS (KHN)
PROCO-SOL RADIOPAQUE SILVER CEMENT

Tooth Mean Microhardness Values (KEN) Increased
Specimen Time (Weeks) Microhardness
No. Hop H3 AH3 (KHN)
1 43,267,554 50,40%6,12 + 7.14
(n = 27)

2 47.70%7.55 s4.48%7 .45 + 6.78
(n = 41)

3 45.94%9,53 52.31%9.97 + 6.37
(n = 29)
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for the initial recordings with a standard deviation of 7.55,
and the mean comparative value three weeks later was 54.48 KHN
with a standard deviation of 7.45, thus a resulting increase
of 6,78 KHN. Meanwhile, specimen #3 had a mean value of 45,94
KHN and a standard deviation of 9.53 for its initial readings,
and a mean three-week vélue of 52,31 KHN wlth a standard devi-
ation of 9.97, thus an increase of 6.37 KEN,

Typical rows of microhardness values for the segment of
the investigation that employed Kerr pulp canal sealer are
shown in Table 6, This portion ofthe study revealed a demon-
strable incresse in microhardness values (Table 7). Columns
2 and 3 of Table 7 represent the mean comparative mlcrohardness
determinations in Knoop hardness numbers. The increases in
hardness of each of the root specimens were found to be 8.91
KEN, 9.76 KHN, and 6.99 KHN respectively.

In the last part of the study, Wach's root canal sealer
was placed on three root specimens., The results of the 75
initial recordings gave a mean of 48.77 KHN with a standard
deviation of 7.46., The mean comparative three-week interval
value was 51.35 KHN with a standard deviation of 6,82, The
difference in hardness of the two means showed a somewhat

smaller increase of 2,58 KHN.
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TABLE 6

TYPICAL ROWS OF MICROHARDNESS VALUES
KERR ROOT CANAL SEALER

Row | PField Readings (KHN) Increased
Time (Weeks) Microhardness

Ho Hs AHg (KHN)
1 i i, 62 53.23 8.61
2 k9,90 57.37 7.47
Z sl , 92 65.81 10.89
54,92 68.13 13.21
5 55,36 62,80 7.4l
6 41,00 47.73 6.73
2 1 49,16 66.38 17.22
2 sh L9 64,69 10.20
3 56,24 61.25 5.01
b 54,07 63.87 9.80
5 55.36 63.87 8.51
3 50.85 61.25 10.04
” 3,42 4l , 62 10.20
3 b 61.86 69.96 8.10
2 60.74 69.34 8.60
3 58,31 66.38 8.07
L 31,14 46,03 14,89
5 26,10 Lo.70 14,60
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MEAN COMPARATIVE MICROHARDNESS DETERMINATIONS (KHN)

KERR ROOT CANAL SEALER

Tooth Mean Microhardness Values (KHN) Increased
Specimen Time (Weeks) Microhardness
No. H B AH~ (KHN)

0 3 3
1 49.29%7.09 58,20%7.52 + 8.91
(n = 26)
2 48.0319.12 57.79¥8.59 + 9,76
(n = 44)
3 52,26%5,17 59,25%4,78 + 6.99
(n = 22)
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A summary of the mean comparative microhardness values,
in Knoop hardness numbers, of dentin due to the interactlon of
eugenol and eugenol-containing root canal sealers could be
found in Table 8,

The analysis of the results showed a statistically signi-
ficant increase in the microhardness of human dentin when
exposed to eugenol and eugenol-contalning root canal sealers.
The use of the t-test was employed to test the null hypothesls
that the mean of the difference is equal to zero. At the

A=0,01 level, the results were statistically significant (see

Table 9)




TABLE 8

SUMMARY OF MEAN COMPARATIVE MICRCHARDNESS VALUES (KHN)
OF HUMAN DENTIN DUE TO EUGENOL AND EUGENOL-CONTAINING
ROOT CANAL SEALERS¥*

b5

Time Percent Eugenol Content
(Weeks
Eugenol Proco-Sol Kerr Wach's Control
100 ~ 90 ~78 ~22 0
(n = 120)] (n = 97)| (n = 92) (n = 74) (n = 36)
0 |48,61%9,.35 l5,6318,21 |49,86%7.13 | 48,.77+7.46 | 50.4248,44
2 [58,83%10.19 - - - -
3 - 52 ,40%7.85(58,4146,96 | 51.35%6.82 | 50.27%8,62
b $0.3749.65 - - - -
AHg [~+11,00%* +6.77 +8.55 42,58 -0.15

#Mean of the mean values of each tooth specimen,

*#The mean value for a three week interval with eugenol was
interpolated from the two and four week mean values,




STATISTICAL ANALYSIS UTILIZING THE t-TEST

TABLE 9
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EVALUATION OF MICROHARDNESS INCREASE OF AFFECTED DENTIN

Mean* Mean
Material Ah3 A hj t-Value Probability
(n) Control
Eugenol | 11.53%s5.94 | -0,37%3.44 10,51 P<,01
(120)
Proco-Sol| 6.91%3.65 | -0.37%13.44 12,37 P<.01
(97)
Kerr 8.87%4.27 | -0.37%3.44 13.53 P<.01
(92)
Wach's 2.62%43,51 | -0.37%3.44 6.66 P<,01
(74) '

*Mean of all the recordings of each group of specimens,
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CHAPTER 5
DISCUSSION

In 1966, Rotberg and cleShazeré’+ observed a slight to
moderate softening of sound dentin beneath clinically applied
zinc oxide and eugenol mixtures in the preliminary work prior
to thelr study of the action of eugenol on sound dentin. Al-
though no séientific data was shown how the dentin was analyzed
for softening, it would seem possible that loose particles of
zinc oxide and eugenol on the dentinal surface mixed with mois-
ture could have been mistaken for softened dentin. Further in
thelr investigation, they showed the progressive removal of
calcium from dentin. They employed the von Kossa staining
technic for identification of the relative amounts of calcium
remaining in the various dentin sections after being treated
with water, eugenol, and a 5% solution of disodium ethylene-
diaminetetracetic acid (EDTA). They also utilized a modified
spectrophotometric method for determination of calcium. The
third method that they used to analyze for caléium was the
Glycoxal bis(2-hydroxynil) method of Kashiwa and Atkinson. In

their investigation, they demonstrated the abllity of eugenol
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and zinc oxide - eugenol mixture to progressively remove calcium
from dentin, They thought that the softening of sound dentin
beneath a zinc oxide and eugenol mixture could be caused as a
result of the ability of eugenol to complex with calcium, The
results obtained in the present investigation disclosed an in-
crease in the microhardness of human dentin, which would be
contrary to the findings of Rotberg and deShazeréa if their use
of the word "softening" was to indlicate the decrease in hardness
of dentin. But the present results would be consistent with
the results of M36r62 which showed slight increase in micro-
hardness of dentin due to the effect of zinc oxide-eugenol.

It was shown by various 1nve3tigators3uv35'37 that there
is much free eugenol avallable in zinc oxide and eugenol mix-
tures. The fact that there 1s a large amount of free or unre-
acted eugenol present in zinc oxide and eugenol mixtures over
the perlod of years, leads to the premise that modifications
of these mixes do contain much free eugenol. When root canal
sealers that are basically zinc oxide and eugenol mixtures are
utllized in endodontics, these sealers do come in contact with
dentin and probably interact with it. The results of this study
positively indicate that with the increase of eugenol content
in the wvarious root canal sealers, there 1s a corresponding

increase in microhardness of the dentin. This finding and an
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examination of the composition of root canal sealers; and

62 and Rotberg and

in assoclation with the results of Mjér
deShazeréu strongly suggest that eugenol is the materlal which
brings about the changes in microhardness of dentin.

In his study of the effect of zinc oxlide and eugenol on
dentin in situ, M33r62 showed an average mean increase of 2.9
KHN. However, he compared entirely different teeth with each
other and areas in the same teeth but remote from each other,
The findings of M38r62 coincide with the assumption that dentin
hardness is related to the viability of the déntal pulp and its
bilologilc response to cavity prepsration and filling materials.
The mineralization of the dentinal tubules 1n a viable tooth
is a normal bi?logic response to various irritations. Never-
theless, Cralg et al. 66 and Peyton et a1.67 emphasized that
in order to obtain more precise data, comparable measurements
must be taken in adjacent areas of the same field due to .the
highly heterogeneous nature of dentin. Hence, the comparative
values reported by Mj8r62 can be consldered less than reliable.
In demonstrating the variations in mlcrohardness from areas
ad jacent to the pulp to areas in the vicinity of the cementum
in transverse root sections, Cralg et a1.66 showed values from
56 to 69 KHN with a mean of 62 KHN, In a 2mm, distance with

seven readings, it was readlly apparent that a comparative
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reading be taken within 300n of the initial reading for a
significant value to be obtalned. The comparative recordings
acqulred in the course of this present study were taken approx-
imately 200m from each other. The findings of this investiga-
tion are in accord with those of Craig et a1.66.

From the results of Table 8, the difference in hardness
after three weeks shows Proco-Sol to be somewhat out of context
in relation to the rest of the materlals since its eugenol con-
tent is greater than that of Kerr, and yet 1ts increase in
hardness is slightly less. The most lilkely explanation for
this slight deviation from a smooth curve would be a possibility
of the different components of the varlous sealers as well as
the particle size of the material. The reaction ;f the parti-
cular component with eugenol could be the factor which causes
less eugenol to be free to interact with the dentin. The
particle size of the material plays an important role. The
smaller the particles in the mixture, the more surface will be
avallable for the eugenol to react with and therefore less free
eugenol will be avallable to interact with the dentin., Conse=-
quently, a conjecture could be made that if mixtures of liquids
with increasing percentage of eugenol are mixed with eéual
amounts of a zinc oxlde of uniform particle size, there would

be a linear relationship between the gradual increase in micro-
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hardness values and the increasing percentage of eugenol con-
tent of the mixes as they interact with dentin.

The results obtained in the part of the study which in-
volved Wach's root canal sealer showed a slight increase in
microhardnéss. The average mean difference in hardness aftér
three weeks demonstrated a 2.58 KHN., It would seem logical
that the low increase in hardness would be consistant with the
low percentage of eugenol in this sealer, The different micro-
hardness readings had a wide variation. However, approximately
80% of the recordings showed a significant increase in micro-
hardness values,

Some explanations for this increase in the microhardness
values of dentin that have been exposed to eugenol and eugenol=-
containing root canal sealers would now be considered.

The structural nature of dentin consists mainly of odon-
toblastic processes within the dentinal tubules and intercellu~
lar substances of mineralized apatite crystals, hypomineralized
areas, and varylng amounts of organic elements and water, Den-
tin consists of 70% lnorganic material and 30% organic matter
and water. Therefore, in order to discuss the findings of this
study, there must be some speculation of the action of eugenol
and the root canal sealers that contain eugenol on either the

organic or inorganic substances of dentin, or the combination
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of these materials,

A tentative explanation for the increased hardness of
humaen dentin due to eugenol and eugenol-containing root canal
sealers may be the effect of the eugenol on the organic portion
of dentin., As shown in a previous studyéu. eugenol does have
a complexing actibn with calcium, thereby removing calcium from
dentin, This may be a secondary factor in the inducement of
increased hardness of dentin. The primary factor may be the
"coagulating® effect of eugenol on collagen. As mentioned
before, mature dentin is composed of approximately 20% organic
material, It would seem feasible that the eugenol-effect ini-
tiates a high volumn loss of water from the dentin, and thereby
altering the ratio of water to calcium. As the effect of euge-
nol further causes increase in “coagulation®", there is a ten-
dency for a state of equilibrium in concentration in acquiring
more water to compensate for the increased amount of calcium.,
The calcium now tends to bind with the protein within the den-
tinal tubules and its interconnecting branches, Furthermore,
with the number of tubules per square millimeter on the pulpal
surface of dentin varying from 30,000 to 75,000, it would seem
possible for the calcium-protein salt formed to increase the
remaining hydroxyapatite structure strength by forming a rigid

Jattice frame within the dentin,
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The increased hardness of dentin through the action of
eugenol and eugenol-containing root canal sealers as a result
of this study could also be interpreted as an effect caused by
eugenic acid. Eugenic acid is a weak acld, but stronger than
carbonic aclid. The action of eugenic acid on the hydroxyapa-
tite and uncalcified substances is possibly the breakdown of
the calcium salts in such a manner that a loss of carbonates
take place as eugenic acid replaces the weaker carbonic acid
of dentin. With the loss of carbonates, there is a rise in the
pH, and thus remineralization or repreciplitation of minerals
from the dissolved apatite takes place which in turn possibly
creates a more rigid dentin, The reprecipitate could possibly
occur peritubularly or within the dentinal tubules, The idea
of thls weak eugenic acid reacting with dentin is consistent
with the slow changes that take place as evaluated by microhard-
ness testing.

How the increase in hardness of the dentin could affect
the physical property of brittleness of the dentin could be
speculated at this time. Dentin has a modulus of elasticity
that varies with the age of the tooth. With the increase of
calcification of the tooth, the relative amount of the inorganic
component rises and the relative amount of the organic material

decreases and there 1s a gradual loss of elasticity. The
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application of eugenol or eugenol-containing root canal sealers
to dentin increases the hardness of dentin. Whether this in-
crease is due to the effect of eugenol on the organic materials
of the dentin or the remineralization of the dentin caused by
eugenic acid, 1t could be speculated that there may well be an
increase in the brittleness of dentin under these clinical
circumstances,

It has been reported by different 1nvest1gator868’69'7o
that there seems to be a fallure of zinc oxidg end eugenol to
produce a calcific bridge of secondary dentin at the site of
pulp exposures, However, in dentin with near pulpal exposures,
there 1s a mineralization in the viable tubules due to the
normal biologic response of the odontoblastic processes to the
irritation caused by the zinc oxide and eugenol. In the case
of pulp exposures, the failure of a calcific bridge to form
indicates that the uncalciflied avallable components for hydroxy-
apatite in the surrounding dentin binds with eugenol or the
impurities of eugenol. This lack of calciflcation in the form
of reparative dentin at the site of exposures points to the fact
that there could be 1nsﬁfflcient calcium present, and the “re.
mineralization™ of dentln overlying unexposed pulps is related

to an overabundance of calcium and is rather a reprecipitation

of thls mineral.
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CHAPTER 6
SUMMARY

The use of root canal sealers or cements in conjunction
with a rigid or plastic master point has become the most popu-
lar means of obliterating a root canal. There have been stud-
ies that have investigated the connective tissue response to
these materials, and a few studies that have evsluated the
physical properties of these materials, The effect of eugenol
and several eugenol-containing root canal sealers on human den-
tin was analyzed by the microhardness testing in this study.
Sound dentinal surfaces from the midsection of the roots of
freshly extracted teeth were subj)ected to eugenol, Proco-Sol
radiopaque silver cement, Kerr pulp canal seaier. and Wach's
root canal sealer forkvarying time intervals. Teeth used as
controls were subjected ohly to the environmental conditions,
and not to the various materials. The comparative microhardnes#
readings of the control dentin did not show a significant dif-
ference in the experiment time period, whereas the dentin that
had been exposed to eugenol, Proco-Sol, Kerr, and Wach's sealerd
demonstrated a statlstically significant increase in microhard-

ness values,




1.

2,

k.,

5-

7.

8.

10.

11.

56

REFERENCES

Ingle, J.J. Endodontics. Philadelphia: Lea & Feblger,
1965, p. 201,

Coolidge, E.D., and Kesel, R.G. Endodontology. Phila=-
delphia: Lea & Febiger, 1956, 2nd ed., p. 242,

Healy, H,J. Endodontiecs. St. Louls: C.V. Mosby Company,
1960, p. 157.

Luks, S, Pulp reactions to operative procedures. Dent,
Clin. North America, July, 1963, p. 41k,

Schilder, H. Filling root canals 1n three dimensions.
Dent. Clin. North America, Nov., 1967, p. 724,

Grossman, L.I. Endodontic Practice. Philadelphia: lea
& Febiger, 1966, 6th ed., ppP. 337-339, 353.

Dixon, C.M., and Rickert, U.G. Histological verification
of results of root-canal therapy in experimental animals,
J. Amer Dent Assn 25:1781-1803, 1938.

Rappaport, H.M.; Lilly, G.E.; and Kapsimalis, P, Toxicity
oféindodontic filling materials. Oral Surg 18:785-802,
1964,

Sommer, R.F.; Ostrander, D.F.; and Crowley, M.C., Clinical
Endodontics, Philadelphia: W.B. Saunders, 1966, 3rd ed.,

p. 195-196,

Ingle, J.I., and LeVine, M, Transactions of the Second
International Conference on Endodontics. Philadelphia:
University of Pemmsylvania Press, 1958, p. 124,

Grossman, L.I. Transactions of the Second International
Conference on Endodontics, Philadelphia: University
of Pennsylvania Press, 1958, pp. 103, 14b4-155,




12,

13.

14,

15.

16,

17.

18.

19.

20.

21.

22.

23,

57

Guttuso, J.; Mitchell, D.F.; and Healy, H.J. Histopatho-
logic study of rat connectlve tissue responses to endo-
dontic materials, I.A.D.R. 41:60, 1963.

Coolidge, E.D., and Kesel, R.G. Endodontology.
Philadelphia: Lea & Febiger, 1956, 2nd., pp.243-248,

Grossman, L.I. Transactions of the Third International
Conference on Endodontics. Philadelphla: University
of Pennsylvania Press, 1963, p. 125,

Seidler, B. The technique and rationale of filling root
canals. New York J Dent 24:376-385, 1954,

Haga, C.S. Microscopic measurements of root canal prepa-
rations following instrumentation. Northwestern Univer-
sity Bull. 52:2:11-19, 1967.

Gutierrez, J.H., and Garcia, J. Microscopic and macro-
scopic investigation on results of mechanical preparation
of root canals, Oral Surg 25:108-116, 1968,

Brady, E.P. Why do root canal fillings fall, and place us
open to criticism? Dent Cosmos 62:1085-1087, 1920,

Grove, C.J. An accurate new technique for filling root
canals to the dentino-cemental junction with impermeable
materials. J. Amer Dent Assn 16:1534-1600, 1929,

Buckley, J.P. The pulpless tooth, its pathology and
conservation; a new method and technique of filling
root canals. J. Amer Dent Assn 16:44-61, 1929,

Rickert, U.G., and Dixon, C.M. The control of root surgery,
Transactions 8th International Dental Congress. Paris,

1931, pp. 15-22.

Grossman, L.I. Filling root canals with silver points.
Dent Cosmos 78:679-687, 1936,

Schmitt, W, Zahnarztl. Welt, quoted in Grossman, L.I.
Endodontic Practice. Philladelphia: Lea & Febiger,

1966, 6th ed., p.362.




24,

25.

26.

27,

28,

29.

30.

31,

32,

33.

3k,

35.

58

Waechter, R, 2Zahnaerztl, Welt, quoted in Grossman, L.I.
Endodontic Practice. Philadelphia: 1ea & Febiger,
1966, 6th ed., p.362.

McElroy, D.L. Physical properties of root canal materials,
J. Amer Dent Assn 50:433-440, 1955.

McElroy, D.L., and Wach, E.C. Endodontlc treatment with a
zinc oxide~-Canada balsam filling material., J. Amer Dent
Assn 56:801-806, 1958.

Schroeder, A. Zahnserztl. Welt u. Reform, quoted in
Grossman, L.I. Endodontic Practice, Phlladelphia:
Lea & Febiger, 1966, 6th ed.,, p. 362,

Grossman, L.I. An improved root canal cement. J. Amer
Dent Assn 56:381-385, 1958,

Nielson, T.H. The ability of 39 liquid chelating agents
to form cements with metal oxides, respecting theilr usa-
bility as root-filling materials. Acta Odont Scand
21:158-174, 1963,

Molnar, E.J. Cloves, 011 of cloves and eugencl. The
me&lco-dental history. Dent Items of Interest, Jun-Oct.
1942,

Chrisholm, E.C. quoted in Brauer, G.M. A review of zinc
oxide-eugenol type filling materials and cements. Rev
Belg Med Dent. 20:323-364, 1965,

Molner, E.J., and Skinner, E.W. A study of zinc oxide-
rosin cements. 1. Some variables which affect the
hardening time. J. Amer Dent Assn 29:744-751, 1942,

Harvey, W., and Petch, N.J. Acceleration of the setting
of zinc oxide cements. Brit Dent J 80:35-42, 1946,

Copeland, H.J.; Brauer, G.M.; Sweeney, W.T.; and Forziatti,
A.F. Setting reaction of zinc oxide and eugenol.
J Res Natl Bur. Stand. 55:133-138, 1955,

Smith, D.C. The setting of zinc oxide-eugenol mixtures.
Brit Dent J 105:313-321, 1958,




36.
37.
38,
39.
Lo,
b1,

b2,

L3,

hs,

46,

b7,

59

Wallace, D.A., and Hansen, H.L. 2Zinc oxide-eugenol cements.,
J. Amer Dent Assn 26:1536-1540, 1939,

Molnar, E.J. Residual eugenol from zinc oxide-eugenol
compounds., J D Res U46:645-649, 1967,

Welss, M.B. Improved zinc oxide and eugenol cement,
I11inois Dent J 27:261-271, 1958,

Messing, J.J. Polystyrene-fortified zinc oxide-eﬁgenol
cement. Brit Dent J 110:95-100, 1961,

Smith, D.C. A quick setting zinc oxlde-eugenol mixture.
Brit Dent J 108:232, 1960,

Coleman, J., and Kirk, E.E. An assessment of a modified
zinc oxide-eugenol cement. Brit Dent J 118:482, 1965,

Myers, G.E. Environmental factors and the physical proper-
tigs of zinc oxide impression pastes. J Dent Res ll-0:775.r
1961.

Norman, Re.D.; Phillips, R.W.; Swartz, M.L.; and Frankiewlcz
T. The effect of particle size on the physical proper-
ties of zinc oxide-eugenol mixtures. J. Dent Res H43:
252-262, 1964,

Phillips, R.W., and Love, D.R. Effects of certaln additive
agents on the physical propertles of zinc oxide-eugenol
mixtures. J. Dent Res 40:294-303, 1961,

Brauer, G.M,; Simon, L.; and Sanguemano, L.D. Improved
zinc oxide-eugenol type cements. J Dent Res 41:1096-
1102, 1962,

Ccivjan, S., snd Brauer, G.M. Physical properties of cements
based on zinc oxide, hydrogenated rosin, o-ethoxybenzolc
acid and eugenol. J Dent Res 43:289-299, 1964,

Anderson, J.R., and Myers, C.E. Physical propertiles of
3022 zinc oxide-eugenol cements. J Dent Res 45:379-386,
1966.




48,

9.

50.

51.

52.

53.

55.

56.

57.

58.

59.

60

Stewart, G.G. Comparative study of three root canal seallng
agents. Oral Surg 11:1029-1041, 1174-1178, 1958,

Erausquin, J., and Muruzabal, M. Tissue reaction to root
cagal cements in the rat molar. Oral Surg 26:360-373,
1968,

Higginbotham, T.L. A comparative study of the physical
properties of five commonly used root canal sealers.
Oral Surg 24:89-101, 1967.

Curson, I,, and Kirk, E.E.J. A comparison of the propertied
of some root canal sealers. J Dent Res 44:1161, 1965
(abstract).

Curson, I., and Kirk, E.E.J. An assessment of root canal-
sealing cements. Oral Surg 26:229-236, 1968,

Isasmendi, F.A. Etude comparatlve des ciments de Rickert
et de Grossman., BRev Franc Odontostomat 14:1187-1196,

1967.

Wiener, B.H. A comparative study of important physical
properties of various root canal sealers. Theslis,
Boston University, 1969.

Dow, P.R., and Ingle, J.I. 1Isotope determination of root
canal failure. Oral Surg 8:1100-1104, 1955,

Marshall, F.J., and Massler, M. The sealing of pulpless
teeth evaluated with radioisotopes. J Dent Med 16:172-
18“. 1961. i

Kapsimalis, P.; Summitt, N.J.; and Evans, R, Sealing
properties of endodontic filling materlials using radio-
active polar and nonpolar isotopes. Oral Surg 22:386-

393, 1966,

Talim, S.T., and Igbal, S. Sealing of root canal fillings
in vivo conditions as assessed by radioactive 1odine.
J Indian Dent Assn 39:198-202, 1967,

Messing, J.J. An investlgation of the sealing properties
of some root filling materials. J Brit Endodont Soc
4:18-22, 1970.




60,

61.

62.

630

64.

65.

66,

67.

68.

69.

70.

61

Hunter, H.A. The effect of gutta percha, silver points,
and Rickert's root sealer on bone healing. J Canad Dent

Assn 23:385-388, 1957,

Guttuso, J. Hlstopathologlcal study of rat connective
tissue responses to endodontic materials. Oral Surg

16:713-727, 1963,

Mj}8r, 1.A. The effect of zinc oxide and eugenol on dentine
evaluated by microchardness testing. Arch Oral Biol
73333"3360 19620

Fusayama, T., and Maeda, T. Effects of pulpectomy on
dentin hardness. J Dent Res 49:684, 1970 (abstract).

Rotberg, S.J., and deShazer, D.0O. The complexing action of
eugenol on sound dentin. J Dent Res 45:307-310, 1966.

Craig, R.G., and Peyton, F.A. The microhardness of enamel
and dentin. J Dent Res 37:661-668, 1958,

Cralg, R.G.; Gehring, P.E.; and Peyton, F.A. BRelation of
structure to the microhardness of human dentin. J Dent
Res 38:624-630, 1959.

Peyton, F.A.; Mahler, D.B.; and Hershenov, B. Physical
properties of dentin. J Dent Res 31:366-370, 1952,

Nyborg, H. Healing processes in the pulp on capping.
Acta Odont Scend 13:1-127, 1955,

Murphy, J.M., and Salviolo, J.A. Pulp conservation follow-
ing carious exposures, New York J Dent 15:83-89, 1949,

Mohammed, Y.R.; Van Huysen, G.; and Boyd, D.A. Filling
base materials and the unexposed and exposed tooth pulp,
J Pros Dent 10:961, 1960,




APPROVAL SHEET

The thesis submitted by Dr. Glenn M, Biven has been read
and approved by members of the Department of Oral Biology.

The final copies have been examined by the director of
the thesis and the signature which appears below verifies
the fact that any necessary changes have been incorporated,
and that the thesls is now given final approvél with reference
to content, form, and mechanical accuracy.

The thesis 1s, therefore, accepted in partial fulfillment

of the requirement for the degree of Master of Scilence.

VWno\"lO\ ARSNR N \*~§NQY’T\~ (\%kk%na

Date Signeture of AdviZor




	Loyola University Chicago
	Loyola eCommons
	1971

	The Effect of Eugenol and Eugenol-Containing Root Canal Sealers on the Microhardness of Human Dentin
	Glenn M. Biven
	Recommended Citation


	img002
	img003
	img004
	img006
	img007
	img008
	img009
	img010
	img011
	img012
	img013
	img014
	img015
	img016
	img017
	img018
	img019
	img021
	img022
	img023
	img024
	img027
	img029
	img031
	img032
	img033
	img035
	img036
	img037
	img038
	img039
	img040
	img043
	img044
	img045
	img046
	img047
	img048
	img049
	img050
	img051
	img052
	img053
	img054
	img055
	img056
	img057
	img058
	img059
	img060
	img061
	img062
	img063
	img064
	img065
	img066
	img067
	img068
	img069
	img070
	img071
	img072
	img073
	img074
	img075
	img076
	img077
	img078

