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ABSTRACT

Background: An ideal root canal irrigant should be able to enhance the wettability of sealer to 
dentin walls. The aim of this study was to survey the contact angle between AH 26 sealer and 
dentin surface irrigated by four herbal essential oils, compared with normal saline and 5.25% sodium 
hypochlorite (NaOCl).
Materials and Methods: In this in vitro study, 60 longitudinal dentin slices were obtained from 
thirty extracted single-rooted human mandibular first premolars. After smear layer removal, the 
samples were divided into six groups of 10 samples and irrigated for 1 min with the experimental 
solutions followed by distilled water: G1: Myrtus communis, G2: Cinnamomum zeylanicum, G3: Zataria 
multiflora (ZM), G4: Cuminum cyminum (CC), G5: normal saline, and G6: NaOCl 5.25%. The contact 
angle between AH 26 and the samples was measured using Motic Images Plus 2.0 software. Data 
were analyzed statistically using one‑way analysis of variance (P < 0.05 consider significant).
Results: All the herbal irrigants, except CC, increased the contact angle of AH 26 sealer (P ≤ 0.05). 
The least value of contact angle was seen in the samples treated with CC, and the maximum value 
was observed in samples treated with ZM. 5.25% NaOCl showed a slightly increased contact angle 
compared to normal saline; however, it was not statistically significant (P > 0.05).
Conclusion: Under the experimental condition of this study, CC was able to increase dentin 
wettability and therefore may be regarded as a promising irrigant after careful evaluation of other 
properties of this irrigant.
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INTRODUCTION

The aim of endodontic treatment is to eliminate 
or reduce the number of microorganisms and 
their byproducts and to achieve a three‑dimensional 
seal.[1]

The mechanical and chemical effects of irrigants 
during irrigation to remove necrotic tissues, microbes, 

biofilms, and other debris from root canal space are 
crucial for endodontic success.[2]

Among the solutions used in root canal therapy, 
sodium hypochlorite (NaOCl) is the most widely 
used irrigant and appears to fulfill most of the 
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requirements of an ideal root canal irrigant.[3] It is a 
powerful solvent of pulp remnants and has a marked 
bactericidal activity.[4] Unpleasant odor and taste, 
possibility of allergic reaction, cytotoxicity,[5] and 
negative effects on the mechanical properties, and 
cutting efficiency of nickel‑titanium instruments[6] are 
some deficits of NaOCl.

Side effects of synthetic drugs have drawn the 
attention of researchers to use herbal essential oils 
as irrigation solutions or intracanal medications in 
recent years. Antibacterial effects of several herbal 
essential oils such as Zataria multiflora (ZM), 
Cuminum cyminum (CC), and Myrtus communis (MC) 
against the endodontic microorganisms have been 
demonstrated.[7‑14] An ideal root canal irrigant should 
also provide proper contact between sealer and dentin 
walls. Contact angle shares an inverse relationship 
with surface free energy, i.e., the lower the contact 
angle, the higher the wettability and surface‑free 
energy.[15,16]

Surface treatment of dentin might change its structural 
and chemical characteristics, thus affecting the 
wettability of various substances to dentin.[15] Previous 
studies evaluated the contact angle between different 
root canal sealers and root canal dentin treated with 
different synthetic solutions,[17‑22] but there is no study 
on the effect of herbal irrigants on dentin surfaces. 
Kaushik et al. evaluated the contact angle between AH 
Plus and the treated dentin surface. They revealed that 
the most wettability was seen in the samples treated 
with QMix followed by 0.1% octenidine hydrochloride 
and the maximum value of contact angle was observed 
in samples treated with 3% NaOCl.[22] In another study, 
de Assis et al. showed that after removal of smear 
layer and final flush with chlorhexidine, wettability of 
dentin by AH Plus and Real Seal SE was increased.[23] 
One of the important features of essential oils and 
their components is their hydrophobicity, which may 
affect the dentin surface.[24]

To the best of our knowledge, there is no study in 
literature to assess the effect of herbal essential oils on 
contact angle between endodontic sealers and dentin. 
Therefore, this study was designed to investigate the 
influence of some plant essential oils on the contact 
angle between AH 26 sealer and dentin surfaces.

MATERIALS AND METHODS

Thirty extracted single‑rooted human mandibular first 
premolars were used in this study.

This in vitro study was approved by the Ethics 
Committee of Shiraz University of Medical 
Sciences (100/40968/95.10.11). Teeth were scaled with 
ultrasonic (Varios 970, iPiezo engine, NSK, Japan) 
and washed with distilled water (DW) to remove the 
calculus and soft tissue debris upon extraction.

Preparation of samples
The sample size was in the range of previous 
studies.[17,23]

The teeth with a single root canal, no visible root 
caries, fractures or cracks on examination, no signs 
of internal or external resorption or calcification, and 
a fully formed apex were selected. Radiographs were 
taken for all the samples to confirm above criteria. 
After decoronation at the cementoenamel junction 
with low‑speed diamond disc (Buehler, Lake Buff, 
IL, USA) under water coolant, the roots were split 
longitudinally to yield 60 sections.

Sixty dentin slices were ground smooth through 
400–600 grit polishing papers (CarbiMet; Buehler, 
Lake Bluff, IL, USA) under DW to remove any 
surface scratches. A diamond disk (Buehler, Lake 
Buff, IL, USA) was used to achieve 10‑mm standard 
segments. At each step, dentin samples were rinsed 
and ultrasonicated in purified water for 5 min.

Irrigant preparation
Briefly, the plant specimens of ZM (leaves), 
MC (leaves), CC (seeds), and Cinnamomum 
zeylanicum (barks) were collected from the same 
geographic region of Iran based on the previous 
studies[14,25,26] and identified by an expert plant 
taxonomist, according to the morphological 
description and previously known collected samples in 
the herbarium of the Department of Pharmacognosy, 
Faculty of Pharmacy, Shiraz University of Medical 
Sciences, Shiraz, Iran. The essential oil of each 
plant was obtained by steam distillation using a 
Clevenger‑type apparatus, which was designed in the 
Department of Pharmacognosy, Faculty of Pharmacy, 
Shiraz University of Medical Sciences, Shiraz, Iran, 
and then diluted by dimethyl sulfoxide to the level 
of their measured minimum inhibitory concentrations 
according to the previous studies.[14,25,26]

Irrigation protocol
Each sample was treated with 10 ml of 17% 
ethylenediaminetetraacetic acid for 1 min followed 
by a flush of 5.25% NaOCl to remove smear layer 
and then final washed with 10 ml of DW for 1 min. 
The roots were then divided into six groups of 



Figure 1: Supplementary angles between AH 26 sealer drop 
and dentin samples treated with different irrigant solutions. 
Contact angles were calculated by this formula: Contact 
angle = supplementary angle − 180° (a) Cuminum cyminum, 
(b) normal saline, (c) sodium hypochlorite, (d) Cinnamomum 
zeylanicum, (e) Myrtus communis, (f) Zataria multiflora.
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10 samples each and then irrigated as indicated in 
Table 1. The dentin specimens were then placed in an 
incubator at 37°C to dry for the same period for all 
groups (15 min) and attached to a glass base.

Contact angle measurement
The AH 26 sealer (Dentsply De Trey GmbH, 
Konstanz, Germany) was prepared according to the 
manufacturer’s instructions. A 0.5 mL ultrafine syringe 
was used to place one drop (0.1 ml) of sealer on the 
dentin surface under standard environmental condition 
in each sample. Immediately after drop placement, 
a Stereo Microscope (SMP‑200, HP, USA) supplied 
with Moticam 480 Digital Camera (SP10.0224, Motic 
Instruments Inc., CA, USA) located perpendicular 
to dentin surface was used to take pictures from the 
samples at magnification of ×24. Images of the drop 
were immediately analyzed using Motic Images 
Plus 2.0 software (Motic China Group Co., Ltd.) 
to provide the values of contact angle. Because the 
measurement of the supplementary angles in most 
images was easier, the contact angles were calculated 
by this formula: contact angle = supplementary 
angle − 180° [Figure 1]. Ten measurements were 
taken in each group.

Statistical analysis
The data were analyzed statistically using one‑way 
analysis of variance followed by a post hoc Tukey’s 
test using SPSS 11.0 software (SPSS, Chicago, IL). 
The significance level was established at 0.05.

RESULTS

The least and the most values of contact angle 
between AH 26 and the treated dentin surface were 
seen in the samples treated with CC (30.01 ± 4.82) 
and ZM (52.8 ± 3.15). The mean and standard 
deviation values of contact angles between sealer and 
treated dentin surface are summarized in Table 2.

CC group showed significantly lower contact 
angle than other groups (P < 0.001). MC and ZM 
groups showed significantly higher contact angles 
than normal saline group (P = 0.003, P = 0.0001, 
respectively). NaOCl increased the contact angle 
compared with normal saline; however, this increase 
was not significant (P = 0.713).

DISCUSSION

The purpose of obturation of the prepared root 
canal space is twofold: (i) to eliminate all avenues 

of leakage from the oral cavity and the periapical 
tissues and (ii) to embed any irritants which cannot 
be fully removed during the cleaning and shaping 
procedures.[27] Achievement of fluid‑tight seal is 
dependent on the flow and wetting ability of sealers 
to play their role as binding agents between root 
canal walls and the main root filling material.[21,28] To 
have sealer with excellent wettability of root canal, 
the irrigants should not increase the contact angle 
between dentin and sealer.[18]

Contact angle measurement is a way to determine the 
wettability of the substratum. When the contact angle 

Table 1: Irrigation protocol for each group
Groups Smear layer 

removal
Intermediate 
rinse

Treatment Final 
rinse

1 EDTA + 
NaOCl, 1 min

DW, 1 min MC, 1 min DW, 1 min

2 EDTA + 
NaOCl, 1 min

DW, 1 min CZ, 1 min DW, 1 min

3 EDTA + 
NaOCl, 1 min

DW, 1 min ZM, 1 min DW, 1 min

4 EDTA + 
NaOCl, 1 min

DW, 1 min CC, 1 min DW, 1 min

5 EDTA + 
NaOCl, 1 min

DW, 1 min Normal 
saline, 1 min

DW, 1 min

6 EDTA + 
NaOCl, 1 min

DW, 1 min NaOCl 
5.25%, 1 min

DW, 1 min

MC: Myrtus communis; CZ: Cinnamomum zeylanicum; ZM: Zataria multiflora; 
CC: Cuminum cyminum; DW: Distilled water; EDTA: Ethylenediaminetetraacetic 
acid; NaOCl: Sodium hypochlorite
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is <90°, the liquid wets the surface; however, when 
it is >90°, it is said to be nonwetting. A zero contact 
angle represents complete wetting. Low contact angles 
cause a better interaction between a solid surface and 
a liquid.[20]

In the present study, 5.25% NaOCl showed a slightly 
increased contact angle compared to normal saline, 
but this increase was not significant. Hu et al.[29] 
demonstrated that 5.25% NaOCl in 10 min increased 
the wettability of the dentin surface. This result was 
not in agreement with the present study. This can 
be attributed to the different methodology employed 
and time intervals used in these studies as they did 
not remove the smear layer before irrigation with 
NaOCl and also 10 min of irrigation used in their 
study. Smear layer with different shape and thickness 
can occlude the dentinal tubules and affect the 
wettability.[30]

In Dogan Buzoglu et al.’s study, NaOCl alone 
decreased the wettability of dentin surfaces which 
was in agreement with the result of our study.[17] A 
possible explanation for this might be the ability 
of NaOCl in dissolving the organic component of 
dentin.[31]

The results of the present investigation demonstrated 
that all the herbal irrigants except CC increased the 
contact angle of AH 26 sealer when compared to the 
other tested irrigants and normal saline as control 
group. Hydrophobic features of these herbal essential 
oils help them to destroy the lipids of the bacterial 
cell wall and the mitochondria.[24] This hydrophobicity 
may also explain the reduction of the wettability or 
spreading of AH 26 sealer on root canal dentin. It 
has also been demonstrated that the aldehyde and 
ketone groups of the essential oils may explain 
their antimicrobial activity.[32] The contradictory 
result of CC may be due to the carbonyl groups. 
These chemical groups can provide a great diversity 
of possible modification for surfaces and prepare 
switchable hydrophobic/hydrophilic surfaces.[33]

In the present study, a standard volume (0.1 ml) of 
AH 26 under standard environmental condition was 
used because the volume of sealer and temperature 

and humidity of environment may affect the contact 
angle.[34‑36] Comparative evaluation of contact 
angle was done after removal of smear layer to 
compare standard smear layer‑free dentin samples 
because growing evidence suggests this procedure 
in routine root canal therapy.[37,38] The heterogeneous 
nature of dentin, its ability to react with irrigants, and 
the existence of dentinal tubules are factors which 
make dentin not comparable with ideal surfaces 
used in contact angle measurement experiments. In 
addition, the prepared surfaces are not completely the 
same as the dentin surfaces found in clinical situation. 
According to the Wenzel equation, the roughness of 
surface can increase the wettability,[23] so polishing 
of dentin samples was done to standardize the dentin 
surface roughness as a factor that could affect the 
results.

CC from the Apiaceae family also known as cumin 
or Jeera (in Persian zeera) is a therapeutic herb found 
in the Mediterranean region. Its fruit is yellow to gray 
and has long oval shape with nine projections.[39] It has 
established antioxidant,[40] antibacterial,[8,9] antifungal,[41] 
and analgesic activities.[42] Considering the strong 
antimicrobial efficiency of this essential oil against 
the Enterococcus faecalis and its biocompatibility 
for L929 mouse fibroblasts[25] and the result of the 
present study which demonstrated the low level of 
hydrophobicity of this plant essential oil, it is worth 
performing further evaluations on animal or human 
models before a conclusive comment on its application 
in root canal treatment.

CONCLUSION

Under the experimental condition of this study, the 
essential oil of CC was able to decrease the contact 
angle between AH 26 sealer and dentin surface. 
Hence, this essential oil as an irrigant might result 
in better binding of sealers into dentinal walls. 
However, further in vitro and in vivo studies should 
be performed before its use as an endodontic irrigant.
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