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ABSTRACT

Purpose: This study was conducted to compare dental plaque scores obtained through clinical examinations and
various imaging techniques, as well as to assess the effectiveness of herbal and conventional toothpastes for plaque
removal.

Materials and Methods: Thirty volunteers were divided into 3 groups. Each group was given a different toothpaste
(from 2 herbal toothpastes and a conventional toothpaste) with which to brush their teeth for 21 days. Both initially and
after brushing, dental plaque samples were collected, and plaque on the buccal surfaces of anterior teeth was scored
using several imaging systems after staining with a disclosing agent. Specifically, digital dental photography, intraoral
digital scanning, and FluoreCam imaging were employed to capture intraoral images. The Turesky Modified Quigley-
Hein Plaque Index was used for clinical examination and image analysis. Quantitative polymerase chain reaction
analyses and correlational assessments between clinical examination and imaging scores were conducted before and
after toothpaste use. The Shapiro-Wilk test and Pearson correlations were utilized.

Results: The lowest mean value was observed in the clinical examination without staining, while the highest was
obtained using the FluoreCam method. No significant change was found in the level of any microorganism assessed
following toothpaste use (P<0.05), with the exception of a decrease in S. mutans levels after using conventional
toothpaste (P <0.05).

Conclusion: Herbal toothpaste demonstrated plaque-removal effectiveness comparable to that of conventional
toothpaste. The use of imaging methods for measuring plaque index has been suggested as a means to educate

patients about plaque control and promote ongoing oral care. (Imaging Sci Dent 2023; 53: 209-16)
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Introduction

Bacterial dental plaque is a biofilm composed of micro-
organisms, as well as organic and inorganic components,
that adhere to the soft and hard tissues of the oral cavity.'
The relationship between oral biofilm and gingivitis was
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introduced by Brown and Le.” Dental plaque is known
to cause periodontal diseases, so it must be removed from
the mouth at regular intervals. Although mechanical clean-
ing is the most effective method for removing microbial
dental plaque, toothpaste serves as an essential aid in this
process. Various chemicals are added to toothpastes to en-
hance plaque removal and provide antimicrobial activity.
The most common chemical used in toothpaste is sodium
lauryl sulfate (SLS).” Recently, natural products such as
ginger, hemp seed oil, and propolis have been incorporated
to impart antimicrobial activity to herbal toothpastes. Nu-
merous indices have been developed to evaluate the pres-
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Fig. 1. Study workflow.

ence of microbial dental plaque. According to the Turesky
Modified Quigley-Hein Plaque Index, the buccal surfaces
of the anterior teeth are divided into 3 parts with an imagi-
nary line, and scores from O to 5 are assigned based on the
degree of plaque coating on the tooth surface. The plaque
score index for an individual is determined by dividing the
total score by the number of surfaces examined.” Microbi-
al dental plaque is colorless but can be made visible with
certain staining agents. One such agent, the GC Tri Plaque
ID Gel (GC Corp, Tokyo, Japan), is used in clinics to stain
dental plaque, which appears in 3 colors: red, purple, and
light blue.® Patients should receive oral hygiene education
to ensure the proper removal of dental plaque . The use of
imaging systems in oral hygiene education enhances its
effectiveness. Digital dental photography, intraoral digital
scanning, quantitative light-induced fluorescence-digital
(QLF-D) imaging (Inspector Research Systems, Amster-
dam, The Netherlands), and the FluoreCam System (Ther-
ametric, Noblesville, IN, USA) can all be employed for
visualizing dental plaque.

Digital dental photography is the most common method
for maintaining patient records in dentistry. A fluorescence
method, QLF-D, can be utilized to detect initial caries as
well as to quantify areas covered by dental plaque. Fur-
thermore, QLF-D involves the use of red fluorescence to
identify dental plaque caused by porphyrin produced by
oral bacteria, enabling objective detection of even minor

changes in plaque. Recent studies have suggested that
dental plaque scoring with the QLF-D method correlates
with clinical manual scoring methods 5 One of the fluores-
cence methods employed in diagnosing microbial dental
plaque is FluoreCam. The working system of FluoreCam
is the same as that of the QLF-D method. Images of den-
tal plaque, taken after the staining of teeth with a plaque
staining agent, are recorded by software in the FluoreCam
system. Although FluoreCam is primarily used to diagnose
changes in enamel, white spot lesions, and demineraliza-
tion, it may also serve as an auxiliary method for dental
plaque imaging 210 Digital imaging systems, developed for
restorative applications, enable computerized 3-dimension-
al visualization of prepared teeth and restoration design by
recording measurements. These systems have led to pos-
itive advancements in dentistry. One technique, intraoral
digital scanning, allows dentists to view intraoral images of
patients in 3 dimensions in just a few minutes.'* Results
from a recent study suggest that intraoral digital scanners
may be used for dental plaque diagnosis.15

Dental plaque can harbor up to 100 different bacterial
species at a single site, potentially leading to the develop-
ment of periodontal disease.'® Among those bacteria, tooth
decay-causing pathogens such as Streptococcus mutans (S.
mutans), Lactobacillus acidophilus (L. acidophilus), and
Actinomyces viscosus (A. viscosus) are of particular impor-
tance."”
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Determining the bacterial composition of dental plaque
samples is challenging due to their complex nature. Various
methods are employed for this purpose, including conven-
tional cultivation, quantitative polymerase chain reaction
(qPCR), and next-generation sequencing. While tradition-
al diagnosis of oral microorganisms relies on cultivation
methods, approximately 50% of oral bacteria cannot be
cultured under in vitro conditions. In contrast, molecular
methods such as qPCR and next-generation sequencing
offer substantial advantages in identifying bacterial compo-
nents.'®"”

This study was conducted to assess the efficacy of plaque
removal by herbal and conventional toothpastes through
clinical examination and various imaging techniques. Ad-
ditionally, the concentrations of 3 distinct pathogenic mi-
croorganisms in dental plaque were determined using the
qPCR method.

Materials and Methods

This study received approval from the Ethics Committee
of Marmara University Faculty of Dentistry (1.10.2020, ap-
proval no: 2020-60). It involved 30 adult patients aged 18
to 30 years, recruited from the outpatient population of the
Restorative Dentistry Department at Marmara University
Faculty of Dentistry. Participants agreed to the terms of the
experiment, had a DMFT (D: decayed, M: missing, F: fill-
ing, T: teeth) score of 3 or lower, and exhibited relatively
even teeth arrangement. Patients with orthodontic brackets,
severe tooth crowding that could not be visually verified in
photographs, fixed or implant restorations, DMFT scores
higher than 3, and serious systemic diseases were excluded
from the study.

For standardization, participants were instructed not to
consume any food or caloric beverages or engage in oral
hygiene practices after dinner. Plaque samples, which
formed in the mouth for at least 8 to 12 hours, were visual-
ized between 8:30 and 10:00 AM. Dental plaque samples
were collected for microbiological examination after the
participants provided informed consent. The workflow of
this study is illustrated in Figure 1.

Dental plaque scoring

During the initial session, the Turesky Modified Quig-
ley-Hein Plaque Index was clinically measured using a
periodontal probe to detect any plaque accumulation. After
assessing the plaque index, teeth were stained with a dental
plaque staining agent (Tri Plaque ID Gel; GC Corporation).
Following the staining procedure, intraoral photographs

Simge Meseli et al

Fig. 2. Intraoral photograph of a participant captured using a pro-
fessional digital camera (Canon EOS 700D; Canon Inc, Tokyo, Ja-
pan) and a macro lens (Canon EF 100 mm 1 : 2.8 L IS; Canon Inc)
after the application of a dental plaque staining agent.

Fig. 3. FluoreCam image captured from tooth #12 of a participant
following the application of a dental plaque staining agent.

were taken from 30 cm away using a professional digital
camera (Canon EOS 700D, Canon Inc, Tokyo, Japan; set-
tings: ISO 400, focal length 22, and aperture value 1/125)
and a macro lens (Canon EF 100 mm 1 : 2.8 L IS; Canon
Inc) to score the stained dental plaque (Fig. 2). After the in-
traoral photographs were captured, images of the vestibule
surfaces of the maxillary and mandibular anterior teeth
were recorded using FluoreCam (Fig. 3). All surfaces of the
plaque-stained teeth were visualized and documented with
an intraoral scanner (iTero Elements 2; Align Technologies,
San Jose, CA, USA) (Fig. 4).

The day after dental plaque imaging and scoring, plaque
samples were obtained from the teeth of participants to
investigate alterations in bacterial composition within the
dental plaque using qPCR. These samples were collected
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using a periodontal curette and subsequently placed in Ep-
pendorf tubes containing distilled water. Throughout the
study, the Eppendorf tubes were maintained at a tempera-
ture of —80°C.

The 30 participants were randomly assigned to 3 groups.
Each group was given 1 of the following toothpastes: an
herbal toothpaste containing hemp seed oil (Colgate Hemp
Seed Oil; Colgate-Unilever, New York, USA), an herb-
al toothpaste containing ginger (Gumgumix; Beka Drug,
Istanbul, Turkey), or a conventional toothpaste (Signal
Expert Protection; Unilever, Sofia, Bulgaria) (Table 1).
Participants were instructed to brush their teeth twice daily
for 21 days using a standard toothbrush provided to them
and the modified toothpaste technique. In this method,
toothpaste is applied evenly to the teeth using the fingers
before brushing.”® After 21 days, the dental plaque scoring
and imaging procedures were repeated to obtain a second
set of measurements. Dental plaque samples were again
collected and placed in Eppendorf tubes. Bacterial changes
in the samples taken at the initial session and after 21 days
of toothbrushing were examined using qPCR at Marmara

Fig. 4. Intraoral scanning image of a participant captured by an
intraoral scanner (iTero Elements 2; Align Technologies, San Jose,
CA, USA) following the application of a dental plaque staining
agent.

Table 1. Toothpaste ingredients used in the study

University Faculty of Medicine, Department of Clinical
Microbiology. The levels of S. mutans, L. acidophilus, and
A.viscosus in the plaque samples were quantified.

Quantitative real-time PCR analysis

The levels of cariogenic pathogens, including S. mutans,
L. acidophilus, and A. viscosus, in dental plaque samples
were investigated using qPCR. Each plaque sample was
suspended in 0.1 mL of sterile DNase-/RNase-free water.
Bacterial genomic DNA was isolated from these suspen-
sions using the boiling method and served as a template for
PCR amplification. The PCR reaction was prepared in a to-
tal volume of 25 pL, consisting of 12.5 pl. GM Sybr qPCR
Kit with Sybr Green dye (GeneMark; GMbiolab, Taichung,
Taiwan), 1 uM of each primer described above, and 1 pL of
the target DNA. Amplification reactions were carried out
in a real-time thermal cycler (RotorgeneQ; Qiagen, Hilden,
Germany). PCR conditions included initial denaturation
for 5 minutes at 95°C, followed by 30 cycles at 95°C for
45 seconds and 60°C for 45 seconds for S. mutans and A.
viscosus; 30 cycles at 95°C for 45 seconds and 56°C for 45
seconds were used for L. acidophilus. A 100-fold dilution
series was prepared for genomic DNA from the standard
strain of each bacterial pathogen, ranging from 1x 10° to
1 x 10* CFU/mL, and used as quantitation standards in the
real-time PCR experiments.”'

Statistical analyses

Statistical analyses were conducted using SPSS version
23 (IBM Corp., Armonk, NY, USA). The Shapiro-Wilk
test was employed to assess conformity to the normal dis-
tribution. Pearson correlations were computed to compare
changes by group. Linear models were employed to com-
pare dental plaque values by group, time, and method.
The Tukey honestly significant difference test was used
for multiple comparisons. In the gPCR analysis, the Kru-

Toothpastes

Ingredients

Signal expert protection
(Unilever, Sofia, Bulgaria)

Sodium monofluorophosphate, silica, potassium citrate, zinc citrate, hydroxyapatite,
PEG-32, sodium lauryl sulfate, trisodium phosphate, cellulose gum, sodium hydroxide,

sodium saccharin, C1 74160, C1 77891

Colgate hemp seed oil
(Colgate-Palmolive, New York, USA)
hemp seed oil

Gumgumix
(Beka Drug, Istanbul, Tiirkiye)
benzoate

Sodium fluoride, sorbitol, water, hydrated silica, PEG-12, sodium lauryl sulfate, flavor,
cellulose gum, sodium saccharin, tetrasodium pyrophosphate, cocamidopropyl betaine,

Calcium carbonate, glycerin, water, honey, licorice root, dicalcium phosphate, ginger
extract, xanthan gum, sodium carboxymethyl, potassium sorbate, menthol, sodium
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Table 2. Descriptive statistics dental plaque scores according to plaque scoring methods

Clinical Clinical

Intraoral Digital

Group Time (not staining) (after staining) scanner camera FluoreCam Total
Initial 048+0.67 0.92+0.58 091x£0.53 0.92+0.58 124+042 0.89+0.59
GumGumix After brushing 0.66+0.70 1.07£0.56 0.89£0.55 1.07+£0.56 1.56+0.74 1.05+£0.67
Total 0.57%x0.67 1.00x£0.56 0.90+0.52 1.00+0,56 14+0.61 0.97+0.63°
Initial 0.37£0.25 0.92+0.26 0.85+£0.31 0.92+0.26 1.0£0.50 091£0.48
Signal After brushing 0.40+0.19 0.84+0.29 0.72+£0.36 0.84+0.29 1441049 0.85+0.47
Total 0.39+£0.22 0.88+£0.27 0.79+£0.34 0.88+0.27 147048 0.88+£047"
Initial 0.69+0.43 1.22+0.67 1.16x£0.31 1.22+£0.67 1.76 £0.52 1.21£0.62
Colgate After brushing 0.70+£0.43 1.25+0.66 1.12+£0.25 1.25+0.66 1.77£0.52 1.22+0.61
Total 0.69+£0.42 0.69+042 1.14+£0.28 1.23+£0.65 176 £0.51 1.21+0.61°
Initial 0.52+£0.48 1.02+£0.53 0.97£0.40 1.02+0.53 1.50+0.51 1.01£0.58
Total After brushing 0.58+0.49 1.05+0.54 091+043 1.05+£0.54 1.59+£0.59 1.041+0.61
Total 0.55+0.48° 1.04+0.53" 094+041"  1.04+0.53° 154055  1.0240.59
+P¢: No significant difference between groups and methods with the same letter
Table 3. Bacterial burden for S. mutans quantified by qPCR in 21 days brushing (unit: CFU/uL)
Initial After brushing p**
_ Mean 73%x10°+8.9x%10* 63%x10"+6.4x 10"
Gumgumix . . 4 5 5 4 5 5 0.646
Median (Max.-Min.) 52%107(2.1X10°-2.9%10°) 52x107(2.3x107-2.1 X 107)
, Mean 48%10*+8.2x10* 22x10°+34x 10"
Signal . . 4 5 5 3 5 5 <0.05
Median (Max.-Min.) 1.1x107(1.8x107-2.6 X 107) 24x10°(8.8x107-1x107)
Mean 43%x10*+4.2x10* 29%10°+29x%10*
Colgate 0.203

Median (Max-Min.)

33x10*(1.6x10°-12%10°%)

1.7%x10*(6.5x 10%-7.8 x 10%)

p* 0.538

0.079

*Kruskal Wallis H Test, **Wilcoxon Test, qPCR: quantitative polymerase chain reaction, CFU: colony-forming unit

skal-Wallis H test was applied to compare non-normally
distributed data. The Wilcoxon test was employed for
data that did not fit a normal distribution when comparing
2 dependent groups. The analyzed results were presented
as mean * standard deviation for quantitative data and as
a percentage of frequency for categorical data (P <0.05).

Results

Dental plaque imaging results

The plaque score values for anterior teeth were com-
pared with regard to toothpaste group, time, and imaging
method. A difference in plaque values was noted among
the groups, independent of time and method (P <0.05).
The mean plaque values were 0.97 in the Gumgumix

group, 0.88 in the Signal group, and 1.21 in the Colgate
group; in other words, lower mean values were found
in the Gumgumix and Signal groups than in the Colgate
group. Independent of the group and method, no signif-
icant difference was found in plaque values over time.
However, a difference in plaque values was noted across
methods, independent of group and time. The mean val-
ues were 0.55 for the clinical plaque-unstained group, 1.04
for the clinical plaque-stained group, 0.94 for the scan-
ning plaque-stained group, 1.04 for the digital camera
group, and 1.54 for the FluoreCam group. In other words,
a lower mean value was associated with the clinical
plaque-unstained method and a higher mean value with
the FluoreCam method, relative to the other imaging tech-
niques. No significant differences in plaque values were
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Table 4. Bacterial burden for L. acidophilus quantified by qPCR in 21 days brushing (unit: CFU/uL)

Initial After brushing p**
) Mean 6.8x10°+1x10° 62x10°+8.9%10°
Gumgumix ) . 5 4 6na 5 4 6a 0.721
Median (Max.-Min.) 3.5%x10°(1.6x107-3.6 X 10°) 3.1x107(9.8%10"-2%x10°)
_ Mean 22x10°+2.1x10° 2x10°+1.8x 10°
Signal . . 6 5 6yab 6 5 6\ab 0.799
Median (Maks.-Min.) 1.7%10°(12%10°-5.3 % 10% 1.6 10°(1.2x 10°-7 x 10%
Mean 79%x10°+9.6x 10° 6.3%x10°+7.6x10°
Colgate 0.059

Median (Maks.-Min.)

49x10°(6.1 x10%2.9x107)°

3.8%10°(5.8x10%2.4x107)°

p* 0.011

0.010

*Kruskal Wallis H Test, **Wilcoxon Test, a,b: No difference between groups with the same letter, qPCR: quantitative polymerase chain reaction, CFU:

colony-forming unit

Table 5. Bacterial burden for A. viscosus quantified by qPCR in 21 days brushing (unit: CFU/uL)

Initial

After brushing p**

Mean

14%10°+5.5x%10*

1.1x10°+53 % 10*

Gumgumix . . 5 4 5 5 4 s 0.139
Median (Max-Min.) 14%10°(5.5% 10*2.3 % 10°) 1% 10° (4.9% 10*2 % 10°)
_ Mean 9.9x10*+3.4x10* 92x10*+5.8 x10*
Signal . . 5 4 5 " 4 5 0.646
Median (Max.-Min.) 1x10°(4.9% 10*1.6x10% 6.4x10% (4x10*1.9%10%
Mean 12%x10°+6.7x10* 9.6x10*+2.6x10*
Colgate 0.508

Median (Maks-Min.)

9.9x%10*(5.9% 10%2.5% 10°)

9.8x10*(5.9%x10*1.4%10°)

p* 0.083

0.750

*: Kruskal Wallis H Test, **: Wilcoxon test, qPCR: quantitative polymerase chain reaction, CFU: colony-forming unit

observed according to the interactions between group and
time, group and method, or time and method. In terms
of plaque scoring methods, no significant difference was
found between plaque score values at baseline and after
21 days of brushing in all toothpaste groups (Table 2).

gPCR results

In comparing the levels of S. mutans, no significant dif-
ference was observed between the qPCR values obtained
in the initial session across groups (P >0.05). However,
a significant difference was found between the initial and
post-brushing values obtained in the Signal group (P <0.05)
(Table 3). In comparing the levels of L. acidophilus, a sig-
nificant difference was observed between the qPCR values
obtained in the initial session across the groups (P <0.05).
However, when comparing the levels of A. viscosus, no
difference was found between the qPCR values obtained in
the initial session across groups (P>0.05). Although a de-
crease was observed in the quantity of L. acidophilus and
A. viscosus after brushing, no statistically significant differ-

ence was detected for any toothpaste groups (Tables 4 and
5).

Discussion

Most people struggle to maintain effective oral hygiene,
which predisposes them to oral infections such as peri-
odontal disease and dental caries. Since these diseases are
caused by dental plaque bacteria, it is crucial to control
their growth and colonization. Numerous chemical agents
have been added to toothpastes to prevent the growth and
colonization of microorganisms in the oral cavity. SLS
is the most widely used antiplaque agent found in tooth-
pastes.” In this study, the antibacterial effects of a con-
ventional toothpaste containing SLS and fluoride (Signal
Expert Protection) were compared to those of 2 herbal
toothpastes containing hemp seed oil and/or ginger (Colgate
Hemp Seed Oil; Gumgumix) on the teeth of participants.
Hemp seed oil and ginger are herbal products added to
toothpastes for their antibacterial properties.
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People who lack proper oral hygiene habits often strug-
gle with consistently brushing their teeth. To ensure a stan-
dardized oral hygiene status, this study included partici-
pants who demonstrated good oral hygiene and had DMFT
scores of 3 or lower. The index serves as a measurement
method to determine the amount or severity of a disease
or its agent in an individual or society. These indexes are
utilized to track changes in a patient’s periodontal status,
compare incidence rates across populations, and assess the
effectiveness of various therapeutic methods.>”**** In this
study, the Turesky Modified Quigley-Hein Plaque Index
was used to measure the initial plaque scores of partici-
pants, as it can be easily recorded without special equip-
ment, provides detailed information on plaque presence on
tooth surfaces, and allows for quick and clear scoring.’

Nandlal et al.”* examined the impact of an herbal tooth-
paste and a conventional fluoride toothpaste on dental
plaque, assessing dental plaque scores using the Tures-
ky Modified Quigley-Hein Plaque Index before and after
toothpaste application. That study found no significant dif-
ference in the change of dental plaque scores between the
2 toothpastes. This finding aligns with the present research,
which also indicated no significant difference between the
groups using conventional and herbal toothpaste in terms
of dental plaque index measurements taken before and af-
ter toothpaste usage.

In the present study, a plaque staining agent (Tri Plaque
ID Gel) was utilized after the initial manual measurement
to make dental plaque visible. While the literature contains
numerous studies comparing plaque indices, fewer studies
have compared dental plaque imaging methods. Research
investigating dental plaque imaging using digital intraoral
scanning and the FluoreCam method has not yet been pub-
lished. The present study is the first to compare clinical
scoring and various imaging systems in the diagnosis of
dental plaque.

Lee et al.® examined the relationship between QLF-D
scores and patient hygiene performance plaque indices,
which were measured after dental plaque staining. They
discovered a correlation between QLF-D scores and clini-
cal scoring, a finding that aligns with the present study. In
the present research, the FluoreCam method, which oper-
ates similarly to QLF, was compared with the dental plaque
index obtained after application of a plaque staining agent.
The results indicated that the plaque scores acquired using
the FluoreCam method were higher than those recorded
after plaque staining in a clinical setting. This discrepancy
may be due to the FluoreCam system’s capacity to magnify
individual teeth, thereby providing a more detailed view of

Simge Meseli et al

dental plaque and producing higher plaque scores.

In a study comparing the correlation between QLF-D
imaging and PCR analysis, supragingival plaque sam-
ples from patients were analyzed using PCR after dental
plaque deposits were visualized with the red fluorescence
of QLF-D. The researchers observed a higher rate of peri-
odontopathogenic bacteria in PCR results for individuals
with high red fluorescent dental plaque using QLE-D.*®
The present study employed the FluoreCam method, which
operates on the same principle as QLF, as an imaging tech-
nique. Based on the images captured with FluoreCam,
plaque scores decreased the most in the group using con-
ventional toothpaste (Signal Expert Protection). Similar
results were obtained for dental plaque scores generated
by both clinical visual and imaging methods, in terms of
scores before and after toothpaste usage. Consequently, in
the qPCR examination of dental plaque samples, the levels
of all microorganisms assessed in the study were deemed
similar after toothpaste usage relative to before, with the
exception of a decrease in S. mutans levels following the
use of conventional toothpaste (Signal Expert Protection).

Diagnosing dental plaque quickly is challenging, and the
process is prone to error. However, new imaging systems
enable image enlargement, which allows for more accu-
rate detection of dental plaque. Visualizing dental plaque
is not only helpful for clinicians but also motivating for
patients. The combination of intraoral digital scanning im-
ages, fluorescence methods, and digital dental photographs
significantly enhances the diagnosis and imaging of dental
plaque. Intraoral digital scanning offers a distinct advan-
tage in diagnosing dental plaque due to its 3-dimensional
imaging capabilities. Furthermore, the fluorescence method
provides a quantitative evaluation. Separately, the present
study indicates that herbal toothpastes demonstrate compa-
rable plaque-removal effectiveness to conventional tooth-
paste. The similar results for microorganism levels after
toothpaste use may be attributed to the study’s inclusion of
participants with low DMFT and low dental plaque scores.
For future studies, it would be advantageous to include par-
ticipants with high DMFT and dental plaque scores, as well
as to expand the variety of microorganisms evaluated in
dental plaque.

Conflicts of Interest: None
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