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INTRODUCTION 
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1~e need for conservation of the exposed dental pulp has 

stimulated many research projects and some controversy during the 

past 50 years. At best, methods which have been advocated for treat

ing carious exposures in deciduous and permanent teeth have been only 

partially successful. Once pulp is exposed, probability of maintain

ing the healthy tooth in the dental arch for a long period of time 

lessens. 

The tooth possesses a natural protective mechanism against 

caries and other external stimuli. However, if the caries is allowed 

to progress, pulp may become involved and pulp therapy or extraction 

must be initiated. Indirect pulp capping is described in the litera

ture as a technique for avoiding pulpal exposure in the treatment of 

teeth \vith deep carious lesions in v7hich there is no clinical evidence 

of pulpal degeneration or periapical pathol ogy. This technique con

sists of removal of a portion of the caries in the tooth and placing 

of a medicament over the remaining caries. It is followed by a dental 

restoration in the tooth so that the pulp can re-establish its ovm 

defense mechanism. There is some controversy regarding the effective

ness of medicaments used and their effect on the residual caries and 

the underlying dentin and pulp. Therefore, a study of two of the 

more commonly used medicaments, namely calcium hydroxide methyl cellu

lose and zinc oxide-eugenol, was designed in order to evaluate their 

effects on residual dentin. 

To develop a more meaningful determination of the effect of this 
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procedure, in relation to the changes of the residual dentin? a 

television and visual densitometric measurement of clinical post 

operative radiographs was utilized. 



REVI:r;H OF LITERATURE 
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There are several areas of interest pertinent to this study 

which are worthy of a literature review. This review of the 

literature is divided into individual reviews of these specific 

a~eas, with appropriate subheadings. 

Harris, 1 in 1876, reported that Foster as early as 1850, 

placed a cement which he called Hill's stopping, into deep cavities 

in which some carious dentin remained, and left it for several 

months. He reported that only a few failures resulted from this 

treatment. In 1863 Foster proclaimed that exposure of the pulp 

was unnecessary. After the treatment period, Foster placed gold 

fo~l over the cement. He concluded that if the dentin could with

stand the force of gold foil plugging, then the treatment could be 

considered a success. 

Tomes, 2 in 1887, suggested that all carious dentin need not 

be removed from the cavity if further excavation would expose the 

pulp, only if the surrounding walls were healthy and no soft dentin 

remained on the margins. 

Many approaches evolved in the treatment of carious dentin, 

each having a bearing on the technique of indirect pulp capping. 

Experiments on the sterilization of carious dentin with drugs were 

performed by Miller3 in 1891. He concluded that the infected area 

must be treated for a minimum of 30 minutes and sometimes overnight 

to effect any sterilization and recommended that phenol was the most 

suitable drug. 

In 1839, Williams4 recommended removing the softer portion of 
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dentin and placing a pledget of cotton saturated with alcohol over 

the carious dentin for one minute. The cavity was dried and, to 

insure sterilization, the area was flooded with oil of cloves , 

which had ability to penetrate the dentin. The cavity was dried 

again and the floor varnished with Canada balsam dissolved in 

chl oroform to which was added a 10 per cent solution of hydro

naphthol. A thick piece of asbestos paper was then placed over 

the varnish. Dental cement and amalgam or gold was placed to com

plete the restoration. 

Miller, 5 in 1906, conducted some experiments in vitro with 

silver nitrate. He showed that the caries progress was arrested 

when silver nitrate was applied to the surface of the carious 

dentin. This arrest was incomplete and varied from case to case. 

He reported that silver nitrate tended to induce a solidification 

of the dentin and the formation of secondary dentin. Miller was 

one of the early investigators who used silver nitrate as a dentin-

sterilizing agent. 

The literature of the 1920's, 1930's and early 1940's is re-

plete with reports of silver nitrate in the treatment of carious 

dentin. Some of these studies were reported by Howe, 6 Best, 7 ' 8 

Prime,9,10 Ireland,ll Barker, 12 Zander, 13 Zander and Burrill, 14 

15 and Muntz, Dorfman and Stephan. 

The body of attention after this period was directed toward 

using bases such as zinc phosphate cement, zinc oxide-eugenol and 

calcium hydroxide over the residual caries in indirect pulp capping 
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procedures. 

Bodecker, 16 in 1938, recommended a technique of indirect 

pulp capping v1hich consisted of removing only the leathery decal

cified dentin and placement of orthophosphate cement as a temporary 

restoration. Zinc oxide-eugenol was recommended when the lesion 

approximated the pulp. 

Kraus, 17 in 1945, and Kraus and Badcock, 18 in 1953, utilized 

a technique to "starve" the bacteria by placing a combined filling 

of zinc phosphate cement and amalgarn to prevent any oral substrates 

from penetrating down into the base of the cavity, thus promoting 

extension of the decay process. 

In 1952, Zerosi and Piazzini
19 repo~ted on executing indirect 

pulp capping on teeth with profound caries for a period of two 

years. Their purpose was to preserve vital pulps rather than to 

completely remove the carious material. The capping material was 

Calxyl or Serocalcium. All caries were removed except a layer of 

0.2 - 0.5 millimeter overlying the pulp chamber. An application of 

Calxyl or Serocalcium, obturated by zinc oxide-eugenol, was renewed 

several times at intervals of 10 to lL~o days. The results were 

favorable; it was possible to confirm secondary dentin formation 

by x-ray examination after a period of a year. 

Fisher,20 in a 1953 clinical investigation, removed only the 

superficial layer of dentin and over this placed zinc oxide-eugenol 

to complete the restoration. "Weeks to months" later the restora

tion and any remaining soft dentin that had not remineralized were 
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removed and a permanent restoration placed. This method, he 

reported, was even successful in some cases of partial pulpitis. 

Maeglin21 attempted to confirm Z~rosi's findings using 

Calxyl, in 1954, and followed the same procedure except that he 

first treated the dentin with a saline solution. He reported 

that the carious dentin seemed to become drier the longer the 

dressing remained ,over it. The minimal time for any appreciable 

hardness to be observed was six weeks. He described the dentin 

as tough but not completely hard. The progression of caries was 

not observed in any case. Histologically there were no pulpal 

injuries and the changes that occurred were the same whether the 

floor of the cavity was infected or not. He concluded that in-

direct pulp capping should be attempted if there were no contra-

indicating clinical symptoms. 

Massler, 22 in 1955, referred to the 'tvork of Bonsack, 23 and 

Muller,24 and stated: "The method of indirect pulp capping or the 

preservation of the pulp under very deep carious lesions with poten-

tial or small pulp exposures has been used successfully for. many 

years in both adult and young teeth. 11 Hassler suggest_ed the follew-

i ng approach to indirect pulp capping: "Remove only the superficial,. 

necrotic layer of dead dentin. Stop when you reach the layer of 

harder discolored but vital dentin. Do not attempt to remove very 

painful dentin even when it is obviously infected. Removal of this 

layer at the first visit may further injure the already grossly in

flamed and sometimes infected pulp. Instead of removing the infected 
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but still vital dentin, try to sterilize this layer, and at the 

same time sedate the pulp and permit it to return to normal, by 

sealing ovei it a germicidal and sedative dressing of zinc oxide-

eugenol cement for one or two weeks. The carious process of the 

deep layer will become arrested and it v1ill be simple to peel out 

the arrested carious dentin later from the underlying sound dentin 

without injury to the pulp. In the meantime, the pulp will build 

a protective layer of secondary dentin." 

In 1957, Massier and co-workers25 compared direct and indirect 

pulp capping and observed the following: A more satisfactory re-

sult is achieved when there is a thin, intervening layer of steri-

lized dentin betv1een the germicide and the pulpal cells. They 

also observed a large number of clinical failures following direct 

capping of the pulp with strong caustic germicides. Therefore, 

they recommended that indirect pulp therapy was the procedure of 

choice. 

The major European and American research concerned with con-

servative treatment of the floor of the carious cavity was reviewed 

by Prader,26 in 1957, and he summarized the following: (1) Leaving 

residual carious dentin dangerously near the pulp is described as 

indirect or natural capping of the pulp. (2) Young teeth that are 

asymptomatic can be treated successfully. (3) The treatment con-

sists in empregnating the carious residual dentin with calcium 

hydroxide and cov~ring it with oil of cloves. (4) The residual 

dentin ·dries becomes hard and there is a reduction in the number 
' 
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of micro-organisms. 

Stewart and Kr~mer, 27 in 1958 found no s i gnificant differences 

be t ween calcium hydroxide and zinc oxide-eugenol v7hen placed over 

unexp.osed pulps. Human premolars were treated and extracted after 

intervals of 21 and 84 days. The teeth were prepared for histologic 

sections and the pulp response to the t \vo materials vms assessed. 

Mehlum, 28 in 1960, treated 26 pe1~nent first molars with deep 

carious lesions by placing calcium hydroxide over the carious den

tin that was left in the tooth. He found that five teeth had pulp 

exposures after reopening, while 21 showed hard reparative dentin 

covering the pulp when the remaining caries was removed after three 

months. 

In 1960, Morgan29 reported on the effectiveness of indirect 

pulp capping using calcium hydroxide. Twenty-six first permanent 

molars with deep carious lesions were selected from a group of child-

en eight to 12-years-old. Approximately one millimeter of calcium 

hydroxide was placed over the remaining caries and zinc ~xide-eugenol 

p l aced over this to complete the restoration. The teeth were re

entered at the end of three months and the remaining caries removed. 

She found that five of the teeth exhibited pulp exposures, while 

the remaining 21 showed hard reparative dentin overlying the pulp. 

In 1960, Goldman30 reported on what he called "physiological 

· pulp capping" following a procedure carried out on approximately 30 

teeth. The procedure consisted of three visits. At each one a small 

amount . of caries was removed and then zinc oxide-eugenol placed over 
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the remaining caries. During the last visit zinc oxide-eugenol 

was used as a base and a silver alloy completed the permanent 

restoration. He reported no failures. 

Damele, 31 in 1961, submitted a progress report on 70 teeth 

displaying carious lesions, warranting strong suspicion of pulpal 

involvement. The treatment consisted of incomplete caries removal 

and the placement of calcium hydroxide and an amalgam restoration 

for 60 days. He acquired data on each tooth which included pre

operative radiographs, electrical, thermal and percussion tests, 

subjective symptoms, and postoperative radiographs. At the end 

of 60 days, the testing procedures were repeated and the restora

tion and remaining caries removed. Pulpal exposure was not present 

in 85 per cent of the teeth, and all of the teeth had remained 

asymptomatic and vital up to that time. Damele also found that in 

90 per cent of the teeth roentgenographic evidence revealed in

creased radiopacity of the dentin adjacent to the pulpal wall. 

Lav7 and Lewis32 in 1961, reported on the effect of calcium 

hydroxide placed in de~p carious lesions where pulpal exposure was 

highly probable, but not actually visible in a radiograph. After 

tt·7o years, the indirect pulp capping procedure v1as successful in 

restoring 76 per cent of all the primary and permanent teeth 

treated to a healthy, functional condition. In nearly every case 

a r~diopaque area formed on the pulpal side of the residual caries. 

Dimaggio and Hawes, 33 in 1963, presented a two-year progress 

report on a study of indirect pulpal capping in which 724 
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extensively carious permanent and deciduous teeth had been treated. 

The conventional pulp capping or pulpotomy, following complete 

removal of all carious dentin, was carried out in 373 teeth. Indirect 

pulpal capping (leaving the deepest layer of dentin in situ) was 

performed on 351 teeth. The therapeutic agents used in all three 

types of treatments were limited to calcium hydroxide methyl cellu

lose paste and zinc oxide-eugenol. A number of teeth in the indirect 

pulp capping group were re-excavat~d and it was found that the caries 

that was allowed to remain in the tooth had hardened to some degree. 

In all the teeth under clinical observation, favorable results were 

obtained in 99 per cent of indirect pulpal cappings, 75 per cent 

of direct pulpal cappings and 51 per cent pulpotomies. The studies 

are continuing. 

Effects of medicaments on bacteria in carious dentin 

There is speculation relative to the modus operandi of bacteria 

sealed under a dental restorative material. Seltzer, 34 in 1940, re

ported that bacterial growth was obtained from 46 to 49 deep cavities 

prior to restoring. In 1942, Seltzer35 reported on the dentin of 93 

teeth, which had previously been treated with various medicaments 

(Morson's Kreosote, phenol, 95 per cent alcohol and Howe's ammoniacal 

silver nitrate) and cultured one year later. In approximately 19 per 

cent of all the cases the treatment was effective in sterilizing the 

dentin. I n 25 per cent of the cases the treatment was ineffective, 

and approximately 25 per cent of the cases were without significance 

as to efficacy. Recurrent decay was not demonstrated. 
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The decay in 10 teeth was covered with sterile cotton base , 

plate gutta percha, and zinc oxyphosphate cement by Besic, 36 in 

1943. He examined these cavities 12 to 18 months later, and found 

that the bacteria had a tendency to die, but in three of the cases 

studied positive cultures of streptococci persisted. In no case 

was there any gross indication of progress of decay. 

Turkhein, 37 in 1955, studied sterile slices of decalcified 

dentin, which were inoculated with four pure strains of bacteria 

and exposed to a zinc oxide-eugenol cement in vitro, for one, 

three, six, 24, 32, and 48 hours, respectively. After 24 to 48 

hours, all the inoculated slices were sterile • . Under similar 

conditions, natural decay obtained from extracted carious teeth 

was resistant and in no single ·case was the decayed dentin steri-

lized. 

In 1962, Schouboe and MacDonald38 studied occlusal cavities 

in 17 mandibular molars from a group of 12 children. A sample 

caries was removed and cultured, the tooth was restored by placing 

a sterilized 24K gold plate over the remaining caries and then . 

amalgam over the plate to complete the restoration. After periods 

from 69 to 139 days the cavities were reopened, and the caries 

residue recultured. Sixteen of the 17 were positive when reopened; 

vfuen bacteria are allowed to remain in the teeth, can they produce 

damaging concentrations of acids and what is the fate of the bacteria 

that are sealed in? The answers to these questions remain problema-

tic. 
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Base materials 

Calcium hydroxide has been utilized to cover the pulp when 

exposed by caries or during instrumentation. In 1936, Herman39 

first introduced calcium hydroxide in the form of a paste as a 

biologic wound dressing in pulpotomies. The paste known as Calxyl 

contained calcium hydroxide, sodium chloride, potassium chloride, 

calcium chloride, and sodium bicarbonate, as well as other sub-

stances. Studies using "Calxyl" were evaluated on a histopatho

logical and radiographic, as well as a clinical basis. From these 

·investigations Hess,40 and Teuscher and Zander41 revealed that the 

pulp wound was covered with a superficial calcified scar, beneath 

which was a layer of predentin and calcified dentin, lined by newly 

formed odontoblasts. 

Rosenstein,42 in 1949, reported the results of 1232 pulp capped 

primary teeth and gave a 91 per cent success with each of a number 

of materials used, showing no statistical difference between them. 

He concluded that diagnosis and treatment are more important than 

the type of capping material. 

Chatterton,43 in 1952, reported a technique of pulp curretage 

at the site of the exposure. The exposure was covered with a paste 

of calcium hydroxide and distilled water. He reported a 72 per cent 

success on 377 posterior teeth treated by this method. 

Quigley44 reviewed the literature on pulp exposures in 1956. 

He stated that although most of the work was clinical in nature, 

apparently an almost universal pessimism prevails. Via,
45 

in 1955, 
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reported on 103 pulpotomized deciduous molars treated with calcium 

hydroxide and claimed only a 31.1 per cent success. However, Shoe

maker46 suggested: "An operation which is successful in 39 per 

cent of 28 cases is undoubtedly better than an extraction." 

Zander47 gave an explanation of the reaction of the pulp to 

calcium hydroxide. He stated the following: "Hydrated tricalcium 

phosphate is primarily the inorganic content of dentin and as such 

should follow the laws of mass action in relation to the solubility 

product. The blood is normally saturated or supersaturated with 

calcium or phosphate ions and hence, any increase in calcium or 

phosphate ions would cause a laying down of calcium salts. A 

material, either calcium or phosphate in combination, v1hich would 

be easily ionized when brought in contact with the surface of the 

pulp, should react in this manner. This probably is the action of 

calcium hydroxide." 

Weider, Schour and Mohammed, 48 in 1956, compared the quality 

and quantity of the reparative dentin formed in the pulp of 47 

albino rat molars after cavities were prepared and filled with 

aquadont, zinc oxide-eugenol or left open to the oral cavity for 

two to three weeks. Reparative dentin formed in all instances, 

but the depth of the cavity was more significant in deter~ing 

the quality and quantity of the reparative dentin rather than the 

material used. 

Major and co-workers,49 in 1961, reported treating 25 ~on-

carious teeth from children and young adults to determine the 
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effect of calcium hydroxide and amalgam on dentin. Cavities were 

prepared and the material to be tested placed on the pulpal wall. 

The teeth were removed after varying lengths of time. Sensitometric 

evaluation of microradiographs revealed a significant increase in 

mineralization of calcium hydroxide-covered dentin as compared to 

the amalgam-covered dentin. 

In 1961, Mohammed and co-workers50 studied histological sec

tion of 44 dogs' teeth, one week after the insertion of commercial 

preparations of calcium hydroxide, zinc oxide-eugenol and oxyphos

phate of zinc cement into deeply prepared cavities. There was no 

evidence of pulpal injury where there was a thickness of dentin 

between the three materials tested and the pulp. In pulp exposures, 

calcium hydroxide was the least irritating and oxyphosphate cement 

the most irritating and caused severe pulpal necrosis. He recommended 

that all ~eep cavities be lined with a calcium hydroxide base before 

~storing. 

Major,Sl in 1962, evaluated the changes in the mineralization 

of zinc oxide-eugenol covered dentin as compared to unaffected 

dentin in the same tooth or in unoperated control teeth in the 

same patient by microhardness tests. Occlusal preparations were 

made in six noncarious teeth and three teeth were unprepared, to 

serve as controls. Zinc oxide-eugenol was placed over the cavity 

floor and then alloy over this to complete the restoration. The 

teeth were removed during a period of from 10 to 250 days. Tests 

showed that there was a statistically significant increase in the 
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microhardness of the zinc oxide-eugenol covered dentin in all 

cases but one. The increased mineralization of the dentin was 

however, not as great as that found under calcium hydroxide in 

his 196052 and 196149 studies. 

, 

Major, 53 in 1963, reported the effect of calcium hydroxide, 

zinc oxide-eugenol and amalgam on the pulp. Experimental cavities 

were placed in 54 premolars of 25 children, 10 to 15 years of age. 

The _teeth were observed for periods varying from 30 minutes to 88 

days and then extracted for histologic examination. Major concluded 

that neither calcium hydroxide nor zinc oxide-eugenol produced 

significant changes in the pulp, but that the zinc oxide-eugenol 

often caused an increased wi dth of the predentin zone when the obser-

vation time was long. More pronounced pulp reactions were produced 

by amalgam than by either of the other two materials used in the study. 

In 1962, Thanik, Boyd and Van Huysen , 54 observed for four weeks, 

the response of the pulps of dogs' teeth to three base materials: 

calcium hydroxide, zinc oxide-eugenol and zinc phosphate cement. 

Cavities with a floor less than 100 microns thick showed only slight 

change in the odontoblastic layer when calcium hydroxide was used. 

Similar cavity preparations containing zinc phosphate was associated 

in all instances with severe pulpal reactions and focal necrosis of 

the pulp. Zinc oxide-eugenol was more irritating to the exposed pulp 

than was calcium hydroxide. 

Changes in the dentin 

Most of the dentinal changes in response to caries have been 
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considered as hypercalcifications. A few individuals have indi

cated that these sclerosed areas per ~ represent recalcification 

of the carious dentin. In 1900, Inglis55 stated: "that recalci

fication would indicate that such softened dentin can have its 

meshes sufficiently refilled with inorganic material in an arrange

ment sufficiently orderly to approximately restore its original 

rigidity." 

In 1956, Sowden56 published a preliminary report on what he 

called "recalcification" of dentin following a procedure carried 

out on 4000 teeth over a period of seven years in individuals from 

two to 79 years of age. The teeth selected for treatment were in 

need of pulpal therapy, either capping or vital pulpotomy, and 

presented no history of pulpitis or pain from percussion. A 

sufficient amount of the carious material was remove~ to permit a 

one millimeter layer of calcium hydroxide and an alloy restoration. 

Thirteen failures were reported. Sowden stated that this method of 

treatment demands careful selection of teeth both radiographically 

and clinically; and that the degree of success or failure depends 

on the ability of the dentist to make a careful evaluation of 

treatable or untreatable teeth. 

In 1963, Ehrenreich57 reported on the rnicrohardness of carious 

dentin when treated with calcium hydroxide or zinc oxide-eugenol. 

Thirty-six primary molars were selected from Negro children, eight 

to nine years of age, and divided into four groups of nine each. 

Each group was treated differently: the first-group was treated 
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with zinc oxide-eugenol, a second group with calcium hydroxide and 

a third group with wax; the fourth group was not treated and served 

as the control. The control teeth were removed immediately and 

the test teeth removed eight weeks after treatment for histological 

examination. In comparing Knoop hardness of the decayed dentin for 

each treated group to that of the control group, only the zinc 

oxide-eugenol group was statistically harder. Other histological 

findings revealed practically no variations from the normal. 

It is generally understood that increased radiopacity of the 

dentin occurs sometimes as a response to irritation, and acts as a 

mechanism for the protection of the adjacent pulp tissues. John 

Tomes58 first described a similar area as a barrier of hypercalci

fied dentin, which he called "translucent dentin." 

Bodecker, 59 , 6° Kronfeld, 61 Vissotzky, 62 Fish, 63 Beast, 64 ,65 

and Wrider and Mohammed66 referred to this increased radiopacity as 

sclerotic dentin and attributed its formation to the stimuli of 

caries, age, attrition, abrasion and operative procedures. In

vestigators generally agree that the dentin is capable of reacting 

to stimuli and injuries from without by formation of sclerosis.
67 

Klein,68 in 1961, reported on 191 deciduous teeth in which a 

calcium hydroxide methyl cellulose base was used beneath the alloy 

restoration, and on 160 deciduous teeth in which no base material 

was placed beneath the alloy restoration. Roentgenographic examina~ 

tion demonstrated that 93 per cent of the teeth containing a calcium 

hydroxide base material showed evidence of dentin sclerosis beneath 
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the area of the base material. One per cent of the deciduous teeth 

without a calcium hydroxide base material showed evidence of sclero

sis. He concluded that: (1) Calcium hydroxide methyl cellulose base 

material stimulates and enhances the production of sclerotic dentin 

in deciduous teeth; (2) It can be assumed that dentin sclerosis, which 

appears as a white area roentgenographically, is a hypercalcification 

of the existing primary dentin, and not a recalcification of carious 

dentin. 

Measurement techniques 

The hard structures of teeth have been studied in various ways. 

Some of the more recent methods have included microradiography by 

Miller, 69 1954 and electron microscopy by Bradford, 70 1950, 195871 

a nd Frank, 72 1959. Intraoral clinical investigation at high magni-

fication is extremely difficult because of the cumbersome equipment 

and the low light levels in the oral cavity. This problem has been 

overcome somewhat by the use of the television microscope described 

by Klein73 in 1963. The basic system consists of a photomicrographic 

instrument, which is used for orientation purposes in photographing 

the area of a historadiograph whose density is to be measured. The 

television camera transfers this image to its monitor, through the 

special-effects generator, to its place on the viewing monitor. The 

image that appears on the monitor is made up of 525 - 1,000 lines 

of scan. The oscilloscope, which is connected to the system, enables 

one to select any one of these lines of scan to make a micromeasure-

ment of a selected area. 
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Microdensitometric evaluations of calcification of bone, enamel, 

dentin and cementum can be made with the same basic instrumentation 
' 

as noted earlier by Klein. 74 

There are times in research and in practice when it is de

sirable to serially study periodic radiographs. In comparing 

serial radiographs, it must be remembered that variation in film

tooth relationship introduces an element of error in measurement. 

Benkow, 75 in 1957, described an adjustable universal film holder 

that can be adapted to both general practice and for scientific 

research that standardizes the film-tooth relationship. 

Hollender and Lantz, 76 in 1963, reported on an apparatus for 

serial identical roentgenography of the lateral parts of the lower 

jaws of the dog. Their investigation proved to be of high accuracy; 

as a consequence the precision was high. This meant that when re

fined methods for measurements are applied, it should be possible 

to demonstrate small geometrical discrepancies (less than 0.1 milli

meter) so long as these can be registered by the photographic ernul

sian. They also stated that Bjorn,77 in 1950 and Berghagen, 78 in 

1951, used devices for ensuring identical geometry in clinical 

studies. 



STATEMENT OF PROBLEM 
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The purpose of this study was to compare the effectiveness 

of calcium hydroxide methyl cellulose and zinc oxide-eugenol, 

when used to cover residual carious dentin in the indirect pulp 

capping technique. Tv1o materials were evaluated clinically as 

to their effects on the residual caries and maintaining the 

vitality of the pulp. Visual and instrumental densitometri.c 

measurements were used to determine the changes in the dentin 

beneath the two base materials and the residual carious dentin. 



METHODS AND MATERIALS 
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The methods and materials section of this thesis has been 

separated into three parts, as follows: 

1. Clinical operative procedures. 

A description of the cavity preparation, base 

materials and radiographic technique. 

2. Visual densitometric evaluation. (Densitometric index). 

The estimation of the occurrence and intensity of the 

dentin radiopacity by inspection of periapical radio

graphs taken at three, six and 12 month intervals. 

3. Television densitometric evaluation. 

Instrumental densitometric measurements of dentin 

radiopacity of the projected three, six and 12 month 

periapical film images. 

Clinical procedures: 

The teeth selected for this study were of children in the 

mixed dentition stage, selected at random from the Pedodontic De

partment at Indiana University School of Dentistry. 

The sample of 88 mandibular teeth selected for treatment inclu

ded 26 first deciduous molars, 41 second deciduous molars and 21 

first permanent molars (Table I). Forty-three teeth were treated 

with zinc oxide-eugenol and 45 teeth were treated with calcium 

hydroxide methyl cellulose. 

The sample was limited to the mandibular teeth because the 

investigator was able to standardize the radiographic technique 

which allowed for successive periapical radiographs of the same patient. 
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These radiographs were taken in the same plane in space and thus 

provided greater diagnostic value. 

Selection of teeth for treatment: 

1. Teeth with deep caries and possible exposure of the dental 

pulp as evidenced by a critical examination of the periapi

cal radiographs (Figure 1). 

2. Teeth with no history of painful pulpitis or clinical and 

radiographic evidence of degenerative pulps. 

3. Teeth with sufficient clinical crown to permit isolation 

by the rubber dam during the treatment procedure and 

subsequent placement of the indirect pulp capping material, 

cement base and amalgam restoration. ' 

Treatment procedures and temporary restorations: 

The teeth were anesthetized by mandibular block with approxi

mately 1.7 c.c. of two per cent Xylocaine HCL with 1:1000 epinephrine. 

The tooth with gross caries was isolated in the oral cavity by a 

rubber dam. The majority of the carious lesions were of the occlu

sal type, although a few were of the compound type, usually with 

the occlusal and one or more of the proximal surfaces involved. The 

cavity preparation was made with the aid of the Ritter air-rotor 

using a number 557 carbide bur. The caries was removed with a number 

eight carbide round bur at speeds between 4,000 and 8,000 r.p.m. All 

of the carious material was removed except the residual carious dentin. 

Residual carious dentin is defined, for the purpose of this study, as 

the carious dentin at the base of the cavity, which if removed, might 
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have r esulted in an exposure of the pulp. 

The residual carious dentin in 45 teeth was covered with a 

thin wet mix of calcium hydroxide paste consisting of chemically 

pure calcium hydroxide and one per cent methyl cellulose. In 43 

teeth, the residual carious dentin was covered with a thin wet 

mix of zinc oxide-eugenol containing zinc acetate crystals. 

These previously prepared powders and liquids were mixed on a 

glass slab to a creamy consistency immediately before placement 

as a base over the residual caries. The bases were placed as a 

thin layer over the residual caries and allowed to harden. All 

of the excess material was removed from the margins and walls of 

the cavity with an explorer. A zinc phosphate cement base beneath 

a silver amalgam alloy completed the restoration. 

A postoperative periapical radiograph was taken immediately 

following the placement of the amalgam restoration, using the 

Bencow technique (Figure 2) to accomplish repeated identical radio

graphy. The Bencow instrument consists of a combination impression 

tray film holder which is attached to a constant distance rod. The 

combination impression tray film holder can be adjusted so that 

either a type 2 or a child's size No. 0 periapical film can be used. 

In all types, the film packet is inserted into the slots of the 

metal backing so that it rests behind the metal impression tray. 

The metal backing of the film holder was shortened to make it 

easier to take radiographs on the younger patients. lmpression com

pound was placed in the metal tray to obtain registration of the 
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teeth. The compound rested in grooves which made it possible to 

return the impression to the same position, whenever it was re-

placed in the tray. In this way essentially the same relationship 

was secured between the film and teeth for subsequent radiographs. 

A constant anode-film distance was maintained by a distance rod 

which has an attached focusing ring which was used to connect the 

instrument to the head of the x-ray machine. 

Patients were recalled at the end of three months for an e-

valuation of the indirect pulp capping procedure. A periapical 

radiograph was taken and the patient \V'as questioned regarding the 

symptoms experienced since the last appointment. If no radiographic 

evidence of thickening of the periodontal membrane or periapical 

pathology was present, and if the tooth was asymptomatic, the patient 

was dismissed for another three months. The three-month examination 

procedure was repeated at the end of six months. If the tooth con-

tinued to be asymptomatic and the radiographic interpretation was 

normal, the patient was recalled at the end of a second six-month 

period. At the end of 12 months, the diagnostic procedures were 

repeated but in addition, each treated tooth was anesthetized, iso-

lated with a rubber dam and -then the amalgam, cement base and the 

indirect capping material was removed. 

A number eight round bur was used to remove the carious material 
. . 

until a hard dense layer of dentin remained {Figure 7). This hard 

dense layer of dentin was then examined carefully with a sharp 

shepherd hook explo·rer {number 23) for possible pulp exposures. If 
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no exposure was evident, the same pulp capping material as original

ly used was placed over the pulpal floor, followed by zinc phosphate 

cement and a silver amalgam alloy to complete the p~rmanent restora-. 

tion. 

Visual densitometric evaluation: 

The radiopacity of the dentin between the indirect pulp capping 

area and the pulp chamber was first assessed by a visual method. 

Serial radiographs were examined visually in a darkened room using 

a clinical radiographic viewer (Figure 8). The radiographic viewer 

was masked so that each invidual x-ray film could be fitted into a 

window of light the size of the film, in order that only the light 

transmitted through the film was observed. 

A visual examination of the image of that portion of the dentin 

between the residual caries and the pulp was made and the apparent 

degree of radiopacity was compared to that of the surrounding coronal 

dentin. If the study area appeared to be more radiopaque, it was 

then compared for degree of radiopacity with a similar area on one 

of three comparison radiographs. The three comparison radiographs 

each demonstrated a different degree of radiopacity in the area be

neath the residual caries and each was assigned an index number 

according to the degree of radiopacity (Figure 9). These radio

graphs served as the basis for the Densitometric Index from which 

the study radiographs were classified. The following index was de

veloped for this study: 

Densitometric Index 0. Study area shows no difference in 
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radiopacity to that of surrounding coronal dentin. 

Densitometric Index 1. Study area shows a slight increase 

in radiopacity to that of surrounding coronal dentin. 

Densitometric Index 2. Study area shows moderate increase 

in radiopacity to that of the surrounding coronal dentin. 

Densitometric Index 3. Study area shows an extreme increase 

in radiopacity to that of the surrounding coronal dentin. 

Television densitometric evaluation: 

This procedure was an attempt to more accurately evaluate the 

calcium hydroxide methyl cellulose and zinc oxide-eugenol base 

materials and their effect on the dentin. An effort was made to 

correlate the visual densitometric index method with an instrumental 

x-ray film measurement. This was accomplished by using the tele

vision microdensitometric technique on a macroscopic level to measure 

the x-ray film density of the dentin beneath the residual caries on 

the serial radiographs of each tooth treated. 

The television densitometric instrumentation is described as 

follows (Figure 10): .The television optoliner (A) generally used 

for television camera calibration was utilized as a constant light 

source with inherent constant electronic magnification through the 

electronic system. The serial radiographs were inserted in a film 

holder within the optoliner. The radiographic image was then pro

cessed through the television system and observed on the 17 inch 

master monitor (B) at a constant magnification of ·ten times. 

This television image is made up of 525 lines of scan, any one 
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of which could be selected for measurement as to changes in radio

graphic density within that line of scan. The oscilloscope (C) 

within the circuit enables one to select and identify the scan line 

being measured. The area being measured is identified as a bright 

white line, with the brighter illuminated dot on this line identi

fying the specific point of interest for more detailed measurement. 

The signal level input to the oscilloscope was set so that the 

lightest background of the film equalled 1,000 and the 11th step 

(darkest step) of a film step wedge equalled zero. The step wedge 

was positioned in the film holder permanently so that each film 

could be calibrated to the preset electronic system. The line 

selected appears on the screen of the oscilloscope as a waveform 

depicting variations in the relative density of the image intensity 

of the electrical impulses in millivolts across that particular 

line of scan. Measurements of the dentin beneath the residual caries 

and a similar area of normal dentin in another part of the tooth were 

taken from the projected film image. The normal dentin area was 

selected so that the dentin was approximately the same thickness as 

that of the dentin beneath the residual caries. 

Three measurements were taken in each area and the averages 

determined for the normal dentin area and the dentin beneath the 

residual caries. The over-all density of the serial radiographs 

were not identical; thus, to obtain a true percentage of change in 

the sample areas, a density chart (Figure 13) was developed to deter

~ine a linear percentage of change in radiopacity, between the normal 
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dentin and the dentin beneath the residual caries. 

The density chart is a characteristic curve of the television 

systems response to show the correlation between light transmission 

through the instrumentation in millivolts and the resulting density. 

The curve was developed from a Standard Density-Opacity-Transmission 

Table79 showing the relationship between density, opacity and light 

transmission. The developed curve demonstrates that as the average 

density of the measurements change from radiopaque to radiolucent, 

the per cent change increases logarithmically. 



RESULTS 
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The data of this report on changes in the dentin and its 

association with calcium hydroxide methyl cellulose and zinc 

oxide-eugenol base materials has been separated into two parts, 

as follows: 

1. Visual densitometric evaluation (Densitometric index) 

The estimation of the occurrence and intensity of dentin 

changes by inspection of serial radiographs. 

2. Instrumental densitometric evaluation 

Instrumental densitometric measurements of televised 

serial x-ray film images of dentin changes. 

Visual densitometric index data 

Table II contains the data derived from the visual examina-

tion of the serial radiographs of those teeth treated with calcium 

hydroxide methyl cellulose and zinc oxide-eugenol. The data are 

arranged in columns from left to right. In the first three columns 

are placed the patient's number, age, and the tooth upon which the 

restoration was completed. The fourth column lists the base mater

ial utilized beneath the alloy restoration, and is indicated as 

follows: (C) Calcium hydroxide methyl cellulose base material and 

(Z) zinc oxide-eugenol as a base material. The sixth, eighth and 

tenth columns indicate the Densitometric Index, which is an arbitrary 

visual classification of radiographic evidence of changes of density 

of the dentin as follows: 

Densitometric Index 0 - represents no increase in radiopacity 

of the dentin. 
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Densitometric Index 1 - represents a slight increase in 

radiopacity of the dentin. 

Densitometric Index 2 - represents a moderate increase in 

radiopacity of the dentin. 

Densitometric Index 3 - represents an extreme increase in 

radiopacity in the dentin. 

The fifth, seventh and ninth colurrms indicate the time inter

val (in months) between the date when the operative dentistry was 

completed and the date of the respective serial radiographs. 

The data from Table II shows that observations have been made 

on radiographs of 88 mandibular teeth including 26 first deciduous 

molars, 41 second deciduous molars and 21 first permanent molars 

for time intervals of from three to 12 months. The teeth treated 

ranged in time intervals as follows: 88 teeth observed for three 

months; 79 teeth observed for six months; and 42 teeth were observed 

for 12 months. The study is being continued so that the remaining 

teeth can be observed for 12 months and so that more teeth can be 

added to the study. Four teeth were considered failures due t~ 

periapical pathology that became evident during the radiographic 

follow-up of the cases. 

Table III is a summary of the visual densitometric data. The 

first column indicates the time interval in months. The second 

column represents the number of teeth studied at each time interval. 

The third column represents the base material used. In the fourth, 

fifth, sixth and seventh columns are the number of teeth classified 
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as being representative of Densitometric Index 0-1-2-3. The 

eighth column indicates the percentage of teeth that demonstrated 

increased radiopacity. 

The three month observation period shows that of a total of 

88 teeth, 45 were based with calcium hydroxide methyl cellulose 

and 43 with zinc oxide-eugenol. It can be noted in the calcium 

hydroxide methyl cellulose group, 43 teeth had an index of 0 and two 

an index of 1. The zinc oxide-eugenol group contains 42 teeth with 

an index of 0 and one tooth with an index of 1. Five per cent of 

the calcium hydroxide methyl cellulose treated teeth and two per 

cent of the zinc oxide-eugenol treated teeth demonstrated a visual 

increase in radiopacity. 

A total of 79 teeth were observed for six months. Forty-three 

were based with calcium hydroxide methyl cellulose and 36 were based 

with zinc oxide-eugenol. The calcium hydroxide methyl cellulose 

group included 35 teeth with an index of 0; seven an index of 1; 

and one with an index of 2. Twenty-three per cent showed increased 

radiopacity. The zinc oxide-eugenol group included 35 teeth with 

an index of 0 and one with an index of 2. Three _per cent of these 

teeth demonstrated increased radiopacity. 

At the end of 12 months, observations were completed on 42 

teeth. Twenty-four of the teeth observed were based with calcium 

hydroxide methyl cellulose and 18 were based with zinc oxide-eugenol. 

The calcium hydroxide group contained 20 teeth with an index of 0, 

three an index of·l and one an index of 3. Sixteen per cent of the 
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calcium hydroxide treated teeth demonstrated a visual increase in 

radiopacity. The zinc oxide-eugenol group contained 18 teeth with 

an index of 0. None of the teeth treated in this group showed an 

increase in radiopacity. 

Television densitometric data 

Table IV details the television densitometric data derived 

from the film image radiopacity measurements of the serial radio

graphs. These radiographs were from the 88 mandibular deciduous 

and permanent teeth which were treated with calcium hydroxide 

methyl cellulose and zinc oxide-eugenol. The data compares visual 

densitometric indices as a measurement of dentinal changes and the 

instrumental densitometric measurements of the same area. The 

data are arranged in columns from left to right. Columns one and 

two include the patient's number and age. The third column lists 

the tooth that was treated. The fourth column represents the base 

material used beneath the alloy restoration as follows: (C) calcium 

hydroxide methyl cellulose; (Z) zinc oxide-·eugenol. The fifth, sixth 

and seventh columns represent the three, six and 12-month combined 

visual and instrumental indices for each tooth. The subheadings of 

these columns indicate the visual indices of 0, 1, 2 and 3. The 

television densitometric percentage change between the normal and 

treated dentin of each tooth, is placed under the subheading of 

the visual index for each indicated time interval. This data also 

indicates whether or not any change was noted by the unaided eye 

by comparing the visual index with the instrumental reading. A 
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positive per cent change means that the treated dentin was more 

radiopaque than the normal dentin. Likewise, ~ negative per cent 

change indicates that the treated dentin was less radiopaque than 

the normal dentin. 

Patient number one, as an example, was six years of age and 

the mandibular left first permanent molar was treated with calcium 

hydroxide methyl cellulose base material. At the three-month re-

call examination the dentin beneath the residual caries was visually 

indexed as 0. This indicated that to the unaided eye, there was no 

increase in radiopacity of that area. This same area and a normal 

dentin were measured instrumentally, and it was noted that there 

was a 1.3 per cent change of the treated dentin over the normal 

dentin. The six-month examination of the dentin beneath the resi-

dual caries was visually indexed as 1. This indicated that to the 

unaided eye, there was a slight increase in radiopacity of dentin 

beneath the residual caries. The treated dentin and the normal 

dentin was measured instrumentally. There was an increased density 

change of 2.5 per cent of the treated dentin over the normal dentin. 

At the 12-month recall examination the dentin beneath the residual 

caries was indexed as 1. This indicated that to the unaided eye, 

there had been no change in the dentin since the last six-month 

examination. The normal dentin and the treated dentin were measured 

instrumentally and a five per cent increase in density of the treated 

dentin over the normal dentin was noted. 

Table IV is summarized in Table V. The first column in Table V 
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indicates the time interval in months. The second column represents 

the number of observations completed at each time interval. Column 

three indicates the base material used. The fourth column shows 

the number of treated teeth with each base material. The succeeding 

six columns represent the changes in radiopacity of the film images; 

the fifth column notes the number of teeth demonstrating increased 

radiopacity in each group, columns six, seven, eight and nine show 

the average p~r cent increase in radiopacity of each index for each 

group. The tenth column shows the percentage of teeth that demons

trated an increase in radiopacity instrumentally. 

The data from Table V show that 88 treated teeth were observed 

for three months. Forty-five teeth were based with calcium hydroxide 

methyl cellulose, and 43 with zinc oxide-eugenol. The calcium 

hydroxide group contained 15 teeth with increased radiopacity. The 

average increase in radiopacity for Index 0 was 3.0 per cent and 

Index 1, 4.3 per cent. Thirty-three per cent of the calcium hydroxide 

treated teeth demonstrated an increase in . radiopacity instrumentally. 

The zinc oxide-eugenol group showed 14 . teeth with increased 

radiopacity. The average increase in radiopacity for In~ex 0 was 

2.1 per cent and Index 1, 2.2 per cent. Thirty-three per cent of 

the zinc oxide-eugenol treated teeth demonstrated an increase in 

radiopacity instrumentally. 

The six-month evaluation period indicated that of a total of 

79 treated teeth, 43 were based with calcium hydroxide methyl cellu

lose and 36 with zinc oxide-eugenol. In the calcium hydroxide group 
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18 teeth demonstrated an increase in radiopacity. The average 

increase in radiopacity for Index 0 was 3.0 per cent, Index 1, 

2.3 per cent and Index 2, 4.6 per cent. Forty-three per cent of 

those teeth treated with calcium hydroxide showed an increase in 

radiopacity instrumentally. 

The zinc oxide-eugenol group contained ten teeth with increased 

radiopacity. The average increase in radiopacity for Index 0 was 

4.0 per cent and Index 1, 3.3 per cent. Twenty-eight per cent of 

these teeth demonstrated an increase in radiopacity instrumentally. 

A total of 42 teeth were evaluated at the end of 12 months. 

1\Tenty-four teeth were based with calcium hydroxide methyl cellu

lose and 18 with zinc oxide-eugenol. The calcium hydroxide methyl 

cellulose group showed 13 teeth with increased radiopacity. The 

average increase in radiopacity for Index 0 was 3.1 per cent, Index 

1, 1.4 per cent and Index 3, 4.9 per cent. Fifty-four per cent of 

the calcium hydroxide methyl cellulose treated teeth demonstrated 

an increase in radiopacity instrumentally. 

The zinc oxide-eugenol group contained ten teeth with increased 

radiopacity. 

4.5 per cent. 

The average increase in radiopacity for Index 0 was 

Fifty-six per cent of the zinc oxide-eugenol treated 

teeth demonstrated an increase in radiopacity instrumentally. 

Aithough there was radiopacity noted in a little more than 30 

per cent of the teeth treated at three months, 40 per cent at six 

months and 50 per cent at twelve months, the amount of radiopacity 

was very slight and for the most part, was only evident with the 
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more sensitive television densitometric method. 

Dentinal changes were no more prominent in the permanent teeth 

than they were in the deciduous teeth over the 12 month period. 

Little difference could be seen between the calcium hydroxide and 

zinc oxide-~ugenol and their effect on either the permanent or 

deciduous teeth. 



FIGURES AND TABLES 
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Figure 1. Clinical radiographs demonstrat~ng the 
extent of carious involvement of a first 
permanent molar (A) and a second deciduous 
molar (B) selected for this study. 





-38-

Figure 2, An illustration o£ the Bencow instrument 
used for serial radiography. 

(A) Combination impression tray film holder. 

(B) Constant distance rod which is attached 
to the head of the X-ray machine. 

This lower photograph demonstrates the 
clinical application of the instrument. 
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Figure 3. A. An illustration of the carious 
lesion prior to instrumentation. 

B. The occlusal cavity has been 
enlarged and the superficial 
caries removed. 
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Figure 4. A. An illustration of the residual 
carious dentin which was allowed 
to remain in the tooth. 

B. The placement of the base material 
over the residual carious dentin prior 
to placement of the ailver amalgam. 
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Figure 5. A. The placement of the zinc phosphate 
cement over the indirect pulp capping 
material. 

B. The restoration of the tooth with a 
silver amalgam alloy. 
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Figure 6. Periapical radiograph of a mandibular 
first molar immediately after the 
initial restoration. 
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Figure 7. A. The appearance of the residual caries 
which was observed after one year to 
be dusty, dry and dark brown. 

B. The photograph illustrates the appear
ance of the hard, lighter brown dentin 
after the removal of the residual caries . 





. Figure 8. 
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An example of a serial radiograph 
being examined in the visual 
radiographic viewer. 
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Figure 9. Three radiographs of a second 
deciduous molar show changes in 
radiopacity over the distal pulp 
horn. The radiographo taken at 
three, six and 12 months demonstrate 
the densitometric indexes 1, 2 and 3 
as they are positi.oned from top to 
bottom. 
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Figure 10. View of console while making 
densitometric readings. 

A. Television camera and television 
optoliner unit containing the X"ray 
film and 11 step gray scale. 

B. Large screen monitor showing two 
camera pictures combined with 
special effects generator. 

C. Oscilloscope television camera. 
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Figure 11. Picture of master monitor showing 
amplification. 

A. Distance between two vertical 
marks on X-ray is 11 millimeters, 
the monitor calibration is 12 
centimeters (120 millimeters), 
approximately ten times enlargement. 

B. Eleven step gray scale used for 
calibration. 
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Figure 12. Combined pictures using special effects 
generator are presented on the master 
monitor. The oscilloscope pattern shows 
one line of scan removed from the tele
vision picture. The line removed is 
shown in white, the bright spot shows 
the area where measurements are being 
taken. 





· Figure 13. 
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Density chart showi.ng the density 
curve plotted with the opacity as 
the X-axis in terms of from zero to 
100 per cent. the light transmission 
on the X-axis is in terms of zero to 
1000 millovolts. 
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Table I. Summary of the number of teeth 
treated with each base material 
and the failures that have occurred 
in the study. 



ZINCOXIDE- CALCIUM 

TEETH NO. EUGENOL HYDROXIDE 

DECIDUOUS 

FIRST MOLARS 23 12 11 

SECOND MOLARS 40 19 21 

FAILURES 4 2 2 

PERMANENT 

FIRST MOLARS 21 10 11 

TOTAL 88 43 45 



' TABLE II Visual densitometric data 
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Patient Age Base Time Dens. Time Dens. Time Dens. 
No. Yrs. Tooth Matl. Mo. Index Mo. Index Mo. Index 

1 6 f6 c* 3 0 7 1 11 1 
iE c 3 0 7 0 11 0 

2 11 {6 z** 3 0 6 0 12 0 

3 11 fD z 3 0 7 0 12 0 

4 6 El z 3 0 7 0 12 0 
IE c 3 0 7 0 12 0 
ffi c 3 0 7 0 12 0 

5 8 16 z 2 0 6 0 12 0 

6 5 rD z 3 0 6 0 12 0 

7 9 E1 z 3 0 6 0 12 0 

8 5 El c 3 1 7 1 
fE c 3 0 6 0 

9 6 [E z 3 0 7 0 12 0 

10 7 E1 c 3 0 6 0 

fD z 3 0 6 0 

fE z 3 0 6 0 

11 8 El z 4 0 7 0 12 0 

12 5 151 c 4 0 7 0 

13 6 (6 z 3 0 6 0 12 0 

(E - z 3 0 6 0 12 0 

il z 3 0 6 0 12 0 

14 7 ID z 4 0 6 0 

15 8 fi5 c 3 0 6 0 

151 z 3 0 6 0 

E\ z 3 0 6 0 

* Ca(OH)2 
** Zn0-Eugeno1 
+ Failures 
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TABLE II (continued) 

Patient Age Base Time Dens. Time Dens. Time Dens. 
No. Yrs. Tooth Matl. Mo. Index Mo. Index Mo. Index 

16 8 El z 3 0 6 0 11 0 

17 10 16 c 3 0 5 0 12 0 

18 6 nl c 3 0 6 0 
f1> z 3 0 7 0 

19 10 61 z 4 1 6 1 

20 7 fD z 3 0 6 0 

21 6 fE c 3 0 6 0 12 0 

22 4 Ti5 c 3 0 6 1 12 1 

23 6 fE z 3 0 7 0 

24 10 fD c 4 0 6 0 
fE c 't 0 6 0 

25 9 . r6" c 4 0 6 0 

fE c 4 0 6 0 
-EI c 4 0 6 0 

26 10 El z ') 0 .J 

-61 z 3 0 

27 + 5 El z 3 0 5 0 12 0 

Dl+ z 3 0 

28 11 6 z 3 0 6 0 

6l c 3 0 6 0 

29 6 IE c 3 0 6 0 12 0 

30 9 fE c 3 0 6 0 12 0 

31 11 f6' z 3 0 6 0 12 0 

32 9 f6 c 3 0 6 0 12 0 

61 c 3 0 6 0 12 0 
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TABLE II (continued) 

Patient Age Base Time Dens. Time Dens. Time Dens. 
No. Yrs. Tooth Matl. No. Index Mo. Index Mo. Index 

33 5 "E\ c 3 0 6 1 12 1 
I> I c 3 0 6 0 12 0 

34 7 rn z 3 0 6 0 12 0 

35 7 (D c 3 0 7 0 

36 8 .E) c 3 0 6 0 12 0 
D\ c 3 0 6 0 12 0 
IE c 3 0 6 0 12 0 

37 10 61 c 4 0 6 0 
E1 c 4 0 6 0 

l6 c 3 0 6 0 

38 6 E/ c 3 0 6 1 

39 8 f6 c 3 0 6 0 12 0 

40 8 151 c 3 0 5 0 

lD z 3 0 6 0 

{E z ') 0 6 0 .J 

41 10 ·6) z 3 0 6 0 11 0 

42 7 il c 3 1 6 2 12 3 

61 c 3 0 6 0 12 0 

4 3 10 61 z 3 0 6 0 

44 11 !6 z 3 0 6 0 

45 8 fE z 3 0 6 0 12 0 

46 + 7 .Dl+ z 3 0 6 0 

47 8 IE z 3 0 6 0 

48 + 10 "EI c 3 0 6 0 12 0 

IE+ c 3 0 

49 7 IE z 3 0 6 0 12 0 
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TABLE I I (continued) 

Pat ient Age Base Time Dens. Time Dens. Time De ns. 
No. Yrs. Toot h Matl . Mo. Index Mo. Index Mo . Index 

50 10 (E c 3 0 6 0 12 0 

51 8 {E c 3 0 5 0 
ID c 3 0 5 0 

.?2 7 61 c 3 0 6 0 12 0 

53 9 lE z 3 0 6 0 

54 10 /6 c 3 0 

55 7 ID z 3 0 6 0 

56 7 [E c 3 0 6 0 12 0 

57 + 5 io + c 3 0 

TE c 3 0 6 0 12 0 

El z 3 0 6 0 12 0 

58 9 In z 3 0 6 0 12 0 
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Table III. Summary of the visual densitometric 
data. 



..--- -.. - -

VISUAL DENSITOMETRIC EVALUATION 

TIME TEETH BASE DENSITOMETRIC INDEX RADOP. 
(MONTHS) MATERIAL INCREASE 

0 1 2 3 %TEETH 

Ca (OH)2 43 2 5 
3 88 

Zn 0-Eug. 42 1 2 
- . 

Ca (OH) 2 35 7 1 23 
6 79 

Zn 0-Eug. 35 1 3 

Ca (OH) 2 20 3 1 16 
12 42 

Zn 0-Eug. 18 0 



TABLE IV Televi.sion densitometric data 



Three Month Exam Six Month Exam Twelve Month Exam 
Density Index Density Index Density Index 

Patient Age Base 0 1 2 3 0 1 2 3 0 1 2 3 
No. Yrs. Tooth Matl. {Per cent change~ {Per cent change2 {Per cent change~ 

1 6 r6 C* +1.3 +2 .• 5 +5.0 
fE c -1.4 -5.4 -·3. 5 

2 11 r6 Z** -.5 -3.8 -4.3 

3 11 In z +1.0 +1.8 +2.1 

4 6 E\ z -.8 -4.5 -4.2 
fE c -2.8 +2.2 +1.8 

I 
l.n 

\D c -3.5 -2.3 +13.7 
0'\ 

• 

5 8 [6 z -1.5 -.3 

6 5 ID z -4.4 -5.5 -6.3 

7 9 E\ z +1.2 -.8 +.9 

8 5 El c +5.0 +1.6 
IE c -.3 -1.0 

9 6 fE z +3.3 +1.6 -2.3 

10 7 ID c -2.0 -1.3 +1.2 
ro z -4.9 -13.8 -11.2 
(E z +1.7 +1.0 +3.3 

*. Ca (OH) 2 
** Zn0-Eugeno1 

+ Failures 



Ta 1e IV (Continued ) 

Three Mon t h Exam Six Month Exam 'l\1e 1 ve l•1on t h Exam 
Densi ty Index Density Index Density Ind ex 

Pa tient Age Base 0 1 2 3 0 1 2 3 0 1 2 3 
o. Yr . Tooth Mr1 t1. {Per cent ch.n nge 2 {Per cen t change 2 ~Per ng£2_ 

11 8 El z +3.3 +3.8 +1. 2 

12 5 D1 c -15.5 -·11. 2 

13 6 IT) z -.6 -5.7 +3.3 
m z -.8 -3.7 +lL 9 
El z +1. 5 +1.8 +2.4 

14 7 [5 z -1.5 -.8 
I 

ns 1../l 
15 . 8 c -.5 -9.5 ....., 

TI 
I z -4.6 -11.9 

El z +1. 5 +2.0 

16 8 El z -2.3 -.8 +1.0 

17 10 f6 c +3.2 +2.4 +2.8 

18 6 15l c -6.4 -5.5 
rn z -7.4 +1. 3 

19 10 61 z +2.2 +3.3 

20 7 fD z +. 9 -1.1 

21 6 ill c -4.5 -4.8 -5.0 



Table IV (Continued) 

Three Month Exam Six Month Exam ~velve Month Exam 
Density Index Density Index Density Index 

Patient Age Base 0 1 2 3 0 1 2 3 0 1 2 3 
No. Yrs. Tooth Matl. {Per cent change} {Per cent change} {Per cent change} 

22 4 IT5 c +4.5 +2.1 +. 5 

23 6 fE z -3.0 -4.0 

24 10 fD c +5.5 +12.5 
IE c -1.0 +3.5 

25 8 f6 c +2.9 +3.0 
IE c -2.8 -5.0 
El c -.3 -3.1 I 

IJt 
(X) 

El 
I 

26 10 z -1.5 
61 z +.9 

27 + 5 E\ z -1.2 +7.5 +8.0 
Dl+ z 

28 11 16 z -4.3 -1.3 
61 c -6.5 -0.6 

29 6 fE c -1.8 -0.8 -7.7 

30 9 fE c +1.9 +2.9 +3.0 

31 11 fb z +4.0 +9.5 +9.5 



Table IV {Continued) 

Three Month Exam Six Month Exam Tt·7e 1 ve Month Exam 
Density Index Density Index Density Index 

Patient Age Base 0 1 2 3 0 1 2 3 0 1 2 3 
No. Yrs. Tooth Matl. {Per cent change2 {Per cent change2 {Per cent change~ 

32 9 f6 c +2 -3.3 -2.5 
16 c -1.5 -2.0 +4.3 

33 5 El c -2.8 -2.0 . -3.3 
Dl c -11.4 -6.3 -8.0 

34 7 rn z +1.8 +5.4 +9.5 

35 7 ID c +0.2 -5.0 
I 

E1 
l.n 

36 8 c -1.3 -1.8 -0.0 \0 

' D1 c +10.5 +3.9 +5.0 
fE c -20.5 -3.6 -8.3 

37 10 6\ c +5.3 +3.6 
El c -9.0 -3.3 
(6 c -4.0 -0.1 

38 6 El c +1.0 -0.8 

39 8 f6 c +.5 +1.9 +2.2 

40 8 D1 c -8.0 +1.8 
fD z -11.5 -6.3 
fE z -7.5 -6.9 



Table IV (Continued) 

Three Month Exam Six Month Exam 1\1elve Month Exam 
Density Index Density Index Density Index 

Patient Age Ba se 0 1 2 3 0 1 2 3 0 1 2 3 
No. Yrs. Tooth Matl. {Per cent change2 {Per cent change2 {Per cent cha nge2 

41 10 6l z -.8 +1.0 -1.2 

42 7 61 c +0.5 +0. 7 +1.3 
E1 +3.5 44.6 +4. 9 

43 10 6l z +1 . 0 -0.8 

44 11 r6 z -4.3 0:.4.3 

45 8 IE z -0.5 .;. 1.8 I 
0'\ 
0 
I 

46 + 7 Dl+ z o.o - 3.3 -3.5 

47 8 lE z -1.8 -3 . 5 

48 + 10 El c -1.3 -1.7 -5.3 
IE+ c -1.7 

49 7 IE z -1.8 -0.8 -5.8 

50 10 IE c -7.3 -6.8 -3.5 

51 8 IE c -5.3 +3.3 
rn c -2.0 -13 . 0 



Table IV (Continued) 

Three Month Exam Six Month Exam Twelve Month Exam 
Density Index Density Index Density Index 

Patient Age Base 0 1 2 3 0 1 2 3 0 1 2 3 
No. Yrs. Tooth Matl. ~Per cent change} ~Per cent change2 ~Per cent change2 

52 7 61 c +2.5 +1.8 +2.0 

53 9 [E z -2.3 -1.0 

54 10 f6 c 

55 7 115 z -12 -12 

56 7 IE c -1.5 -0.4 -0.5 
I 

57 + 5 fD+ c ~ .._. 
fE c -3.5 +2.0 +3.8 I 

El z -3.2 -1.0 -0.3 

58 9 m z -6.9 -4.0 
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Table V. Su~~ary of the television densitometric 
data. 



TELEVISION DENSITOMETRIC EVALUATION 

INCREASED RADIOPACITY 
TIME TEETH BASE TREATED rilENSITOMETRIC INDEX 

(MONTHS) MATERIAL TEETH TEETH %CHANGE TEETH 
(NO.) 0 1 2 3 (%) 

Ca (OH) 2 45 15 3.0 4.3 33 
3 88 

Zn 0-Eug. 43 14 2.1 2.2 33 

Ca (OH)a 43 18 3.0 2.3 4.6 43 
6 79 

Zn 0-Eug. 36 10 4.0 3.3 28 

Ca (OH)a 24 13 3.1 1.4 4.9 54 
12 42 

Zn 0-Eug. 18 10 4.5 56 



DISCUSSION 
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. The primary objective of this study was to determine whether 

or not calcium hydroxide methyl cel lulose or z i~c oxide-eugenol 

base materials affected the production of dentina chtinges nd 

al.., o \·lhether the materials enhanced t ese changes w en placed 

over residual carious dentin. The data indicate that the preven ., 

of calcium hydroxide and zinc oxide-eugenol base materials were 

not consistently associated with radiographic changes in the 

dentin. 

The visual densitometric data indicate t1at very little 

d ntinal change could be det cted by the unaided eye. T e .ore 

sensitive television densito~etric met od was capable of ide ti

fying radiopaque areas that v1ere not seen by the vi sua 1 method . 

T e television ins~rumer.tati~n data demonstrates that 33 per cent 

of the tee . at t e end of t. e three mon:h observation period 

s· owed increased radiopacity; whereas, approximately 50 per cent 

of those teeth observed at 12 months demonstrated an increase in 

radiopacity. Therefore, tit e is an important factor relative to 

t e increased radiop<city of the treated dentin. 

Damele, 33 an Lav7 and Lew:!.s34 r ported a higher perce .. .:.=:. ge of 

teet showing radiographic changes t an cou d ue found in t e present 

study with the more sensitive television method of measurement. The 

differences possibly could be related to t".e amount of residual caries 

lect in the tooth in t he two studies. 

T ...... clini cal phase of this study prese;1t d many variables which 
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we were unable to adequately cont· During the operative 

procedures it was not feasi le to co~trol the amount of caries 

allO'wed to remain in the too·'- :1. It was not possible to determine 

the proximity of the pulp to the remaining caries, nor how much 

natur 1 dentin remained between t e residual caries and the pulp . 

Differences in the depth of the residual caries left in the te~ th 

could be the reason why some teeth demonstrated more dentina 

c .anne than others . The base ma ~~ als could have come i~ con tact 

w:t. the .atural dentin of the buccal or lingual walls resu lting in 

s u ~:mposition of hypercalc ified entin in the area bein _2 sur 

~'1 • 69 d M • 52 . d i ' r • • ' • 1 ~ e1n an lJOr r eporce s gn1r1cant 1ncreases 1n m ~ra i-

za • ion or hypercalcification o f the vita l dentin when a base mater-

ial was placed in direct contact with natural dentin. 
56 Inglis 

So vd en57 have claimed that recalcific3tion of the carious dentin 

..., . . 

occu_red . In this study, there wa s no evidence of recalcification 

of t~e residual car i ous dentin, nor was there any gross indication 

of progress of decay in the 42 teeth that were re-entered after 12 

mo .. t .s . ,.,he residua ... carious dentin pulpal to both the calcium 

yd:oxi ·e and zinc oxide-eugenol ase material was dr~, hard and 

brm·7n:sh-yellow in color and had t :.e appearance of a typically 

arrested lesio:1. When attempts were made to remove it vlith light 

~~ushing, using a nuQbe r 4 round bur, only the minute surface would 

dust away. It appeared as if t e original re s~dual carious dentin 

1 ad been dehydrated. There were no discernable pulp e: :? .)sures 

obsel~ed in those teeth re-entered at the end of 12 months. 
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T.e reason for the apparent dehydration of the carious mater-

ia and the arrested progress of caries ~Qy not be related to the 

ba~e material s used since both calcium hydroxide and zinc oxice-

eugenol gave similar results. Other materials, and in addition the 

effect o£ sealing of the cavity, should be investigated to see if 

s.:.: .i lar results could be achieved. 

The majority of studies reviewed in the current literature 

di s c l os · a high degree of success in indirect pulp capping. A 

simila r degree of success has been experienced in this study. Four 

te th out of 88 were considered failures due to periapical patholo y. 

The degree of clinical suc6ess probably depends upon the c lin" ci n s 

"udgment in diagnosis and radiographic interpretation of those teeth 

selected for treatment. 

-t is difficult to determine init ially, by radiographs alone, 

as to the proximity of dental caries to the pu lp . Each tooth differs 

so_ Jwhat in pulpal anatomy, ald the angulation at which the radio-

graph is taken can misrepresent the location of the dental caries, 

re_ative to the pulp. It is question.able as to v7hether or not all 

of the pulps would be exposed? once all of the decay was removed . 

T·ois question is unanswered since no control was used in this stu y 

to determine this. 
80 However, Dimaggio and Ha\ves reported that 

w en all of the dental caries was removed from a similar control 

study , 76 per c ~t demonstrated pulpal exposures. 

The subsequent periodic radiographs v7ere controlled in that the 

exposure time, focal distance and angle of exposure \vere standar ized. 
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T.ese variables were controlled by the Bencow technique, thereby 

enha ~.cing the value of the densitometric data. The development 

procedures of the radiographs were not controlled; thus, the d~nsity 

of the serial radiographs was not unifortn. The television inutru

mentation ·was adjusted to compensate for this, but it was impossible 

to eliminate this error completely. The error increased proportion

ate l y to the radiolucency of the film. 

Another factor of extreme importance in x-ray densitometry is 

t he variable thickness of tooth structure the rays must pene: ~ te . 

S i~ce each permanent and deciduous tooth varies in thickness and 

the dimensions of all teeth differ, the comparison of one part of 

a tooth with another or with different teeth can only provide re la 

tive measurements. It is also difficult to orient and locate the 

s ame area that is being measured on ea ch radiograph. This can 

possibly be corrected by placing a radiopaque material into tne 

tootn so that a reference point can be established. 

The tooth selected to illustrate the three indices was the 

only tooth tnat demonstrated an appreciable amount of radiopacity. 

The arbitrary classification of densitometric index 0, 1, 2 and 3, 

by viewing the radiographs, brings to one's attention the human 

error. During the classification there was no question as to the 

presence or absence of radiographic changes in the film images . 

However, the differences in radiopacity between index 1 and index 2 

and also, between index 2 and index 3 could be questioned. This 

human error is of importance only to the point ~ o which the d ~ ta is 
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to be used. The practical clinical application of this information 

is that either calcium hydroxide methyl cellulose or zinc oxide

eugenol can be placed over residual caries with similar effectiveness. 

P~ans have already been formulated to modify the radiogr aphic 

technique and t he television densitometric me thod so tha t more 

precise data can be recorded. Histological sections and micro

radiographic sections from this study are going to be evaluated 

so that we may gather information as to exactly v7here in the dentin 

this calcification takes place and to what degree. It is recognized 

that the sample in this study is small; however, the study is being 

continued o that the present sam)le can be re-evaluated and addi

tional teeth added to the study. 



Sill~~RY AND CONCLUSIONS 
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T e purpose of this study was to compare clinically and densi

tc2~trical ly t he effectiveness of two base materials; calc ium 

hy rox:~ e met yl cellulose and zinc oxide-eugenol , when used 0 

cover residua l carious dent_ in deciduous and permanent teet for 

per i ods of time up to one year. 

The experimental sample of 88 mandibular teeth vlith deep 

car:ous lesions, included 26 first deciduous molars, 41 second 

deciduous molar s and 21 first permanent molars. Forty-thre ·2et 

were treated with zinc oxide-eugeno l and 45 teeth we re trea ed with 

ca~cium hydroxide methyl cellulose. The patients were recal d a 

three, six and 12 month intervals and periapical radiographs taken 

u i. g the Be ncmv technique that· utilizes an instrument designe 

to =ccornplish repeated identical radiography. Radiopacity of the 

de . :n be twee~ the indirect pulp capping material and the pulp 

cha .ber ~vas mea sured visually and instrumentally and compared v7ith 

m2~ urements of a similar non-carious area of dentin in t he same 

tootn . 

During the first six months, four deciduous teeth had to be 

re .. oved because of developing periapical pathology. The additional 

84 teeth have been observed for periods of time up to 12 months and 

all have remained asymptomatic. The 42 teeth that were re-entered 

at t he end of 12 months revealed caries arrestment, a sound pig-

m n ted dentin base and no discernible pulp exposures. 

There was only a slight difference in increased radiopacity 
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no~ d, in the overlying pulpal dentin, following the use oc either 

c lei ydroxide methyl cellulose or zinc oxide- eu 0 enol ind i rect 

cap ma ter.:.als. There v1as also little difference noted in radio-

pac y ~.en the nermanent and deciduous teeth were compared. 

E " ht tee~~ demonst rated increased radiopacity .of the ntin 

b~ e-th the residual caries visually. Instrumentally, approxima ely 

30 per cent of the teeth treated at three months, 40 per cent at s ix 

mo· -~~ s nd 50 per cent at 12 months, demonstrated increased .... adio

p~c.:.t y of the dentin beneath the residual caries. The a ~~ . t of 

i 1crea sed radiopacity was very slight and for the most pat , wa s 

oniy ev" dent wit the more sensitive television method. It was 

a ~ . rent that time is an important factor relative to the increased 

r~ ~.:. opacity of the treated dentin. 
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c os~ a . d zi .c oxid - eugenol w c used as ba se rna eri l t o 

c o r sidu.-...1 cari ous d .ti· . 

Ei hty- ei .t mand i bu lar de c .:duous and p r ane t teeth ~ i . 

d , 
~. c rio ~ _e .: ons were trea~ed by t e indirect pu c p i..g 

p·cc ·du:.e. orty- ree t eeth ve re tre d wit z.:nc oxide - e oenol 

a .. L:.5 t e ;:::n :e treate \·li -'- calc · . hydrox · .. et y c lulose . 

·· ee li \ •7 :ce re oved becauc of v i enc o )eriap~cal 

p ~tosis . The rema i nin
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84 -eet ve be n o ~eTv d or r"ods o:: 
t • e u to 12 mo . h s and all v e r e ained as ic . 
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t ... ::: .... :£ _c i :a e e v .:! &'-ion of e de i n 

~ ~c -esi ua car ·es . tru ... {") ta ly 9 2 ro . .. ately 30 cr c .. o f 

t .. e ~ ee- a t t ree on -h , ''~-0 .. e _ nt of e tee t a- s ·· · .o t hs 

a :.. 50 pe _ cent of ,_ ,e teet· 2 de o· strated i cr - e 

r a .:opa c i -y of t e denti· be· eath .e resi al c r ious denti T e 

a ou. t o~ i .creased :adiop c~ty ~3 very sl.:ght , and -or t o ~ t 

par , was o~ly evident w.:th t e ore sensi~ ive te evision . ethod . 

R diogra h "c ev~dence of de: ina changes w s not observe routi e .y 

u der eit er calc ium hydrox ' de . thyl cellulooe or z inc oxiae- eu no l . 

The 42 t~ t t at were re - enter ed ,_ t :. e end of 12 o~ . hs rev""' 1 d 

car ·es a:restrn nt , a s ound p i gmented dent i n base , a nd . o di sce r n i b_e 

p· < exposu: 
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