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CHAPTER I 

IHTRODUCTION 

Over the years, many new techniques and materials 

have been introduced to dentistry. Dentistry "..rouln not 

be the precise discipline it is today if the technology 

present in our modern society did not exist. It behooves 

the practitioner of today to understand the materials and 

techniques that he has at his disposal so that he can 

intelligently decide how to treat his patients. 

One of the types of materials that is in common 

use by practitioners are the dental bases. They are used 

for the protection of the pulp, or to aid the pulp in 

recovering from irritation. Sturdevant (1968) lists three 

criteria in selecting an intermediate base as follows: 

1. the ability of the material to protect the pulp 

2. the ability of the material to eliminate or 

orevent postoperative discomfort 

3. the effect of the material on the clinical 

success of the restoration. 

The total effect of the dental bases is a sum of 

all of their pro~erties, such as compressive strength, nH, 

thermal concluctivi ty, and pulpal sedation. One of the 

effects that dental bases have on the dentin is to change 

the hardness of the dentin. 

An in vitro experiment desi~ned to determine the 

direct effect of rlental bases on the hardness of human 

dentin was carried out. Any effect seen would be due to a 

direct physical or chemical effect of the dental base. 

Once the dental practitioner is aware of the direct effects 

1 



and indirect effects of the materials that he uses, he can 

use the sum of his knovrledge to treat his patients more 

precisely according to their individual needs. 

The three most frequently used dental bases are 

zinc phosphate cement, calcium hydroxide, and zinc oxide 

and eugenol. These three materials have at various times 

been in great regard or in great disregard as various 

authors' research have claimed the materials to be either. 

beneficial, benign, or damaging to the pulp. Since most 

dentists do not prepare mixtures of these materials from 

their basic ingredients, but buy a commercial preparation 

designed for ease of manipulation and convenience, well 

known brands of commercial preparations were tested. 

2 



CHAPTER II 

REVIEr:/ OF THE LITERATURE 

Hodge and NcKay ( 1933) used a Hicrocharacter 

Hardness Tester v1i th motor drive and diamond cutter point 

developed by c. H. Bierbaum to measure the hardness of 

dentin and en~~el. The machine applied the diamond point 

under a constant load to a constantly moving sample. A 

microcut 1.·ras formed. The Bierbaum hardness number vras 

derived from the ratio of the width of the cut by the 

force. The researchers found crm·m dentin slightly harder 

than the root dentin (Bierbaum numbers 130 and 140 

respectively). 

godge (1936) tested Bri~ell, Rockwell, Monotron, 

Shore Scleroscope, Herbert Pendulum, and l•Iicrocharacter 

hardness testers to see which i·ras most suited for dental 

hardness measurements. He found that the I.iicrocharacter 

Hardness Tester caused no desti'uction of specimens and 

exhibited sensitivity to the different hardness of the 

dentin and enamel while the others did not. 

Total! ( 1942) determined the effect of polishing 

and drying on the hardness of human dentin by the nicrocut 

method develo;Jed by c. H. :r:lierbaum. The extracter'l. teeth 

vrere sectioned ':!i th a circular steel savJ, mounted in 

nlasticine, and tested. The teeth and sections 1·:ere 

stored in Hater. some sections '.\rere polished ·.ri th emery 

naDer and final polished vri th e1. moistened abrasive pO'\·rder 

on a buffer ':Theel. The nolished sections had a hardness 

of 140 Bierbaum. The unnolished sections were tested and 

had a hardness of 143 :Sierbaum. The polished sections 1·rere 

3 
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then dried for 44 hours in 0 a 105 C oven. The dried, 

polished sections had a hardness value of 217 Bierbaum. 

He concluded that polishing has a minimal effect on the 

hardness of dentin but drying increases the hardness 

marlzedly. 

Craig and Peyton (1958) determined the hardness of 

enamel and dentin i!Ti th a Knoop diamond indenter mounted on 

a i:IO Tukon microhardness tester. They tested mature, 

freshly extracted, non-carious teeth. The teeth vrere 

embedded in plastic, sectioned with a \•Tater cooled wheel, 

polished by the successive use of 240A, 400A, and 600A 

Norton Tufback Speed wet paper supported by a glass slab, 

followed by polishings with Shamva and CRO metallographic 

polishes at low speeds on a wet polishing wheel. They 

tested loads from 25 to 200 grams and found that a 50 gram 

load applied for 15 seconds was optimum. An optimum load 

was then defined as a load that produced an indentation 

that had well defined borders with a minimum of fractured 

edges. They also found that dentin has a pronounced 

elastic recovery. They suggested that the measurements 

should be made within a few minutes of the indentation of 

the sample. They disregarded measurements that Nere 

outside tv.rice the standard deviation of the average value. 

This came to approximately 15% of the total readings. 

The authors found that dentin in the area of the 

dentinoenamel junction (DEJ) was the softest. They found 

the average for dentin ·was 68±3 KHN and the average for 

enamel '.Has 343±23 KHN. They found no difference in 

4 

h.Hrr1n8 ss ~,et'.·Jeen root and cro,,m rlenti_!1. 'I'h.ev state rJ th::>_t 

their standard deviation for dentin '>·las :!:5 KHN, which 

equaled approximately 7. 5~~ error. They thought that this 

a1nount of error could account for an earlier study by Hod.ge 

c>...nd NcKay ( 1933) that shoi!Ted Bierbaum numbers 130 and 140 
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respectively for root and crown dentin. 

Craig, et al, (1959) tested the Knoop microhardness 

of human dentin i·li th a I:IO Tukon microhardness tester at 

loads from 2 to 25 grams for 15 seconds. The specimens 

were teeth selected and prepared as in their 1958 study. 

They found that loads of 10 gra.::1s and above showed less 

experimental variation than loads less than 10 gra~s. 

They also stated that a 10 gram load is more representative 

of the dentin's hardness than a larger load although they 

did not state hovr they arrived at this conclusion. 

The authors found that the hardness of the crmm 

dentin mray from the DEJ and the oulp Has the same 

hardness as root dentin m,my from the CEJ and pulp canal. 

Dentin near the CE.J, pulp canal, and DEJ 1:ras 15 to 30 KHN 

softer than the rest of the dentin. They also stained 

the sections vri th modified Pollak Trichrome stain. This 

staining procedure stained the organic material in the 

dentin darker than the inorganic material. Dentin near 

the CEJ, puln canal, and DEJ stained darker. Dark 

staining and lower hardness value areas coincided. The 

difference in staining and hardness ':las attributed to the 

amount of organic material present. 

Hegdahl and Hagebo ( 1972) evaluated load dependence 

in micro indentation hardness testinG of enamel and 

dentin. They used a Vickers diamond pyrarnid indenter 1·1i th 

the load applied for ten seconds. r~raxillary first 

premolars ':ri th full root development, no caries, and no 

restorations were extracted. The teeth were stored in a 

buffered formalin solution. The teeth were wet sectioned 

with a Hamco Thin sectioning Hachine, embedded in plastic, 

600 in succession. The final polish was accomplished 

usins Buehler AB Alpha Polishin,c:; Alumina Number 2 on a 



w·et cloth. 

The authors found that the hardness for enamel and 

dentin is load dependent. A change from 40 to 60 grams 

load increased the hardness from 319 to 322 in enamel. In 

dentin a load change from 15 to 30 grams changed the 

hardness value from 68 to 67. They found that less 

variation in measurement values resulted from increasing 

the load in the same specimens. Under 20 ~rams load the 

measurement variation increased rapidly. 

Hj or, et al, ( 19 61) investigated the in vivo 

6 

effect of Ca(OH) 2 and amalgam on 25 caries free teeth. 

Seventeen of the teeth were premolars slated for extraction 

for orthodontic considerations in children with an average 

age of 11.5 years. Seven were third molars and one was a 

supernumerary fourth molar extracted from young adults with 

an average age of 24 years. Preparations were made in the 

teeth, and the Ca(OH) 2 or amalgam was placed. The Ca(OH) 2 
experimental teeth i-'!ere then sealed i•Ti th amalgam. Seven 

teeth vrere left unoperated to serve as a control group. 

The teeth were extracted from 15 to 139 days later. The 

teeth .. v~ere embedded in plastic and wet sectioned with a 

Billinp;s Hamco Thin Sectioning I:Iachine. The sections were 

then tested with a Kentron Knoop Hicro Hardness 1~ester 

v!ith a 50 gram load applied for 15 seconds. They found 

that Ca(OH)
2 

caused a marked increase in the hardness of 

the dentin, and that amalgam effected little change in the 

hardness. They found the change in hardness apparent 

>·Ji thin as little as 15 days. Uhether the effect of the 

Ca( OH) 
2 

i·Jas pulpal or direct vras not knovm. 

r..rjor ( 1962) investigated the in vivo effect of ZOE 

dental bases on the hardness of dentin. He measured the 

hardness with a Kentron Knoop Microhardness Tester. Nine 

caries free, newly erupted, first premolars, slated for 
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extraction for orthodontic considerations were used. Six 

of the teeth were in the experimental group and three teeth 

were used as a control. The teeth in the experimental 

group had an occlusal cavity prepared and ZOE placed in the 

floor of the preparation. The cavity was then sealed v,rith 

amalgam. The teeth vrere extracted from 10 to 250 days 

later. They were embedded in plastic, wet sectioned with 

a Gillings Hamco Thin Sectioning ~.Tachine, and tested with 

a Kentron Hicro Hardness Tester. They found that the ZOE 

covered dentin exhibited an increased hardness of 2.9 KHN. 

In his previous study, N:j or ( 19 61) found that Ca( OH) 
2 

covered dentin in a similar experiment shovied an increase 

of 9.8 KHN. The amalgam covered dentin in the 1961 study 

shO\'led an increase of 0.3 KHN, which \'las not statistically 

significant. 

Mjor (1967) in an in vivo experiment, made cavity 

preparations in 97 premolars slated for extraction for 

orthodontic considerations in children age 9 to 15 years 

of age. He then placed ZOE, Ca(OH) 2 , amalgam, and Ledermix 

(cortico-steroid/antibiotic mixture) over the exposed 

dentin. The preparations were then sealed v:i th either 

amalgam or ZOE. The teeth were later extracted at various 

times from one-half hour to 117 days later. He found that 

there •:ras no marked difference bet~.·Jeen ZOE and Ca( OH) 2 
covered dentin stained with toluidine and alcian 'Jlue. He 

also found that ZOE treated dentin shoHed no change in 

microradiodensity, hut that the Ca(OH) 2 treated dentin 

shov1ed an increased microradiodensi ty. 

Ripa, et al, (1972) studied the in vitro effect of 

Ca(OH)
2 

and ZOE on the dentin of 32 sound, non-carious, 

unrestored, extracted premolars and molars. The enamel \'las 

removed from the occlusal surfaces of the teeth and ZOE 

or Ca(OH)
2 

(Dycal) placed over one-half of the exposed 



dentin. The untreated one-half served as the control. 

Sixteen teeth were treated \·.ri th Dycal and sixteen teeth 

v1ere treated with ZOE. The teeth were stored in a high 

humidity environment. Microradiographs vrere taken at 

two •:Jeeks, three months, six months, and one year. They 

found no difference in microradiodensity between control 

and ZOE-treated dentin and bet·ween control and Ca( OH) 
2 

treated dentin. They also studied the same materials in 

32 carious, unrestored, extracted oremolars and molars, 

Sixteen teeth v;ere used for the ZOE sample and sixteen 

teeth vrere used in the Ca( OH) 2 sample. They were prepared 

and stored as previously described. I.Ucroradiographs 

vrere tal-<:en after two weeks, three months, six months, and 

one year. They found no increased microradiodensity in 

the ZOE treated carious dentin. They did find an· 

increased microradiodensity in the Ca(OH) 2 treated dentin. 

They attributed this increase to penetration of Ca(OH)
2 

into the carious dentin. 

Ehrenreich (1968) tested the Knoop hardness of 

caries treated with Ca(OH) 2 , ZOE, and wax in vivo. He 

used a Kentron I·Iicrohardness Tester 1·1i th a 100 gram load 

for 10 seconds. Teeth from children ages 8 to 9 years 

were used. Thirty-six asymptomatic unexnosed teeth were 

divided into four grouos of nine each. One grouo 'das a 

control group that had the cavity prenared with a high 

speed bur and spoon excavation. The teeth were then 

immediately extracted. 

The experimental grouos had the surface layers 

of decay removed vri th a high speed bur and spoon 

excavation as in the control group. The ZOE, Ca( OH) 0 , or 
L 

wax .,,,as then placed on the floor of the preparation and 

the preparation sealed \•li th amalgam. After eight weeks, 

the experimental teeth were extracted. The teeth were 

8 



vmshed overnight ·.-lith water. They were then dehydrated 

for four hours ·.-~i th alcohol washes. The specimens were 

soaked in acetone for one hour and embedded in plastic. 

They v,rere then sectioned with a Hamco-Gillings Thin 

sectioning Hachine. The sections i.'fere then subjected to 

either hardness testing or histological examination. 

The author found that the microhardness of the ZOE treated 

carious dentin increased appreciably though it did not 

reach the hardness of sound, non-carious dentin. The 

wax and Ca( OH) 2 treated dentin did not appreciably 

increase in hardness. The hardness increase in the ZOE 

group vms 57 KHN. The increased hardness of the ZOE 

treated dentin was attributed to stimulation of the pulp 

by the ZOE to recalcify the decayed dentin. The 

histological study of the dentin showed that the dentin 

appeared to be normal in structure beneath the decayed 

areas. The Ca(OH) 2 and wax group showed a slight but 

statistically significant increase in hardness. 

Wolf, et al, ( 1973) tested the in vivo effect 

of a ZOE base with approximately 2% fluoride, in the 

form of CaFP03 , and a ZOE base vTi thout CaFP03 added. 

The seven caries free premolars selected were slated to 

be extracted for orthodontic reasons. Two preparations 

were made in each tooth. One was filled with the CaFP03 -

ZOE and the other preparation was filled with the plain 

ZOE. The nreoarations \'Jere sealed ·with amalgam. After 

four to six weeks, the teeth were extracted. Seventeen 

teeth were selected and prepared the same as previously 

described, but i·rere immediately extracted and the 

exnerimental bases applied and sealed with amalgam and 

stored in physiolo.rz;ic saline for 16 to 35 days. In 

preparation for hardness testing, the teeth vrere embedded 

in plastic, sectioned, and polished. A 100 gram load was 

9 



utilized for Knoop microhardness testing. They found the 

hardness increased approximately the same amount in both 

in vivo and in vitro smnples ~eneath the CaFP03 -zoE 
(2.8 KHN and 3.3 KHN respectively). The hardness beneath 

the plain ZOE and adjacent unaffected control dentin did 

no -'- c'n0'''"" "'ianl.Tl·can-l- chanae (0 3 VT-l'I'J and 0 t:; VPI··J v .:;) 1 .•• o. >:::.>--,'-::;,. ~ ... J. v ... '"-~ ·. • ....\....... • ........ ...,)._""1. 

respectively). The authors attributed the increased 

hardness to the additional Ca and F ions present in the 

CaFP03 -ZOE mixture as compared to the plain ZOE mixture. 

Biven, et al, (1971) studied the effect of 

eugenol and eugenol containing root canal sealers on the 

hardness of the dentin of extracted human teeth. The 

teeth selected vrere a random sarnple of permanent teeth 

excluding mandibular central and lateral incisors. The 

teeth had mature, fullY developed roots. The teeth were 

·stored in normal saline solution while being prepared 

for testing. The auical portion of the roots were 

sectioned off the root >·ri th a '-'rater spray handoiece. 

10 

The apical portions of the roots were embedded in plastic 

in a Buehler Specimen l'-'1ounting Press. The samples were 

polished on a Buehler Fine Grinding Apparatus 'l:li th 

progressive use of wet emery polishing paper of successive 

grits and a final polish ·with Buehler levigated alumina 

slurry. The tooth served as its ovm control. Before and 

after measurements Here taken i•ri th a Kentron microhardness 

tester with a Knoop diamond indenter for 15 seconds with 

a 10 gram load. The specimens were stored in an 

analytical oven at 37°C and 90% relative humidity for 3 

weeks. Eugenol and three brands of root canal sealers 

containing eugenol were tested. Two root specimens were 

in the eugenol group. Three root specimens were in each 

of the commercial root canal sealer groups. Tv1o root 

apices vrere used as another control group. These two 
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root sections 1·1ere mounted, polished and stored for 3 

vreel<:s to determine the effect of the preparation 

nrocedures. They found the hardness in the untreated 

control sample did not change significantly. The hardness 

of the eugenol and root canal sealer samples became 

significantly harder. The eugenol treated dentin became 

11 KHN harder. The three root canal treated samples 

became 3 to 9 KHIT harder. 

Garberoglio and Brannstrom (1976) used a scanning 

electron microscope to study human dentin. They studied 

24 extracted premolars, 5 extracted molars, and 1 

extracted incisor. Sixteen of the teeth were from 

individuals 8 to 25 years of age. Fourteen of the teeth 

':rere from individuals 40 to 60 years of age. They found 

that the number of tubules in the dentin varies depending 

on proxiwity to the pulp. The number of tubules near the 

;:mlp charnber v-ras 45, OOO/mm 2 and their diameter was 2. 5 urn. 

The number of tubules in the middle area of the dentin 

\'Tas 29, OOO/mm 2 and their diameter Vlas 1. 2 urn. The 

peripheral dentin values ·were 20 ,OOO/mm2 and their 

diameter v;as 0. 9 urn •. The:' found that the tubules '.·!ere 

various diameters and may or may not have odontoblastic 

nrocesses in them. They found tubule volume "~Has computed 

to be 10~j on the average for coronal dentin. The range 

Has 4~j near the enamel and 28% near the pulp. 

Outhwaite, et al, (1976) evaluated the radioactive 

iodine permeability of dentin from freshly extracted 

third molars. They found that increasing the temperature 

of the environment from 25° to 35° doubled the radioactive 

iodine penetration rate. Dentin proximal to the pulp was 

more permeable than .dentin proximal to the enamel. 'rhe 

nermeability of the dentin samples showed a slight 

increase for the first t1·ro days post-extraction. After 



the second day, no change in the permeability rate 1,vas 

observed for the next four vTeeks. 

Rotberg and deShazer (1966) studied the chelating 

ability of eugenol and ZOE. Third permanent molars 

12 

without caries were immediately stored in 4% formalin after 

e:ctraction. The 37 teeth were wet sectioned on a Hamco 

Thin sectioning f.1achine. T'.-ro sections from each crovrn 

were used. Eugenol was added to 36 sections. water was 

added to 14 sections. After 30 weeks, the amount of 

calcium removed from the sections by the eugenol vras 

4.1 mg./100 ml. Von Kossa staining of the sections 

shov1ed decalcification of the sections. ZOE mixes ':Jere 

placed on seven sections for six weeks. Von Kossa 

staining shm1ecl surface decalcification of the sections. 

The authors stated that eugenol in the active form of the 

eugenolate (c 10H11o
2

) is the chelating agent formed during 

the setting process of the ZOE. The eugenolate chelates 

the calcium from the dentin causing decalcification of 

the dentin. 

r.1olnar ( 1967) mixed 100 gram samples of 80°', zinc 

oxide and 20% eugenol. He then extracted the free eugenol 

from the mixtures by immersing them in methanol. The 

percentage of eugenol that was extracted depended on the 

amount of time the mixture \·ms allo\·Jed to set. Immediately 

after mixing, 92.5% of the eugenol could be extracted. 

'.·Then ZOE with accelerators added ·vras tested, immediately 

after hardening 10.9% of the eugenol was extracted. 

Accelerated ZOE set for 6 weeks had 5.8% of the eugenol 

extracted. 

Batchelor and 1:Iilson ( 1969) studied six brands of 

ZOE mixed under various atmospheric conditions. The 

temperatures varied from 20°C to 27°C. The humidity varied 

from 50 to 65% relative humidity. All the mixes conformed 
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to the FDI specification for dental silicate cements. The 

authors found that increasing the humidity or the temper

ature of the atmospheric conditions at the time of mixing 

speeded the setting reaction. The increased rate of 

reaction of the ZOE ~:ras caused by the reaction of the H
2
o 

(humidity) ~::i th the eugenol. The reaction forms the 

active eugenolate, which reacts with the zinc oxide, which 

is also activated by H2o (humidity). The authors 

concluded that the setting reaction of the ZOE was enhanced 

by high humidity. 

Van der Lehr (1970) stated that zinc phosphate 

cements should no longer be used as a dental base or luting 

agent because of its acidity, which leads to pulpal death. 

Powers and Dennison (1974) reviewed dental cements. 

They stated that the principal ingredient of zinc phosphate 

cement powder is zinc oxide. Magnesium oxide is also 

present in the powder to aid in its manufacture. The 

liquid is a solution of phosphoric acid and is approx

imately 33% ':rater to '.'lhich aluminum and zinc have been 

added as a buffer. The set zinc phosphate cement is 

essentially a hydrated amorphous network of zinc phosphate 

that surrounds incompletely dissolved particles of zinc 

oxide. 

Svrartz, et al, (1966) studied the permeability of 

dentin and dental bases to the constituents of zinc 

phosphate and silicate cements. Extracted sound molars 

were embedded in plastic. The croims were reduced to 

cylinders 6 mm. in Q.iameter and 3 :nm. high with a lathe. 

A cavity of 4 mm. in diameter and 1 mm. deep v;as made in 

the top surface of the cylinder. The cavity formed in the 

cylinder of tooth 1·ras filled with silicate or zinc 

phosphate cement prenared from a liquid labeled ':Ti th 

P32 phosphoric acid. The teeth were stored in water ,,,ri th 
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the cement covered ~Hi th wax to prevent leaching. The 

teeth were sectioned 1, 24, and 72 hours after placement 

of the cement. Labeled P
32 

from both silicate and zinc 

phosphate cements penetrated the dentin. Copalite, Dycal, 

and Cavi tee all reduced the amount of P32 that penetrated. 

J:~Jorman, et al, (1966) studied the direct pH 

determination of samples of set cements utilizing a 

microelectrode. External and internal pH readings ·were 

taken of zinc phosphate, silicate, silicophosphate, a~d 

copper cements at 10 and 30 minutes, 1, 2, 4, 12, 24, and 

48 hours, and 7 and 28 days after mixing. Junction pH 

determinations at the junction bet·v1een fresh dentin and 

cements ..,,,ere undertaken at room and 37°C temperatures 

at 100% relative humidity. 

'rhe different brands of cement •,,rere approximately 

the same pH. The authors found that only very thin mixes 

of cement had a markedly 10\'fer pH than average or thick 

mixes. The pH of all the mixes had stabilized after 48 

hours at 6.1 for the thin mix and 6.7 for the standard 

and thick mixes. The initial pH of the thin mix was 3.3, 

while the initial pH of the standard mix v;as 4.4. The 

dentin-cement interface measurements were not statisti

cally different from the previous values. The standard 

mix was the mix that met ADA Specification Number 8. 

The Council on Dental Haterials and Devices of 

the A.D.A. (1967) states that the portions of zinc 

phosphate cement should be mixed in the following order, 

1/16, 1/16, 1/8, 1/4, 1/4, and 1/4. The first three 

portions should he mixed for 10 seconds, the next two 

portions should be mixed for 15 seconds, and the last 

portion should be mixed for 30 seconds. A total mixing 

time of 90 seconds is the result. 
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Servais, et al, (1971) studied the setting and 

storage of zinc phosphate cements in humid and dry 

conditions. They studied the cement with X-ray dif..:..: 

fraction, scanning electron microscopy, and electron 

microprobe analysis. They found that during the initial 

setting process, the essential component forDed is a 

noncrystalline, amorphous, glassy nhosphate. The cement 

consists of ZnO particles surrounded in the noncrystalline 

phosphate matrix. As the cement dries, extensive pores 

occur throughout the amorphous phosphate, and the 1.1hole 

mass becomes porous. The noncrystalline comnonent is 

stable under relatively dry conditions at less than 30% 

relative humidity. At higher than 30% relative humidity, 

the surface layer transforms to the crystalline form, 

hopeite. Hopeite is Zn(P04) 2 •4H2o. 
Cartz, et al, ( 1972) placed freshly mixed sc::unples 

of zinc cement between a glass plate and a slab of dentin 

to keep the excess moisture inherent in the mixing ·within 

the mix. This procedure kept moisture in the atmosphere 

from the mix. The authors studied the mix after t"~:To days 

vri th a scanning electron microscope. They found no 

intimate bond vii th the tooth and that hopei te crystals 

had formed on the cement. The authors also found that 

the body of the cement was completely porous. The pores 

present in the cement ran~ed in size from lOOOA to 4000A. 

Brannstrom and Nyborg (1971) studied silicate 

cement and composite resin. They v1ere trying to determine 

whether a sealant prevented marginal leakage around the 

silicate cement and composite resin. The authors stated 

that marginal leakage allm·Ted bacterial infiltration 

around and beneath the filling materials. The acid 

content of the silicate cement and the leal<age around 

the composite resin vrere thought to cause the pulpal 
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ctarnage in teeth with these types of restorations. The 

authors used 106 pairs of contralateral premolars slated 

for extraction for orthodontic considerations. Prepara

tions were made in both teeth. One preparation was coated 

1.1ith a cavity liner (Tu:Julitec) and the other was not 

coated. Silicate cements ~ere placed in 40 pairs of 

teeth. Forty teeth had the liner and 40 did not have the 

liner placed. Sixty-six pairs of teeth were used to test 

the composite resin. The pairs of teeth 1·1ere extracted 

at various times .from 1 to 8 i:.reeks. The teeth Here 

sectioned, and the sections vrere stained ':lith Gram stain. 

some sections were stained 1·1i th Haematoxylin and eosin 

stain for the pulp. They found bacteria under almost all 

the unlined fillings of both types. The authors also 

determined that there vras only pulpal infla11mation when 

there was bacteria present under the fillings. Also, 

there ·was no inflaJnmation when there ~·rere no bacteria 

present under the lined or unlined cavities. 

Brannstrom and l'Tyborg ( 1974) studied bacterial 

growth and pulpal changes under lead inlays cemented Vli th 

zinc phosphate cement and Epoxylite CBA 9080. The samole 

consisted of 29 pairs of young premolars to be extracted 

for orthodontic reasons. These teeth had preparations 

made in them. The preparations had a liner (Tubulicid) 

placed. One of the pair of cavities had the lead inlay 

cemented with zinc phosphate cement. The teeth were 

extracted after 3 to 4 weeks. No bacteria '·rere observed 

beneath the inlays cemented v1i th zinc phosphate cement. 

There ~>ras no pulpal inflalnmation beneath the zinc phosphate 

cemented inlays. One tooth cemented 1·dth zinc phosphate 

cement over an exposure shOI'!ed no inflammation. Thirteen 

of the 20 r:::avi ties cemented with Epoxyli te demonstrated 

bacteria beneath them. T\·Jelve of these teeth exhibited 
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inflammation. The authors found no inflrunmation in the 

pulps under zinc phosphate cement if there vrere no bacteria 

present. They state that zinc phosphate cement per se does 

not irritate the pulp. The authors attributed the pulpal 

inflammation seen in earlier studies by other authors to 

poor debridement of' the cavities or to marginal leakage 

that allowed bacterial infiltration under the fillings, and 

not to the reason stated by those other authors, vlhich '-'laS 

chemical assault by the zinc phosphate cement on the pulp. 



CHAPTER III 

HETHODS AI'W :,IATEHIALS 

A. Selection and Preoaration of Snecimens 

Premolars extracted during orthodontic treatment 

were collected from the Oral surgery Department, Loyola 

University School of Dentistry, Itrayv~Tood, Illinois. The 

freshly extracted teeth were placed in sterile normal 

saline and refrigerated until they were prepared as 

specimens. Only teeth without caries and without 

restorations were used. 

In this study, a total of twenty teeth ·were used. 

Each sample (Control, ZOE, ZnP0
4

, and Ca(OH)
2

) consisted 

of five teeth. Each tooth was sectioned into halves. The 

mesial and distal of each section were treated as separate 

sepecimens. Therefore, each tooth yielded four specimens. 

The five teeth in each sample yielded a total of twenty 

specimens per sample. 

The teeth were sectioned transversely approximately 

t1:10 millimeters from the cementoenamel junction through 

the root with a high speed air rotor handpiece with water 

spray. The specimens were mounted to facilitate sample 

handling during preparation and testing. The specimens 

were embedded in COE (COE Laboratories, Chicago, Illinois 

60658) tray plastic (powder/liquid ratio=S.O g./4.0 ml.) 

utilizing a Buehler (Buehler Ltd., 2120 Greenwood Street, 

Evanston, Illinois 60204) specimen mounting press #9-22-

67 -166 \'lith Dentsply Silicone Spray ( Dentsply International 

York, Pa.) to facilitate the removal of the specimens 

from the mold. 
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The mounted specimens were ground with Buehler 

pressure sensitive Carbimet Paper Strips (#30-5160AB) 

grit numbers 240, 320, 400, and 600 stepping from coarest 

to finest on a Buehler Handimet Grinder (#39-1470AB) 

with a continuous water flow over the grinding surface. 
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The mounted specimens uere rotated 90 degrees bet..,·reen r;rits 

and ground at a right angle to the last grind marks on 

the specimen. This grinding procedure kept the testing 

surface and the base surface of the specimen parallel. 

Final polishing was on a Buehler Handimet Polishing Table 

(rotating table) covered with AB Hicrocloth (#40-7208) and 

vret \d th AB Miromet polishing compound ( #40-6355). The 

resulting specimens had a smooth, even, grassy appearance 

and exhibited an absence of scratches at 673 magnification. 

The five teeth used in each sample were sectioned 

and mounted in plastic in succession during one day. The 

ten mounted sections were then stored in a room temperature 

humidor. All ten sections comprising the sample were 

then ground, polished, and numbered in succession on 

another day. They were again stored in a room temperature 

humidor. During one day, ten pre-treatment measurements 

per specimen were performed in succession on the ten 

sections ( tv.ro specimens per section). Immediately after 

the last ore-treatment measurements were, recorded for the 

sample, the dental base was applied to all the specimens 

in the sample. The specimens were then stored in a room 

temperature humidor for hTenty-eight days. On the twenty

ninth day the dental bases were removed from the sections 

in succession. Immediately after the base had been removed 

from the section, ten post-treatment measurements per 

specimen were performed and recorded. All of the post

treatment measurements on the sample were completed that 

day. 
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B. Knoop Hardness Determination Hethod 

A Kentron ~:Ticro Hardness Tester (model AK, 

#7122-1) manufactured by Riehle Testing r.1achines (East 

Tv1oline, Illinois) was used to measure the hardness of' the 

dentin. It vms equipped ·with a Knoop diamond indenter and 

used '\'lith a load of' 100 grams. The load vras applied to 

the sample f'or fifteen seconds. The length of' the 

indentation was measured with a filar measuring device in 

the ocular of' the tester at 673 magnification. The filar 

measurement vms converted to microns by using a conversion 

factor (0.2068) supplied by the manufacturer. The micron 

length v1as converted to a Knoop hardness value using the 

Knoop Hardness Number Table supplied by the manufacturer. 

The root sections vrere oval with the buccal-lingual 

dimension the greater. The mesial and distal areas of' the 

root section were treated as separate specimens. 

Dentin has a heterogeneous nature. Its hardness 

varies slightly in the same specimen. The greatest 

variations occur near the pulp and the cementum. The 

measurements were made approximately equidistant from the 

pulp and the cementum in a curved line f'ollovring the 

contour of' the section. Ten measurements were made per 

specimen. The average of' these ten measurements was used 

as the pre-treatment Knoop hardness value of' the specimen. 

After tv1enty-eight days the sa.:11ples were measured again. 

The ten final measurements per specimen were between and in 

line \'lith the first measurements. The average of' these 

ten measurements vms used as the post-treatment Knoop 

hardness value of' the specimen. 

c. Procedures and naterials Utilized to Af'f'ect Dentin 

The first sample ':las a Control. ;:.rothing v;as placed 

on the dentin. The specimens were placed in a room 
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temperature humidor with approximately 100 percent humidity 

for t~;,renty-eight days. The specimens were wiped with wet 

cotton balls and then dried. The final Knoop values of the 

specimens were determined. 

The specimens in the Zinc Oxide-Eugenol sample 

were treated with Caulk ZOE-B&T (L. D. Caulk Co., Hilford, 

Delal'lare). Caull< ZOE B&T is a zinc oxide and eugenol 

dental base. The ZOE was mixed \'lith the proportions of one 

milliliter of liquid per one gram of powder. The ZOE ·was 

mixed on a sterile glass slab ~:ri th a sterile spatula for 

one minute. The ZOE was placed on the specimens so that 

the dentin was completely covered to a thickness of 

approximately one millimeter. The specimens were placed 

in a room temperature humidor Vli th approximately 100 

percent humidity for t"Vlenty-eight days. The ZOE was 

removed by flicking the junction between the ZOE and the 

mounting acrylic with a knife. The specimens were wiped 

with \'let cotton balls, dried, and the final Knoop hardness 

values determined. 

The specimens in the Zinc Cement sample were 

treated with Stratford-Cool<son Company Zinc Cement, Zinc 

Oxyphosphate Type (stratford-Cookson Co., Yeaton, 

Pennsylvania). Zinc cement is chiefly composed of zinc 

oxide and phosphoric acid. The cement was mixed with the 

proportions of one capsule of powder (packaged by Stratford 

Cookson Company) per eight drops of liquid from the liquid 

measuring bottle supplied by Stratford-Cookson Co. The 

cement was mixed on a cool (sixty-five degrees Farenheit), 

sterile glass slab with a sterile spatula. Eight drops of 

the liquid v1ere placed on the slab. The capsule of POwder 

1·ras onened onto the glass slab and divided into sixteenths. 

The cement was mixed according to the manufacturer's 

directions. The resulting mix had a consistency suitable 



for cementation of inlays or crowns. The specimens \·Jere 

placed in a room temperature humidor v1i th approximately 

100 percent humidity for tv1enty-eight days. The cement 

~,1as removed by flicking the junction betv1een the cement 

and the mo~nting acrylic with a knife. The specimens 

were wiped with wet cotton balls, dried, and the final 

Knoon hardness values determined. 

The specimens in the Calcium Hydroxide sample 

were treated with Caulk Dycal (L. D. Caulk Co., Hilford, 

Delaware). Caulk Dycal, a calcium hydroxide dental base, 

came packaged in base and catalyst tubes. Equal amounts 

of base and catalyst were mixed on a sterile glass slab 

with a sterile spatula for ten seconds. The Dycal was 

placed on the specimens so that the dentin was completely 

covered to a thickness of approximately one millimeter. 

The specimens \·:ere placed in a room temperature humidor 

with approximately 100 percent humidity for tvrenty-eight 

days. The Dye al vras removed by flicking the june tion 

between the Dycal and the mounting acrylic ·with a knife. 

The specimens were wiped with wet cotton balls, dried, 

and the final Knoop hardness values determined. 
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CHAPTER IV 

RESULTS 

The pre-treatment hardness value of the Control 

sample 1.·ras 57.25 KI-IN ~:Ji th a standard deviation of 5.18 

KHN. The post-treatment hardness value of the Control 

sample was 54.31 KHN i'Ti th a standard deviation of 4. 69 

KHN. 

The pre-treatment harc~ess value of the ZOE 

sample was 55.63 KHN i·Jith a standard deviation of 3.03 

KHN. The post-treatment value of the ZOE sarnple \'las 

55.05 KHN i·Jith a standard deviation of 4.14 KHN. 

The pre-treatment hardness value of the Zinc 

Cement sample I·Jas 54.78 KHN with a standard deviation of 

3.67 1\HN. The post-treatment hardness value of the Zinc 

Cement sample was 55.98 KHN with a standard deviation of 

3.52 KHN. 

The pre-treatment hardness value of the Dycal 

sample was 54.95 KHN v.J'i th a standard deviation of 3. 53 

KHN. The post-treatment hardness value of the Dycal 

sample v•ras 59.26 KHN vlith a standard deviation of 2.92 

KHN. 

The mean change in the hardness of each sample 

vras as foll 0\'lS: 

The Control sample was -2.94 KHN v1i th a standard 

deviation of 2.13 KHN. 

The ZOE sample was -0.58 KHN with a standard 

deviation of 3.05 KHN. 

The Zinc Cement sample ·vras +1. 20 KHN i·li th a 

standard deviation of 1.14 KHN. 
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The Dycal sample was +4.30 KHN with a standard 

deviation of 2.33 KHN. 

The starting hardness value of each sample 

(Control, ZOE, Zinc Cement, Dycal) was statistically 

compared (paired sample t-test) to the final hardness 

value of the sample (See table I.). 

The Control sample became significantly softer 

(P(.Ol). 

The ZOE sample did not change significantly. 

The Zinc Cement sample became significantly 

harder (P(.Ol). 

The Dycal sample became significantly harder 

(P(.Ol). 

The mean change of each sample was statistically 

compared to the other samples through use of the t\·!o 

sample t-test (See table II). 

The change in hardness of the Control sample was 

significantly different from the ZOE, Zinc Cement, and 

Dycal samples'. The Control sample softened during the 

experiment. 

The change in hardness of the ZOE sample was 

significantly different from the Control, Zinc Cement, 

and Dycal samples. 

The ZOE sample's hardness did not change 

significantly during the experiment. 

The change in hardness (softening) of the Control 

sample \·Jas significantly (P(.Ol) different from the 

ZOE sample's (no change in hardness). 

The change in hardness of the Zinc Cement sample 

was significantly (. 01\ P(. 05) different (harder) than 

the ZOE sample's (no change in hardness). 
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The change in hardness of the Dycal sample vras 

significantly (P(.Ol) different (harder) from the ZOE 

sample's (no change in hardness). 
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The Zinc Cement sample's change in hardness was 

significantly different from the Control, ZOE, and Dycal 

samples' change in ha.rdness. The Zinc Cement sample's 

hardness became significantly harder during the experiment. 

The Zinc Cement sample's change in hardness ·was signifi

cantly harder than the Control sample 1 s change in hardness 

(P(.Ol). The Zinc Cement sa~ple 1 s change in hardness 

was significantly harder than the ZOE sample's change in 

hardness (.Ol\P( .• 05). The Zinc Cement sample's change in 

hardness did not get as hard as the Dycal sample's change 

in hardness (P(.Ol). 

The Dycal sample's change in hardness was signifi

cantly different from the Control, ZOE, and Zinc Cement 

samples' change in hardness. The Dycal sample's hardness 

became significantly harder during the experiment. The 

Dycal sample 1 s change in hardness ivas significantly harder 

than the Control, ZOE, and Zinc Cement samples' change in 

hardness (P<.ol). 
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TABLE I 

STATISTICAL ANALYSIS UTILIZING THE PAIRED SAriiPLE t-TEST 

EVALUATION OF THE CHANGE OF HARDNESS OF AFFECTED DENTIN 

~ - =t===- I ----::::::=p== ll Control - ! -- ZOE ___ I Zinc --j Dycal 

II I I ~ 1 Cement 

=::=========:= --0.---------------:::::=:±:~---------------~---------- __ [_ ---------------------- '-=========== 
Pre-treat. 1-

1 ---r 
Mean il 57.25 KHN 155.63 KHN 54.78 KHN I 54.95 KHN 

~ 5.18 KHN I 3.03 KHN 3.67 KHN I 3.53 KHN Std. Dev. 
:i i : 1 
;! n=20 ! n=20 l n=20 _ n=20 

__ ____;,: -~l ---------i------------------------t---------
Post-treat. !l ! I 
tile an 

Std. Dev. 

Amount of 

Change 

std. Dev. 

~ 54.31 KHN 55.05 KHN I 55.98 KHN I 59.26 KHN 

~ 4.96 KHN 4.14 KHN 3.52 KHN l 2.92 KHN 

I n=20 
-; 

' 

n=20 n=20 n=20 
---------------·---+------1-_:__ 

I 
! 

-2.94 KHNj -0.58 KHN _ +1.20 KHN +4.30 KHN 

2.13 KHNI 3.05 KHN: 1.14 KHN j 2.33 KHN 

': n=20 ! n=20 : n=20 n=20 
---+------ -r-·-·------·-r--------- ----·-------

! ! I I 
:j ! t I 
li, l ! ( 

j! p( .01 ! ----- P(. 01 l 
!! I i 
!I I I --+11 ___ _ 

+8.25 

I 

----=±:~~~------+L-_-_-_==----~--

II P" 

'i 

!I 
~! 
!I 

:! -6.16~/ 
;I 
'• i! 

====--===----"----=----::::--=------ :--=--=:____= 

II T" -0.86 +4.73 



TABLE II 

STATISTICAL ANALYSIS UTILIZING THE TWO SAMPLE t-TEST 

EVALUATION OF THE CHANGE OF HARDNESS OF AFFECTED DENTIN 

~--------~-- -r·-----------------·---r----------------·- ~-~-----··---·~ ... - --··----·~·-·-

Control/ Control/ Control/ 

I! ZOE ZnPO 4 Dycal 
11 _ _.._,. 

..•..••. _,.._, __ , __ .,... .... -- .. --· . .,, -- --~----- -~------

ZOE/ 

ZnP04 

ZOE/ Dycal/ 

ZnP04 Dycal 

---------~-------~t --- _ _::::=:::.:::.=t=-=--==---=-- :::.:.~...: :-::..:r==--===---=--....:.:::: . ..:..::::;.:-=--.::::....==-:.:=·-: -~- =--=-=---==:===:-_ _::_~-

"P" jiP<.,o1 P(.o1 JP(.01 !.o1(P{.osiP(,o1 jP\.01 

-------·--------· t~------------ --- ---------·---- 1----·--·-·---~----- -- ~----· . ----- .. -------[-------- -----
li I I ' 
1:-2,88 -7.68 -10,26 -2,48 ,-5,75 1+5,34 

==·: .. ----·-· ------~-==:~--=--=--=-====-~b==:::~·~- .. :.·:·:: .. :.:::::-:::t~::::::::::-..:::-:::::.:.:.:.:::·:. :::::-::-·::.:.:~~~=:~=-~:::.·.~.::.l·::::.=:::-..::.=.:::::::.:·::.::·1:-::::.:.::::::::==--~= 
"T" 

1\) 
'--.1 
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CHAPTER V 

DISCUSSIOl'·T 

The results of this study showed that untreated 

dentin softened in a room temperature humidor. This 

softening is not unexpected, since one could expect the 

organic component of the dentin to decompose in this 

environment. The dentin is composed of an organic 

(connective tissue) and an inorganic component. The 

inorganic component v'rould not be affected by the storage 

environment, but the connective tissue vrould decompose 

at room temperature. The decomposition of the dentin 

\•JOuld cause a deterioration in the properties of the 

dentin, including the properties affecting its hardness. 

The ZOE treated dentin shovred no change in hard

ness. It has been reported in the literature (Ripa, 1972) 

that the in vivo effect of ZOE is to increase the hardness 

of dentin. The reported in vivo hardening effect of the 

ZOE may have been caused by the pulpal response to the ZOE 

and not by a direct chemical effect on the dentin. The 

results of this in vitro experiment indicate that the 

direct effect of ZOE is not to cause a hardening of the 

dentin, but to prevent the dentin from softening. 

The Control and the ZOE samples responded differ

ently to the storage environment. The Control sample 

becmne softer, while the ZOE sample stayed the same. 

~.··!hether the effect of the ZOE in preventing softening of 

the dentin was physical and/or chemical was not deter

mined. The physical prevention of softening '>TOuld be due 

to the ZOE sealing the dentin m·1ay from the environment 
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of the humidor. The air and hurr.idity in the humidor could 

not reach the dentin due to the physical barrier of the 

ZOE. The chemical prevention of softening would be due to 

the ZOE reacting with the dentin and forming a compound or 

compounds that resist decomposition. The ZOE may fix the 

collagen in the dentin and prevent it from decomposing. 

The ZOE's effect may be a combination of a physical 

barrier to the humidor environment and a chemical fixing 

of the organic components of the dentin to render the 

dentin immune to softening. 

Biven (1971) found that eugenol and eugenol 

cont~ining root canal sealers hardened dentin in vitro. 

The storage environment used in his experiment was 37°C 

and 90% relative humidity, and the load used to make 

the Knoop measurements vms 10 grams. The storage 

environment Biven used in his experiment could have dried 

the specimens, which would have increased their hardness. 

Totah (1942) stated that d~Jing increases the hardness of 

dentin. The light load (lOg.) used by Biven to measure 

the hardness increases the error and variation in Knoop 

hardness determination. 

In this experiment, a 100 gram load was used to 

determine the hardness of the samples. To keep the amount 

of error in the measurements to a minimum, a maximum load 

was used. \'!hen the indentation \·Tas measured with the 

filar ocular, the end of the indentation could be anywhere 

within the thickness of the filar lines. This variation 

in measurement of a long indentation had proportionally 

less error than on a short indentation. The amount of 

error in measurement in long and short indentations would 

be the same (the thickness of the line). The error is 

nroportionally less in a long indentation than in a short 

indentation, because, as an illustration, t-.,..,o filar units 



variation in an indentation 800 filar units long is 

proportionally one-half of two filar units variation in 

an indentation 400 filar units long. Therefore, the 

maximum convenient load was used. The 100 gram load 

placed most measurements at 700-800 filar units long, 

whereas Biven's 10 gram load placed the measurements at 

200-300 filar units. Hegdahl and Hagebo (1972) found 

that hardness is load dependent and that increasing the 

load reduced the variation in measurements. 

Zinc phosphate cement treated dentin shm·red an 

increase in hardness. The zinc phosphate cement not 
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only prevented the dentin from softening, it also 

hardened the dentin. This result contradicts the 

supposition that the acid present in the cement is 

deleterious to the dentin (Van der Lehr, 1970). The 

hardness of the dentin increased due to the zinc phosphate 

cement treatment. This finding, when considered \Hi th 

the finding by Brannstrom and Nyborg ( 197H(1974) that 

zinc phosphate cement is not irritating to the pulp, 

indicates that zinc phosphate cement is still useful as 

a dental base. 

The Ca(OH) treated dentin showed an increase in 
2 

hardness and also caused the greatest increase in hardening 

of the dentin. The dentin treated with the Ca(OH) 2 
hardened three times as much as the dentin treated with 

the zinc phosohate cement. Rioa (1972) found that Ca(OH) 2 
increased the microradiodensity of dentin in vitro. He 

attributed the increase to calcium precipitation into the 

dentin from the Ca( OH) 2 , which could be a possible 

exolanation for the increased hardness. Mjor (1962) 

found that Ca(OH) 2 , in vivo, increased the hardness of 

dentin. Mjor (1967), found an increase in the micro

radiodensity of Ca(OH) 2 treated dentin in vivo. Based 



on these investigators's research and the investigation 

described in this paper, one could state that Ca(OH)
2 

dental bases would be better because they show a greater 

increase in the hardness of the dentin. 

A revievv of the results are that the Control 

sample decreased in hardness, while the hardness of the 

ZOE sample did not change. The zinc phosphate cement 

sample increased in hardness, while the Ca(OH) 2 sample 

showed the greatest increase in hardness. 
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CHAPTER IV 

SUHNARY AND CONCLUSIONS 

Summary 

Extracted humai"1 premolars were sectioned, 

embedded in acrylic, polished, and microhardness tested. 

Three test materials, ZOE, zinc phosphate cement, and 

Ca(OH) 2 were tested. A control sample was also prepared 

and stored in a humidor under the same conditions as the 

treated samples. The pre-treatment and post-treatment 

measurements of each sample were compared using the paired 

sample t-test. The mean change of each sample w·as compared 

to the mean change of the other samples using the two 

sample t-test. The control sample became softer. The ZOE 

sample stayed the same hardness. The zinc phosphate cement 

and Ca(OH) 2 samples became harder. The Ca(OH) 2 sample 

increased in hardness the most. 

Conclusions 

1. The in vitro effect of ZOE is different from its 

reported in vivo effect. In vivo, the ZOE has 

been reported to increase the hardness of dentin. 

In vitro, the ZOE does not increase the hardness 

of the dentin, but the ZOE prevented the dentin 

from softening in the storage environment. 

2. The in vitro effect of zinc phosphate cement is 

to increase the hardness of the dentin. 

3. The in vitro effect of Ca(OH) 2 is to increase the 

hardness of the dentin. The Ca(OH) 2 increased 

the hardness of the dentin more than the zinc 

phosphate cement did. 
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APPENDIX 

Control Sample 

Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 1A Specimen 1B 

56.41 47.49 58.37 50.59 

58.06 53.86 58.52 49.48 

58.84 54.13 61.08 50.09 

61.42 55.97 59.78 51.99 

62.09 56.70 59.46 50.97 

61.58 58.84 55.39 54.82 

60.42 54.41 55.39 53.04 

58.68 53.72 54.41 55.11 

55.83 52.77 56.11 54.55 

57.46 49.48 55.39 55.11 

Speci:nen 2A Snecimen 2B 

52.51 54.82 50.84 53.99 

52.64 55.25 50.46 56.11 

54.55 55.25 49.73 56.11 

54.69 51.99 51.60 55.83 

55.83 51.09 53.72 53.31 

53.04 50.46 52.91 53.44 

51.99 51.86 58.37 50.09 

56.70 47.16 58.37 49.48 

58.06 52.12 59.46 44.68 

59.78 50.33 59.62 44.26 

33 
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Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 3A Specimen 3B 

51.09 52.24 53.31 51.35 

50.46 52.64 56.70 53.72 

51.47 52.64 56.70 52.24 

49.24 49.48 55.83 53.04 

51.35 44.17 55.83 52.12 

53.58 48.18 56.70 51.99 

55.68 43.86 55.55 51.09 

54.27 49.12 54.27 52.64 

56.86 41.08 53.58 52.77 

56.41 44.99 54.69 51.09 

Specimen 4A Specimen 4B. 

49.97 47.84 52.77 53.31 

51.35 46.88 52.64 54.41 

53.17 50.59 53.31 49.00 

51.99 49.73 56.41 49.36 

51.99 48.18 41.08 51.99 

51.99 49.36 36.61 51.99 

54.55 45.73 53.58 53.04 

51.99 49.36 39.91 52.91 

48.07 47.04 53.31 51.99 

49.73 55.31 53.31 53.04 
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Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 5A Specimen 5B 

47.26 50.33 52.91 49.12 

50.21 51.99 52.64 50.71 

49.36 49.00 53.72 53.86 

49.97 51.99 52.91 53.99 

48.07 49.60 51.99 51.99 

42.39 48.30 55.54 53.04 

43.07 45.94 53.44 48.88 

50.97 47.38 54.69 55.54 

51.99 51.99 54.69 49.24 

53.58 47.26 54.69 51.22 

Specimen 6A Specimen 6B 

55.39 51.99 51.99 51.99 

54.97 46.81 50.84 49.60 

54.13 54.13 50.71 55.11 

58.84 53.44 52.51 53.17 

57.15 51.86 53.99 51.60 

57.92 55.68 57.46 48.88 

60.76 54.41 57.46 47.72 

60.10 55.54 55.83 48.65 

59.30 54.97 57.92 46.66 

59.15 55.11 58.52 47.84 
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Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 7A Specimen 7B 

63.48 60.76 64.72 51.99 

61.75 59.62 67.91 63.65 

64.18 60.27 68.69 67.13 

62.09 60.76 69.28 64.36 

65.26 57.00 67.33 57.00 

65.26 59.94 62.26 59.62 

60.76 58.84 63.30 61.92 

61.92 54.97 62.26 60.27 

65.08 58.52 64.72 62.09 

60.92 62.95 65.64 59.62 

Specimen 8A Specimen 8B 

65.64 62.43 62.78 67.13 

69.47 65.26 62.95 67.91 

64.18 58.06 65.64 67.91 

63.83 57.15 71.53 66.00 

57.31 60.76 70.71 65.08 

61.25 59.15 69.68 70.50 

64.54 59.46 67.91 59.94 

66.00 60.27 66.17 64.72 

67.91 61.08 64.54 61.08 

62.26 59.30 67.91 61.58 
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Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 9A Specimen 9B 

55.68 53.04 58.99 57.76 

56.41 53.31 60.42 54.82 

59.78 46.88 44.99 61.75 

59.46 49.97 51.99 61.58 

64.18 49.97 55.97 59.46 

53.58 47.38 55.11 48.53 

48.41 49.00 56.26 51.99 

46.53 57.31 63.83 51.99 

58.37 58.37 57.46 56.26 

61.08 47.16 58.37 59.94 

Specimen lOA Specimen lOB 

66.75 58.37 62.43 62.26 

55.25 56.86 58.99 56.55 

62.78 52.64 61.25 59.94 

58.37 56.11 60.92 62.09 

60.10 54.55 59.94 55.11 

60.10 56.41 67.91 59.62 

58.68 54.27 62.26 60.42 

56.70 61.42 63.30 61.92 

60.42 61.92 65.82 58.99 

62.09 59.78 60.76 61.58 
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ZOE Sample 

Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 1A Specimen 1B 

51.99 41.44 51.99 49.84 

52.51 47.16 53.72 52.24 

54.13 49.97 55.54 55.83 

55.25 51.99 57.61 57.61 

54.69 51.99 57.31 53.04 

57.46 53.04 57.76 66.38 

56.55 56.26 55.68 52.77 

57.76 54.69 55.25 55.54 

57.76 54.41 51.99 51.99 

50.46 54.13 51.09 54.13 

Specimen 2A Specimen 2B 

52.51 _48.41 52.91 50.97 

51.73 48.53 51.99 50.21 

49.84 47.95 52.38 51.35 

51.99 49.00 52.64 50.71 

51.99 50.46 51.99 50.97 

52.91 48.07 50.46 49.84 

54.27 49.00 50.84 49.48 

51.99 49.00 51.09 49.60 

51.99 51.35 50.97 51.99 

52.64 45.62 50.21 47.95 
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Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 3A Specimen 3B 

58.37 52.24 53.17 50.46 

58.68 55.83 55.54 55.25 

58.68 52.38 55.54 58.22 

61.08 57.46 58.22 58.99 

63.30 62.26 58.52 58.52 

66.38 56.86 62.09 66.17 

60.76 60.59 57.76 66.56 

61.75 58.37 58.37 58.52 

60.10 60.59 58.99 58.68 

57.00 60.27 57.92 55.54 

Specimen 4A Specimen 4B 

55.25 54.55 54.69 51.99 

55.39 55.97 55.25 51.99 

57.46 55.39 56.11 53.17 

55.54 55.68 56.41 57.00 

55.68 55.97 60.27 59.62 

57.46 57.76 61.58 59.78 

56.55 56.11 65.64 59.78 

56.26 54.97 56.86 58.99 

53.99 52.54 56.86 53.17 

53.04 51.22 57.92 53.31 
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Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specioen 5A Specimen 5B 

54.55 52.12 49.73 52.38 

54.82 51.99 55.68 52.77 

52.64 49.48 52.12 57.91 

51.99 50.09 54.13 53.99 

53.04 47.04 53.99 53.86 

51.99 49.60 54.97 54.97 

49.73 47.49 53.86 51.99 

52.64 47.61 53.58 51.99 

53.58 47.84 52.77 49.60 

51.99 48.18 55.68 52.91 

Specimen 6A Specimen 6B 

54.97 47.26 48.88 54.41 

55.11 49.48 50.46 56.11 

53.44 51.09 49.48 53.99 

56.11 51.99 53.86 56.55 

57.92 55.25 52.77 55.11 

52.91 53.31 53.58 54.27 

53.72 54.27 52.24 50.21 

55.83 56.41 55.39 49.97 

52.38 53.44 56.11 51.47 

52.77 53.17 55.25 49.24 



41 

Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 7A Specimen 7B 

51.99 55.54 58.06 55.97 

56.86 54.55 56.55 56.70 

57.61 56.70 56.26 56.26 

60.76 54.13 56.11 60.27 

57.61 53.86 55.11 54.82 

56.86 55.25 56.41 54.55 

54.55 53.58 54.97 51.99 

57.00 57.00 52.77 51.09 

57.61 56.70 59.30 55.25 

56.41 58.68 58.84 54.27 

Specimen 8A Specimen 8B 

53.99 48.76 52.64 51.99 

54.41 51.99 53.72 55.11 

56.26 48.65 50.09 53.58 

54.13 53.04 53.99 54.55 

55.25 55.97 53.58 51.99 

54.97 56.86 61.58 50.46 

55.83 53.99 58.68 56.41 

56.26 55.54 57.31 51.99 

55.54 55.97 54.41 51.99 

54.97 54.27 54.27 53.72 
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Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 9A Specimen 9B 

62.43 61.92 65.82 67.91 

58.06 64.54 57.00 71.96 

59.15 62.78 61.42 60.10 

59.30 60.59 64.36 67.91 

59.15 58.68 61.25 67.91 

62.26 61.92 64.72 63.65 

61.42 55.68 58.37 55.68 

66.38 62.43 61.25 67.91 

64.90 62.60 58.84 67.91 

59.94 57.46 65.08 59.62 

Specimen lOA Specimen lOB 

53.17 52.12 49.24 49.84 

51.99 51.99 56.11 51.99 

46.24 52.77 54.82 51.99 

50.84 54.97 55.54 53.44 

45.62 54.13 57.15 54.82 

51.60 53.58 55.25 53,58 

54.27 50.33 56.86 62.60 

56.26 53.31 55.11 57.76 

54.41 79.73 56.55 53.44 

53.31 114.09 55.68 51.99 
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Zinc Phosphate Cement Sample 

Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 1A Specimen 1B 

50.59 45.83 50.84 49.84 

57.61 48.65 50.09 53.72 

55.25 51.99 53.58 53.58 

52.38 51.99 51.99 54.97 

52.91 54.97 55.39 56.55 

50.59 51.99 54.41 56.11 

49.84 51.99 56.41 53.31 

47.49 51.99 52.77 51.99 

49.00 53.31 54.97 50.84 

46.88 57.15 49.84 49.24 

Specimen 2A Specimen 2B 

59.30 60.92 56.41 57.92 

55.68 59.78 60.27 57.46 

57.15 57.46 51.99 55.39 

58.06 58.68 56.41 56.11 

54.55 60.42 51.99 54.97 

55.97 53.86 55.54 56.70 

55.83 56.41 52.91 60.76 

55.97 55.83 58.52 56.70 

46.88 58.06 56.41 59.46 

57.46 60.42 64.00 57.31 
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Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 3A Specimen 3B 

48.41 58.06 58.52 62.26 

49.24 52.77 57.15 58.37 

50.09 55.39 53.86 61.75 

56.26 55.11 57.46 53.86 

53.04 52.38 52.64 60.27 

49.97 55.97 56.41 56.26 

50.71 55.25 60.10 56.55 

51.99 51.99 55.54 55.11 

54.55 49.60 53.72 54.55 

53.31 51.99 50.84 54.27 

Specimen 4A Specimen 4B 

48.07 47.95 54.13 56.41 

50.97 50.71 52.64 53.86 

50.59 49.24 51.35 52.24 

50.84 48.18 51.99 55.68 

47.49 51.99 49.84 54.13 

51.99 51.47 51.86 53.99 

51.99 52.12 53.99 57.31 

51.99 52.51 51.99 56.26 

50.71 51.99 52.77 56.25 

50.97 52.12 55.97 55.68 
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Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen SA Specimen 5B 

53.99 55.54 55.68 51.86 

52.64 55.97 53.99 52.91 

55.25 53.44 54.97 53.58 

53.85 56.11 51.99 55.68 

50.97 54.69 55.83 55.39 

51.99 53.04 57.00 58.37 

53.86 55.39 55.11 58.99 

54.13 57.15 58.06 59.62 

53.99 60.10 58.22 58.22 

60.76 59.46 58.22 59.94 

Specimen 6A Specimen 6B 

51.99 54.27 56.11 55.54 

53.86 52.24 52.77 57.92 

55.83 56.86 56.11 58.68 

53.99 52.24 57.61 62.09 

52.51 55.11 54.55 62.09 

55.39 55.39 56.11 60.92 

54.27 54.41 59.62 59.94 

54.97 56.86 58.84 56.55 

53.44 58.06 56.86 59.94 

52.64 54.82 55.68 59.94 
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Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 7A Specimen 7B 

50.21 48.30 51.99 54.97 

50.71 48.88 48.76 49.00 

45.09 50.21 49.00 54.27 

47.72 54.27 53.72 55.11 

51.09 49.60 51.99 53.31 

51.47 48.76 54.27 53.58 

50.46 47.84 47.49 47.72 

52.12 47.84 45.94 48.07 

51.99 52.77 50.59 55.83 

44.47 54.97 50.71 53.31 

Specimen SA Specimen 8B 

54.69 50.09 57.61 58.37 

55.54 55.54 54.41 57.46 

48.30 57.46 54.55 55.97 

50.21 52.38 54.55 55.97 

49.60 49.00 54.55 56.41 

51.35 51.35 54.55 54.27 

49.12 46.66 53.58 55.54 

53.31 51.99 54.13 61.94 

51.99 55.39 57.76 60.10 

51.99 55.39 56.11 60.76 
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Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 9A Specimen 9B 

61.42 60.76 56.86 67.91 

59.15 60.42 66.00 59.46 

61.08 63.65 56.41 59.15 

60.10 64.90 61.08 60.27 

59.30 61.75 58.06 57.61 

53.17 58.37 58.06 60.27 

59.15 61.58 58.06 65.08 

57.15 54.13 61.25 57.76 

63.65 57.76 59.46 66.38 

61.08 62.60 63.48 61.42 

Specimen lOA Specimen lOB 

54.13 62.78 67.91 61.08 

55.39 62.09 66.56 65.08 

53.58 60.76 63.48 62.60 

58.22 60.59 62.43 64.72 

58.84 57.92 62.43 63.48 

60.10 57.92 62.60 62.60 

59.15 55.39 65.64 63.65 

61.08 52.64 63.48 63.65 

60.76 50.84 62.26 60.10 

60.27 49.97 62.26 61.08 
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Dycal Sample 

Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 1A Specimen 1B 

57.76 61.75 62.26 62.43 

51.09 61.58 64.00 59.30 

55.68 63.30 60.10 63.30 

58.37 62.95 60.42 64.90 

60.27 64.54 63.83 61.08 

64.18 65.82 65.64 61.08 

60.76 67.91 62.26 67.91 

59.30 66.75 58.68 63.12 

61.25 63.48 60.10 67.91 

60.42 56.70 59.46 62.60 

Specimen 2A Specimen 2B 

51.99 61.58 57.31 64.72 

55.97 61.42 62.09 63.12 

54.41 61.25 54.55 63.48 

58.37 65.64 59.46 62.43 

60.42 66.17 59.15 61.92 

60.10 63.48 55.97 68.49 

55.68 60.27 61.08 64.72 

54.97 63.30 59.62 64.00 

54.82 63.65 55.54 62.26 

55.11 62.60 57.46 66.17 
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Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 3A Specimen 3B 

59.30 54.97 55.68 60.10 

56.26 54.82 52.91 55.39 

57.61 59.15 53.58 61.08 

51.99 53.99 56.26 56.26 

54.27 55.39 52.64 57.92 

50.59 51.99 51.99 59.78 

49.12 56.41 54.69 55.97 

51.47 56.26 59.78 61.58 

52.64 57.46 52.77 53.86 

52.64 57.61 51.99 57.76 

Specimen 4A Specimen 4B 

49.73 53.31 48.76 50.46 

48.41 58.68 49.48 53.72 

50.84 56.55 50.09 57.46 

50.84 57.61 52.51 54.55 

55.11 60.10 55.25 57.31 

51.99 57.76 49.36 58.22 

51.47 56.55 51.99 54.41 

49.97 54.13 48.07 57.61 

52.64 58.22 47.26 49.24 

50.59 56.70 44.57 54.41 
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Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 5A Specimen SB 

47.61 59.62 56.26 57.92 

49.60 58.99 59.30 57.31 

49.36 60.59 45.41 58.06 

52.91 58.52 53.86 56.11 

49.84 58.37 53.99 57.61 

51.99 59.46 55.83 59.15 

55.68 56.11 55.39 60.10 

53.72 59.30 51.99 61.42 

55.11 52.51 54.82 63.30 

45.51 58.99 53.58 52.77 

Specimen 6A Specimen 6B 

58.84 60.76 55.97 69.28 

58.84 58.99 53.72 58.52 

55.11 61.08 57.46 61.25 

55.68 56.26 55.39 61.08 

58.99 59.78 54.41 58.99 

57.61 62.26 57.31 60.42 

55.39 62.26 60.92 66.17 

55.11 65.26 57.31 67.91 

57.61 63.65 62.95 64.90 

56.26 55.97 53.58 66.00 
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Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 7A Specimen 7B 

53.31 55.83 51.99 51.22 

57.61 55.39 49.97 54.41 

54.82 59.30 49.60 54.82 

53.17 56.26 49.73 52.51 

54.27 57.76 52.38 52.77 

53.86 57.76 52.38 55.83 

53.17 53.17 53.72 57.31 

54.13 61.58 54.13 56.70 

53.72 61.92 53.99 59.78 

53.99 59.15 54.97 60.10 

Specimen SA Specimen 8B 

53.58 63.12 56.86 57.00 

56.86 59.94 58.99 56.26 

55.97 59.94 54.69 60.92 

48.76 60.76 56.86 58.06 

52.38 59.78 56.86 61.08 

55.11 55.68 53.86 58.99 

51.09 56.26 52.91 60.27 

54.69 56.55 57.00 56.26 

57.15 58.68 53.99 52.38 

56.26 56.41 58.52 63.12 
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Pre-treat. Post-treat. Pre-treat. Post-treat. 

Specimen 9A Specimen 9B 

57.31 60.76 60.59 61.58 

51.99 59.15 61.25 62.43 

49.73 56.70 59.94 61.08 

52.77 53.99 59.30 64.36 

51.99 56.86 59.30 58.68 

51.35 58.06 58.06 56.86 

51.73 50.71 59.78 60.92 

54.97 56.26 56.55 59.62 

54.82 56.11 60.59 60.42 

53.17 54.13 60.59 60.76 

Specimen lOA Specimen lOB 

49.73 53.86 55.97 60.76 

50.84 62.60 59.46 58.22 

53.86 62.60 59.15 55.39 

53.44 58.37 59.30 55.54 

55.25 60.27 59.46 58.37 

52.77 57.46 57.92 63.30 

57.76 61.75 56.55 60.42 

56.41 56.26 54.82 63.48 

55.83 53.17 56.11 59.15 

56.26 51.99 54.41 62.78 
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