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ABSTRACT

Purpose: As the goal of modern dentistry is the non-invasive management of 
non-cavitated caries lesions and the growing interest in the field of phytotherapeutics 
by the medicinal use of their plant extracts, this study was conducted to evaluate the 
remineralizing potential of some herbals (tea tree, grape seed, and ginger) in comparison 
with fluoridated toothpaste on initial enamel carious lesions. Materials and Methods: 
Forty human enamel samples were classified into four groups. Ten samples for each 
group were used in this in vitro recycling study with the following treatments which 
applied three times a day: 1) tea tree oil, 2) grape seed oil, 3) ginger oil, and 4) sodium 
fluoride toothpaste. Treatment regimens of demineralization and remineralization 
cycle were applied for 21 days. The baseline and post-treatment data were assessed 
by digital radiographs of the mineral density of WSLs based on subtraction concept. 
Data were statistically analyzed by ANOVA test with Bonferroni significant difference 
test. Results: There was no statistically significant difference between different study 
groups (fluoride, tea tree, grape seed, and ginger) along consequent follow up periods. 
While, after repeated measure analysis, there was a statistically significant difference 
regarding all the study groups respectively (0.12 (0.00), 0.22 (0.01), 0.25 (0.02), 0.12 
(0.00). The post hoc test for each study group showed also a significant decrease in 
mineral density along different follow-up periods (P≤0.05). Conclusion: There was no 
statistically significant difference between different study groups on remineralization 
of initial caries lesion.

INTRODUCTION

A white spot lesion (WSL) is demineralization of enamel leading 
to subsurface porosity and it is considered the early sign of tooth 
decay. The subsurface porosity is mainly occurred due to imbalance 
between demineralization and remineralization processes. The concept 
of minimal invasive dentistry recommended treatment of incipient 
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carious lesion by remineralizing agents. So, many 
forms of fluoride as dentifrices, mouthwashes, gel 
and varnish was used for management of incipient 
caries (1).

At the atomic level; the demineralization process 
initiates on the crystalline surfaces of the enamel  
and progresses  into a cavity by time. It starts by dis-
solving nearby half of the  minerals into the enamel,  
leaving a roof of 2-50  µm of mineralized  surface. 
Clinically, it will appear chalky white and softened(2).

Arresting of the caries process at that white spot 
lesion stage with non-invasive technique is the ulti-
mate goal.  With progresses of the lesion, cavitation 
will occur, which necessitates an operative inter-
vention. The tooth is exposed to unlimited cycles 
of demineralization and remineralization. The pro-
duced acid diffuses into the tooth leading to outflow 
of calcium and phosphate from the enamel. This 
mineral loss leads to cavitation. Early intervention 
to management of the caries by preventive strategy 
is more preferred than a curative approach (3,4).

There is a strong scientific evidence supports the 
using of fluoride for caries prevention; in spite of 
that nowadays there are many restrictions arise for 
its use such  as anti-fluoridation gangs  and parents 
apprehension about use of fluoride for        their 
children. In conjunction to the growth of drug 
resistance, the use of antimicrobial   agents has  
many adverse effects on the digestive system(3) 

In developing countries, due to the financial 
situation, the growing attention to the use of herbal 
extracts as grape seeds, cinnamon oil, tea tree oil 
and garlic extract as phytotherapy has revealed 
potent antimicrobial and preventive effects on 
artificial antibiotics due to their biocompatibility 
and efficiency (5-10).

Tea tree oil (TTO) is an essential oil, consisting 
of volatile aromatic hydrocarbons. It contains 
antimicrobial constituents which cause leakage of 
the membrane integrity and inhibiting the  respiration 
of the bacterial cells. In addition to its ability in 

making the bacterial cells more susceptible to 
sodium chloride through leaking of light absorbing 
materials (11,12).

Several researches performed on TTO and sup-
ported its antibacterial properties.  Two Studies 
proved the  reluctant efficacy of TTO on S. mu-
tans(13,14). Additionally, another study explored  a 
significant reduction in the count of salivary S. mu-
tans using soaked toothbrushes with 0.2% TTO for 
half a day compared to 0.12% chlorhexidine (CHX) 
mouthwash (15).

Grapes seeds extract (GSE) is consist  mainly of 
proanthocyanidins (PAs), it  considered strong an-
tioxidants, it also  have vasodilatory effects, anti-
septic and anti-carcinogenic effects. PAs  contain a 
variety of flavonoids which act as a scavenger that 
increase the calcium absorption. It is also increase 
the stability of collagen matrices through its  poly-
phenol components (16). 

GSE facilitates remineralization of deminer-
alized dentin,  by both its pH and concentration, 
which mainly arises from  its high polyphenolic 
content (17).   Also, in vitro study, GSE enhances the 
process of remineralization of artificial caries in pri-
mary teeth. Therefore, it can be considered an ef-
fective natural agent for non-invasive carious lesion 
therapy (18).

Ginger rhizome is a natural herbal with notice-
able antimicrobial properties,  it is safe without any 
toxic effect as it is FDA approved. In addition to 
the antimicrobial properties, its antifungal effects 
on oral cavity pathogens was  proved  (19,20).  In spite 
of that, there are insufficient studies which assess 
the remineralizing efficacy of ginger on  incipient 
enamel carious lesions.

Therefore, there is rising need for efficient non-
invasive systems in remineralizing incipient enamel 
carious lesions. This study was performed to assess 
the  remineralizing ability of some herbals (tea tree 
oil, grapes seeds oil, and ginger) in comparison with 
fluoride on incipient enamel carious lesions.
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MATERIALS AND METHODS

This study had been performed after approval of 
Research Ethics Committee of Faculty of Dentistry  
under this code number [29020418]

Forty samples were calculated, demonstrating 
a 30% decreases in the severity of WSLs between 
the control and experimental groups, with power of 
86% and level of significance as 95% (21).

Twenty fresh human sound extracted premolars 
were selected. Extraction of the teeth was mainly 
due to orthodontics needs or periodontitis.  The 
extraction was done after taking informed consent 
from patients. The buccal and palatal or lingual 
surfaces with any visible signs of demineralization 
such as caries, white or brown spot lesion, cracks, 
erosion, abrasion or any other developmental 
defects were excluded from the study (22).

Samples cleaning and storage

The selected teeth were thoroughly cleaned with 
distilled water using   a soft toothbrush to remove 
plaque, blood, and remaining tissue tags, then they  
were preserved  in a solution of 0.1% thymol till 
use (23). Infection control measures were undertaken 
prior to manipulate the extracted teeth. All the 
collected teeth were immersed in Glutaraldehyde 
solution 2% for one day, then the teeth were washed 
using distilled water prior to their use. Personal 
protective barrier including gloves, mask, protective 
eyewear and white coat were used during sample 
preparation.

Sample preparation

The crown of each tooth was longitudinally 
sectioned mesiodistally using a high-speed diamond 
tipped disc (Galaxy™ Diamond Discs: Double sided 
perforated) to obtain buccal, and palatal or lingual 
sections creating 40 samples. Each section will be 
embedded in self-cure acrylic resin with the buccal 
and palatal or the lingual surface faced upward.

Lesion creation

Lactic acid (C3H6O3) was used as a demineral-
izing solution. It contains Assay 88%, sulphated 
ash 0.1%, Iron 0.001%, Chloride 0.02%, sulphate 
0.02%, lead 0.001%, Arsenic 0.0003%, Calcium 
0.02% and  mercury 0.0001%. It is adjusted to PH 
5 using NaOH (24) .  Two layers of acid resistant nail 
varnish were applied to each sample, leaving a win-
dow of 3 × 3 mm of enamel exposed at the center 
of the sample. These established windows seen at 
the center of the tooth surface was demineralized by 
incubating in 10 ml  lactic acid  for 3 days at 37°C 
without stirring to create the artificial white spot le-
sions (WSLs), the pH meter was used to detect the 
pH value daily. After that period, all samples were 
removed from the solution and then washed for 5 
minutes  under tap water, then washed  again under 
distilled water for 30 s and dried with air spray free 
of oil to be visualized for their chalky white appear-
ance (23).

Treatment regimen and pH cycling

After inducing the incipient lesions, samples 
were randomly divided into four equal groups using 
block randomization technique (n = 10) (25). Three 
groups are experimental groups (tea tree oil group, 
grape seed oil group, and ginger oil group) and 
one group for the positive control group (fluoride 
group). 

Therapeutic agents were applied three times 
daily with an applicator for 1 min. the pure extract 
oil of these herbals was used  (26). The pure herbal 
oils were ready-made at Al-Badawia Company for 
extraction of vegetable oils. The three herbal oils 
were acidic (pH=5) and their viscosity were 8 times 
more than water. NaF toothpaste had been  used as 
a positive control group, consisted of 1450 mg/kg 
fluoride.

Artificial saliva was prepared at the Pharmaceu-
tics Department, Faculty of Pharmacy, according to 
the modified method of Macknight Hane and Whit-
ford  (1992) (27).The artificial saliva was prepared 
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without sorbitol as it increase the viscosity of  nor-
mal saliva when stirred with Na CMC (28). By mix-
ing two grams of methylparaben with 800 ml of dis-
tilled water under magnetic stirring. After that, 10 
g of Na CMC was sprinkled over the surface of the 
obtained dispersion to allow polymer soaking over-
night. Then, the remaining components were dis-
solved in the following order; 0.625 g of KCl, 0.059 
g of MgCl2.6H2O, 0.166 g of CaCl2.2H2O, 0.804 g 
of K2HPO4 and 0.326 g of KH2PO4 under magnetic 
stirring. The volume was completed to 1 L using 
distilled water and magnetically stirred for about 24 
hours to ensure solubility and homogeneity of all 
components. KOH was used to adjust the pH to 7 
and avoid any precipitation during the process. The 
saliva was changed every    day (29).

In the experiment, the application was followed 
by the pH cycle model for 21 days (table 1). Daily, 
each group samples were solely dipped for 3 hours 
in 7 ml of fresh lactic acid that mimics the  acid 
challenges of the oral cavity and then stored in 
20 ml of fresh artificial saliva that mimics the 
remineralizing oral fluid for 21       hours (24).                    

Table (1): The cycling model of  PH. 

Time Application 

8 - 9 Lactic acid

9 - 9:01 Therapeutic agents

9:01 - 13 Artificial saliva

13 - 14 Lactic acid

14 - 14:01 Therapeutic agents

14:01 - 19 Artificial saliva

19 - 20 Lactic acid

20 - 20:01 Therapeutic agents

20:01 - 8 Artificial saliva

All groups were then exposed to a secondary 
demineralization attack same as the demineralizing 
solution used for initial demineralization for 72 
hours in the incubator without stirring. Then all 
samples were removed from the solution and 
washed with water (23).

Assessment of mineralization

Forty teeth were examined using x-rays recorded 
on HD digital sensors (Vatech, CMOS detector, 
14.9µm pixel size, 33.78 Ip/mm theoretical 
resolution), and exposed for four impulses from 
x-ray machine at the same distance between cone 
and sensor. For each sample standardized digital 
periapical radiographic shots were taken at four 
different intervals; at the baseline, after WSLs 
creation, after therapeutic agents application, and 
lastly, after the second demineralization cycle. A 
custom made device was used to standardize the 
projection geometry at subsequent radiographic 
shots. Teeth were positioned on a protective sleeve 
on the sensor, the facial surface facing the x-ray 
tube. These digital radiographs were analyzed for 
mean mineral density of the carious lesions by gray 
scale (256 levels) using histogram tool in Adobe 
Photoshop A 7 program based on the subtraction 
concept  (30).

Both assessors who perform the application of 
therapeutic agents and radiographic assessment 
were blinded alternatively.

 Statistical analysis:     

Data were gathered, computed and then 
statistically analyzed using the Social Sciences 
Statistical Package (SPSS PC Version 20.0).

RESULTS

The effect of fluoride and some herbal extracts 
on remineralization of incipient carious lesions was 
assessed,  analyzed and tabulated (table 2, and 3) to 
illustrate the following results:-

Clinical and radiographic pictures among 
different study groups along base line and 
consequent follow up periods were showed in table 
2. These digital radiographs were subsequently 
analyzed for mean mineral density of the carious 
lesions by Adobe Photoshop A 7 program based on 
the subtraction concept.
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Table (2):Clinical and radiographic pictures among different study groups along consequent follow up periods.

   Follow up
  
Groups    

Baseline Follow1 Follow2 Follow3

Fluoride

CP

RP

Tea

CP

RP

Grape

CP

RP

Ginger

CP

RP

CP= clinical picture, RP= radiographic picture
Follow1=first demineralization, Follow2=pH cycling, Follow3=second demineralization

The mean mineral density among different 
study groups along base line and consequent follow 
up periods were showed at table 3. By using One 
Way ANOVA test (F), there was no statistically 
significant difference between different study 
groups (fluoride, tea tree oil, grape oil, and ginger 
oil) along consequent follow up periods (P≥0.05). 

By using results of Wilks’ Lambda test after 
repeated measure analysis, there was a statistically 
significant difference regarding all the study groups 
respectively (0.12 (0.00), 0.22 (0.01), 0.25 (0.02), 
0.12 (0.00). The post hoc test for each study group 
showed also a significant decrease in mineral 
density along different follow-up periods (P≤0.05). 
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However, the study groups may be ordered from the least affected (decreased mineral density) to the largest 
in this manner: tea tree followed by ginger followed by grape and finally fluoride based on their mean 
difference between first and second demineralization cycles.

Table (3): Mean mineral density among different study groups along consequent follow up periods

   Follow up
  
Groups    

Baseline
mean±SD

Follow1 
(first demineralization) 

mean±SD

Follow2
(pH cycling)

mean±SD

Follow3
(second demineralization)

mean±SD

Wilks,

lambda
(P value)

Fluoride 193.1±16.93 181.9±17.46 143.1±30.62 141.9±30.99 0.12
(0.00)

MD
P value

11.26
P1=0.04

38.74
P2=0.01

1.17
P3=0.02

Tea 191.1±17.68 179.6±15.13 152.8±24.45 149.8±25.67 0.22
(0.01)

MD
P value

11.48
P1=0.02

26.77
P2=0.05

2.98
P3=0.04

Grape 194.1±19.36 188.7±18.58 154.8±23.94 151.6±24.06 0.25
(0.02)

MD
P value

5.46
P1=0.04

33.84
P2=0.02

3.26
P3=0.03

Ginger 191.1±14.88 178.5±11.76 147.7±15.44 142.7±16.15 0.12
(0.00)

MD
P value

12.48
P1=0.04

30.75
P2=0.00

4.97
P3=0.03

F
(P value)

0.08
(0.97)

0.83
(0.49)

0.47
(0.70)

0.39
(0.76)

P value ≤ 0 .05 level,  MD= mean difference, SD=standard deviation, F= One Way ANOVA test
P1=between baseline and follow 1, P2= between follow 1 and 2, P3= between follow 2 and 3		

DISCUSSION

For thousands of years, the natural products 
were considered a promising therapeutics especially 
for oral conditions as dental caries(31-33). So, many 
preventive interventions were conducted to 
preserve the tooth structures (31). Among them, 
fluoride,  which was considered the gold standars 
for subsequent interventions. NaF toothpaste was 
used as positive control to assess the remineralizing 
efficacy of other herbal agents.

The assessing of changes within a remineral-
izing lesion is difficult because of changes in the 
volume of minerals, mechanical properties and 

histology of the tooth structure. Unfortunately, it 
could not be applied intra-orally as it will destruct 
the tooth structure. The  assessment of remineral-
izing lesions clinically, by detecting the appearance 
and texture of the surface are not sufficient to as-
sess and understand the process of remineralization. 
From this point of view, this in-vetro study was 
performed;The standardized digital radiographs 
were analyzed based on the subtraction concept as 
it is simple, easy, quick, and nondestructive method  
in assessing changes in minerals density. Addition-
aly,  it provides repeated standardized evaluations  
of the same samples at different times and could be 
used intraorally (34).
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A pH cycling was performed in this study to 
simulate the remineralizing and demineralizing 
oral fluid conditions. The three hours duration 
of demineralization is similar to the  one day 
acid challenge intra-orally (23). Despite individual 
differences,  as the oral cavity  environment may be 
affected by different dietary habits and accumulated 
plaque,  this demineralized time was used to 
standardize the conditions in the study (35).

The net results of this study revealed no signifi-
cant difference between the studied groups (tea tree, 
grape seed, ginger, and sodium fluoride 1450 ppm) 
regarding changing in the mean mineral density.

This shall be consistent with the results of this 
study (36), which assessed the efficacy of grape seed 
extract in minimizing the cariogenic potential of 
enamel caries. Their result reported that both fluoride 
and grape seed extract behaved in the same way in 
preventing demineralization, additionally it creates  
insoluble collagen complexes on the surface layer 
of the lesion which accelerates minerals deposition  
and crossliking of proteins  (32,37). 

Collagen type I was discovered in enamel in 
another study(38); which could be engaged in enamel 
mineralization. In relation to this; grape seed 
extract may improve the ultimate tensile strength of 
demineralized enamel as shown before in dentin.

A study was conducted 2016 (24), found that 
there is no significant difference between ginger 
and sodium fluoride toothpaste on remineralization 
of initial enamel lesions which assessed using 
qualitative light-induced fluorescence technique. 
The similar remineralizing effect of ginger is 
probably due to the excess quantity of fluoride  
within ginger (79 mg/kg fluoride).

Also, however, the effect of TTO on 
remineralization of initial caries not established 
yet as regarding to our knowledge, some authors 
reported that tee tree oil could be utilized as a cavity 
disinfectant  that  reduce the risk of secondary caries 
formation which mimic fluoride effect  (39)  .

Unfortunately, our results showed a significant 
decrease in the mean mineral density after the first 
and second demineralization cycles in all studied 
groups and this could be attributed to the acidic pH, 
the used formula and the viscosity of herbal oils 
groups, in addition to the concentration of fluoride 
group.

As for tea tree, grape seed extract and ginger; 
the pH of the three herbal oils were acidic (pH=5) 
which may counteracts the remineralizing ability 
of the herbal agents which subsequently lead to 
decrease of the mean mineral density of the teeth 

We used the pure extract oil form which may 
no longer retained on the teeth as varnish form due 
to its high molecular weight and size, high density 
(1.025g/cm3) and high viscosity (8 times more 
than water) which minimize its penetration into 
the subsurface layer, in addition to increase the 
surface tension (40) . This is similar to an established 
study performed 2015 (41), which found that the 
antimicrobial efficacy of fluoride and herbal mouth 
washes on salivary streptococcus mutans counts 
was similiar While oil extraction did not have 
any significant benefits in decreasing the bacterial 
counts.

As no evidence until now supports that the 
fluoride varnish is better than toothpaste in caries 
reduction (42,43), the used fluoride formula in this 
study was the toothpaste but, it could not be retained 
on the teeth surface as varnish form. Fluoride 
varnish acts as a reservoir that is retained and 
release fluoride for long periods of time. The lower 
concentration of the used fluoride toothpaste (1450 
ppm), may be attributed to its insignificant effect 
on inhibition of demineralization of initial caries as 
proved by this study (44), which detected that the use 
of 5000 ppm fluoridated toothpaste, two times daily 
in patients with root caries significantly increases its 
hardness when  compared with ordinary 1,350 ppm 
fluoridated toothpaste.
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CONCLUSION

This study revealed no statistically significant 
difference among pure herbal extract oils used and 
sodium fluoride toothpaste. Additionally, all of them 
had no effect on prevention of initial enamel carious 
lesions. Taking into considerations that the used 
form of herbal agents has poor retention properties 
to the teeth surface and using of these herbal agents 
in varnish form should be evaluated. So, we suggest 
further investigations of the potential benefits of 
herbal varnishes for enhancing remineralization.
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