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Abstract
BackgroundiEvidence is lacking concerning the suitability of using bovine dentine in
endodontic research. This study compared the mechanical properties of human and bovine

root dentine 'using endodontic medicaments and irrigants.

Methods: Standardised human and bovine dentine bars were allocated to six experimental
groups|(n=15): calcium hydroxide paste (Cala$&us); Odontopaste 0.5% and 1%

NaOCI gels; 1% and 4% NaOCI solutions. The bars were exposed to the materials for seven
days and theniimmediately subjected to a three-point bend test and Vickers microhardness
test. Data were analysed using analysis of variance with Fisher’s pairwise comparisons, with

P < 0.05

Results: Human dentine displayed a significantly higher modulus of elasticity (P = 0.001),
higher microhardness (P < 0.001), and lower flexural strength (P = 0.004) compared with
bovine dentine. Calcium hydroxide and Odontopasid not result in a significant change to
the mechanical properties of human dentine. In human dentine, 0.5% NaOCI gel caused a

significant decrease in flexural strength (P < 0.001) and microhardness (P = 0.02).

Conclusions: Bovine dentine was a suitable substrate relative to human dentine. The use of a

0.5% or 1% NaOCI gel as an intracanal medicament is not supported by this study

Introduction

Laboratory tests are necessary to determine if root canal medicaments and irrigants alter the
mechanical properties of dentine, especially when new products are first released onto the
market Whilst it is preferred to use human dentine for such tests, due to ethical and logistical
restrictions and difficulty in obtaining sample homogeneity, bovine dentine is commonly

used. Several studies have compared the chemical and physical structure of human and
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bovine dentine in an attempt to verify the validity of using bovine defifitkawever, very

few studies have compared the mechanical properties, with most having compared dentine
microhardness, some reporting human dentine to have a higher microhardnéssavalue

others found no significant differen&@Currently, there is insufficient evidence to determine

if bovine root dentine is a suitable alternative to human root dentine when testing the effect of

endodontiesmaterials on the mechanical properties of dentine.

Calciumshydroxide displays antimicrobidand tissue dissolvifgproperties and is the most
commonly used intracanal medicamé&rithe hydroxyl ions released in an aqueous
environmentsreact with bacterial cells and disrupt cellular processes with effects including
protein denaturation, lipid peroxidation of cell membranes, and splitting of DNA stfands.
Odontopast&(Australian Dental Manufacturing, Brisbane, Qld, Australia) is a contemporary
steroid/antibiotic paste with antimicrobial activityut with no published literature on its

effects on dentine.

Sodium hypochlorite (NaOCI) is the most commonly used endodontic irfiamtisplays
excellent antimicrobiaf and tissue dissolution propertiédue to its high pH and
chloramination actio® Consequently, NaOCI has been suggested as an intracanal
medicament’® However, to date no study has reported the use of NaOCl as an inter-
appointment dressing, although an Australian company (Dentalife, Ringwood, VIC,

Australia) recently developed novel NaOCI gels to be used as intracanal medicaments.

With the organic component of dentine composed of 90% collagen, NaOCI can degrade
dentinethereby affecting the mechanical propeffiddost laboratory studies have shown

that an increase in the concentration of NaOCI has a negative effect on the flexural strength
and modulus of elasticity of dentiAE* However, studies with contrasting results have also
been published**?* Exposure to NaOCI has also been shown to reduce dentine
microhardnes$>” Only one study assessthe effect of a NaOCI gel formulation on the
mechanical properties of dentiffereporting no significant differende the microhardness of
radicular dentine when exposed to 0.1 mL of either a 5.5% NaOCI gel, 2.5% NaOCI solution

or a 6% NaOCI solution with surface modifiers for 15 minutes.
Therefore, this study aimed to compare the mechanical properties of human and bovine root

dentine by testing using 0.5% and 1% NaOCI gels, calcium hydroxide paste, Odofitopaste
and 1% and 4% NaOCI solutions.
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Materials and methods
Preparation of dentine specimens

Thirty-five intact human permanent maxillary and mandibular premolars, extracted for
orthodontic reasons, were collected with the patients’ informed consent and approval by the

Ethics in Human Research Committee of The University of Melbourne (Ethics.ID no
1543824) Thirty-=five bovine permanent mandibular incisors were sourced from an abattoir.
All teeth were stored in 0.4% thymol solution at 3°C immediately after extraction. Each tooth

provided a maximum of four dentine bars.

Dentine bars'were prepared by longitudinally sectioning teeth using a Minitom precision cut-
off machine (Struers, Ballerup, Denmark) with a diamond-coated cut-off wheel (Struers,
Ballerup, Denmark) under continuous water flow. This resulted in rectangular dentine bars
measuring 0.8 mm x 1.2 mm x 10 mm. The bars were finished with 2500 grit silicon carbide
paper (Wetordry Tri-Mite™, 3M, St. Paul, MN, USA) using a TegraPol-25 polishing

machine (Struers, Ballerup, Denmark). The bars were then inspected for irregularities and
cracks using a microscope at 24x magnification (Méller-Wedel International, Wedel,
Germany),and then stored in 0.9% sterile unbuffered saline solution (Baxter, Old Toongabbie,
NSW, Australia) at 3°C until further use.

Exposurertormedicaments

A total of 105 human dentine bars and 105 bovine bars were evenly distributed to the control

and experimental groups for each substrate (n = 15):

o 0.9% sterile unbuffered saline solution

. Calcium hydroxide paste (41-46%) (CalaSePlus, Nordiska Dental AB,
Angelholm, Sweden)

. Odontopast®- 0.5% calcium hydroxide, 1% triamcinolone acetonide and 5%

clindamycin (Australian Dental Manufacturing, Kenmore Hills, QLD, Australia)

. 0.5% NaOClI gel (Dentalife, Ringwood, VIC, Australia)
. 1% NaOCI gel (Dentalife, Ringwood, VIC, Australia)
. 1% NaOClI solution (Dentalife, Ringwood, VIC, Australia)
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. 4% NaOCI solution (Dentalife, Ringwood, VIC, Australia).

The dentine bars were completely immersetidmL of the test medicament and were
exposed to them for seven days at 37 °C and 100% humidity. Then, the bars were rinsed with

distilled water,and immediately subjected to a three-point bend test.

Three-point bend test

The 105.dentine bars in each substrate group were tested using an Imperial 1000 load testing
machiney(Mecmesin Limited, Slinfold, West Sussex, United Kingdom). The dentinal tubules
were parallelto the cross-head and the bars were kept hydrated with distilled water during
testing.sFhesload testing machine was run at a cross-head speed of 1 fhumtihiinacture

Data wete recorded using Emperor™ software (Mecmesin Limited, Slinfold, West Sussex,

United Kingdom) to calculate the load-displacement cu¥eang’s modulus and the flexural

bend stféength were calculated using standard equéfions.

Micrehardness test

Denting;microhardness was measured using a Vickers microhardness testefQadbéD

(Wolpert Wilsorf Instruments, Aachen, Germany). The bars were placed in the apparatus
with the pul@l surface towards the indenting stylus. Four separate indentations were made
using a 200 g load and a 10 sec dwell time with a distance of at (@gsihDetween

indentations. The four values were averaged to produce one Vickers hardness number (VHN)

for each specimen.

Statisticalanalysis

The elastic modulus, flexural strength and Vickers hardness values were corrected for lack of
normality using logarithmic transformation. The medicaments were compared using one-way
analysis of variance (ANOVA) with Fisher’s pairwise comparison. The results for human and

bovine dentine were compared using twoy ANOVA with Fisher’s pairwise test. Statistical
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significance was set at the 5% level and analyses were carried out using Minitab 17 (Minitab
Inc., State College, PA, USA).

Results
Human dentine

The modulus of elasticity, flexural strength and microhardness values of the control and
experimentahgroups for human dentine are shown in Tables 1-3 respectively. Exposure of the
human reot.dentine bars to calcium hydroxide and Odontdpdisteot result in a significant
changesin the modulus of elasticity, flexural strength and microhardness compared with the
control. Whilst exposure of human dentine to the 0.5% NaOCI gel did not result in a
significant reduction in the modulus of elasticity (Table 1), it did result in a significant
reduction in‘the flexural strength (P < 0.001) (Table 2) and microhardness value (P = 0.02)
(Table 3). In decreasing order of the modulus of elasticity, flexural strength and
microhardness values, exposure of human dentine to the 1% NaOCI gel, 1% NaOCI solution
and 4% NaOCI solution resulted in a significant reduction in the mechanical properties

compared with the control (Tables 1-3).

Bovine dentine

Tables 1-3 display the modulus of elasticity, flexural strength and microhardness values of the
controland experimental groups for bovine dentine respectively. Following exposure to
calcium hydroxide paste and Odontop8stely calcium hydroxide resulted in a significant
change to bovine dentine’s mechanical properties with a significant reduction in the flexural

strength (P = 0.02) (Table 2). A similar trend to human dentine was seen in bovine dentine
following.exposure of the NaOCI experimental groups. However, exposure to the 0.5%

NaOCI gel resulted in a significantly lower modulus of elasticity compared with the 1%

NaOCI gel (Fable 1) and the opposite was seen for microhardness values (Table 3). There
was no,significant difference between the flexural strength of bovine dentine following
exposure to the 0.5% and 1% NaOCI gels (Table 2). The surface roughness of bovine dentine
exposed to the 4% NaOCI solution prevented measurement of the microhardness and this

group was excluded from microhardness testing.
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Comparison of human and bovine dentine

The modulus of elasticity, flexural strength and microhardness for human and bovine dentine
following exposure to the control and experimental groups are shown in Table 4. Overall,
human dentine had a 1.13 times greater modulus of elasticity than bovine dentine (P = 0.001).
However, this was not statistically significant for the control group. Human dentine displayed

a significantly lower flexural strength than bovine dentine in both the control group (P

0.001) and overall (P = 0.004). Human dentine displayed a 1.47 times greater microhardness
than bovine dentine (P < 0.001).

Discussion

This study used dentine bars with all four surfaces exposed to relatively large volumes of the
medicament or irrigant, over a seven-day period. Whilst these conditions differ from the
clinical iscenario, as a laboratory-based study, the protocoladifowa controlled and
standardised environment to observe and compare effects and differences. This is particularly
important in preliminary studies to analyse the effects of new materials on dentine, and to add
to the limited research into the differences between bovine and human dentine. When
endodontic treatment is completed in two or more appointments, generally there is a period of
at least,seven days between appointments, hence the exposure period in the present study for
the dentine bars. Whilst this time-frame was sufficient to demonstrate changes in dentine
properties in some instan¢ésnger time periods could possibly have shown more changes
where none were seen aftbe seven days. This is a limitation of this study indicating the

need for further investigation. The rectangular shape of the dentine bars allowed
standardisation of the dentinal tubule orientation. This is important as the elastic modulus and
flexural strength of dentine is dependent on the orientation of the mineralised collagen

fibrils.?®*° Thetubules were orientated parallel to the applied force in this study.

Comparisen of human and bovine dentine

Despite the lack of evidence for its use, studies have used bovine #éhfinesibly on the
basis that in terms of chemical compositibavine dentine rather than other animal dentine,
is the most suitable substitute for human dentine in laboratory-based Stadiitionally,

bovine teeth are more readily available and provide a large specimen compared with human
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teeth. The results of the present study show a significant difference in the mechanical

properties between the two substrates.

In additiontothe differing composition and microstructure of the two substrates, other factors
that may contribute to these differences include orientation of dentinal tdbtllage of
dentiné®***=andthe presence of sclerotic denffhluman dentine has been shown to have a
higher degree of mineralisatidand lower tubule density than bovine dentine with no
significant difference in the tubule diameter between substrafEserefore, human dentine

is a more brittle substrate than bovine dentine, which may explain the lower flexural strength
of the human dentine control group compared with the bovine control group. Further
investigation, such as fracture toughness tests, may provide more information explaining the
differencess;between these two substrates. Although the differences were statistically
significant, the factors by which the two substrates differed, 1.13 for modulus of elasticity and

0.89 forflexural strength, were small.

Thefinding of a higher microhardness value of human denteesupported by previous
work #“Because human dentine is more mineralised than bovine deatigeas

microhardness is an indirect measurement of mineral content, human dentine consistently
displayed a higher microhardness value than bovine dentine in this study. The age of the
dentine.may also be a contributing factor where aged dentine was found to have a higher
hardnes¥. The age of the animals from which the teeth were obtained for the present study

was around 30 months and root development was complete. The ages of the human teeth

ranged from approximately 14 to 25 years and hence the root development may have been

relatively further advanced. Therefore, whilst within each group the ages were similar, the

age-related relative performance in the tests between bovine and human teeth is an area

requiring further researchevertheless, overall, the present study showed similar trends in

the human and bovine specimens following exposure to the medicaments.

Calcium hydroxide and Odontopasté&

The lack of significant change in the elastic modulus following exposure to calcium

hydroxide supports the results of previous research using a similar study design with human
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dentine?>3* Currently there are no other studies assessing the effect of Odoritapatte

mechanical properties of dentine, so this is the first to report no change in the elastic modulus.

Odontepast&had no significant effect on the flexural strength of human or bovine dentine
However, whilst the calcium hydroxide paste produced no significant change in the flexural
strengthrof'human dentipthere was a significant reduction in the flexural strength of bovine
dentine.. The results of the current study differ from those of previously published studies.
Studies using human dentine reported a significant reduction in the flexural strength
following a 7-10 day exposure of calcium hydroxXicf@whilst a study using bovine dentine
found no significant chang® These contrasting results are likely due to differing
concentrations, exposure times and testing methods and were reflected in a systematic review
analysingsthe.effect of calcium hydroxide on the mechanical properties of radicular dentine.
The review included studies using human, bovine and ovine dentine and concluded that the
majority-ofidlaboratory-based studies showed a reduction in the mechanical properties of
dentine fellowing exposure to calcium hydroxide for five weeks or longer, although the data

were ingconecluSive for shorter exposure peritids.

Similarterthe flexural strength and the results of a systematic réVibere are conflicting
results regarding the effect of calcium hydroxide on dentine microhardness. Yass&n et al.
and Yilmaz et af? reported no significant difference after a 1-2 week exposure Vihildhs
e

et al’~ found a significant reduction after a three-day exposure to calcium hydroxide.

However, Yassen et &land Yilmaz et af® used NaOCI during mechanical preparation and
4

Yoldas et al™ used saline, which may account for the different findings.

SodiunmHypachlorite

Most studiesstising a three-point bend test indicate that NaOCI solutions cause a
concentration- and time-dependent reduction of elastic modulus in human root dentine
bars??* Exposure to 3-9% NaOCI for 1-2 hours has been reported to result in a significant
reduction in the elastic modulus of dentfié®> However,aonehour exposure to 1% NaOCI

and a two-hour exposure to 0.5% NaOCI produced no significant reduction in elastic modulus

compared with the saline contrdl.
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Similarly, previous studies shad a concentration dependent reduction in the flexural
strength of dentine following exposure to NaOCI solutfdriélt is difficult to compare the
present results with these studies due to differing exposure times and concentrations,
nevertheless, a similar concentration-dependent trend was found in the present study.

Severalstudies reped that exposure to NaOCI resettin no significant reduction in the
modulus of elasticity and flexural strength of human dentine bars using a three-point bend
test'?*?*The varying methodologies may account for these contrasting results. Machnick et
al** and Cullen et al’ stored the extracted teeth in chloramine-T which is an N-chloromide
compound that contains active chlorfR@Vhilst it is a weaker chlorine-based oxidant than
hypochlorous jacid from which NaOCl is derivEdt, will still degrade collagen. Further,
chloramine-T has been shown to leach out of teeth for a period of four weeks or more after
being transferred to distilled watérTherefore, the chloramine-T storage solution may
account for the lack of differences between the control and experimental groups. The short
five-minute exposure time to only one surface in Marcelino &telplains the absence of

negative effects of NaOCI on flexural strength.

The effect of the NaOCI experimental groups on the modulus of elasticity and flexural
strengthrofibovine dentine differed slightly from those in human dentine. It was hoped that
bovine dentine might improve the standardisation of the samples by using dentine of a similar
age fromiintact teeth. However, the variation in the microstructure of dentine and variables
such as the orientation of dentinal tubules may negate the possibly improved homogeneity in
the bevine'samples and account for these contrasting results. Few studies have investigated
the effect of NaOCI on bovine dentine. Soares & @dported no significant difference to the
flexural strength of endodontically treated bovine teeth using 1% NaOCI solution compared
with non-endodontically treated teeth. However, the exposure time was not standardised and

the dentine bars were prepared after exposure.

In the present study, in decreasing order of microhardness values, the 0.5% NaOCI gel, 1%

NaOCI gel, 1% NaOCI solution and 4% NaOCI solution resulted in a significant reduction in
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microhardness value for human and bovine dentine compared with both the saline control and
between these NaOCI groups. Sodium hypochlorite degrades the collagen network in

dentiné® and so the hydroxyapatite crystals are not as well supported, which may account for
the reduction in microhardness following exposure to NaOCI. The results from the present
study are in line with the reported concentration-dependent effect of NaOCI on bovine root
dentine mierehardnesSThe majority of studies assessing the effect of NaOCI solutions on

the microhardness of human root dentine have short exposure times of 5-15 minutes and have
shown that.concentrations of 1-6 % significantly reduce the microhardness values of dentine

compared with salin&:°

Garcia et af’ assessed the effect of three NaOCI formulations on the microhardness of
human radicular dentine. Dentine was exposed to a 2.5% NaOCI solution, 6% NaOCI solution
with surface modifiers and a 5.5% NaOCI gel intended for use during mechanical
instrumentation. All three formulations reduced the microhardness, however, in contrast to
the findings.of this study no statistically significant differences between the groups were
observedsThis may be due to the small volume of medicaments used, 0.1 mL, a short

exposure time of 15 minutes and only one dentine surface being exposed to the medicaments.

Owing to the size of the indentation area, the indentations of the current study and previous
studiesghave included both intertubular dentine (ITD) and peritubular dentine (PTD).

Therefore, the hardness values are a composite average. As ITD matrix governs the elastic
behavigur of dentiné’, nano-indentations of ITD using an atomic force microscope may have
the potential to provide a greater understanding of the effects of intracanal medicaments on

the mechanical properties of human and bovine defttine.

Although-aslewer concentration of the NaOCI gel may not display a significant alteration to
the mechanical properties of dentine, it will have a negative impact on its antimicrobial
propertiesAny significant change to the mechanical properties of dentine may result in an
increased risk of tooth fracture. With reported high healing and functional retention rates of
94-95% following endodontic treatmefitthe use of a material that may increase the risk of

fracture should be used with caution
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Conclusions

Whilst the mechanical properties of human dentine differed from those of bovine dentine
following exposure to varying medicaments with the actual values differing, the two

substrates showed similar trends. Therefore, the results of this study support the use of bovine
dentinetin“laboratory-based studies assessing the mechanical properties of ol¢rdare,

must be taken when interpreting the results. Within the limitations of this laboratory-based
study, the 0.5% and 1% NaOCI gels seem not to be suitable for use as intracanal

medicaments,
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Table 1. Medulus of elasticity of human and bovine dentine after seven-day medicament

exposure- means and confidence intervals (Cl).

Human Dentine Bovine Dentine

Mean . Mean .
Treatment ) 95% CI Stats 95% Cl Stats

(GPaj (GPaj
Salire 13.8 (12.3,15.6) A 12.6 (11.2,14.1) A
Calcium hydroxide| 14.4 (12.8,16.3) A 13.9 (12.4,15.6) A
Odontopasf% 14.4 (12.8,16.3) A 13.8 (12.3,15.5) A
0.5% NaOCl gel 13.5 (11.9,15.2) A 8.0 (7.1, 9) C
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1% NaOCl gel 9.6 (8.5,10.8) B 9.9 (8.8,11.1) B

1% NaOCI solution| 7.5 (6.6,85) C 5.0 (45,56) D

4% NaOCI solution 2.4 (2.2,2.8) D 3.1 (2.8, 3.5) E

"Back transformed means (gigapascals).

‘Statistical differences means that do not share a letter vertically are significantly different.

Table 2.Flexural strength of human and bovine dentine after seven-day medicament

exposure=means and confidence intervals (ClI).

Human Dentine Bovine Dentine
Mean ) Mean _
Treatment 95% CI Stats 95% ClI Stats
(MPay (MPay
Saline 227.8 (199.8,259.7) A 311.4 (274.1,353.7) A
Calcium hydroxide| 202.8 (177.8,231.2) A 250.1 (220.1,284.1) B
Odontopasf% 2245 (196.9, 256) A 333.1 (293.2,378.5) A
0.5% NaOCl gel |161.0 (141.3,183.6) B 133.4 (117.4,151.6) C,D
1% NaOCl gel 128.1 (112.4,146.1) C 1439 (126.7,163.5) C
1% NaQOCl
_ 88.0 (77.2, 100.3) D 1155 (101.7,131.3) D
solution
4% NaOCl
_ 37.8  (33.1,43.1) E 274  (241,311) E
solution

"Back transformed means (megapascals).

‘Statistical differences means that do not share a letter vertically are significantly different.
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Table 3. Microhardness of human and bovine dentine after seven-day medicament exposure

means and confidence intervals (Cl).

Human Dentine

Bovine Dentine

Mean Mean
Treatment 95% ClI Stats 95% Cl Stats
(VHN) * (VHN)
Saline 47.5 (43.4,52.1) A 35.5 (31.5,39.5) A
Calcium
_ 53.1 (48.5,58.2) A 36.1 (32.3,40.5) A
hydroxide
Odontopaste 51.5 (47,56.4) A 36.0 (32.2,40.3) A
0.5% NaOClgel| 41.0 (37.4,44.9) B 23.8 (21.3,26.6) B
1% NaOCl gel | 21.9 (20, 24) C 18.7 (16.7,21) C
1% NaOClI
_ 12.1 (11.1,13.3) D 6.7 (6, 7.5) D
solution
4% NaQOCl
_ 11.8 (10.7,12.9) D
solutior?

"WHN, Vickers Hardness Numberback transformed means.

*Statisticaldifferences means that do not share a letter vertically are significantly different.

$ Bovine group exposed to 4% NaOCI solution excluded from microhardness test due to

excessive surface roughness preventing measurement.
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Table 4. Comparison of the modulus of elasticity, flexural strength and microhardness for

human (H) and bovine (B) denéiafter seven-day medicament exposure.

Modulus of Elasticity

Flexural Strength

Microhardness

Ratio Ratio 95% Ratio 95%
Treatment 95% CI P . P
(H/B) (HB)  CI (H/B)" CI
) (0.93, (0.61, (1.17,
Saline 1.10 0.26 0.73 <0.001| 1.35 < 0.001
1.30) 0.88) 1.56)
Calcium (0.88, (0.68, (1.27,
) 1.04 0.65 0.81 0.02 1.47 < 0.001
hydroxide 1.23) 0.97) 1.70)
(0.88, (0.56, (1.24,
Odontopast® 1.04 0.62 0.67 <0.001| 1.43 < 0.001
1.23) 0.81) 1.65)
0.5% NaOCl (1.43, (1.01, (1.49,
1.69 <0.001]| 1.21 0.04 1.72 < 0.001
gel 1.99) 1.45) 1.99)
(0.82, (0.74, (1.01,
1% NaQCl'gel™| 0.97 0.71 0.89 0.21 1.17 0.03
1.14) 1.07) 1.35)
1% NaOCI (1.27, (0.63, (1.56,
) 1.50 <0.001]| 0.76 0.004 1.80 < 0.001
solution 1.77) 0.91) 2.08)
4% NaOCl (0.66, (1.15,
e 0.78 0.004 | 1.38 0.001
solutiont 0.92) 1.65)
(1.05, (0.83, (1.39,
Overall 1.13 0.001 | 0.89 0.004 1.47 < 0.001
1.21) 0.96) 1.57)

"Back transformed ratios

' Bovine'group exposed to 4% NaOCI solution excluded from microhardness test due to

surfacefroughness preventing measurement
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