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Abstract
AIM: To evaluate the effect of non-setting calcium hydroxide 
(NSCH) on the hardness and elastic modulus of dentine from 
extracted permanent premolar human teeth. METHODS: 30 
freshly extracted single rooted human premolar teeth were 
decoronated and the roots then sectioned longitudinally 
into equal halves. In the experimental group a thin layer of 
NSCH was applied whilst the control group had no medica-
ment. After 1, 3 and 6 months, nanoindentation was used 
to assess dentine hardness and the modulus of elasticity. 
Scanning Electron Microscopy (SEM) was used to visualize 
the depth of penetration of NSCH into the dentinal tubules. 
RESULTS: SEM images showed that there were no struc-
tural changes in the dentine slabs that had NSCH application 
after 1, 3 or even 6 months. However, penetration of NSCH 
into the dentine tubules was seen at both 3 and 6 months 
with a significant reduction in the hardness of dentine ob-
served at 3 (p<0.02) and 6 months (p<0.01). The modulus of 
elasticity was significantly lower (p<0.01) at 6 months. CON-
CLUSION: It appears that there is a significant reduction in 
the hardness of dentine with increasing periods of calcium 
hydroxide application. Prolonged application of NSCH could 
have a detrimental effect on dentine, making the dentine 
more prone to fracture.

Introduction 
At present, the management of non-vital immature incisors 
requires complete elimination of bacteria, necrotic pulp, tis-
sue debris and the use of a suitable material to induce an 
apical hard tissue barrier in order to facilitate obturation. Cal-
cium hydroxide (CaOH2) was introduced as early as 1920, 
[Hermann, 1920] and it was suggested very early on that this 
material mixed with camphorated parachlorophenol (CMCP) 
would induce a calcified barrier across the apex [Kaiser, 
1964]. This material became popular when it was observed 
that CaOH2 also reduced bacterial contamination of the root 
canals [Frank, 1966].

According to Kinirons et al. [2001] the mean time taken for 
non-setting calcium hydroxide (NSCH) to induce an apical 
hard tissue barrier is 9 months. However, it has been pointed 
out that long-term use of NSCH in non-vital immature inci-
sors might lead to a weakening of the dentine structure due 
to degradation of the proteins [Andreasen et al., 2002]. This 
may make the dentine more susceptible to fracture. High 

incidences of root fracture have been reported for non-vi-
tal immature permanent incisors that have been managed 
endodontically, particularly with NSCH [Cvek, 1992; Al-Jun-
di, 2004]. In a more recent study, Rosenberg et al. [2007] 
showed a significant reduction in the mean tensile fracture 
strength (MTFS) of dentine with prolonged use of NSCH. 
Given these preliminary reports it seemed prudent for den-
tal researchers to study the effect of NSCH on the physical 
properties of human dentine.

The aim of this in vitro pilot study, therefore, was to evaluate 
the effect of NSCH on the hardness and modulus of elasticity 
of human dentine from extracted human permanent teeth.

Materials and methods
Samples. Following patient informed consent, 30 extracted 
permanent single rooted human premolar teeth were col-
lected. The teeth had been extracted from adolescents and 
young adults, aged 10-18 years of age for orthodontic rea-
son. Each tooth was cleaned with distilled water and all rem-
nants of soft tissue were removed with a scaler. The teeth 
were then stored in water with a crystal of thymol added. 
The teeth were decoronated and sectioned longitudinally 
into equal halves with a Precision Diamond Wire Saw. (Well, 
USA). (Figure1a). 

One of the pair of samples was used as a control, with no 
medicament, and the other was covered with a layer of 
NSCH (UltraCal XS, Ultradent, USA). The samples were then 
placed in a petri-dish alongside saline soaked gauze and in-
cubated at 37°C. The wet gauge ensured a humid environ-
ment around the samples whilst they were in the incubator. 
The gauze was changed weekly. At 1, 3 and 6 months 10 
paired-samples (10 experimental samples and the 10 cor-
responding control samples) were investigated as follows:

● Preparation of samples. 5 experimental samples plus 5
corresponding control samples were polished, etched
and sputter coated with gold,

● SEM was used for examination,

● Nanoindentation. 5 experimental samples plus 5 corre-
sponding control samples were embedded in composite
resin using a custom made mould, which, because the
samples were hemi-sectioned, was necessary to create a
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flat surface to facilitate measurement. A small hole placed 
in the bottom of the die enabled the composite block 
holding the dentine slab to be removed without any dam-
age to the surface that was to be measured (Figure 1b). 

The block with an embedded sample was then cut in half 
transversely across the root as shown in Figure 1c. The 
“top” exposed surface was thus not used for measurement 
of hardness rather an internal surface was preferred. Hard-
ness was assessed by Nanoindentation (Micro Material Ltd, 
Wrexham, UK) using 5 indentations that were spaced evenly 
over the surface that was to be assessed. The mean of these 
5 indentations was then used as the final measurement. 

Calculation of Young’s Modulus of Elasticity. The value 
obtained from nanoindentation was used in a formula de-
scribed by Oliver and Pharr [1992] to calculate the Young’s 
Modulus of Elasticity of Dentine.

The Young’s Modulus was calculated from the following 
equation:

Em= 

Where: E* is the value obtained from nanoindentation; Em is the modulus of 
elasticity; Ei has a constant value=0.07; Vi has a constant value=1141; Vm 
obtained from the literature=0.03 (Toparli and Koksal, 2005)

Statistical analysis. The mean differences between the two 
groups and their significance was tested using paired t tests. 
SPSS (Version 15) was used to calculate the means and con-
fidence intervals and a p value of p<0.05 was accepted as 
statistically significant.

Results
Scanning Electron Microscope (SEM). The SEM of the con-
trol slab is shown in Figure 2a. At 1, 3 and 6 months there 
was no obvious distortion or destruction of the root dentine 
for any of the experimental samples compared with the con-
trol. After one month of NSCH application it was noted that 
the material was present only in the outer layers of dentinal 
tubules, and no penetration of NSCH was observed into the 
dentinal tubules (Figure 2b). However after 3 (Figure 2c) and 
6 months (Figure 2d) of the application of NSCH it can be 
seen that the NSCH particles have penetrated into the den-
tinal tubules. 

Nanoindentation. There was no significant difference for 
hardness or Modulus of Elasticity between the control and 
experimental samples after one month (Table 1). At 3 months 
(Table 2) there was a reduction in both the mean hardness 
and modulus of elasticity of the dentine compared with the 

Figure 1. Preparation of samples: A. An example of the sec-
tioned tooth root for both control and experimental groups. 
B. Metal die used for preparation of specimens. C. Final ap-
pearance of experimental sample. D. Prepared specimen
showing surface to be measured.
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control samples, though this was only statistically significant 
for hardness (p<0.02). After 6 months (Table 3) there was a 
further and statistically significant reduction in both the hard-
ness (p<0.01) and modulus of elasticity (p<0.01) compared 
with the control samples. 

Discussion
Nanoindentation has been used in many recent studies on 
the mechanical properties of calcified hard tissue [Angker 
and Swain, 2006]. This method allows a sensitive method 
to measure the mechanical properties, hardness and elastic 
modulus for dentine [Chng et al., 2002].

The nanoindentation technique is a non-destructive, simple 
procedure compared with others and sample preparation is 
less time consuming. It does however require that the sur-
face to be measured is flat and smooth. The metal die that 
was used allowed embedding of the dentine slabs for na-
noindentation and to develop a flat surface and also provide 

stability during the process of indentation. The “top” surface 
(Figure 1a) was ignored for hardness measurement as it was 
found on the SEM examination of the surfaces that the “top” 
surface was covered by a smear layer which was about 10-
15 microns thick, which could have affected the results of 
nanoindentation. However, it should be pointed out that in 
this study only measurements of hardness over the surfaces 
that were studied were assessed. It would have been inter-
esting to also investigate the depth of the effect of NSCH, 
but that was not the aim of this study. 

The surface actually used for measurement was thus only 
exposed (Fig 1b) after cutting through the composite block. 
This “internal” surface had a smear layer of less than 5 mi-
crons that was considered acceptable for this measure-
ment. Furthermore, the storage media and method could 
have influenced the dentine properties [Habelitz et al., 2000]. 
Samples in our study were kept in a humid environment by 
putting soaked gauze of saline in every Petri dish. The gauze 
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Figure 2. Scanning Electron Microscope micrographs of: A. a control slab with no medicament applied. B. Longitudinal section 
of an experimental slab one month after application of calcium hydroxide. C. Showing CaOH particles inside the dentinal tubule 
three months after application of CaOH. D. Six months after application of CaOH showing calcium hydroxide penetration in 
dentinal tubules.
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Table 1: Hardness values GPa* and Modulus of elasticity of control GPa* and corresponding experimental samples at one month 
for dentine samples treated with non-setting calcium hydroxide.

Slabs

Control Group n=5 Experimental group n=5

Hardness Modulus of elasticity Hardness Modulus of elasticity

GPa* GPa GPa GPa

1 0.77 20.70 0.77 20.70 

2 0.78 20.24 0.65 18.98 

3 0.66 24.62 0.71 18.98 

4 0.80 22.11 0.77 20.70 

5 0.79 21.19 0.68 23.36 

Mean 0.76 21.77 0.72 20.54

SD 0.057 01.74 0.054 01.79

P= Not Significant (NS) for Hardness; P= Not Significant (NS) for Modulus of Elasticity

Table 2: Hardness values GPa* and Modulus of elasticity GPa* of control and corresponding experimental dentine samples 
at three months after treatment with non-setting calcium hydroxide.

Slabs

Control Group n=5 Experimental group n=5

Hardness Modulus of elasticity Hardness Modulus of elasticity

GPa* GPa* GPa GPa*

1 0.80 22.11 0.50 13.80 

2 0.79 21.19 0.64 18.29 

3  0.77 20.70 0.53 15.29 

4 0.68 23.36 0.52 14.69 

5 0.71 18.98 0.69 22.79 

Mean 0.75 21.27 0.58 16.97

SD 0.052  01.63 0.084 03.66

*GPa is Giga Pascal; (P<0.02) for Hardness; P=(NS) for Modulus of Elasticity

Table 3: Hardness values GPa* and Modulus of elasticity GPa* of control and corresponding experimental dentine samples at six 
months after treatment with non-setting calcium hydroxide.

Slabs

Control Group n=5 Experimental group n=5

Hardness Elastic module Hardness Elastic module

GPa* GPa* GPa* GPa*

1 0.69 22.80 0.14 06.65 

2 0.55 22.22 0.20 05.69 

3 0.79 21.19 0.16 07.23 

4 0.66 24.62 0.25 07.59 

5 0.76 20.24 0.30 18.29 

Mean 0.69 22.21 0.21 09.09

SD 0.094 01.66 0.065 05.19

*GPa is Giga Pascal; (P<0.01) for Hardness; (P<0.01) for Modulus of Elasticity
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was changed every week. All Petri dishes containing the 
samples were kept in an incubator at 37C° to replicate oral 
temperature. Balooch et al. [1998] stated that non-hydrated 
dentine had a higher hardness and elasticity compared with 
hydrated dentine. Therefore, by creating a humid environ-
ment in this model, dentine hydration was ensured which 
would allow some extrapolation of these results to clinical 
situations [Angker and Swain, 2006]. The choice of the type 
of indenter for nanoindentation is also important. Angker and 
Swain [2006] have shown that a 5-20μm spherical indenter is 
more reliable for the investigation of the enamel and dentine 
elasticity, as was used here.

It is clear from the results of nanoindentation that the hardness of 
dentine was significantly lower in the group where NSCH was ap-
plied as compared with the controls after 3 months. A reduction of 
roughly 50% was observed when the two means were compared. 
This difference was even more significant when the results were 
compared after 6 months when the hardness values for the experi-
mental group were a third that of the control group. The modulus 
of elasticity of the experimental group was less than half that of the 
control samples. A decreased hardness and a reduced modulus of 
elasticity would signify a compromised dentine fracture resistance. 

Although this was a pilot study with a relatively small sample 
size the statistically significant differences between the time 
points seem to be quite indicative of the detrimental effect 
of NSCH on the fracture resistance of dentine as a func-
tion of contact time. A recent study [Rosenberg et al., 2007] 
has also shown a significant decrease in the mean tensile 
fracture strength (MTFS) of dentine after the application of 
Ca(OH)2 for 84 days.

This study does not agree with a previous one by Yoldas et 
al. [2004], where a statistically significant decrease in hard-
ness of dentine was shown as soon as 7 days after the ap-
plication of NSCH. From the present study design it can only 
be concluded that the significant changes started to mani-
fest sometime between 1 and 3 months. It would have been 
interesting to carry out the hardness measurements at more 
regular intervals to pinpoint exactly the time at which the 
changes start to become clinically relevant. 

It is possible that NSCH causes a change in matrix content, 
denatures proteins, affects the pH or changes the mechani-
cal and chemical properties of root dentine walls [White et 
al., 2002; Andreasen et al., 2002; Doyon et al., 2005; An-
dreasen et al., 2006a; Rosenberg et al., 2007]. Andreasen 
et al. [2002] in their study on sheep teeth concluded that it 
was indeed the high pH of NSCH that caused proteolysis 
and weakened the dentine by up to 50% that might lead to 
root fracture. White et al. [2002] reported a 32% decrease 
in dentine strength after use of Ca(OH)2. Yoldas et al. [2004] 
showed that the use of Ca(OH)2 combinations for intra-canal 
dressing softened the dentine. 

Despite the weight of evidence supporting the softening of 
dentine with application of NSCH, caution should be exer-

cised when extrapolating between different experiments as 
there are clear variations in protocols, e.g. teeth stored at 
22C° [Doyon et al., 2005], or the use in one study of sodium 
hypochlorite as an irrigation solution before the application 
of Ca(OH)2 [Rosenberg et al., 2007]. Sodium hypochlorite 
has been proven by many studies to have a negative affect 
on dentine hardness [Sim et al., 2001; White et al., 2002].

The effect of NSCH on the proteins in dentine was not de-
termined in this study, but it can be assumed that a reduced 
hardness and modulus of elasticity could possibly be a result 
of denaturing of proteins within the dentine matrix. Certainly 
the SEM images showed widespread distribution of NSCH 
inside the dentinal tubules throughout the dentine after 3 
and 6 months of application. It has also been shown that the 
hardness of dentine is also directly related to its mineral con-
tent [Marshall et al. 2001; Angkera et al. 2004]. Further study 
is required to understand the mechanism through which the 
contact of NSCH with dentine compromises its strength and 
fracture resistance. 

The material used in this study was an aqueous NSCH (Ultra-
Cal) that is a powerful antibacterial agent, a property derived 
from its intensely alkaline nature. It has been reported that 
aqueous NSCH pastes such as Ultra-Cal® have a higher 
dentinal pH than any other forms of Ca(OH)2 [Pérez et al., 
2001, Zmener et al, 2007]. This might explain the proteolytic 
action of Ca(OH)2 as previously reported [Andreasen et al., 
2002] and also explains the results of this present study.

Clinical implications. NSCH is often used for prolonged peri-
ods in root canals for disinfection and for the establishment 
of a hard tissue barrier to facilitate root canal obturation in 
non-vital immature incisors. However, this present study sug-
gests that a long-term use of NSCH may have a detrimental 
effect on the hardness and modulus of elasticity of root den-
tine possibly making it more prone to root fracture through 
a decrease in fracture resistance. NSCH continues to be a 
popular material and widely used in endodontic treatment 
of non-vital young permanent incisors. However, clinicians 
should take note of these findings and those recently pub-
lished and make endeavors to limit the period of time NSCH 
is placed in the root canals. If NSCH is used for disinfection 
of root canals then it is unlikely to be used for prolonged pe-
riods. The prolonged use is usually for inducing hard tissue 
barrier formation and that can take many months to accom-
plish [Kinirons et al., 2001]. The use of newer materials such 
as mineral trioxide aggregate (MTA) should be considered for 
the creation of the hard tissue barrier, as this would eliminate 
the use of NSCH for prolonged periods. However, MTA it-
self is a highly alkaline material, and before it can confidently 
be recommend that dentists use MTA as an alternative to 
NSCH, more studies on its effect on the integrity and proper-
ties of dentine are required.
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Conclusion
There was a significant reduction in the hardness and Modu-
lus of elasticity dentine with NSCH application. This reduction 
was clearly time dependent. There was no obvious disrup-
tion of dentine or tubular arrangement in SEM examination 
of dentine samples one, three or six months after application 
of NSCH. Widespread distribution of NSCH was seen inside 
the dentinal tubules three and six months after the applica-
tion of NSCH. It is suggested that after six months of NSCH 
application, this softer, less stiff dentine may be less able 
to withstand masticatory forces, making the dentine more 
prone to fracture.
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