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I . INTRODUCTION

A. Some aspects of the theory of radiography.

1. X-ray attenuation and the radiographic image.

A radiographic image is produced by X-ray photons passing through the patient

(object), transferring their inherent information to the f i lm. This creates density

differences on the film which are necessary to obtain information. Variation of

densities, or shades of gray, in different areas of a radiograph is referred to as

radiographic contrast (Manson Hing, 1979).

The main factors affecting the contrast of the radiographic image are the

quality of the X-ray beam, the absorbtion characteristics of the object and the

characteristics of the fi lm.

a. X-ray quality

The energy of the X-ray photons is dependent on the kilovoltage of the X-ray

tube. Increasing kilovoltage gives X-rays with shorter wavelengths, more penetrat-

ing power, whereas lower kilovoltage gives X-rays with longer wavelengths which

are more easily attenuated.

b. Absorption factors.

When the X-ray photons hit an object, some may pass directly through it, while

others will be absorbed or scattered. The energy of the photons and the dimension,

density and chemical composition of the object influence the intensity of the

radiation which will leave the object. For any given element in the object, its

absorption is dependent on its atomic number raised to the third power.

Passing through an object, the X-ray beam will thus be attenuated by the

different structures, and what remains of the beam after leaving the object will
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constitute a distribution of intensities giving a light-shadow image of the object.

This distribution of intensities is called the radiation relief. The ratio between two

neighbouring intensities in the relief expresses the object contrast. The object

contrast will be influenced by a change in the energy of the radiation: high

kilovoltage produces low contrast, whereas low kilovoltage gives high contrast.

Therefore, using an X-ray beam of low energy, a difference in object mass will

give greater intensity differences than when higher energy is used. This can be

utilized if small mass differences are to be investigated.

c. Film characteristics.

The radiographic film transforms the intensity differences of the beam to

blackening differences on the film. The film is sensitized by the exposure, and

metallic silver is laid down during the developing process (Omnell, 1971). There-

fore, the final blackening of the film is a result of both the exposure and the

darkroom procedure. Blackening can be evaluated using a light transmission

densitometer, measuring the light transmission, or the optic density, in the

different parts of the film. These light intensity differences are expressed as

radiographic contrast. The film emulsion has some inherent characteristics, e.g.

the contrasting property of the film. The response of a film to light or X-rays is

most conveniently referred to by means of the characteristic curve of the film,

which expresses the relationship between the logarithm of the exposure and the

film density (Omnell, 1971). The contrasting properties of a film are indicated by

the shape of this characteristic curve.

2. Inherent and artificial contrast.

Human tissues have their inherent properties concerning absorption of radia-

tion. In most root filling materials contrasting substances have to be added in



- 3 -

variable amounts to obtain radiopacity. Salts of heavy metals, i.e. elements with

relatively high atomic numbers, are frequently used for this purpose. Elements or

materials which increase the radiopacity of the compounds or surroundings to

which they are added are called, positive, contrasting media (Qmnell, 1971).

3. Measurement of radiopacity.

Measurement of radiopacity is made dif f icult by the many sources of variability

in the production of a radiograph. Thus, although exposed and developed using

standardized procedures, different radiographs may not be strictly comparable.

Small variations may alter the final result. One way to avoid this problem is to

introduce a reference system which is exposed simultaneously with the object on

the same f i lm , also implying simultaneous development. This reference is prefer-

ably an object of reproducable configuration and composition. A step wedge,

consisting of different thicknesses of an X-ray absorbing material, wi l l provide

areas on the f i lm which are sharply delineated and represent equally graded

exposure levels. Aluminium is often chosen for this purpose (Paper A). A direct

comparison can then be made by comparing which step of the step wedge has the

same blackening as the area in question. This is objectively done by the use of a

densitometer, which is an instrument reading the optical density of the f i lm.

Visual comparison of radiographs is a common method of evaluation, but it is

insensitive and inadequate for quantitative analyses (Paper A).

Several authors have addressed the problem of investigating the radiopacity of

dent i l materials, usually with the aim of establishing lower l imits of radiopacity of

the various material groups.

In some articles step wedges of specified materials are referred to, whereas

visual evaluation has been performed.

Alvares (1966) tried to find the quantity of barium sulphate necessary to obtain

desireable radiopacity in acrylic resins. Acrylic resin step wedges, composed of
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five one-mm steps were produced. Each step wedge contained different amounts of

barium sulphate. These were placed on the frontal or orbital region of skulls and

exposed, and the wedges were evaluated for visualization in the radiographs. It was

found that 15 per cent barium sulphate was necessary in order to obtain suitable

radiopacity. Only small alterations in mechanical properties were found with this

addition. However, the step wedge was placed in an area hardly representative for

dislocations.

McArthur and Taylor (1975) attempted to establish some standard which could

be used by future investigators to assess adequate levels of radiopacity in denture

base materials. Their intention was to determine the minimum of radiopacity

necessary for radiographic detection of an aspirated or swallowed object. They

used a composite step wedge with aluminium for the lowest levels of radiopacity,

and copper for the highest levels. Two sets of specimens represented the scale,

consisting of one set having a regular outline and uniform thickness and the other

having an irregular shape and tapering thickness. They found that beveled, irregular

specimens were more dif f icult to locate on chest and abdominal radiographs than

regular ones. Radiographic density equivalent to 0.20 mm of copper was found to

be the lower border of radiopacity. The closer the object was to the f i lm the easier

it could be located.

Some authors refer to reading of optic density to determine the radiopacity of

different materials, while in most cases there is a lack of a reference system.

De Abreu et al. (1977) used photodensitometry to determine the radiopacity of

28 dental f i l l ing materials. The materials tested were represented by specimens of

from two to eight mm in thickness. They found that the materials could be

separated into three groups, based on the degree of radiopacity. Some materials

were highly radiopaque, others could not be distinguished from surrounding

structures, and some were not detectable at all on the radiographs. Great

differences were seen with regard to increasing radiopacity with increasing
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thickness of the material. These authors also tried to establish a value representing

a border of minimum radiopacity Gf a material to be detected on a radiograph.

Cavities in the cervical area of teeth were prepared, f i l led with the different

materials, radiographed and evaluated. Eight materials were found to be sufficient-

ly radiopaque for detection. It was also investigated how much barium sulphate had

to be added to obtain the minimum standard of radiopacity. Some materials did not

reach the desirable level even with additions of up to 50 per cent barium sulphate.

Others needed only small additions to become detectable. They found good

correspondence between radiopacity of the materials, as judged by the examiners,

and their transmittance values in the densitometer.

Higgenbotham (1967) investigated the radiopacity of five root can3l sealers, as

well as silver and gutta-percha points, using specimens of uniform thickness, and

meacured relative radiopacity in a densitometer. He found a marked difference in

radiopacity among the sealers, with the lowest value for Kloroperka N-0 and the

highest value for Kerr Antiseptic Pulp Canal Sealer. The latter material, which

contains precipitated silver, gave a "stippled" appearance on the radiograph. The

silver point was the most radiopaque. No defined reference of radiopacity was

given.

McCombe and Smith (1976) compared different properties, including radiopac-

ity, of nine different root canal sealers. The radiopacity test was carried out using

2 mm thick specimens of the various materials, and densitometric reading of light

transmission of the f i lm was used. The radiopacity differed among the materials,

polycarboxylate materials being the most radiolucent ones. Although densitometric

reading was performed in this study, there was no reference to any material of

known composition and radiopacity.

The use of both a reference system and a densitometer is found in the work of

Eliasson and Haasken (1979), where the radiographic density of twenty-six impres-

sion materials was measured. Uniform specimens of all the materials were made
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and exposed on occlusal films together with a five-step aluminium penetrometer. A

densitometer was used to read the densities, and the density values for each of the

materials were expressed as equivalent thicknesses of aluminium. Both irregular

and trimmed, beveled specimens of the different materials were then positioned in

the molar region on the buccal aspect, and radiographs of each material performed.

It was found that only ten out of twenty-six specimens showed enough contrast to

be detected in periapical radiographs. The investigation confirmed the difficulty in

detecting beveled, irregular specimens.

The introduction of a reference system of known composition exposed on the

same film as the material to be tested and the reading of optic density by means of

a densitometer seem to be a necessary procedure, if reproducible measurements

are to be obtained.

B. Radiopacity and leakage of root filling materials.

In endodontic treatment there has been a consensus that complete obturation of

the root canal is important for success (Bergenholtz et al., 1973). In practice, there

are two physical qualitie? relevant to the obturation: on the one side, the

radiographic appearance of the filling material; on the other side, the sealing

ability of the material.

1. Radiographic appearance of root canals and root fillings.

Radiography is the only meanb currently available for evaluating the endodontic

procedure and the quality of the root filling iri situ. Radiopacity is, therefore, of

particular importance for endodontic filling materials.

The two-dimensional character of radiographs limits their ability to relay

information on the three-dimensional root structures. Root canals exhibit the

largest number of variants in the bucco-lingual plane (Pineda and Kuttler, 1972),

and Palmer et al. (1971) stated that the radiographic information in the apical part

of the root canals is inadequate.
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Lateral and accessory canals occur in almost all teeth and are of significance

for the success of endodontic therapy. It has been shown that even after the root

canal has been cleaned, the apical canal aberrations are not eliminated (Davis et

al. 1972).

Radiographic evaluation of the seal of root fillings is dependent on the

possibility of identifying the canal wall and the border of the filling material. The

canal wall is not always easily detected on the radiograph. The superimposition by

the trabecular pattern of bone may add difficulties by giving radiolucent and

radiopaque areas.

* Root canal obturation is achieved by a cone together with a sealer, or by a

cement or sealer alone. The cones are made either of metal or of gutta-percha, and

they represent a certain volume. When a sealer is used together with a cone, the

sealer will be present only in a thin layer. When used alone, a sealer has to f i l l the

whole lumen of the root canal, and will therefore, represent a greater volume of

material and be more easily visible in radioqraphs,

Brayton et al. (1973) evaluated the efficacy of the root filling procedure.

Gutta-percha fillings were characterized after decalcifying and dissolving the

teeth. It was found that there was poor correlation between the gutta-percha

filling and th^ radiographs, and lack of replication by the root fillings of

irregularities in the main and lateral canals. Moreover, discrepancies between

filling and canal could not be seen on the radiographs.

Whereas both gutta-percha points and metal points are easily seen on the

radiograph (Friedman et al., 1975), some sealers do not contain enough contrast to

be detectable. This entails another uncertainty.

The fact ihat only the mesio-distal aspect of the tooth is reproduced on

radiographs leads to an underregistration of defective root fillings.

These factors indicate that the inherent shortcomings of radiographic assess-

ment of the seal impart severe restrictions on this criterion of the technical
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standard of the root filling. Thus, a canal evaluated as well-filled in the bucco-

lingual projection may show voids when seen in the mesio-distal direction.

a. Quality of filling

The technical quality of a root filling is evaluated radiographieally and is based

on the detection of radiolucent areas between the canal wall and the filling

material and the level of the filling.

Bergenholtz et al. (1973) evaluated the radiographic quality of the seal seen in

connection with the finding of periapical pathosis. The criteria of technical quality

were filling of the lumen and distance from apex to the root filling material. A

lower frequency of periapical pathosis was seen with well-filled canals than with

defective ones, and best results were obtained where the filling also terminated <2

mm from the apex.

According to Molven (1974) the following classification of the radiographic

quality of the seal may be adopted: a) proper seal; b) voids located to the middle

and/or coronal part of the filling; c) defective seal apically and d) defective seal in

its whole length. He found that a defective seal was found more often in root

fillings made by general practitioners than in those made by students. Root fillings

made by endodontists were the most satisfactory. Revision of the unsatisfactory

fillings showed a marked reduction in numbers of defective seals in all groups, it

was indicated that ca. 30 per cent of the treated roots would exhibit pathologic

conditions, and more often in single than in multirooted teeth. It was also notf-d

that a marked overfilling or a defective seal had a negative effect on the

prognosis.

3ergman et al. (1979) defined and classified the radiographic appearance of root

fillings with regard to distance from apex, quality of the filling and periapical

reactions. They found the best results when the root filling obturated the canal

lumen completely to a distance from apex of 0 to 2 mm. Fillings flush with the

apex seemed to give a more uncertain prognosis.
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Setzer et al. (1967) found that the frequency of failure after endodontic

treatment was high in teeth root filled flush with the radiographic apex.

The apical level of the root filling and the sealing quality evaluated radicgraph-

ically were related to the result of the treatment in a study by Kerekes (1976). It

was indicated that root filling material extruded beyond the apex seemed to

complicate the healing, particularly if the apical portion of the canal at the same

time was improperly sealed.

The clinical evaluation of the technical quality of a root filling is based on the

radiographic detection of the material used. It is, therefore, of the greatest

importance to investigate the different root filling materials concerning their

radiopacity.

2. Sealing ability.

The sealing ability of a material can be evaluated by investigating the degree of

fluid diffusion or particulate transport between the root canal wall and the filling

material. This may be done using dyes, such as methylene blue or basic fuchsin,

radioactive isotopes or other tracers, e.g. bacteria.

Siedler (1956) found that the sealing qualities of root fillings depend mainly on

the quality of the root canal preparation.

Clinical experience and long term clinical investigations of endodontic treat-

ment have shown that the success rate is influenced by the technical standard of

the root fillings, which reflects the technical skill of the operator. However,

Kerekes and Rowe (1982) found no significant correlation between the accuracy of

f i t of the G/P cones, the type of sealer used (AH 26, Grossman Sealer) and the

degree of leakage of the root filling in an in vjtro study.

Higgenbotham (1967) used the radioactive isotope Ca^5 to investigate the

sealing ability of five root canal sealers, plus gutta-percha and silver points. Two

of the materials, Kerr Antiseptic Pulp Canal Sealer and ProcoSol, showed better



- 10-

sealing properties after one month than at one day, probably because of slow

setting times. Similarly, Antoniazzi et al. (1968) found less penetration of

methylene blue if the filled teeth were submerged in dye 48 hours after filling. The

use of Kloroperka N-0 caused great leakage in both these studies. No correlation

was seen between setting time, film thickness and solubility of the materials and

their sealing properties (Higgenbotham, 1967).

There have been many reports supporting the view that gutta-percha with zinc

oxide-eugenol sealer has satisfactory sealing qualities. Curson & Kirk (1968) found

eight out of nine such sealers tested to provide a good seal in vitro.

Amalgam is commonly used as a retrograde filling material. Barry et al. (1976)

compared the sealing quality of polycarboxylate cement with amalgam using dye

penetration. They found the polycarboxylate cements inferior to amalgam in

sealing ability.

Fogel (1977) tested five root filling materials for adaptation to the walls using

methylene blue. The least penetration was seen with AH 26 after 30 days.

Russin (1980) found greater leakage with Ca^5 in roots using gutta-percha

softened in chloroform than in roots obturated with gutta-percha and Grossman's

sealer.

Yates and Hembree (1980) compared the sealing ability of different root filling

techniques using Ca^5 isotope. They found TubliSeal with gutta-percha point to

provide the best seal.

3. Conclusions

Several authors have tested root canal filling materials for leakage, but only a

few have reported the evaluation of radiopacity (Higgenbotham, 1967; McCombe &

Smith, 1976). There appears to be no report available comparing these two

qualities. It was therefore reasonable to try to investigate and correlate radiopaci-

ty and sealing qualities of root filling materials.
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II. AIMS OF THE EXPERIMENTAL STUDIES.

In 1978 in connection with ISO TC 106 working group 1, task group 2 for

endodontic materials, a draft standard for root canal sealers was set down. This

draft standard specifies requirements for materials to be used for obturating the

root canal with or without the aid of solid core material.

It was considered desirable to evaluate methods for assessing radiopacity of

root canal sealers and to examine the actual radiographic contrast of some

products commonly used. Paper A is a contribution to this end.

Radiographically evaluated defective seals may suggest that the fillings also

will show apical leakage. Paper B deals with the problem: Does radiographic

examination of the root filling correlate with laboratory measures of leakage?

Finally, since adhesion between the root canal wall and a root filling material

may prevent apical leakage, the relationship between adhesion of selected root

filling materials to dentin and leakage was examined in Paper C.
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HI. GENERAL DISCUSSION OF EXPERIMENTAL FINDINGS.

The present, experimental studies sought to assess the radiapacity of root

filling materials and to relate the radiopaque properties to subjective and objective

criteria for leakage.

A. Technical aspects

Paper A established a method for measuring the radiopacity of root filling

materials, particularly sealers, cements and pastes. The method permitted repro-

ducible and objective measurements. This was done through direct measurements

of the optic density values of the material in comparison with a standard curve

relating optic density to the thickness of an aluminium step wedge exposed

simultaneously. By proper selection of film and of the conditions for exposure and

development, it was possible to obtain a near-linear standard curve, which added to

the safety and reproducibility of the method.

Thus, the methodology for radiopacity measureTients held advantages over

techniques previously used with endodontic materials (Higgenbotham, 1967;

McComb & Smith, 1976):

a) an internal standard in the form of an aluminium step wedge;

b) objective measurements in a densitometer;

c) reproducible and near-linear standard curves.

Paper 8 describes an in vitro technique for assessing radiographically the

completeness of root canal obturation, using 9 different treatment groups with 5

different materials. While subjective in nature, the test was carried out with a high

degree of reproducibility. This was evident from methodological studies which

indicated an intraindividuoi scoring reproducibility of 95 per cent. This technique

of radiographic assessment was modified from clinical procedures in evaluating the

obturation in radiographs (Molven, 1974), and was aimed at detecting slits or voids

between the dentinal wall and the filling material.
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This radiographic assessment of potential for leakage was compared with

actual, in vitro leakage of dye (basic fuchsin) into the roots of the filled teethe The

technique used for the leakage test in papers B and C was selected with little

documentation as to its merits relative to other, in vitro leakage tests (e.g.,

Higginbotham, 1967; Antoniazzi et aL, 1968; Curson & Kirk, 1968; Barry et aK,

1976). Apparently, there is no correlative evidence available on the relative

efficiency of the different, iri vitro leakage tests available. One possible drawback

with the dye penetration method used is that leakage of small molecules like

fuchsin (M.W. 301) may be clinically insignificant: leakage in relation to the

development of pathological conditions may be of interest only in so far as it

permits ingrowth and retention of microorganisms (Moller et ah, 1981). However

the method did have the advantage of affording reproducible results (papers B & C;

unpublished data) and of having been employed with apparent success in previous,

quantitative studies (3arry et aK, 1976).

The dye penetration technique was primarily selected because it was possible to

compare, at virtually identical sites, the dye penetration with the radiographic

assessment. This provided for quantitative evaluation of the association between

radiographic judgment and actual leakage (paper B).

In paper C, measurements of tensile bond strengths between sealing materials

and dentine were performed. The rationale for testing the adhesive properties was

to relate these properties to the leakage observed with the same materials. In view

of the poor correlation between radiographir voids and leakage findings observed in

paper B, bonding of the materials to dentine might possibly provide a better

correlation with the leakage pattern. The technique for measuring bond strengths

entailed the use of a universal testing machine which provides for accurate

measurements of very low bond strengths (less than 0.1 MPa). However, due to

difficulties in the technical manipulation of test specimens of dentine/sealer

preparations, measurements of bond strengths lower than 0.5 MPa were considered
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uncertain. On the other hand, small standard deviations were encountered for

materials with bond strengths above this value, testifying to the reproducibility of

the method.

B. Clinical aspects.

Current committee work within the International Organization for Standardiza-

tion (ISO) initiated the present studies. Assessments of radiopacity and of leakage

properties of endodontic materials have been considered relevant by the ISO as

part of future standards (specifications) for this group of materials.

This interest in radiopacity and leakage is founded on clinical experiences in

endodontics. The crucial steps during canal treatment and root filling, as well as in

follow-ups, are controlled primarily through radiographic evaluation. Treatment

failures have been ascribed to leakage of fluids and bacteria into slits or voids

between filling material and the root canal walls. Therefore, achieving complete

obturation is the primary aspect of the filling procedure in endodontics.

The present study (paper A) demonstrated a wide variation in the radiopacity of

the different filling materials. While most of them were clearly more radiopaque

than dentine, several materials had radiopacity values of less than 4 mm of

aluminium, which may mean that they may be difficult to detect in fine canals and

pulp ramifications. These results also indicate that it may be difficult to compare,

by clinical evaluation of radiographs, root fillings made with materials of differing

radiopacities. Moreover, the assessment of the degree of obturation is difficult:

materials of low radiopacity may be judged absent from sites where they are

actually present, and root fillings made with very radiopaque materials may appear

more homogeneous than they actually are.

The complexity of the association of radiographic assessment of obturation with

the actual presence of material was further illustrated in paper B. Here, micro-

scopic examination of root filled teeth in cross sections revealed the presence of

material at several sites where it was judged absent on the radiograph.
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Possible clinical consequences of this dissociation of radiographic from micro-

scopic findings were indicated in the leakage test. It was clear from the results of

this test that leakage was not always observed where the radiograph indicated that

the material did not obturate the canal space. The many cases where a radiograph-

ically verified obturation coincided with resistance to leakage made the correlation

between these two parameters significantly positive. However, even for cases with

unsatisfactory obturation on the radiograph, there was more often than not no

leakage in the dye penetration test. One possible, clinical consequence of this

finding may be that caution must be exercised in assigning a poorer prognosis to a

root with an apparently deficient seal.

Paper C sought to correlate leakage findings to adhesive properties of the

materials, in an effort to evaluate a physical property which might determine the

leakage pattern observed. It turned out, however, that adhesion of the materials to

dentine did not correlate well with their leakage resistance properties.

C. Conclusions.

1. Root canal filling materials display a very wide range of radiopacity, from

less than 3 to more than 12 mm of aluminium.

2. Tooth roots that appear to be well obturated by radiographic evaluation stand

a good chance of being resistant to leakage in vitro.

3. Tooth roots with deficiences in obturation by radiographic evaluation stand a

reduced, but still good, chance of being resistant to leakage in vitro.

4. The type of filling material, rather than its radiographic appearance,

determines the susceptibility of the filled tooth to leakage in vitro..

5. Adhesive bond strength of the materials to dentine did not appear to be

related to the materials' ability to prevent leakage in vitro.
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Summary

A standardized and reproducible method of radiopacity measurements of dental

materials is presented. The method entails densitometric comparison of standard-

sized specimens with an aluminum step wedge under controlled conditions for

exposure and film processing. Methodologic aspects have been evaluated and

discussed. Measurements of forty root canal sealers demonstrated wide variations

among the different types. Visual examination could not provide reproducible

measurements of the radiopacity of the materials.
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INTRODUCTION

Radiopacity is a desirable property of dental materials for intraoral use. Restora-

tive materials should have sufficient radiopacity to distinguish them from neigh-

boring structures. 1 A dental material may also be inadvertently aspirated or placed

submucosally or intraosseously,^ and radiopacity would aid the localization of such

foreign objects.

It is generally accepted that radiopacity is an indispensible property of root

canal sealers, cements, and pastes.^ It facilitates evaluation of the completeness

of root fillings, including the infiltration of accessory canals. Moreover, the fate of

resorbable materials can be followed only radiographically, and the diagnosis of

potentially harmful overfillings is made possible by the contrasting property of the

material.^

There are, however, very few studies which deal with the radiopacity of root

canal sealers. McComb and Smith5 measured the radiopacity of nine commercial

root canal sealers and two experimental polycarboxylate materials. Another similar

study compared five root canal sealers, gutta-percha points, and silver points.^ In

both these investigations densitometric readings were performed without reference

to any material of known composition or radiopacity. A potentially more reproduci-

ble method of measurement was adopted by Eliasson and Haasken^ in their

investigation of the radiopacity of impression materials. Using an aluminum

penetrometer as a reference, they transformed densitometric recordings to equiva-

lent thicknesses of aluminum.

The purpose of the present investigation was to establish a method for

standardized measurements of radiopacity of commercially available root-filling

materials. A method was adopted which made densitometric measurements refer-

able to an equivalent thickness of aluminum. A comparison was also made between

visual and densitometric recordings of radiopacity.
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MATERIALS AND METHODS

Root canal filling materials

The materials tested are listed in Table 1 (p. 33), which also indicates the

approximate powder-liquid ratio used for mixing.

Specimen production and equipment for standardized exposures

A Teflon mold and two glass plates, held f irmly in place by two spring clamps,

provided standardized conditions for production of specimens and for exposure of

the sealers and an aluminum step wedge (Figs. 1 and 2). The Teflon sheet had eight

circular wells, 1 mm. deep and 10 mm. in diameter, which were fi l led with cement.

An aluminum step wedge was placed in an insert, 1 mm. deep, at one side of the

Teflon mold. The f i lm was centered under the wells and the step wedge during

exposures.

LEAD

2mm GLASS

ALUMINUM STEP WEDGE

INCREMENTS

2mm GLASS

1mm TEFLON®

Fig. 1. Experimental setup with weNs for the filling materials

and the aluminum step wedge.



- 25 -

Fig. 2. Materials, mold, and aluminum step wedge

mounted for exposure.

During exposures, the x-ray tube was fastened to a ring attached to a metal

pole which, in turn, was fixed to a steel base (Fig. 2). The ring could be moved
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along the pole, thus providing variability in the film-to-focus distance. During

exposure, the film and the assembly containing the cements and the step wedge

were placed on top of the steel base.

X-ray equipment

A General Electric GE-100* dental x-ray unit was used. The instrument

features voltage variable from 40 to 100 kV, current settings of 10 and 15 mA, and

exposure times ranging from 1/60 to 5 seconds. The timer is electronic. The cone

and lead collimator were removed to ensure homogenous irradiation. The total

filtration was 2 mm. aluminum.

Densitorneter

A Macbeth Quantalog densitometer, Model TD-100A,** with a circular light

aperture of 2 mm., was used for densitometric recordings of the radiographs. The

densitometric value (D) represents the logarithm of film opacity.? Accordingly,

increasing values of D indicate increasing blackening of the film (decreasing

opacity of the material). According to the manufacturer, instrument readings are

precise within a tolerance of 0.02 density units.

Film and processing conditions

Kodak Morlite occlusal ultra-speed film DF 45,*** size 2 1/4 by 3 inches (57 by

76 mm.) in two-film packets with emulsion No. 5238915, was used. All films were

developed in an automatic machine under standardized conditions using Agfa-

Gevaert G 150**** (1:3; 2 minutes) for developer and Agfa-Gevaert G 334****

(1:4; 3 minutes) for fixative. The temperature was kept at 25°C.
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Film sensitivity

The film-sensitivity curve was established on two different occasions. Parts of

the f i lm were exposed to exposure times increasing from 2/60 to 14/60 second by

uncovering increasing parts of the f i lm from one exposure to another. The f i lm

densities of the different steps of the f i lm were measured, and the net D values

(base and fog substracted) were plotted against exposure time. The results (Fig. 3)

showed a film-sensitivity curve which was linear up to a D value of 1.09 and

deflecting only very slightly up to O = 2.

2 4 1 8 10 12

EXPOSURE (sec «1/60)

Fig. 3 Film-sensitivity curve of the film used

in the investigation.

Methodologic aspects

A film-to-focus distance of 35 cm. was chosen. This choice was based on the

fact that best results in intraoral roentgenography are obtained with the longcone

paralleling technique and a focus-to-object distance of at least 30 cm.8
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All exposed films displayed the aluminum step wedge, and the density of each

step was measured on the densi tome ter. The base and fog values were substracted,

giving the net value of O for each step. Finally, log D was plotted against

aluminum thickness using semilogarithmic paper, giving a standard curve for each

exposure. The net densities of the root-filling materials were measured simultane-

ously and their corresponding values of aluminum thickness were interpolated from

the standard curve.

The effect of variation in voltage on the densities of the steps in the step

wedge was evaluated. Exposures were made of the step wedge with constant

current, exposure time, and film-to-focus distance but with varying voltage ranging

from 50 to 70 kV. The resulting standard curves were plotted and compared. The

effect of variations in the time of exposure or in the current was evaluated in a

similar fashion.

The conditions for exposure might conceivably influence also the aluminum

equivalent interpolated from the standard curve for a given test specimen of filling

material. Therefore, one particular setup of five different materials was subjected

to exposures of varying voltage, current, and exposure time. The interpolated

values for aluminum equivalents for each material were plotted against voltage or

exposure time.

Measurements of root canal sealers

For the actual measurements of radiopacity of the root canal sealers, conditions

for exposure were standardized at 70 kV, 10 mA, 18/60 second, and a film-to-focus

distance of 35 cm. These conditions were based on the methodologic studies (see

Results). The mixed materials were filled in the wells, two wells of each material;

thus, most of the films were exposed with four different materials. The average
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density value was found for each material on each f i lm. Each material was mixed

and measured on at least four different occasions, and the results were expressed

as the arithmetic mean (with standard deviation) of the average values (Table 1).

Specimens of dentin and gutta-percha 1 mm. thick were also exposed, and their

densities were measured.

Visual scoring of radiopacity

The accuracy and reproducibility of visual scoring of radiopacity were evaluat-

ed as part of ongoing standardization work on root canal sealers.^ The actual

density values of the materials were measured with the densitometer. A "normal-

ized" densitometric value, defined as the first step on the aluminum step wedge

below the densitometric score, was then assigned to each material. Similarly, when

scored visually, each sealer was given a score equal to that step in the aluminum

step wedge which the observer felt certain was darker than the sealer in question.

The comparison was made with the help of stray light shields. These were made

from black photographic paper with holes 5 mm. in diameter which permitted

observation of one sealer sample and one step of the wedge at a t ime. In one series,

a comparison between ten subjects was made. In a second series, the reproducibil-

ity of measurements performed at different times by the same subjects (five

subjects, five measurements each) was investigated.

RESULTS

Methodology

The standard curves resulting from the exposures on the step wedge with

different voltages are illustrated in Fig. 4. The standard curves were almost linear,

for D values below 1 actually linear within the error of the instrument reading

(0.Q2 density unit). Increasing the voltage caused a decrease in the slope of the
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standard curve, that is, lower voltages gave greater contrast between individual

steps of the step wedge, whereas with the higher voltages a greater number of

steps in the wedge fel l within the useful range of 0 to 1.1 D units.

4 8 12 16 20

ALUMINUM THICKNESS (mm)

Fig. 4. Standard curves resulting from exposures

with different voltages.

Increasing the current or the exposure time had the same effect on the standard

curve (Fig. 5). The slope of the curve was unaffected; that is, the contrast

remained unchanged. However, increasing the exposure by time or amperage led to

an increased blackening under each step, causing a parallel shift of the standard

curve to the right.

Changes in the exposure time had no discernible effect on the interpolated

aluminum values for the five materials tested (Fig. 6). However, increasing the

voltage appeared to increase the interpolated values of the more radiopaque

material (Fig. 7).
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Fig. 5. Effect of variable exposure times

on the standard curve.
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3 -

Kri
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-• Hermetic
. . AH 26
' ' Diaket

-° Pulpdent
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sec x 1/60

Fig. 6. Interpolated millimeter-aluminum values

of five root canal filling materials as a

function of exposure time.
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Fig. 7. Interpolated millimeter-aluminum values

of five root canal filling materials

as a function of voltage.

On the basis of these results, a standardized set of conditions was chosen for all

subsequent measurements. At 70 kV, 10 mA, and 18/60 second with a film-to-focus

distance of 35 cm., the standard curve was found to be located with its major part

in the linear area of the film-sensitivity curve (0 to 1.1). Moreover, it was found

that five root-filling materials, representing a broad range of densities, were

adequately measured when this set of conditions was used.

Densitometric scoring of root-filling materials

The results of the densitometric recordings of forty root canal sealers,

cements, and pastes are shown in Table I. The materials displayed a wide range of

radiopacity, from 0 to 13.58 mm. aluminum equivalents. For comparative purposes,

Table I also shows the values for dentin (0.63 mm.) and gutta-percha (6.44 mm.).

Most filling materials were more radiopaque than dentin.



Table I. Root canal sealers, cements and pastes tested and their radiopacities.

Product

AH 26

Biocalex 5-9

Calasept

i Cohen-Luks

Crésopåte

Diaket

Diaket A

Endométhasone

Estésone

Eucaryl Påte

Manufacturer

DeTrey, Zurich,
Switzerland

SPAD, Quetigny,
France

Scania Dental
Knivsta, Sweden

Union Broach,
Long Island City, N.Y.

Spec. Septodont
Paris, France

ESPE, Seefeld,
Germany

ESPE, Seefeld,
Germany

Spec. Septodont,
Paris, France

Spec. Septodont,
Paris, France

ATO Zizine,
Paris, France

Lot no.

P: WE2
R: WB1

806

0705

P: 12723
L: 12752

F2 056

P: E139
L.-E137

P: E139
L: E142

F4 039

F 3 080

F4 205

Approximate P:L ratio or
mixing conditions

1.75:1

2.5:1

Supplied as paste

One capsule to two drops

Supplied as paste

One scoop to two drops

As above

4:1 with eugenol P. A.

5.25:1 with eugenol P.A.

Supplied as paste

Average radiopacity
(in mm Al equivalents)

6.66

2.76

0.46

6.93

5.10

4.41

4.45

3.70

5.45

5.60

Standard
deviation

1.11

.35

.20

.42

.17

.42

.37

.68

.22

.30

No.
obs.

4

4

4

4

4

4

4

4

4

4

UO
LA)
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Eucaryl Poudre

Forfénan

Formocresol

Formule G.
Ivanoff

Hartskloroform
8 per cent

Hermetic

Hydron

Kerr PCS

ATO Zizine,
Paris, France

Spec. Septodont,
Paris, France

Pharmaceutical gra^a

SPAD, Quetigny,
France

Made up by chemist

Lege Artis Pharma,
Dettenhausen, Germany

NPD Dental System,
Melville, N.Y.

Kerr. Romulus. Mich.

Kloroperka NØ N-0 Therapeutics,
Oslo, Norway

Kloroperkka Oriola, Espoo, Finland

F3 080

P: F3 100
LI: F3 135
L2: F3 049

02 303

P: 05278
L: 05378

030378
1018

5.25:1 with eugenol P.A.

2:1:1 (P:L1:L2)

2:1:1

6:1 with eugenol P.A.

Dispensed as liquid

1:1

105/12H1487 One cap to one tube

Kri 1 Paste Pharmachemie, Zurich,
Switzerland

84201

One cap to one drop

2.5:1 dissolved for 10 min

Dispensed as ready-made
suspension

Supplied as paste

5.49

5.11

4.45

3.41

0

6.15

1.62

8.01

2.70

1.21

13.58

60

1.43

.54

.33

4

5

4

4

.80

.71

.75

.48

.24

1.75

4

9

4

4

4

4

Jr

1
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Merpasone

Méthode Z

Mynol C-T

N2 Normal

N2 Universal

ProcoSol

Propylor

Pulpdent RCS

Roth 511

Roth 515

Roth 517

SPAD, Quetigny,
France

ATO Zizine, Paris,
France

Mynol, Broomall,
Pa.

Agsa, Locarno,
Switzerland

Agsa, Locarno,
Switzerland

Star Dental,
Conshohocken, Pa.

SPAD, Quetigny,
France

Pulpdent, Brookline,
Mass.

Roth Drug Co.,
Chicago, 111.

Roth Drug Co.,
Chicago, III.

Roth Drug Co.,
Chicago, 111.

803

P: Gl 118
L1:G1 028
L2: F4 116

P: 083078670
L: 111778668

-

-

12260

802

P: 0428
L: 0129

95118

95158

95178

2.75:1 with eugei

2.5:1:1 (P:Ll:L2)

4.5:1

3.75:1

3.75:1

9:1

4.5:1 with eugen

1.25:1

6:1 with eugenol

As above

As above

5.41

5.75

9.48

7.35

8.51

4.30

5.65

3.13

4.54

4.48

4.64

.35

.71

.59

.88

1.18

.36

.04

.71

.19

.47

.24

4

4

4

5

5

>

4

4

4

4

4
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Roth 601

Roth 801

Roth 811

Traitment SPAD

Tubli-Seal

Wach's paste

Zial

Zinc-oxide-
-eugenol

Gutta percha
points

Dentin

Roth Drug Co.,
Chicago, 111.

Roth Drug Co.,
Chicago, Ill-

Roth Drug Co.
Chicago, 111.

SPAD, Quetigny,
France

Kerr, Romulus,
Mich.

Union Broach,
Long Island City, N.Y.

ATO Zizine, Paris,
France

Pharmaceutical grade

Vereinigte Dentalwerke,
Munich, Germany

88018

88

66?^?:

P: 808
L1:802
L2: 803

111778
1317

P: 12222
L: 13138

F4 196

-

As above

As above

As above

2.75:1:1 (P:L1:L2)

Equal lengths of tubes

One capsule to one drop

3.5:1 with eugenol P.A.

2.5:1

2.35

4.13

4.43

5.02

4.78

5.39

3.24

5.48

6.44

.63

.45

.13

.17

.63

1.12

.82

.36

.18

.29

4

4

4

5

5
i

LO
4 <*

i

4

4

4

2
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Visual scoring

Table II gives the results of visual scoring, by ten different observers, of five

root-filling materials. The median of the ten scores was identical with the

normalized value for all materials tested. However, a wide range of scores was

observed, particularly with the more radiopaque material.

Table II. Visual scoring by ten observers of radiopacity* of five sealers

Sealer

Pulpdent

Kri 1 Paste

Hermetic

AH 26

Diaket

Densitometric

Actual
recording

3.6

12.4

6.4

5.2

5.1

Normalized
value

2

12

6

4

4

n

10

10

10

10

10

Range

2-4

10-18

4-8

4-6

4-6

Visual

Median

2

12-

6

4

4

Mean

2.80

12.40

6.00

4.60

4.40

*The figures in the table refer to aluminum equivalents (in mm.)

Considerable variation in the observers' scores of the same exposure was also

noted (Table III). The coefficient of variation could amount to 37.1 percent for a

given material. Moreover, when the coefficients of variation were averaged for

each subject, they ranged from 6.30 percent for the most consistent observer to

17.74 percent for the least consistent (Table III).
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Table HI. Intraindividual reproducibility of visual scoring of radiopacity*

Subject

S.A.

A.T.

A.J.

I.S.

R.H.

Total average

Sealer

Pulpdent
Kri 1 Paste
Hermetic
AH 26
Diaket

Pulpdent
Kri 1 Paste
Hermetic
AH 26
Diaket

Pulpdent
Kri 1 Paste
Hermetic
AH 26
Diaket

Pulpdent
Kri 1 Paste
Hermetic
AH 26
Diaket

Pulpdent
Kri 1 Paste
Hermetic
AH 26
Diaket

X

3.60
12.00
6.00
4.00
4.80

2.00
10.40
6.00
4.80
4.00

2.00
8.40
4.40
4.40
4.00

2.40
10.80
5.20
4.00
4.40

3.20
12.00
6.00
4.40
4.40

C.V.
percent

24.4
0
0
0

22.9

0
8.6
0

22.9
0

0
10.6
20.2
20.2

0

37.1
10.2
21.2

0
20.2

34.4
11.8

0
20.2
20.2

12.20

C.V. percent
subject average

9.46

6.30

10.20

17.74

17.32

12.20

n

5
5
5
5
5

5
5
5
5
5

5
5
5
5
5

5
5
5
5
5

5
5
5
5
5

25(5)

*The figures in the table refer to aluminum equivalents (in mm.).
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The visual scoring tests entailed altogether thirty observations of each materi-

al . Fig. 8 illustrates the tendency for the observers to assign too high a value to

each of the five materials. As might be expected, this tendency increased with

increasing difference between the actual and the normalized densitometric value.

ui

x
12/

ai
>
O
CD
< UJ
V) -J
UI <
cc >
8°

tu

S
cc

Pulpdent

Dia

Hermet ic

Kri

et

AH 26

0^4 O8 12
DIFFERENCE BETWEEN EXACT AI-EQUIVALENT

AND NORMALIZED VALUE

Fig. 8. Visual scoring: the tendency to assign too high a value for

a material related to the difference between actual and

ncrmalizad densitometric value.

DISCUSSION

To establish a standardized system for measuring the radiopacity of various

root-fi l l ing materials, i t was necessary to define the exact conditions under which

the materials were to be investigated. Therefore, the first part of the study

evaluated the effects of variations in the physical conditions of the experimental

setup; that is, variations in voltage and exposure were investigated. The f i lm-to-

focus distance and the x-ray unit were the same throughout the study.
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A linear or near-linear standard curve was obtained when log O was plotted

against aluminum thickness. This linear relationship could be explained by applying

Lambert's equation: I = I o X e-px (I) in which I is the intensity of radiation passing

through, Io is the intensity of radiation emitted from the x-ray tube, e is the base

of natural logarithms, u is the linear absorption coefficient of the material through

which the beam passes, and x is the thickness of the material. In the case of the

aluminum step wedge, x is the only variable in the experimental setup, and the

relationship between x and I in the equation (I) may be transformed to log fcc-x (II),

that is, the logarithm of the intensity of transmitted x-rays is inversely proportion-

al to the thickness of the aluminum step wedge. The determination of the fi lm-

sensitivity curve demonstrated a direct proportionality between net densitometer

readings (D) and exposure (Fig. l).10 Exposure corresponds to I in equation (II);

equation (II) may therefore be transformed to log D<*.-x (III) for values of D less

than 1.83. Although all the theoretical requirements for applying Lambert's

equation may not be satisfied in this setup, the application provided a useful

interpretation of the observed linearity. It should be pointed out that this linearity

is possible only with a film that has a linear sensitivity curve, which is a particular

property of the Kodak Morlite brand (Fig. 3).I®

Because of some uncontrolled variables, the location of the standard curve was

observed to vary on films processed on different days. Therefore the aluminum step

wedge had to accompany the experimental material on each and every exposure,

and a standard curve for each separate exposure was constructed as a straight line

from a plot of log D versus millimeters of aluminum. Linearity was always

excellent for thicknesses of aluminum ranging from 2 to 12 mm. It was also found

acceptable in the range from 0.5 to 2 mm.

The lower voltages gave an increased slope of the standard curve, which

indicates an increased contrast in the radiograph. However, this also means a

reduction in the latitude of exposure. With the large variation in radiopacity among
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root-filling materials, the higher voltages would permit a greater number of

materials to be measured with one and the same standard curve. For subsequent

exposures, 70 kV was therefore chosen.

Changes in the exposure time or in the amperage merely influenced the

blackening of the film and had no apparent effect on contrast or latitude. An

exposure of 18/60 second and 10 mA was chosen, as it seemed to permit

densitometric readings of most materials in the range from 0.4 to 1.1. This

provided good visual discrimination among the materials and excellent linearity of

the standard curve.

A variety of substances are added to the root canal filling materials to secure

radiographic contrast, for example, silver, lead, iodine, barium, or bismuth. Since

the radiopacity of different contrasting media is dependent on the quality of the x-

-ray beam, they might be affected differently by variations in voltage and possibly

by variations in the time of exposure. The experiment designed to evaluate these

possibilities indicated that variations in voltage affected the interpolated value of

the more radiopaque (iodine-containing) material. A standard fixed voltage is

therefore essential in comparative studies on materials' radiopacity.

The actual measurements of sealer's radiopacity showed a large variation

among the materials. One may speculate on some possible clinical implications of

these findings. For one thing, it would seem difficult to compare radiographically

the quality of root fillings made with materials of different radiopacity. The more

radiopague material might give the impression of a compact filling despite the

presence of minor voids and nonhomogeneities in the filling. On the other hand, a

less radiopaque material might be judged absent in areas where it is present in

small amounts. A lower limit for radiopacity might be tfesireable; however, the

present data would have to be correlated with clinical studies to permit a definite

location of this limit.
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The experiments with visual scoring were included to compare this more simple,

cheaper, and quicker method with the more sophisticated and precise densitometric

recordings. Moreover, a simple measuring technique might be particularly useful in

relating radiopacity of a material to a standard, lower limit. The median rather

than the mean of many observers' scores apparently may coincide with the

normalized densitometric value. However, the inherent variability of this method,

as illustrated by both the range among observers and the intra-individual variation,

makes visual observation and scoring an uncertain procedure. This uncertainty was

amplified by the crude (2 mm. step) scale employed and by the variable tendency

with which different materials were assigned too high a value. Particularly in

relation to a lower limiting standard value for radiopacity, a visual scoring system

would appear inadequate.

•General Electric Company, Milwaukee, Wis.
* * Macbeth Corporation, Newburgh, N.Y.
***Eastman Kodak Company, Rochester, N.Y.
****Agfa-Gevaert N.V.,Mortsel, Belgium
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Introduction

Radio-opacity and good sealing qualities are desirable properties of root filling

materials (Grossman 1981). As radiographic examination is the only clinical method

available for evaluation of the obturation of root canals, it is used both during the

filling procedure and in follow-up examinations. However, radiographic evaluations

of root fillings are difficult because commercially available root canal filling

materials display highly variable radio-opacity (Beyer-Olsen & Ørstavik 1981).

Nevertheless, the radiographic evaluation of the technical standard of root

fillings is important clinically since failures have been associated with incomplete-

ly filled root canals (Bergenholtz et aL 1973, Molven 1974). One view is that

radiographically detectable voids may be places into which tissue fluid and bacteria

could leak, stagnate and cause periapical inflammation, thus compromising the

results of treatment.

This concept further leads to the assumption that materials which effectively

seal the canal space lessen the chances of subsequent infection and improve the

prognosis (Schroeder 1954, Marshall & Massler 1961). Several tests in vitro have

been designed, of which dye penetration hes been most commonly used, to test ths

sealing ability of different endodontic materials and techniques (Grieve 1972,, Pitt

Ford 1980).

Therefore, since the occurrence of radiographic voids and unsatisfactory sealing

ability of endodontic materials may both be related to the cause of failure, it

would seem important to assess the correlation between them.

Materials and method*.

Ninety single-rooted, lower, human premolars with completely formed roots were

selected for the study. The teeth had been stored in 30 per cent ethanol after

extraction. While storage in 30 per cent ethanol could cause some dehydration of

the teeth, all the teeth were stored identically, and this made it possible to select



Table I. Root canal sealers, cements and pastes tested.

Product

AH 26

' Endométhasone
t

Kloroperka N-0

N2 Normal

ProcoSol

Gutta-percha
points

Abbreviation
used in text

AH

EM

KP

N2

PR

GP

Manufacturer

De Trey, Zurich,
Switzerland

Spec. Septodont,
Paris, France

N-0 Therapeutics
Oslo, Norway

Agsa, Locarno,
Switzerland

Star Dental
Conshohocken, PA, USA

Vereinigte Dentalwerke,
Munich, W. Germany

Batch no.

WMI, YEI

2F1O35

30 66 28

11079

8110,4150

Powdenliquid
ratio (g:ml)

1.75:1 (g:g)

4:1 with eugenol P.A.

2.5:1 with chloroform P.A.
(dissolved for 10 min.)

4:1

4:1
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teeth from a large collection. The root canals were treated in accordance with a

standardized technique, using reamers1 up to size 50 through the apical foramen. It

was felt necessary to enlarge the apical foramen to size 50 to create a

standardized and round apical opening. The lumen of each root canal was expanded

to size 140, 1-2 mm short of the apex, creating a well-defined, intracanal shelf.

This large expansion of the root canals was done to produce a standardized,

circular canal in the apical part. Sterile saline was used for irrigation. After

preparation the teeth were dried with paper points. Two layers of protective

varnish, Copalite^, were used to cover the external root surfaces before f i l l ing.

The canals were reinstrumented through the apical foramen with a reamer (size 50)

to avoid apical obliteration by the varnish.

The endodontic materials employed, their manufacturers, batch numbers, and

powder:liquid ratios are listed in Table I. The abbreviations listed in Table I wi l l be

used throughout the text. KP was used only with GP cones. Al l the other materials

were used both alone and in combination with GP cones. KP was applied by coating

a no. 140 GP cone with the sealer before insertion. The other sealers were always

inserted into the canals by a spiral paste carrier. When GP cones were used, they

were additionally coateu with sealer before insertion.

Thus a total of nine different groups, each of 10 teeth, were studied. Between

the different procedures the teeth were kept in a humid atmosphere, using cotton

pads moistened with 0.2 per cent chlorhexidine.

Radiographs were taken after instrumentation of the canals and after comple-

tion of the root f i l l ing both in a bucco-lingual and mesio-distal direction. The X-ray

equipment, f i lm and conditions of exposure have been described previously (Beyer-

Olsen & Ørstavik 1981). For developing and fixing films, an automatic developing

machine, Procamat Junior "T"3, was used with Agfa-Gevaert G 150^ (1:3; 2

minutes) as developer and Agfa-Gevaert G 334^ (1:4; 3 minutes) as fixative at

25°C. Each exposure comprised four teeth placed on an occlusal f i lm.
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The radiographs of the f i l led teeth were examined by a dental radiologist. An

X-viewer^ (x2 magnification) and a mill imetre ruler were used to determine the

presence and extent of voids. Four levels were examined (Fig. 1): the f irst, 1 mm

apical to the end of the standardized canal; the second, at the tip of the

standardized level; the third, 1 mm; and the fourth, 2 mm coronally to the end of

the standardized preparation. Each level was observed and scored at the mesial,

buccal, distal and lingual aspect. When a radiolucent zone could be discerned

between the dentin wall and the root f i l l ing material a score of 1 was assigned.

Conversely, the absence of such a zone was assigned a score of 0. Thus, separate

radiographic scores were obtained from 16 positions in each tooth, and there was a

total of 1440 radiographic observations.

Fig. 1. Radiographs of a treated root : bucco-lingual and mesio-distal

projection. The figures indicate the different levels investigated.

The teeth were stored for at least 48 hours between the fi l l ing procedure and

testing for leakage.
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Leakage was assessed by scoring for dye penetration into roots incubated in

0.25 per cent basic fuchsin in water for 24 hours. These conditions for incubation

provided reproducible results as established in preliminary tests. After incubation

the teeth were sectioned transversally (Barry et al. 1976) (Fig. 2) at 1 mm intervals

corresponding to the points of observation on the radiograph using a Gillings-

Hamco sectioning machine. A dissecting microscope, at x40 magnification, was

used to determine the leakage pattern, and dye penetration was recorded as

present (score 1) or absent (score 0) at the areas corresponding to those scored on

the radiographs (Fig. 2). The same observer scored all teeth for leakage as had

scored for radiographic voids.

4. level

Fig. 2. Technique of leakage testing. Left: The outline of a transversely

sectioned root in discs 1 mm thick. Middle: Discs of a tooth

showing dye penetration at all four levels. Right: Discs of a

tooth showing no dye penetration.

M: mesial, B: buccal, D:distal, L: lingual.

For each tooth 16 different scores were thus obtained both for radiographic

appearance and dye penetration pattern. The results were grouped and analyzed
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both separately for each level, and for the four levels together.

The results from the various treatment groups (10 teeth each) were analyzed

with the tooth as a unit. A detailed analysis based on each registration site was

also performed (160 pairs of scores for each material, 1440 pairs total).

For correlative analysis of radiographic and leakage findings, the two scores for

each observation site were combined and grouped into the four possible combina-

tions:

0-0: no radiographic void/no dye penetration

0-1: no radiographic void/dye penetration

1-0: radiographic void/no dye penetration

1-1: radiographic void/dye penetration

Chi-square analysis was applied to assess statistically the association between

radiographic and leakage observations.

The reproducibility of the examiner was tested by duplicate scorings of 20

randomly selected teeth for radiographic appearance as well as for leakage

observations.

Results

Reproducibility

The two sets of radiographic scores showed disagreement in 17 out of 320

duplicate scores, i.e. a reproducibility of 95 per cent. The two sets of leakage

scores showed 5 disagreements out of 320 duplicate scores, i.e. a reproducibility of

98 per cent.

Voids and leakage with different materials

a) Tooth level - the number of teeth in each treatment group showing

radiographic voids or leakage are shown graphically in Fig. 3.
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Fig. 3. Number of teeth in each treatment group showing

radiographic voids and dye penetration. The hatched

bars represent the results from all levels whereas

the open bars are from levels 3 and 4 only.

Ten teeth in each group.

Radiographic voids occurred frequently in all the treatment groups except

N2/GP.

There was a marked difference in apical leakage among the materials. KP/GP,

AH and AH/GP showed the greatest incidence of leakage, while very l i t t le leakage

could be observed for N2 and PR either with or without GP points. Fig. 3 also

illustrates that radiographic voids were observed more frequently than dye

penetration.
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Fig. 4. The occurrence of radiographic voids and dye

penetration at all observation sites pooled for each

group.Number of registrations in each group: 160.

b) Individual site level - The incidence of radiogiaphic voids and dye penetration

observed at all 16 observation sites combined for each treatment group are

presented in Fig. 4. The combination of N2 with GP points showed the lowest

incidence of radiographic voids (1.7 per cent), whereas AH/GP showed the highest

incidence (34.4 per cent).

The combination of KP/GP gave rise to leakage at almost 60 per cent of the

observation sites. AH both used alone and with GP points showed leakage at about

20 per cent of the observation sites. The other materials showed leakage in less

than 10 per cent of the observations; particularly PR alone and N2/GP showed no

leakage.
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Correlation between radiographic voids and leakage

The correlative analysis of all groups (Table II) revealed that of 197 areas with

leakage, 43.1 per cent occurred at sites with radiographic voids, while 56.9 per

cent occurred at sites judged radiographically well filled. In areas without leakage

the majority (82.9 per cent) of these were associated with well filled areas; thus

17.1 per cent were associated with radiographic voids. Conversely, an area scored

as radiographically deficient was associated with leakage in 28.6 per cent, whereas

the satisfactory filled areas had leakage in 9.8 per cent of the cases.

Table II. Distribution of radiographic and dye

penetration scores at individual sites: all observations

pooled.

0

RV 1

E

0

1031

212

1243

DP

1

112

85

197

1143

297

1440

RV : radiographic voids; DP : dye penetration. 0 : absent;

1 : present.

The association of radiographic findings and dye penetration pattern at individ-

ual observation sites in the different treatment groups has been given as percent-

ages in Table III. For all groups except KP/GP the most prevalent combination of

findings was that of no radiographic void and no leakage, ranging from some 60 to
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almost 100 per cent. For the KP/GP group the combination no radiographic

void/leakage was most frequent (37 per cent). The second most frequent combina-

tion detected was radiographic void with no corresponding leakage, ranging from 1

to 25 per cent for the various treatment groups. Teeth f i l led with EM, N2 or PR

showed absence of voids and of leakage in more than 67 per cent of the sites (Table

II I , column 0-0). This correlation was reflected by a very low occurrence of leaking

sites with these materials. In fact, with one exception in the EM group and one in

the PR/GP group, teeth fi l led with these materials did not show leakage in the

standardized part of the canal.

Table I I I . The various combinations of radiographic and dye penetration scores for

the groups. Total number of recorded combinations of scores was 160 in each

treatment group.

TREATMENT

GROUPS

A H

AH/GP

EM

EM/GP

KP/GP

N2

N2/GP

PR

PR/GP

TOTAL

N

160

160

160

160

160

160

160

160

160

1440

0-0

61.4

57.9

74.5

80.7

31.3

83.1

98.3

89.8

67.5

71.6

RV-DP (per

0-1

10.8

9.7

2.8

4.6

36.9

0.6

0

0

4.4

7.8

cent)

1-0

15.9

20.5

19.9

13.6

10.6

16.3

1.7

10.2

23.7

14,7

1-1

11.9

11.9

2.8

1.1

21.2

0

0

0

4.4

5.9

RV : radiographic voids; DP : dye penetration. 0 : absent; 1 : present.
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The total number of non-corresponding registrations are illustrated for each

treatment group in Fig. 5.
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I
Fig. 5. Percentages of non-corresponding observations

of radiographic voids and dye penetration for each

of the different treatment groups.

The chi-square analysis demonstrated a statistically significant (P<0.05) assoc-

iation between radiographic and leakage status for the total results and for all

groups except KP/GP.

Microscopic appearance of the sealers

The microscopic analysis of the discs in connection with evaluation of dye

penetration also made possible a direct comparison between the radiographs and

the discs as to whether the different sealers were present or not.
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With KP/GP the presence of sealer could frequently be demonstrated micro-

scopically at sites where it was judged to be absent on the radiograph. The other

sealers sometimes appeared to separate. One part appeared transparent, was

yellowish in colour, and was not detectable on the radiographs. When the sealers

appeared homogenous in the sections, the radiographic image also showed a

relatively homogenous radiopacity.

Discussion

The present study aimed to compare the obturation of root fillings, evaluated

radiographically, with their sealing quality as measured by leakage test in vitro»

The criteria employed for the assessment of radiographic quality of the fillings

were similar to those used in clinical evaluations of root filled teeth (Bergenholtz

et at. 1973, Molven 1974). The absence of bone and soft tissue probably improved

rather than impaired the detection level in vitro.

Other sources of variability were minimized. The selection of lower premolar

teeth ensured some degree of homogeneity in tooth size and shape, and the large

expansion of the standardized canal (size 140) reduced the influence of variations

in canal size and shape (Hedin 1975). Uniform voltage, exposure, film-focus

distance and developing conditions further standardized the experimental condi-

tions. On the other hand, the varying radio-opacities of the root filling materials

used (Beyer-Olsen & Ørstavik 1981) were a source of variation in radiographic

contrast which was inherent in the study. This variation was made evident in the

present study as the microscopic analyses frequently revealed the presence of

sealer in areas judged as voids on the radiographs. However, since this type of

variation is inherent also in the evaluation of clinical radiographs, it constituted

one of the parameters subject to investigation in the present work.

In view of this, it seemed reasonable to assume that the present method of

radiographic evaluation would reveal as many, and probably more, radiographic
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voids along root fillings as would evaluation of radiographs of similar teeth in situ.

Several tests have been devised to assess leakage along root fillings (Marshall &

Massler 1961, Pitt Ford 1980), all of which have been performed in vitro. While

different designs may have different sensitivities, depending on the diffusing

substance and method of detection, there appears to be no data available which

assess either the relative merits or the clinical significance of these tests.

Dye penetration and subsequent transverse sectioning (Barry et al. 1976) were

used for this study. This method proved simple and reproducible in preliminary

tests; moreover, it permitted microscopic analysis of leakage at sites correspond-

ing to those evaluated radiographically.

The results indicated that the radiographic detection of voids is not necessarily

accompanied by lack of material and that radiographic voids are more frequently

found than leakage. There was also a marked tendency with all the groups, except

KP/GP, for root fillings without voids to show no leakage.

However, there was no clear-cut relationship between radiographic voids and

apical leakage in teeth filled with N2, PR, PR/GP, EM and EM/GP at any

observation level (Fig. 3). A clinical consequence of this observation may then be

that radiographic voids observed with these materials should not necessarily lead to

the assumption of leakage ]n vivo.

The finding of radiographic voids may be explained either by real absence of

material or by the material not giving sufficient contrast to be detected on the

radiograph. Microscopic examination of the transversely sectioned discs often

verified the presence of material along the canal wall, and apical to the gutta-

-percha point, although the radiograph gave a negative score at these sites.

There was a difference in apical leakage between the materials. When leakage

did occur, it tended to extend into the standardized part of the canal, and was

seldom limited to the apical part filled with sealer only. With N2, N2/GP, PR and

PR/GP the dye penetration was almost negligible. This was seen also with EM and



- 5 9 -

EM/GP at levels 3 and 4, i.e. within the standardized part of the canal. Irrespective

of the sealers tested, the use of gutta-percha points hardly influenced the results

in the leakage test. KP/GP showed a higher incidence of both radiographic voids

and leakage than any other group. Greater leakage with KP/GP might be due to

shrinkage of this material during hardening.

An overall association between radiographic appearance and leakage status was

indicated by the statistical analysis. However, this association was based mainly on

the frequent occurrence of areas scored as radiographically well-filled and which

were without signs of dye penetration (Table II). Thus, the assumption may be made

that teeth radiographically judged as well-filled stand a good change of being

resistant to leakage. However, the reverse situation of an association between

radiographic voids and leakage was far from clear-cut. The highly variable leakage

findings at areas with radiographic voids make it difficult to speculate on the

leakage status of a radiographically deficient filling.

Generally, these assumptions were borne out also when the results were

analyzed for each group (Table III). However, the teeth filled with KP/GP were

exceptional in that even radiographically satisfactory areas, as well as deficient

ones, showed leakage more often than not. This was because teeth in this group

showed a higher incidence of leakage than in any other group.

Conclusions

The results of the present study indicated that an association exists between a

radiographically satisfactory root filling and resistance to leakage. However,

differences among materials were noticeable, and for KP/GP no reliable associa-

tion was found between the radiographic results and leakage findings. Some

materials (N2, PS) hardly leaked at all, whereas others (AH, EM) showed leakage

which was to some extent associated with the radiographic diagnosis of a deficient

seal.
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This study also showed that a root canal which was judged radiographically to

have a deficient seal did not necessarily lack material in the canal: often the

radio-opacity of the material was insufficient.

The results also indicated that the choice of root filling material, as much as

the radiographic appearance of quality, may be of importance when apical leakage

is being considered.

1 Kerr, Romulus, Michigan, USA
2 Copalite, Cooley & Cooley Ltd., Houston, Texas, USA
•* Siemens Elema AB, Stockholm, Sweden
4 Agfa-Gevaert N.V., Mortsel, Belgium
-* X-produkter, Malmo, Sweden
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Introduction

Complete obturation of the prepared root canal is an essential step in endodontic

treatment. Incomplete adaptation of the root f i l l ing material to the canal wall may

lead to accumulation of both stagnant tissue fluid and micro-organisms, which may

cause periapical disease.

In practice, the use of a solid core with sealer leaves two interfaces along

which leakage could occur: the core-sealer and dentin-sealer interfaces. A sealed

union of the sealer with both dentin and the core is therefore desirable.

Evaluation of the seal obtained with various endodontic materials has been

performed with leakage tests in v i t ro, and a number of studies (e.g., Kapsimalis &

Evans 1966, Grieve & Parkholm 1973) has documented a great variation among

materials with regard to their sealing abil ity. In theory, a good seal should be

obtainable with sealers that adhere well to dentin and the core material. Thus,

McComb & Smith (1976) measured the adhesion of several sealers to dentin as a

means of evaluating their sealing ability. However, no data correlating adhesion

and leakage are available to our knowledge. Therefore, the purpose of the present

work was to measure the adhesive bond strength of sealers to dentine and gutta-

percha and to compare these results with measurements of leakage in a dye

penetration test.

Materials and methods

The brand names, manufacturers, principal constituents, setting mechanisms and

powder:liquid ratios of the seven root canal sealers tested have been listed in Table

I. A brand of zinc phosphate cement was included in the adhesion test for

comparative purposes.

Non-carious, human third molars, stored for various periods in physiological

saline after extraction, were used for preparation of dentine surfaces.

Standardized gutta-percha points of size 140 were obtained from Antaeos*.



Tat k« L Sealers and cements tested

Brand name

AH26

Diaket

Endométhasone

Forfénan

Kloroperka N-0

N2 Normal

ProcoSol

De Trey Zinc

Manufacturer

De Trey AG
Zurich, Switzerland

ESPE
Seefeld, W. Germany

Ssptodont
Paris, France

SPAD
Quetigny, France

N-0 Therapeutics
Oslo, Norway

Indrag Agsa
Locarno, Switzerland.

Star Dental
Conshohocken, PA, USA

Amalgamated Dental
London, England

Batch no.

UJ1,
ULK

PE 13989
LE 137

F4 039

F3 135

70905

8110
4150

UHZ
YE2

Principal
constituents

Ag, B12O3, urotropin
epoxy-bis-phenol resin

ZnO; propionyl
acetophenon

ZnO, thymoliodide;
eugenol

ZnO; resorcinol,
formaldehyde

ZnO, gutta-percha,
Canada balsam, rosin

TiO, Pb3O4, ZnO; eugenol

ZnO; eugenol

ZnO; H3PO4

Setting
mechanism

Epoxy-polymer

Polyketone-metal
complexing

ZOE

Phenoplast

Evaporation

ZOE

ZOE

Zinc phosphate

Powderrliquid
ratio (g:ml)

1.75 : 1 (g:g)

1 scoop: 1 drop

4 : 1

4 : 1 : 1

2.5: 1

3.75 : 1

9 : 1

2.8: 1
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Coronal tooth slices embedded in Epofix2 resin blocks provided dentine

surfaces for adhesion testing. The exposed dentine surface was polished with a wet

carborundum paper No. 800?.

For the preparation of gutta-percha surfaces, several points were gently

softened by heat and moulded into a hole in a resin block. The surface was made

plane and smooth with a warm metal spatula. Undercuts in the resin prevented the

gutta-percha from dislodging during manipulation and testing.

The sealers to be tested were mixed and poured into small metal cylinders, 4

mm internal diameter. The cylinder, with sealer, was then placed head-on onto the

surface to which adhesion was to be tested. The assembly of resin block with

surface and cylinder with sealer was then placed in a humid atmosphere at 37°C

for 24 hours for the sealer to harden.

i/mir1 mm/ min .

UNIVERSAL
TESTING
MACHINE

^^z BUTTON

| F FORK ATTACHED
TO TESTING MACHINE

-SEALER

i—SUBSTRATE :
DENTIN or
GUTTA PERCHA

Fig.1. Diagram of apparatus to measure

tensile bond strength.

The bond between sealer and surface was tested for tensile strength in a

universal testing machine^5 (Fig. 1). The cylinder containing the sealer had a button
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attached to it which fitted into a fork-type adapter of the testing machine. The

sealer/surface interface was subjected to tensile load, increasing at a constant

cross-head speed of 1 mm/min. The force (N) at rupture of the bond was recorded

and used to calculate the the bond strength (MN/m2).

Seven specimens were similarly prepared for each sealer/surface combination;

however, due to technical difficulties (e.g., specimens falling off prior to testing,

inclusion of air bubbles at the interface) the number of specimens tested ranged

from three to seven.

Evaluation of leakage was based on the same material as described by Beyer-

Olsen et al^ (1983). Briefly, groups of 10 extracted human premolars were

instrumented with reamers^ size 50 through the apex and with reamers size 140 to

some 2 mm from apex. Each group of teeth was filled with gutta-percha points

(size 140) and one of the following sealers: Kloroperka N-0, AH26, Endométhasone,

N2 Normal or ProcoSol. The latter four sealers were also tested when used as the

sole root filling material.

Following incubation in dye solution, the teeth were sectioned transversely at

1 mm intervals. The first section thus represented the apical part, reamed to size

50 and containing sealer only. In the present study, leakage was scored as present

or absent at the coronal aspect of each section. The second section was at the tip

of the standardized canal of dimension 140, and the third and fourth sections were

1 and 2 mm, respectively, coronal to the tip of the standardized part.

Results

Adhesion tests

In all cases rupture occurred at the sealer/surface interface. In some cases small

pieces of the sealer (0.5 mm) had been broken off and were retained on the surface

of the dentine or gutta-percha. This occurred most frequently when bond strength

measurements were above approx. 0.5 MN/m^.
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AH 26

ProcoSol

Forfénan

Diaket

Kloroperka N-0

Endométhasone

N2 Normal

Zinc phosphate

6

3

4

3

5

7

4

3

'mmmzmm—•
mtmfA—•

'%&%, •

L.

0 1 2 3 4

N BOND STRENGTH. MN/m2

Pig. 2 . Tensile bond strengths of sealers and cements

to dentine. Mean values; brackets represent

one standard deviation.

AH 26

Endométhasone

Diaket

ProcoSol

N2 Normal

Kloroperka N-0

Forfénan

Zinc phosphate

5

5

5

4

3

3

4

5

(

N

i
mør-

l i l l

) 2 4 6 8

BOND STRENGTH, MN/m2

Fig. 3. Tensile bond strengths of sealers and cements to

gutta-percha. Mean values, brackets represent

one standard deviation.
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The results of the measurements of bond strength to the two surfaces have been

shown graphically in Figs 2 and 3. The epoxy resin, AH26, showed the greatest bond

strength both to dentine (2.5 MN/m2) and to gutta-percha (6.5 MN/m2).

The other materials showed differential behaviour in their adhesion to the two

substrates. For example, Endométhasone exhibited negligible adhesion to dentine

while adhering to gutta-percha with a bond strength of 2.5 MN/m?, whereas

Forfénan adhered far better to dentine than to gutta-percha.

MATERIAL LEAKAGE
TOOTH NO. EXTENT FREQUENCY

KLOROPERKA /
GUTTA-PERCHA

AH 26

AH 26 / GP

ENDOMETHASONE

ENDOMÉTHASONE /

PROCOSOL

PROCOSOL / GP

N2 NORMAL

N2 NORMAL / GP

2
4 —
6
8
9

2
3
4
6

2
4
5
6

1
2 —

GP2 —

,

1 —

9/10

6 /10

6/10

3/10

3/10

0/10

1/10

1/10

0/10

i i i r
DYE PENETRATION LEVEL 1 2 3 4

Fig. 4. Frequency and extent of basic fuchsin penetration

in root filled teeth in vitro. Ten teeth were tested

with each material combination. The right-hand column

shows the frequency of teeth with any sign of leakage.

The extent of leakage for each individual tooth is

shown by lines signifying a positive leakage score at

the levels indicated on the line-drawing below.
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Pye penetration test

The results from the dye penetration test have been reported in detail by Beyer-

Olsen et ah (1983) and are illustrated in Fig. 4. Kloroperka N-0 showed the

greatest incidence of leakage at all levels. AH26 appeared to allow more leakage

than the zinc oxide-eugenol materials, of which ProcoSoi and N2 Normal alone or

in combination with gutta-percha exhibited very little leakage of dye.

Discussion

Bond strength measurements of the type conducted in the present investigation

may have relevance to the clinical performance of root filling materials, as good

adhesion may prevent leakage in clinical use. Moreover, such measurements may

guide the development of new materials. However, there are several technical and

principal aspects of the method that warrant discussion.

Tensile bonds of low magnitude as encountered here are highly susceptible to

transverse forces. Thus the specimens must be handled extremely carefully during

mounting in the testing machine to avoid influences from transverse forces. While

the apparatus used was constructed to minimize transverse forces, it was virtually

impossible even with careful handling to eliminate them. Caution must therefore

be exercised in placing emphasis on the absolute values for tensile bond strengths

when these are below approx. 0.5 MN/m2. Moreover, the quality (e.g. topography,

water content) of the substrates for adhesion is difficult to standardize, causing

variations from one measurement to the next as indicated by the relatively large

standard deviations.

Keeping these technical considerations in mind one may evaluate some aspects

of the present results. The tensile bond strength of zinc phosphate cement to

dentine (0.67 MN/m2) was almost identical to the value obtained by Øilo (1978) (0.6

MN/m2). Moreover, the value for AH26 bonding to dentine (2.5 MN/m2) was of the

same magnitude as that reported by McComb & Smith (1976) (1.68 MN/m2). The
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lower value obtained by the latter authors may be explained by the higher

cross-head speed (10 mm/min) employed in their investigation. Haugen et al. (1979)

measured the tensile bond strength of a zinc oxide-eugenol-based periodontal pack

to dentine as 0.2 MN/m?. This is higher than for the zinc oxide-eugenol-based

products, Endométhasone and N2 Normal, but clearly lower than for ProcoSol as

recorded in our study. There appears to be no previous report on the tensile bond

strengths of sealers or cements to gutta-percha.

Several aspects of dye penetration tests should be considered. While the

extreme widening of the canals and their radiographic observation ensured a great

degree of accuracy in the filling procedure, tooth-to-tooth variation must be

expected. Furthermore, the relevance of basic fuchsin penetration to the clinical

consequences of leakage remains uncertain, particularly since the most leakage-

prone material in the present study, Kloroperka N-0, has shown up most favourably

in a very well controlled, follow-up clinical study (Kerekes & Tronstad 1979).

The situation becomes even more complex when one compares the results from j
f

the leakage test with those from the adhesion tests in the present study. There '<

would seem to be no obvious association between the two. Thus, the zinc oxide-

-eugenol type sealers showed moderate to poor adhesion to dentine as well as to

gutta-percha, but their behaviour in the dye penetration test was clearly superior

to AH26 and, particularly, Kloroperka N-0.

There may be several reasons for the difference in results between adhesion and

leakage tests. The interaction (e.g. wetting) of the materials with the water

vehicle and with the dye in the leakage test may influence the penetration of the

dye (Antoniazzi et al. 1968). Moreover, the filler content of the sealers varies and

may cause differential dye penetration. Finally, adhesion as measured by tensile

bond strength may not reflect homogenous adaptation of the material to the

dentine and gutta-percha surfaces. Points of contact causing adhesion may be

interspersed with voids permitting dye penetration in the leakage test.
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The actual measurements of leakage with the different materials are compara-

ble to those reported previously when similar materials were investigated. Consi-

derable leakage has been shown in teeth root-filled with chloropercha/gutta-percha

or chloroform-softened gutta-percha by Marshall & Massler (1961), Kapsimalis &

Evans (1966), Higginbotham (1967), Antoniazzi et aL (1968) and Russin et al. (1980).

These and other studies (Grieve 1972, Grieve & Parkholm 1973) have also shown

good leakage resistance of most zinc oxide-eugenol-based sealers. The relatively

poor leakage results for AH26 in the present study were somewhat surprising

inasmuch as previous reports (Schroeder 1954, Kapsimalis & Evans 1966, Antoniazzi

et al. 1968, Grieve & Parkholm 1973) have indicated that this material effectively

prevents leakage.

In conclusion, caution must be exercised when comparing and evaluating tests

of adhesion and leakage. While good adaptation, adhesion and resistance to leakage

may be considered advantageous in theory, previous experiments and the present

work do not provide any correlation for an association among assessments in vitro

of these parameters, or between either of them and the clinical performance of the

materials.

lAntaeos, Miinchen, W. Germany
^Struers, Copenhagen, Denmark
^Testraton, Otto Wolpert Werke GmbH, Ludwigshafen/Rhein, W. Germany
4Kerr, Romulus, MI, USA
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RADIOPAQUE ADDITIVES OF ROOT FILLING MATERIALS: A LITERATURE

SURVEY

Root filling materials, once placed in the root canal, are seen only by means of

their radiopacity.

Zinc oxide is the main ingredient of many of the materials; it exhibits some

contrasting property. However, metal salts are usually added to root filling

materials to produce or increase radiopacity. Barium sulphate is a compound

frequently used. (Table II, p. 97).

It seems that almost all root filling materials possess some degree of radiopac-

ity, but considerable differences between materials exist (Beyer-Olsen & Ørstavik,

1981). If introduced into the periapical tissues, root filling materials may cause

tissue irritation or elicit a foreign body reaction. Sufficient radiopacity of the

materials is necessary to trace and aid the removal of the substance in question. In

the mandibular canal, endodontic materials may cause sensory loss of the inferior

alveolar nerve. Successful removal of root filling material, aided by its radiopaque

properties, has been reported (Foreman and Rood, 1978).

Several reports have been concerned with the toxicity of endodontic filling

materials (Browne and Friend, 1968; Spangberg, 1981). The chemical composition of

many of these materials is highly complex. It is, therefore, often necessary to

analyse the biological effects of the individual components, as well as of the

complete and intact product.

The biocompatibility of root filling materials may be influenced by the addition

of contrasting substances, which may also affect their physical properties. The

following is a literature survey of the different ingredients of root filling materials

which take part in creating radiopacity, and their possible biological and techno-

logical effects.
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A. Elements imparting radiopacity.

Elements frequently used as contrasting substances in root filling materials are

listed in Table I (p. 96), which is based on information obtained from the literature

and from the manufacturers. The names and symbols of radtopaque elements, their

atomic numbers and commonly used chemical compounds are presented, as well as

their potential to create radiographic contrast.

Components of root filling materials with atomic number of 20 and higher are

described. This value was chosen because this is the atomic number of calcium.

Since calcium is an important ingredient of hard human tissues, it seemed to

constitute a reasonable, lower border.

Unless specific references are given, the following text is based on information

mainly from the textbooks, "Handbook on the Toxicology of Metals (Friberg,

Nordberg & Vouk, 1980) and "Textbook of Dermatology" (Rook, Wilkinson & Ebling,

1980).

1. Calcium.

a. Physical and chemical properties.

Calcium in atomic form is silvery-white in colour. It reacts easily with oxygen

forming the oxide, CaO, and with water forming calcium hydroxide. Ca(OH)2 is

strongly alkaline. It is slightly soluble in water. Calcium is a biologically important

element, occurring in bones, teeth and shells.

In its metallic form calcium is used as a reducing agent. The calcium ion, Ca++,

is colorless, and the calcium compounds are colorless or white, if the anion is not

colored.

b. Use.

Medicine.

Calcium is important for the integrity of cell walls, for cell division, for blood
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coagulation, and for muscular function. Calcium is also used in the production of

drugs.

Dentistry.

Tertiary calcium phosphate is found as hydroxylapatite in teeth and bones.

Calcium is an ingredient in some of the root canal sealers (Table II). Calcium

hydroxide is used in the covering of vital pulp exposures, and in root canal therapy

as a temporary filling. Calcified repair in endodontics is aided by calcium

hydroxide, its high pH (12.8) probably being the causative factor. Ca(OH)2 may also

induce a dentin barrier when placed on pulpal exposures.

Dycal, a base cement containing Ca(OH)2, has been used as a sealer with

guttapercha points in single rooted teeth, and was found to give a 90% success rate

(Goldberg and Gurfinkel, 1979). Periapical extrusion of Dycal, registered radio-

graphically, seemed to disappear after a short period of time.

Younis and Hembreé (1976) found that, in general, sealers of the calcium

hydroxide type were more resistant to leakage than those containing zinc oxide

powder.

2. Titanium.

a. Physical and chemical properties.

Titanium is silvery-white and gleaming in its metallic form. It becomes hard

and brittle even by tiny contaminations of oxygen or nitrogen. However, in its pure

form the metal is ductile and can be casted. It is as strong as steel, but lighter.

Special alloys with Ti have excellent mechanical properties, while pure titanium is

not as good as chromium-cobalt or stainless steel alloys. Pure Ti is highly resistant

to corrosion. It remains stable in air because of a thin layer of titanium oxide on

the surface. At room temperatures it is not affected by seawater, or by diluted

hydrochloric acid, sulphuric acid or most organic acids. It is resistant to most salt

solutions, wet chlorine and nitrous gas.
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Titanium dioxide, T1O2, is a white substance. As a powder, it has a great

capacity to scatter light, which makes it an important white pigment.

b. Use.

Medicine.

Titanium, both as an alloy and as the pure metal, is used in surgical implants

both in medicine and in dentistry.

Dentistry

Metallic titanium is also used as root filling cones, and the oxide is present in at

least one root filling material (Table II).

c. Biologic properties.

The biological activity of titanium and titanium compounds after ingestion or

inhalation, its effect on cells, skin, and the bio-response to implants have been

evaluated (Williams, 1981). Ti appears not to have any significant toxic or irritant

effects on tissues.

Epidemiological data concerning its potential as a carcinogen are not available

(Berlin & Nordman, 1979).

All metals corrode in human tissue fluid. However, the corrosion products of

titanium, reported to be oxides, passivate the titanium surface and protect it from

the attack of electrolytes (Thomashov et al., 1972).

Seltzer et al. (1976) reported that tissue culture studies of titanium endodontic

implants failed to show toxicity of the cones. However, radiographic and histologic

studies with experimental root fillings using Ti showed severe periapical and lateral

inflammatory lesions in dogs.

The melal provides good corrosion resistance, even when it is present as an

alloy.

The radiopacity of titanium points has been reported to be comparable to gutta-
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-percha. Biologically, Ti may be more acceptable than gutta-percha. In comparison

with silver points, they are less likely to corrode in the tissue environment

(Weissman & Aragon, 1976).

Palmer et al. (1979) tested the root canal sealer, ProcoSol, both with silver

cones and with titanium cones. They found more severe tissue reactions in

connection with the silver cones than with titanium cones.

Messing (1980) used titanium cones and apical silver tips as root filling

materials and compared the tissue reaction. There was no evidence of an

inflammatory reaction with either material, but particles of silver pigment were

seen along silver implants. Being of lower atomic number, titanium was less

radiopaque than silver, but no difference in the degree of healing between silver

and titanium cones was found. He recommended that titanium cones, because of

their lower tendency to corrode, should replace silver cones where extrusion into

the bone was likely to occur.

3. Copper.

a. Physical and chemical properties.

Copper is a red, tough metal which is malleable and ductile and has a high

thermal and electrical conductivity. Copper-salts frequently found are copper

sulphate and copper acetate.

b. Use.

Medicine.

Copper is an essential element and a normal constituent of blood and several

enzymes (Piscator, 1979). It has ben used in the treatment of pulmonary diseases

and of mental lues for millenniae. Today the estimation of total copper in blood is

used as a useful corrollary testing of pregnancy, as a diagnostic adjunct in Hodgkins

disease, and in the diagnosis of tumors of the digestive tract and some other

tumors.
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Dentistry.

Copper is an ingredient in many dental gold alloys and silver amalgam alloys

and has the effect of improving strength and hardness. In the mouth the pure metal

will discolour and tarnish by formation of oxides and copper salts, which limits its

use.

c. Biological properties.

Copper deficiency may occur due to gastrointestinal disturbances. Anemia may

develop if the copper level of blood is reduced. Ingestion of copper above 18

mg/day may give toxicity symptoms from the gastrointestinal tract, but copper

toxicity is uncommon in man.

Pulpal damage may occur with copper amalgam, and Leirskar (1974) found in

cell culture studies that dissolved copper seemed to be the main cause of toxicity.

Espevik (1977) found that the conventional Cu amalgams release substantial

amounts of copper. Mjor et al. (1977) noted more extensive pulp damage with the

use of modern, copper-rich non- 2 alloys than with conventional silver/tin alloys.

4. Zinc.

a. Physical and chemical properties.

The metal is moderately hard, bluish-white. Zinc is easily oxidized, giving a

surface which protects the enclosed metal. It reacts readily with both inorganic

and organic compounds. Zinc is found in solution as the divalent ion. It forms,

however, a number of four-coordinated complexes with cyanide, iodide, ammonia

and others.
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b. Use.

Medicine.

Zinc is necessary for the function of various enzymes. Zinc deficiency is

treated by therapeutic administration of zinc sulphate. Zinc sulphate, ZnSo^» is

also used as a disinfectant.

Dentistry.

Zinc is an important ingredient of dental materials in several combinations,

including both dental gold and amalgam alloys. In its pure form it has no

application in dentistry.

Zinc oxide is widely used, especially in dental cements: zinc oxide-eugenol and

zinc phospate cements. In several root filling materials it constitutes the main

ingredient (Table II). The atomic number of Zn, 30, gives it a small, but clinically

useful, degree of radiopacity to materials containing it.

c. Biologic properties.

Workers handling zinc oxide powder may develop acnelike lesions, called zinc

pox, but there are few reported cases of suspected or confirmed hypersensitivity

(Cronin, 1980, p. 374). In dermatology, zinc oxide is regarded as an inert substance

(Wilkinson, 1972). Zinc is present in a large number of dermatological and cosmetic

formulations.

5. Zirconium.

a. Physical and chemical properties.

Zirconium as a powder is black in colour. In the compact form it is steel-like,

soft and ductile. Zirconium is resistant to many acids and bases, but in the melted

form it reacts with ceramic materials. It is also resistant to corrosion and is both a

strong material and a good heat conductor.
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b. Use.

Medicine.

Zirconium is used in the production of instruments and prostheses used in

medicine.

Dentistry.

Zirconium is found in at least one root filling material as an OMde (Table II).

c. Biologic properties.

Zirconium is a non-toxic metal and has not been known to cause systemic

diseases (Cronin, 1980, p. 374). It may elicit allergic cutaneous granulomas when

used against dermatitis, but the sensitizing potential of zirconium appears to be

very low in man (Fregert & Hjort, 1972).

6. Silver.

a. Physical and chemical properties.

Silver is a soft, white metal with high electric and thermal conductivity. When

alloyed with other metals, the softness is often counterbalanced.

b. Use.

Medicine.

Silver is used in the treatment of burns (Fowler & Nordberg, 1979). Silver

nitrate possesses caustic, astringent and haemostatic properties (Wilkinson, 1972)

and was formerly used as a prophylactic in newborns against gonorrheal eye

infection.

Dentistry.

Silver is the main ingredient of dental amalgams and endodontic silver points



- 8 5 -

and is found in several endodontic sealers (Table II). Precipitated silver has also

been added to calcium hydroxide paste to increase radiopacity, apparently without

detrimental effects to the physical properties of the material (Sheldon, 1960).

c. Biological properties.

Silver is assigned a small, but significant, biological activity.

Argyria, discoloration caused by silver, may be the result of prolonged

administration of silver nitrate to eyes or the skin. No effective treatment exists.

Deposition of silver in the gingival mucosa adjacent to silver amalgam is

sometimes seen.

7. Tin.

a. Physical and chemical properties.

Tin is white, shining, soft and ductile and can be rolled. It forms a large number

of organic and inorganic compounds. It remains unchanged in air because of a thin,

invisible oxide layer. Heating in air makes the oxide layer thicker. Tin is not

influenced by water, and only slowly by diluted acids. Organic solutions do not

greatly affect tin.

b. Use.

Medicine.

Tin is not listed among the essential elements in humans.

Dentistry.

Tin is used as an ingredient in dental amalgam alloys, which may contain up to

29 per cent tin. In large quantities tin tends to reduce the strength of the amalgam

mass, reduce the corrosion resistance and prolong the setting process. Tin is also an

ingredient in some gold alloys. In alloys with platinum and palladium tin causes
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hardness and brittleness.

c. Biological properties.

It seems that the toxicity of tin is low (Piscator, 1979), and no evidence of

carcinogenic effects has been presented.

Iodine.

a. Physical and chemical properties.

At ordinary temperatures, iodine is a grayish-black, solid metal. Iodine evapor-

ates by sublimation, the vapour having a violet colour and a characteristic odour.

Iodine vapour is toxic and causes strong reactions in the mucosa of the eyes and

nose.

Natural iodine consists of stable atoms, but 26 synthetic radioactive isotopes

are known. Some of these are used as radioactive indicators.

b. Use.

Medicine.

Iodine is a trace element necessary for man, animals and plants.

Iodine is essential for thyroxin formation, and a suitable supply of iodine is

necessary for optimum health. Lack of iodine may result in cretinism or goitre.

Iodoform, CHI3, is a yellow, solid substance and is used as a disinfectant and

antiseptic, expecially for the treatment of burns. Iodoform releases iodine and has

a mild, antibacterial action. Effective concentrations of iodine also rapidly kill

spores. Iodine was formerly much used as an antiseptic and antimycotic agent, and

the frequency of allergic sensitization was high. It is now mostly used in

venterinary medicine.

Radioactive iodine is used in investigations of thyroid gland function.

Iodine is used as an ingredient in contrasting media for diagnostic radiography.
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The conventional contrast media for these examinations are salts of iodinated

acids, which are almost completely dissociated in solution.

It is the iodine atoms which are responsible for the X-ray opacification, and

they are covalently bound in the an ions of these substances. No radiopacity is given

by the cation, which usually is sodium or meglumine. The cation being responsible

for 50 per cent of the osmolarity of the contrast medium, the assumption has been

made that the irritative properties, seen in connection with use of water soluble

contrast media, are mainly due to their hyperosmolarity in relation to blood and

cerebrospinal fluid (Skalpe, 1973).

Dentistry.

Iodine is found as an ingredient in several of the root filling materials on the

market (Table II). Thymol iodide is the compound most frequently found, but CHI3

is also used. Iodine-potassium iodide is used as a disinfectant and an irrigant in

endodontics.

Lamers et al. (1980) investigated the periapical tissue reaction and cementum

and bone resorption and deposition after irrigation with 1 per cent sodium

hypochlorite and 2 per cent iodine-potassium iodide. They found a low, but

acceptable, level of cytotoxicity in both cases, and no significant difference

between the two treatment systems was seen.

c. Biological properties.

Adverse effects, such as the vagus reaction with hypotension bradycardia or an

anaphylatic reaction, may follow the administration of contrast media containing

iodine (Bush et al., 1980). High-risk patients may be protected by steroids and

antihistamines given before the contrast administration. Cutaneous reactions may

also occur locally at the test site (Watanabe and Watanabe, 1980), or disseminated

(Sparrow and Rodes, 1979). Such reactions are rare, and their etiology obscure.
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9. Barium.

a. Physical and chemical properties.

Barium is a yellowish-silver-coloured metal. It is slightly softer than lead.

Barium is easily oxidized and reacts with water evolving hydrogen gas. The soluble

compounds are toxic. Barium sulphate, BaSo4, is only slightly soluble in water and

dilute acids.

b. Use.

General.

Barium is used in thin films as a lubricant for rotating anodes in X-ray tubes.

Barium, as BaFCL, is an ingredient of the intensifying screen of the rear earth

metal type in radiographic casettes.

Medicine.

Barium sulphate, BaSo^, is used as an X-ray contrast material for gastrointest-

inal examinations. Because of the relatively brief period of passage through the

alimentary canal, BaSo4 passes essentially unabsorbed.

Dentistry.

Barium, in the form of barium sulphate, is used in many root filling materials.

Apparently, no study has been made on the influence of barium on the physical

properties of root filling materials. Gutta-percha points have a 66 per cent content

of filler (zinc oxide) and 11 per cent radiopacifier (mainly BaSo^), according to

Friedman et al. (1975).

Root canal cements with the same formulation, containing both barium and

bismuth, but with different particle sizes were investigated for some physical

properties by Fragola et al. (1979). The radiopacity was found to increase with

decreasing particle size.
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c. Biologic properties.

The barium ion is a muscle poison. Its physiological antagonist is potassium.

Barium poisoning is accompanied by severe hypokalemia.

According to Brauer (1979), many of the barium salts are quite toxic. The

toxicity of barium compounds depend on their solubility. BaSo^ is only slightly

soluble in water and dilute acids.

Occasionally, the application of X-ray contrast media has caused iatrogenic

mishaps with barium sulphate entering the interstitial spaces and blood vessels,

causing foreign body granulomas or embolism.

If inhaled, barium sulphate dust may cause pulmonary reactions with radio-

graphically detectable, discrete opacities distributed over the lungs (baritosis).

However, these opacities appeared to be due to the radiopacity of barium sulphate

itself, and the condition was symptomless.

Barium sulphate is very stable and radiopaque, and Via (1955) investigated its

tolerance by the dental pulp. He found no adverse reactions of the pulp tissue to

dry barium sulphate placed in direct contact with the pulp.

10. Lead.

a. Physical and chemical properties.

Lead is a heavy, soft metal, bendable and stretchable and thus ductile. The

metal has little strength and elasticity and will not conduct electricity. It is

relatively inert. In humid air the surface is covered by a gray layer of oxide. Lead

shows some dissolution in water in the presence of air. It is not soluble in

hydrochloric acid, sulphuric acid or hydrofluoric acid, whereas it is slightly soluble

in nitric acid, acetic acid and some organic acids. Some of the lead compounds are

poorly soluble in water.
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b. Use.

Medicine.

Lead is used to shield against radioactive radiation. Lead is occasionally used as

an astringent. Dermititis from lead is practically unknown (Cronin, 1980, pp. 337-

338).

Dentistry.

Lead is found in root filling materials as lead tetroxide (Table II).

c. Biologic properties.

Lead and its compounds are highly toxic to man and animals, and all lead

stabilizers must be considered as potentially harmful if they gain access to living

tissues. The actual effects will vary depending on the solubility of the lead

compound. Lead poisoning is well known, but is relatively uncommon today.

Lead may cause serious occupational diseases. The dust and damp of lead and

soluble lead compounds are dangerous, causing paralysis, muscle spasms, stomach

and intestinal pain, and damage to the red corpuscles and to the liver. In dentistry,

gray "lead-lines" of the gingiva are associated with metal, particularly lead,

poisoning. Plants do not seem to be influenced by lead, but they can be a source of

lead to animals using them as food. Lead-based paints may lead to excessive lead

intake in children (Tsuchiya, 1979).

11. Bismuth.

a. Physical and chemical properties.

Bismuth as a metal is brittle with a silvery colour. Bismuth forms compounds,

such as bismuth oxide, bismuth sulfide, bismuth oxychloride and salts of inorganic

oxoacids and of organic acids.
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b. Use.

Medicine.

Bismuth compounds were used as radiopaque agents in X-ray diagnosis. They are

now, however, replaced to a large extent by barium sulphate.

Bismuth compounds for the treatment of syphilis have been replaced by

penicillin. Bismuth potassium tartrate and basic carbonate of bismuth were most

often used.

Bismuth compounds are moderately absorbed through the gastrointestinal tract.

They are excreted primarily via the urine (Fowler and Vouk, 1979).

Dentistry.

Several of the root canal sealers contain bismuth as a contrasting ingredient in

the form of bismuth subcarbonate, bismuth subgalleate or bismuth subnitrate

(Table II).

c. Biologic properties. j
i

High levels of exposure to bismuth may cause degeneration in vital organs, such i

as the kidney, liver and nervous system, as well as provoke skin reactions (Fowler

and Vouk, 1979). However, there appear to be no adverse biological effects due to

bismuth compounds used as radiopaque additives.
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Table I. Elements frequently used to give contrast to root filling materials. The names, symbols, atomic numbers
radiographically contrastgiving potential expressed by the atomic number raised to the third power, and compounds
used, are given.

Element Symbol Atomic nr.
a

Radiographic
contrastgiving

power a^

Compounds

Calcium

Titanium

Copper

Zinc

Zirconium

Silver

Tin

Iodine

Barium

Lead

Bismuth

Ca

Ti

Cu

Zn

Zr

Ag

Sn

I

Ba

Pb

Bi

20

22

29

30

40

47

50

53

56

82

83

8000

10648

24389

27000

64000

103823

125000

148877

175616

551368

571787

Ca-oxide
Ca-hydroxide

Ti in cones
Ti-oxide

Cu in alloys

Zn-oxide
Zn-sulphate

Zr-oxide

Ag in cones
Ag in alloys
Precipitated Ag

Sn in alloys

Iodoform
Thymol-iodide

Ba-sulphate

Pb-tetroxide

Bi-iodide oxide
Bi-oxide
Bi-phosphate
Bi-subcarbonate
Bi-subgalleate
Bi-subnitrate



Table II. Different compounds creating radiographic contrast and the corresponding root filling materials in which the
compounds are found.

Contrasting compound Root filling material

Barium sulphate

Bismuth iodide oxide

Bismuth oxide

Bismuth phosphate

Bismuth subcarbonate

Bismuth subgalleate

Bismuth subnitrate

Calcium hydroxide

Calcium oxide

Iodoform

Lead tetroxide

Silver

Silver powder

Titanium

Titanium oxide

Thymol-iodide

Zinc oxide

Zinc Sulphate

Zirconium oxide

Endométhasone, Estésone, Forfénan, Grossman's Formula, Gutta-percha cones, Merpasone, N2
Normal, ProcoSol, Propylor, Pulpdent RCS, Roth 601, 801, 811, Traitment SPAD

Wach's paste

AH 26, Tubli-Seal

Diaket, Diaket A

Grossman's Formula, N2 Normal, N2 Universal, ProcoSol, Roth 601, 811

N2 Universal

Mynol C-T, N2 Universal, Roth 801, Wach's paste

Calasept

Biocalex 6-9

Kri 1 Paste, Mynol C-T

Endométhasone, Formule G. Ivanoff

Silver cones

AH 26, Cohen Luks, Kerr PCS, Roth 511, 515, 517

Titanium cones

N2 Normal, N2 Universal

Endométhasone, Estésone, Kerr PCS, Tubli-Seal

Biocalex 6-9, Cohen-Luks, Crésopåte, Diaket, Diaket A, Endométhasone, Forfénan, Formocresol,
Formule G. Ivanoff, Grossman's formula, Gutta-percha cones, Hermetic, Kerr PCS, Kloroperka N-0,
Kloroperkka, Merpasone, Mynol C-T, N2 Normal, N2 Universal, ProcoSol, Propylor, Pulpdent RCS,
Roth 511, 515, 517, 601, 801, 811, Traitment SPAD, Tubli-Seal, Wach's paste

Crésopåte

Hermetic

I

Based on manufacturers' information and chemical analyses (Ørstavik, unpublished).


