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Abstract

Yoldaş O, Doǧan C, Seydaoǧlu G. The effect of two different

calcium hydroxide combinations on root dentine microhard-

ness. International Endodontic Journal, 37, 828–831, 2004.

Aim To evaluate the effect of a calcium hydroxide

and glycerine mix and a calcium hydroxide and

water mix on the microhardness of human root

dentine.

Methodology Eleven freshly extracted maxillary

canine and central incisor teeth were used. The teeth

were sectioned transversally to produce a total of 22

dentine discs from the middle-third of the root. The

specimens were divided into two groups of 11 discs

each. Dentine samples were treated with either a

Ca(OH)2–glycerine combination or a Ca(OH)2–distilled

water combination for 1, 3 and 7 days. Dentine

microhardness was measured with a Knoop indenter

with a load of 100 g for 15 s before and during the

experimental period. Each root disc received a series of

three indentations around the pulp space, 1 mm from

canal wall.

Results Statistical analysis showed that both combi-

nations significantly decreased dentine microhardness

after 3 and 7 days (P < 0.01). The reduction in dentine

microhardness following the use of a Ca(OH)2–glycer-

ine combination was significantly greater than that

after a Ca(OH)2–distilled water combination after 3 and

7 days (P < 0.01).

Conclusion The use of Ca(OH)2 combinations for

intracanal dressing softens dentine.

Keywords: calcium hydroxide, dentine, glycerine,

Knoop, microhardness.
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Introduction

During root canal treatment, it is necessary to remove

as many bacteria as possible from the root canal

(Sundqvist et al. 1998). The use of a root canal

medicament has been considered one of the steps

necessary to reduce further the microbial population

prior to root filling (Chong & Pitt Ford 1992, Wadachi

et al. 1998). Calcium hydroxide [Ca(OH)2] pastes have

been used as medicaments, because of new antibacte-

rial action (Sjögren et al. 1991, Siqueira & Lopes 1999)

and tissue dissolution ability (Türkün & Cengiz 1997,

Wadachi et al. 1998).

Calcium hydroxide powder has been mixed with

various vehicles for canal medication, such as distilled

water, saline, local anaesthetic solution, Ringer’s

solution camphorated monochlorophenol, cresatin

and glycerine (Foreman & Barnes 1990, Rivera &

Williams 1994, Alaçam et al. 1998, Öztan et al.

2002). When a medicament is placed the dentine of

the canal wall is exposed to the action of the material

and these different combinations of Ca(OH)2 materials

may cause various surface alterations on root

dentine.

As microhardness is dependent on composition and

surface structure (Moon & Davenport 1976, Panighi &

G’Sell 1992), attention has focused on the relationship

between dentine microhardness and the structural

changes associated with pulpectomy and the applica-

tion of materials within root canals (Craig et al. 1959,

Fusayama & Maeda 1969, Cox et al. 1980, Lewinstein
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& Grajower 1981, Rotstein et al. 1999, Saleh &

Ettman 1999, Cruz-Filho et al. 2001).

A reduction in hardness of treated tooth tissue

indicates dissolution and degradation (Craig et al.

1959, Saleh & Ettman 1999). It would be reasonable

to assume that the dissolution effect of Ca(OH)2 would

effect dentine. As softened dentine is structurally

nonsupportive, it is imperative that the microhardness

of this tissue be retained or enhanced.

The aim of this study was to evaluate the effect of a

Ca(OH)2–glycerine combination and Ca(OH)2–distilled

water combination on the microhardness of human

root dentine after contact for different time intervals.

Materials and methods

Eleven extracted human maxillary incisor teeth that

were clinically intact and had patent root canals on

radiograph were used. The teeth were stored in distilled

water for up to 4 weeks before use.

Debris and soft tissue remnants on the root surfaces

were removed with scaler. The crowns of teeth were

removed and pulp tissue extirpated. A step-back

technique was used to enlarge canals up to size 50 at

the end-point apically with K-files. During instrumen-

tation, root canals were irrigated with distilled water.

Upon completion of the root canal preparation, the

roots were fixed in acrylic resin blocks and cut

transversally in 2 mm sections using a band saw

(Exakt 300 cl Apparatebau, Norderstedt, Germany).

The specimens were polished with 2500 grit abrasive

paper (Hermes, Hamburg, Germany) using a micro-

grinding system (Exakt 400 cs Apparatebau, Norder-

stedt). Two sections were obtained from the middle-

third of each root. The root discs were divided

randomly into two groups of 11. Baseline microhard-

ness testing was completed using a microhardness

tester (Buehler MMT-3 digital microhardness tester;

Waukagen, Lake Bluff, IL, USA) with a Knoop diamond

indenter. All indentations were made with 100 g

loading for 15 s contact time according to ASTM

standards (ASTM Designation E 384-99 2000). Each

disc received a series of three indentations at points

around the pulp space 1 mm from canal wall. Mean

Knoop hardness numbers (KHN) were calculated for

each specimen.

The sections were then placed into Petri dishes

containing a 2 mm depth of Ca(OH)2–glycerine com-

bination (Merck, Darmstadt, Germany; one-seventh of

the glycerine was distilled water) or Ca(OH)2–distilled

water combination for 7 days. The pH of both

combinations was 12.6. The powder to liquid ratio

was 1.2 g mL)1 for both combinations. To maintain

the powder to liquid ratio constant over the experi-

mental period, the Petri dishes were covered with

stretch films (Linpac Plastics, Castleford, UK). Micro-

hardness tests were repeated in the same manner after

24 h, 3 and 7 days. After each treatment period, the

specimens were rinsed with distilled water and dried

with soft absorbent paper before measuring micro-

hardness.

Statistical analyses were performed with the statis-

tical package SPSS v 12.0 (SPSS for windows; SPSS

Inc., Chicago, IL, USA). The Student’s t-test was used to

compare independent groups. Time-dependent data

within groups were analysed by repeated measure

analysis. Paired t-tests were used to evaluate the

differences within groups towards the baseline values

(P < 0.01).

Results

Mean KHN values and standard deviations of root

dentine before and after treating with Ca(OH)2–glycer-

ine and Ca(OH)2–distilled water combinations are given

in Table 1. Overall dentine microhardness values fell

after treatment with different calcium hydroxide com-

binations.

No significant reduction in dentine microhardness

occurred after 24 h of treatment with either combina-

tion (P > 0.01) compared with the pre-treatment

control. Both combinations reduced dentine micro-

hardness significantly after 3 and 7 days compared

with the pre-treatment control (P < 0.01).

Table 1 Mean KHN values of root dentine before and after treatment with Ca(OH)2–glycerine or Ca(OH)2–distilled water

combination

Group Baseline value Day 1 Day 3 Day 7 P-value (within groups)

Ca(OH)2–glycerine 52.3 (2.4) 49.3 (2.5) NS 47.7 (2.3)* 44.4 (2.3)* *P ¼ 0.000

Ca(OH)2–distilled water 52.2 (2.3) 51.4 (2.7) NS 50.5 (2.1)* 50.1 (2.0)* *P ¼ 0.005

P-value between groups NS NS *P ¼ 0.005 *P ¼ 0.000

Standard deviations are given in parentheses. NS, not significant, *P < 0.01.
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Comparison of changes in dentine microhardness

indicated that the reduction in hardness after Ca(OH)2–

glycerine combination treatment was significantly

greater than that after the Ca(OH)2–distilled water

combination (P < 0.01).

Discussion

In this study, the ability of the Knoop microhardness

test to detect surface changes of dentine after treatment

with Ca(OH)2–glycerine combination and Ca(OH)2–

distilled water combination was demonstrated.

When mixed with glycerine, Ca(OH)2 has better

handling characteristics and provides more complete

canal fillings (Rivera & Williams 1994, Öztan et al.

2002). However, Safavi et al. (2000) concluded that

the use of high concentrations of glycerine as a vehicle

might decrease the effectiveness of Ca(OH)2 as a root

canal dressing, as the diffusion of calcium hydroxide in

pure glycerine or propylene glycol was essentially zero.

Glycerine dissolves calcium hydroxide more effect-

ively than water but cannot hydrolyse it into its active

parts (Safavi et al. 2000). When dissolved in water,

Ca(OH)2 dissociates into hydroxide ions and calcium

ions. The presence of hydroxide ions in a solution

makes it alkaline and an antimicrobial effect occurs

(Safavi et al. 2000). For this reason, distilled water was

added to glycerine in a ratio of 1 : 7 as suggested by

Alaçam et al. (1998).

Calcium hydroxide dissolves slightly in water but

more readily in glycerine (Windholz et al. 1976).

When a material dissolves in a vehicle, it should

disperse homogeneously and the amount of material

per unit volume should increase. If the material

precipitated in the vehicle, diffusion would be difficult.

Therefore, the glycerine fraction has the potential to

penetrate dentinal tubules more than the distilled

water fraction (Alaçam et al. 1998). The greater

reduction in dentine hardness found after the

Ca(OH)2–glycerine combination could be explained

by the different penetration ability of the two combi-

nations into dentinal tubules. According to these

findings, it could be suggested that intracanal dressing

with Ca(OH)2–glycerine may cause structural changes

more readily than Ca(OH)2–distilled water combina-

tions as evidenced by the reduction of dentine

microhardness. The degree of softening may have an

influence on the physical and chemical properties of

dentine structure.

Saleh & Ettman (1999) suggested that when

considering the weakened status of root filled teeth,

a reduction in dentine hardness is not a serious

problem in terms of root fractures. This statement is

true when compared with other weakening factors

such as a reduction in water and fluid content

following pulpectomy, extensive canal preparation

and condensation force during obturation. However,

Andreasen et al. (2002) theorized that the proteolytic

action of Ca(OH)2 could weaken a tooth up to 50%,

and this weakness could lead to an increase in

fracture. White et al. (2002) reported a 32% decrease

in dentine strength after the use of Ca(OH)2 and

proposed this was caused by breakdown of the protein

structure as a result of the alkalinity of calcium

hydroxide. For some materials, hardness could be

correlated with strength of materials. According to the

present study, it could be speculated that Ca(OH)2–

glycerine combination may decrease the strength of

tooth structures more than Ca(OH)2–distilled water

combinations.

The reduction in dentine microhardness after the

Ca(OH)2–glycerine combination treatment was signi-

ficantly greater than after Ca(OH)2–distilled water

combination. One explanation of this might be the

humectant property of glycerine in keeping sub-

stances moist due to its hygroscopicity (Osol & Hoover

1975).

Metzler & Montgomery (1989) found that intracanal

Ca(OH)2 left for 7 days with subsequent instrumenta-

tion cleaned the canal and isthmuses. Sjögren et al.

(1991) also suggested that a 7-day dressing with

Ca(OH)2 efficiently eliminated the bacteria that sur-

vived biomechanical preparation. Because of these

reports, the experimental period of the present study

was between 1 and 7 days.

As microhardness of dentine may vary considerably

within teeth (Seaman & Shannon 1979), comparison of

dentine hardness values before and after treatment

with Ca(OH)2 combinations was made within the same

root dentine sample. This was performed to minimize

the effect of structural variations of different teeth, and

to establish a reasonable baseline evaluation as sug-

gested by Saleh & Ettman (1999). In addition, no other

irrigant or disinfectant chemicals which may have

affected hardness values were employed.

Deardorf et al. (1994) suggested that the complete

removal of Ca(OH)2 after intracanal dressing was

difficult. An area of further study would be to test

whether the addition of glycerine to Ca(OH)2 would

alter the adhesion of root canal sealers or restorative

materials to dentine surfaces after root canal

dressing.
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Conclusion

The use of Ca(OH)2 for intracanal dressing may soften

the tooth tissue and may cause some surface alterations

in root canals.
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ologic analysis of teeth with failed endodontic treatment and

the outcome of conservative re-treatment. Oral Surgery, Oral

Medicine, Oral Pathology, Oral Radiology, Endodontics 85,

86–93.

Türkün M, Cengiz T (1997) The effects of sodium hypochlorite

and calcium hydroxide on tissue dissolution and root canal

cleanliness. International Endodontic Journal 30, 335–42.

Wadachi R, Araki K, Suda H (1998) Effect of calcium

hydroxide on the dissolution of soft tissue on the root canal

wall. Journal of Endodontics 24, 326–30.

White JD, Lacefield WR, Chavers LS, Eleazer PD (2002) The

effect of three commonly used endodontic materials on the

strength and hardness of root dentin. Journal of Endodontics

28, 828–30.

Windholz M, Budavari S, Stroumtsos LY, Fretig MN (1976)

The Merck Index, 9th edn. New Jersey: Merck KGaA, p. 212
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