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The anti-plaque effect of high concentration e
sodium bicarbonate dentifrice on plaque
formation and gingival inflammation,
irrespective to individual polishing technique
and plaque quality

Siren Abrahamsen'”, Odd Carsten Koldsland' and Hans R. Preus'

Abstract

Aim To assess the anti-plaque effect of a high concentration sodium bicarbonate dentifrice on plaque formation, and
gingivitis, as compared to a control toothpaste, irrespective of individual brushing technique and plaque quality.

Methods The experimental gingivitis model, with a split-mouth design was used to assess the anti-plaque effect

of a high concentration sodium bicarbonate dentifrice on plaque formation. By producing individual fitted trays,

the toothpaste was applied in the test quadrant and a control dentifrice in the contralateral. The participants used
the individual fitted trays for 1 min every morning and evening, for 21 days. In this period, the participants was only
allowed to brush the teeth in the opposite jaw, as usual. Twenty healthy individuals successfully completed the study.

Results At 21 days, there was no statistically significant difference between test quadrant and control quadrant with
regard to plaque indices, gingival index and number of bleeding sites.

Conclusion This study demonstrated that the high concentration sodium bicarbonate dentifrice used did not
produce statistically significant anti-plaque effect compared to the control dentifrice, in terms of Plaque- and Gingi-
val Indices, number of bleeding sites or by Quigely and Hein, the Turesky modification Plaque Index, irrespective of
brushing technique and individual plaque quality.

Trial registration Regional Committee for Medical Research and Ethics, South-East Norway in 2021
(REK.2021/370116).

Clinical Trial Registration: NCT05441371 (First registered 09/06/2022, First posted 01/07/2022) (http://www.clinicaltr
ials.gov). (Retrospectively registered).
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Introduction

A wide range of microorganisms colonize mucosal and
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To prevent gingivitis, self-performed mechanical
plaque removal is the key factor [3—5]. However, a sys-
tematic review and meta-analysis [6], reported that
mechanical plaque-removal alone is not always sufficient
to prevent the onset or recurrence of periodontal dis-
eases suggesting that adjunctive chemical plaque control
may be considered in specific cases.

Accordingly, a recent systematic review and network
meta-analysis [7] assessed the efficacy of different oral
hygiene products for chemical biofilm control. It was
reported that even though all the tested products per-
formed better than placebo, the effect was only statisti-
cally significant for those containing triclosan, stannous
fluoride (SnF) and sodium metafluoride phosphate with
zinc. Studies assessing sodium bicarbonate (NaHCO,)
was not included. However, a systematic review and
meta-analysis [8] concluded that the use of 67% NaHCO,
dentifrices could improve periodontal health in patients
with gingivitis.

NaHCO, was in 1903 recommended for “treatment of
pyrrhea” [9] and has shown in vitro antimicrobial proper-
ties [10-12]. It was re-introduced in a dentifrice claim-
ing that high concentration NaHCO3 toothpastes can
improve periodontal health in patients with gingivitis,
supported by a systematic review by Tascieri et al. [8].
The alleged mechanism of NaHCO3 stated by the pro-
ducer (GlaxoSmithKlein, United Kingdom) is that it pen-
etrates the layers of bacteria in the dental plaque, disrupts
it and make it easier to remove.

Studies on NaHCO; containing dentifrices typically
test the dentifrices as part of the study-participant dental
cleaning routine [8]. However, they do not consider that
plaque quality differ between individuals [13], and that
the individual brushing technique will affect the amount
of plaque being removed [14], and are therefore not
purely testing the suggested anti-plaque property.

Thus the aim of the present study was to evaluate the
anti-plaque effect of a NaHCO; containing dentifrice
(Parodontax ultra clean", GlaxoSmithKlein, United
Kingdom) (Pdx) on plaque formation, and gingivitis, as
compared to a control toothpaste, in a study design not
affected by brushing technique and plaque quality of the
individual participants, as well as the different abrasive
qualities of the test and control dentifrice.

Materials and methods

The experimental gingivitis model [2] was used to test
the effect of Pdx on plaque formation, an experimental
design widely used for registration of plaque and gingi-
vitis in 21 days. The study was approved by the Regional
Committee for Medical Research and Ethics, South-
East Norway (REK.2021/370116). This study was regis-
tered at ClinicalTrials.gov (NCT05441371) and followed
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the ethical principles based in the Declaration of Hel-
sinki and the reporting the criteria of the CONSORT
guidelines.

The participants were bachelor- and master students at
the Faculty of Dentistry, University of Oslo. These took
special interest in the study and its carry-through since
clinical research design is one of their subjects. Inclu-
sion criteria comprised test persons 18 years or older,
having at least three of the following teeth in contralat-
eral quadrants; canine, premolars and 1°* molar with
healthy gingiva, in quadrant one (test) and quadrant two
(control). They also needed to sign an informed consent
form. Exclusion criteria comprised: smoking, pregnancy,
lactation, any chronic disease, clinical signs and symp-
toms of acute infection in the oral cavity, any prescribed
or non-prescribed systemic or topical medication except
oral contraceptives, use of antibiotics the last 3 months
prior to the start of the study, history of alcohol or drug
abuse and participation in other clinical studies in the
last 4 weeks.

Twenty-five individuals volunteered for the study. Prior
to baseline, three withdrew for personal reasons result-
ing in 22 participants signing the informed consent form.
The participants were given a minor economic compen-
sation (100 EUR) for the inconvenience. All information,
administration and data collection were performed at the
Department of Periodontology, Institute of Clinical Den-
tistry, University of Oslo, Norway.

At baseline, all participants received professional den-
tal cleaning with rubber cup, pumice paste and den-
tal floss, leaving the plaque score for every participant
at zero. Individual fitted trays had been produced to fit
the test- and control quadrants. Together with these, the
participants received the test dentifrice (Pdx), and con-
trol, (Sensodyne Repair and Protect' ", GlaxoSmithKlein,
United Kingdom) and were instructed to apply the test
dentifrice in one quadrant and the control dentifrice in
the contralateral. Morning and evening, when the par-
ticipants normally performed their oral hygiene routines,
they first rinsed with water for 30 s. After placing the
individual fitted tray, with its contents of test and control
toothpaste, they upheld their regular oral hygiene regime
in the opposing jaw where no registrations were done.
After 1 min, the participants rinsed their mouth with
water for 30 s. Then they removed the individual fitted
tray and rinsed their mouth immediately with water for
another 30 s. No dental cleaning, tooth pics or other, was
allowed in these two, test and control, quadrants during
the 21 days the experiment lasted. They repeated this
procedure during the following 21 days. At day 7 and 14,
the participants received a text message from the project
manager with a short questionnaire about their adher-
ence the protocol. All participants responded in kind,
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and no reminders had to be given. The use of individu-
ally fitted trays with their contents of test and control
dentifrices secured that individual brushing technique,
different biofilm qualities and abrasive qualities of the
dentifrices were of no concern.

At day 21, one researcher (HRP) personally interviewed
the participants about their adherence to the protocol, as
well as complaints and subjective side effects. Plaque—
(PII) and Gingival Index (GI) [15] were registered, on 6
sites, i.e. first molar, premolars and canine in quadrant 1
(test) and quadrant 2 (control), by a periodontist (OCK).
This was to avoid carry-over effects between the contents
of the two individually fitted plastic trays in Q1 and Q2.
Subsequently, a discoloration agent (Top Dent Rondell
red, LIC Scandenta AS, Norway) was applied and pho-
tographs of the test and control quadrant were obtained.
An individual, not associated with the study, mirrored a
randomized 50% selection of the photographs, thereby
blinding the examiners. With these photographs the
Plaque Index of Quigley and Hein, the Turesky modifica-
tion (TMQHPI) [16] was registered [17] by two blinded
and previously calibrated examiners (OCK and SA). The
two investigators did the evaluation separately both in
time and place. One examiner (SA) did the evaluation
twice with an interval of 21 days for intra examiner reli-
ability purposes. The average value of the three scoring
assessments for TMQHPI was used in the analysis. Fol-
lowing the scoring at day 21, the participants received
professional tooth cleaning after ending the study.

Statistics
The sample size calculation was based on similar studies,
on the variable “average plaque score in each quadrant’,
using a standard deviation of 0.4 [18], resulting in 20 test-
and 20 control quadrants. Since we used a split-mouth
design, 20 participants were needed to detect a mean
difference in average plaque score of at least 0.4 between
the test- and control quadrant with 80% power and a 5%
significance level, at least 20 participants needed to be
included. Some dropout was expected and for this rea-
son, 25 individuals was initially invited in the study.
Shapiro-Wilks test and normal quantile plot was used
to analyze normality of continuous variables. Primary
outcome variable satisfied the normality assumption.
Mean plaque score in the two quadrants was compared
by using a two-sided independent sample t-test. As for
the secondary outcomes, Wilcoxon signed-rank test was
used to compare the mean difference between test and
control, since the normality assumption was not satisfied.
For both mentioned tests, significance level was set to 5%.
The inter- and intra-examiner agreement was evaluated
by the use of Cohens Kappa statistics (k), using the tooth
as the statistical unit.
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For statistical analyses, the statistical Package for
STATA (Stata version 17.0; college Station, TX, USA) was
used.

Results
Twenty participants completed the full 21 days experi-
mental period. Two participants was excluded from the
study due to violation of protocol during the first week.
Twenty participants had successful adherence to the pro-
tocol, still leaving the sample size large enough to satisfy
sample size analysis and to obtain statistically significant
results. A detailed flow chart diagram of patient recruit-
ment is shown in Fig. 1.

The mean age was 26.6 (+5.5) years and 68% were
females.

A summary of mean values of main outcome and sec-
ondary outcomes are shown in Table 1.

Plaque Index, Gingival Index and bleeding sites

After 21 days, the test—and control dentifrice adminis-
tered by individual fitted trays, resulted in a mean PII of
1.2+0.3 and 1.2+0.3, respectively (P=0.98), illustrated
in Fig. 2, which shows the distribution of the mean plaque
score in test quadrant and control quadrant. When only
assessing interproximal surfaces the plaque index for test
quadrant and control quadrant was 1.4+ 0.4 and 1.3+0.3,
respectively (P=0.66). Neither differences reached statis-
tical significance.

The GI in test- and control quadrant was 1.2+0.2 and
1.3+0.2, respectively, leaving no statistically significant
difference between the two quadrants (P=0.14). The
mean number of bleeding sites in test quadrant was
5.2+3.5 as compared to control quadrant which pro-
duced a mean number of 6.7+3.6 (P=0.10). When only
interproximal bleeding sites were assessed the mean
number for test quadrant and control quadrant was
4.0+2.7 and 4.6+ 2.4 (P=0.22), respectively. These inter-
group differences was not statistically significant.

Plaque Index of Quigley and Hein, the Turesky
modification
Analyzing TMQHPI at 21 days, no statistically signifi-
cant difference between test—and control dentifrice was
found (3.5+0.9 and 3.8 + 1.0, respectively) (P=0.3).

When assessing TMQHPI, the inter-examiner agree-
ment varied from 75%-100% (k 0.6-1.0), regarded as
substantial agreement to near perfect inter-examiner
agreement. Intra-examiner agreement varied from 95%-
100% (k 0.9-1.0), regarded as near perfect intra-examiner
agreement.

No adverse side effects were reported. At day 21, nine
out of 20 (45%) of the participants responded in the inter-
view that they “did not like” the taste of the dentifrice.
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Fig. 1 Flow chart

Table 1 Descriptive statistics of test quadrant and control quadrant at 21 days follow-up

Mean (SD) Min Max

: Test 1.2 (0.3)
Primary outcome Pll 0.98
control 1.2 (0.3) 0.4 1.7
. Test 1.4 (0.4) 0.4 1.9
Proximal PlI 0.66
control 1.3(0.3) 0.4 1.8
Test 3.5(0.9) 1.3 5
TMQHPI 0.3
control 3.8 (1.0) 0.7 5
Test 1.2 (0.2) 1 1.8
Secondary outcome Gl 0.14
control 1.3(0.2) 1 1.7
. Test 5.2 (3.5) 0 14
Bleeding sites 0.1
control 6.7 (3.6) 0 16
, . Test 4.0(2.7) 0 10
Proximal bleeding sites 0.22
Control 4.6 (2.4) 0 10
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Fig. 2 Box plot diagrams of the mean plaque score in test quadrant and control quadrant at 21 days follow-up

Discussion

This study assessed the effect of Pdx (NaHCO;) on plaque
formation and gingivitis, as compared to a control den-
tifrice. The aim was to evaluate the anti-plaque effect of
the dentifrice, in a study design that was not affected by
brushing technique and plaque quality of the individual
participants, as well as the different abrasive qualities of
the test and control dentifrice. No statistically significant
differences between the test and control on plaque for-
mation or gingival inflammation was found.

It is well established that the individual brushing tech-
nique influence plaque removal [14]. None of the studies
included in the review mentioned above [8] considered
individual variations in brushing technique or plaque
quality [19-25]. In the present study, the individual
brushing technique could be disregarded since the test
and control substance was introduced to the tooth sur-
faces by individually fitted trays for the participants and
not by brushing. These were filled with test and control
dentifrice leaving the only effect on plaque prevention
and thus gingivitis from the chemical composition of the
compound itself. In contrast, studies published by Yan-
kell et al. [19] and Lomax et al. [23] had heterogonous
test- and control groups at baseline, and the resulting
change in plaque score in test- and control group at the
end of the studies were small. The results may have been
statistically significant but — as discussed in their paper—
not clinically relevant.

The composition of dental plaque depends on a vari-
ety of competing microbial-microbial and host-microbial
interactions [13]. For this reason, the composition and
texture will vary between individuals. When conducting

a parallel arm, clinical study, the individual plaque qual-
ity will affect the results when comparing test and control
groups. The review published by Taschieri et al. [8] only
include studies with this design [19-25]. The company
providing the dentifrice was responsible for the rand-
omization process in two of the studies [23, 24], and in
one [20] the randomization process was not described.
The main outcome in the present study was difference in
plaque score between test- and control quadrants intra-
individually at the end of the study. For this reason, the
individual plaque quality could not bias results. To our
knowledge, this is the first split-mouth clinical study
assessing the efficacy the plaque inhibiting property of
high concentration NaHCO; dentifrice, irrespective of
individual brushing technique, plaque quality and the
abrasive effect of the dentifrice.

Ozaki et al. [21] compared a high concentration
NaHCO;, dentifrice with one containing triclosan, with a
28 days follow-up period. Dentifrices containing triclosan
have been reported to have significantly better effect on
chemical biofilm control than placebo [7]. They used a
triclosan containing dentifrice as a positive control and
reported that both dentifrices showed significant reduc-
tion in plaque, and there was no statistically significant
difference between test and control concerning GI. Mean
GI at baseline in this study was 1.02, indicating minimal
gingival bleeding. Short observation time and low to
moderate grade inflammation at baseline makes it diffi-
cult to know if the effect was because of the pure effect of
the dentifrice or the fact that the patients brushed their
teeth better [26]. There are recommendations that the
observation time should be 6 months or longer to reduce
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the risk of Hawthorne effect [27]. We will not challenge
such a suggestion without scientific proof, but on the
other hand, compliance from the test persons would be
questionable, since 6 months without brushing teeth is
not easy to overcome, as also would be ethical challenges
concerning a protocol were the participants could not
brush their teeth for 6 months. The observation time in
the present study was similar as Ozaki et al. (21 days and
28 days respectively), but the use of the well-known and
widely used experimental gingivitis model [2] in the pre-
sent study makes up for this limitation.

The present study applied both PII [15] and TMQHPI
[16] to asses plaque formation. In the latter, a dental
plaque disclosing agent was used which will stain both
the biofilm and the pellicle [28]. Therefore, there was a
risk of overestimation of the amount of biofilm on the
dental surfaces. Also, the TMQHPI describes the spread
of plaque on the dental surfaces, while gingivitis and
bleeding mostly are affected by the plaque along the gin-
gival margin which was registered by plaque index of Sil-
ness and Lge [15]. The studies [19-21, 24] included in the
meta-analysis published by Tascieri et al. [8], only used
TMQHPI, which in fact is normal for most plaque scor-
ing studies. Although the PII [15] would fully suffice in a
study on plaque/biofilm and gingivitis, we also applied
the TMQHPI [16] for comparison to these studies [19-
21, 24], but emphasize that the spread of plaque/biofilm
above the gingival margin is of less interest in studies on
gingivitis.

Akwagyiram et al. [24] compared two dentifrices con-
taining 67% NaHCO; and 0% NaHCO,, respectively.
When assessing TMQHP], they evaluated interproximal
score in addition to total score. An inter-group differ-
ence of 15% was observed in both total and interproxi-
mal assessment of TMQHPI. The reported difference of
TMQHPI between the two dentifrices was significant,
but small (0.46 and 0.45 for total and interproximal,
respectively). They suggests that, “the plaque removing
effect of NaHCO, compared with brushing with water
extends to areas in the oral cavity that are sheltered from
mechanical effects of brushing teeth” There might have
been a significant difference, but the clinical relevance
was inconclusive. In the present study, no such differ-
ences could be detected. When assessing both total and
interproximal PlI, there was no statistically significant
difference between test dentifrice and control dentifrice.

Recently, Tascieri et al. [8] published a systematic
review and meta-analysis reporting; “the clinical use of
67% NaHCO, toothpaste can improve periodontal health
in patients with gingivitis” Seven articles were included in
the meta-analysis, with a follow-up ranging from 6 weeks
to 6 months. There was high heterogeneity among the
studies and four of the studies had moderate to high risk
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of bias. Moreover, the high content of sodium bicarbo-
nate produce characteristic taste, which, when pursuing
the effect in studies, will make blinding of patients diffi-
cult. To our knowledge, only two of the studies [19, 21]
produced a control dentifrice with a similar characteris-
tic taste as the test dentifrice. With the limited follow-up
time of the included studies, one cannot rule out that the
Hawthorne effect potentially could influence the out-
come [26]. The seven studies included in the systematic
review and meta-analysis had varying sample sizes. The
companies providing the dentifrices being tested funded
three of the studies included in the meta-analysis [22—
24]. The other studies did not disclose if there were any
funding or conflict of interest.

To our knowledge, Pdx sold in Europe does not contain
SnF. However, during research it was discovered that SnF
is an ingredient in Pdx sold in USA. Dentifrices contain-
ing SnF have demonstrated to have statistically significant
better efficacy compared to placebo in regards of chemi-
cal biofilm control [7]. If studies done outside of Europe
contain SnF, which can affect the results, it is important
to disclose this information to the professionals and the
public. This is especially important if this active ingredi-
ent is removed upon sales in different countries.

Pratten et al. [29] published an in vitro study showing
that a 67% NaHCO; slurry was able to change the mor-
phology of a 14 day artificially produced and matured
biofilm. In this in vitro study, saliva samples from 15
individuals was collected, and used to produce an inoc-
ulum, creating a biofilm on which they tested differ-
ent concentration of NaHCO; to assess the number of
viable bacteria and the number of bacteria remaining
on the substrata at different time intervals. They did not
report on the other components of the slurry. As earlier
mentioned, it has been reported that adding or remov-
ing different components may change the properties of a
product [27]. However, In vitro results cannot be trans-
ferred to in vivo conditions, since the activity of the active
ingredients may be different in vivo than in vitro [27]. To
our knowledge, there are no reports about NaHCO; hav-
ing the same effect in vivo as in this artificially produced
biofilm. It should also be mentioned the producer of a
dentifrice containing 67% NaHCO,, sponsored the study
[29].

The present study had some limitations. There was a
limited sample size. The experimental gingivitis model
was used and this justifies the short observation time,
which is more a strength than a limitation since it allows
the assessment of the true anti-plaque effect. Weekly
assessment of compliance by directly contacting the par-
ticipants could have been further assured by collecting
the dentifrice tubes following day 21 for evaluation of
compliance.
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It is possible that placing and removing the individ-
ual fitted tray affect the amount of plaque, but since
this will be the same for test and control; it will most
likely not affect the results. We did not do microbial
testing of the dental plaque, thus cannot say anything
about potential changes in the bacterial plaque compo-
sition, but based on our results we did not find any sta-
tistically significant differences in any of the measured
parameters.

Conclusion

In conclusion, this study demonstrated that the use of
Parodontax ultra clean’ dentifrice (NaHCO3) did not
show a statistically significant anti-plaque effect com-
pared to control dentifrice, in terms of PlI, GI, number of
bleeding sites or TMQHPY], irrespective of brushing tech-
nique and individual plaque quality.

Abbreviations

NaHCO;  Sodium bicarbonate

TMQHPI  Plaque Index of Quigley and Hein, the Turesky modification
PlI Plaque Index

Gl Gingival Index

Pdx Parodontax ultra clean™, GlaxoSmithKlein, United Kingdom
SnF Stannous fluorid

Acknowledgements

We thank all the participants.

Mateusz Roch Chamczyk, Nenad Rakovic and Nikola Sesartic are thanked for
producing the individual fitted trays. Norwegian foundation for the advance-
ment of dental science are thanked for financial support.

Authors’ contributions

HRP supervised and contributed to the concept of the study. OCK examined
the participants. OCK and SA evaluated the photographs. SA analyzed and
interpreted the data regarding the outcome. All authors read and approved
the final manuscript.

Funding

Open access funding provided by University of Oslo (incl Oslo University Hos-
pital). The study was financed by the Norwegian foundation for the advance-
ment of dental science. No support, monetary or other, was received from the
producer of the Parodontax dentifrice.

Availability of data and materials
The dataset is not publically available due to general data protection regula-
tions but is available to corresponding authors on reasonable request.

Declarations

Ethics approval and consent to participate

Approval by the regional Committee for Medical Research and Ethics, South-
East Norway in 2021 (REK.2021/370116). All participants provided written
informed consent to participate in the study. All experiments were performed
in accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Page 7 of 8

Received: 23 December 2022 Accepted: 2 May 2023
Published online: 11 May 2023

References

1. Marsh PD, Devine DA. How is the development of dental biofilms influ-
enced by the host? J Clin Periodontol. 2011;38(Suppl 11):28-35.

2. LoeH,Theilade E, Jensen SB. Experimental Gingivitis in Man. J Periodon-
tol. 1965,36:177-87.

3. Chapple L, Van der Weijden F, Doerfer C, Herrera D, Shapira L, Polak D,
Madianos P, Louropoulou A, Machtei E, Donos N, et al. Primary prevention
of periodontitis: managing gingivitis. J Clin Periodontol. 2015;42(Suppl
16):571-76.

4. Murakami S, Mealey BL, Mariotti A, Chapple ILC. Dental plaque-induced
gingival conditions. J Clin Periodontol. 2018;45(Suppl 20):517-27.

5. Ramseier CA, Anerud A, Dulac M, Lulic M, Cullinan MP, Seymour GJ,
Faddy MJ, Burgin W, Schatzle M, Lang NP. Natural history of periodontitis:
Disease progression and tooth loss over 40 years. J Clin Periodontol.
2017,44(12):1182-91.

6. van der Weijden GA, Hioe KPK. A systematic review of the effectiveness of
self-performed mechanical plague removal in adults with gingivitis using
a manual toothbrush. J Clin Periodontol. 2005;32:214-28.

7. Figuero E, Herrera D, Tobias A, Serrano J, Roldan S, Escribano M, Martin C.
Efficacy of adjunctive anti-plague chemical agents in managing gingivi-
tis: A systematic review and network meta-analyses. J Clin Periodontol.
2019;46(7):723-39.

8. Taschieri S, Tumedei M, Francetti L, Corbella S, Del Fabbro M. Efficacy of
67% Sodium Bicarbonate Toothpaste for Plaque and Gingivitis Control: A
Systematic Review and Meta-Analysis. J Evid Based Dent Pract. 2022;22(2):
101709.

9. Myneni SR. Effect of baking soda in dentifrices on plaque removal. J Am
Dent Assoc. 2017;148(115):54-9.

10. Miyasaki KT, Genco RJ, Wilson ME. Antimicrobial properties of hydrogen
peroxide and sodium bicarbonate individually and in combination
against selected oral, gram-negative, facultative bacteria. J Dent Res.
1986;65(9):1142-8.

11. Drake DR, Vargas K, Cardenzana A, Srikantha R. Enhanced bactericidal
activity of Arm and Hammer Dental Care. Am J Dent. 1995;8(6):308-12.

12. Newbrun E, Hoover Cl, Ryder MI. Bactericidal action of bicarbonate ion
on selected periodontal pathogenic microorganisms. J Periodontol.
1984;55(11):658-67.

13. Scheie AA. Mechanisms of dental plaque formation. Adv Dent Res.
1994,8(2):246-53.

14. Lindenmdller IH, Lambrecht JT. Oral Care. Curr Probl Dermatol.
2011;40:107-15.

15. Loe H.The gingival index, the plaque index and the retention index
systems. J Clin Periodontol. 1967,38:610-6.

16. Glickman STNDGI. Reduced plaque formation by the chloromethyl
analogue of vitamin C. J Periodontol. 1970;41(1):41-3.

17. Kelly A, Antonio AG, Maia LC, Luiz RR, Vianna RB, Quintanilha LE. Reliability
assessment of a plaque scoring index using photographs. Methods Inf
Med. 2008;47(5):443-7.

18. Preus HR, Koldsland OC, Aass AM, Sandvik L, Hansen BF. The plaque- and
gingivitis-inhibiting capacity of a commercially available essential oil
product. A parallel, split-mouth, single blind, randomized, placebo-con-
trolled clinical study. Acta Odontol Scand. 2013;71(6):1613-9.

19. Yankell SL, Emling RC, Perez B. Six-month evaluation of Parodontax denti-
frice compared to a placebo dentifrice. J Clin Dent. 1993;4(1):26-30.

20. Madhu PS, Setty S, Ravindra S. Dentinal hypersensitivity?—Can this agent
be the solution? Indian J Dent Res. 2006;17(4):178-84.

21. Ozaki F, Pannuti CM, Imbronito AV, Pessotti W, Saraiva L, de Freitas NM,
Ferrari G, Cabral VN. Efficacy of a herbal toothpaste on patients with
established gingivitis—a randomized controlled trial. Braz Oral Res.
2006;20(2):172-7.

22. Triratana T, Kraivaphan P, Amornchat C, Mateo LR, Morrison BM Jr, Dibart
S, Zhang YP. Comparing three toothpastes in controlling plaque and
gingivitis: A 6-month clinical study. Am J Dent. 2015;28(2):68-74.

23. Lomax A, Patel S, Wang N, Kakar K, Kakar A, Bosma ML. A randomized
controlled trial evaluating the efficacy of a 67% sodium bicarbonate
toothpaste on gingivitis. Int J Dent Hyg. 2017;15(4):e35-41.



Abrahamsen et al. BMC Oral Health

24.

25.

26.

27.

28.

29.

(2023) 23:281

Akwagyiram |, Amini B, Bosma ML, Wang N, Gallob J. Efficacy and Toler-
ability of Sodium Bicarbonate Toothpaste in Subjects with Gingivitis:

A 6-Month Randomized Controlled Study. Oral Health Prev Dent.
2018;16(5):401-7.

Jose A, Parkinson CR, Manger C, Bielfeldt S, Krause C. Randomized Clinical
Dose-Response Study to Evaluate Plaque Removal by Three Experimental
Sodium Bicarbonate Toothpastes Using a Single Brushing Model. J Clin
Dent. 2018;29(4):75-80.

Feil PH, Grauer JS, Gadbury-Amyot CC, Kula K, McCunniff MD. Intentional
use of the Hawthorne effect to improve oral hygiene compliance in
orthodontic patients. J Dent Educ. 2002;66(10):1129-35.

Sanz M, Serrano J, Iniesta M, Santa Cruz |, Herrera D. Antiplaque and antig-
ingivitis toothpastes. Monogr Oral Sci. 2013,;23:27-44.

Datta D, Kumar SGR, Narayanan MBA, Selvamary AL, Sujatha A. Disclosing
solutions used in dentistry. World journal of pharmaceutical research.
2017,6(6):1648-56.

Pratten J, Wiecek J, Mordan N, Lomax A, Patel N, Spratt D, Middleton AM.
Physical disruption of oral biofilms by sodium bicarbonate: an in vitro
study. Int J Dent Hyg. 2016;14(3):209-14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	The anti-plaque effect of high concentration sodium bicarbonate dentifrice on plaque formation and gingival inflammation, irrespective to individual polishing technique and plaque quality
	Abstract 
	Aim 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Materials and methods
	Statistics

	Results
	Plaque Index, Gingival Index and bleeding sites
	Plaque Index of Quigley and Hein, the Turesky modification

	Discussion
	Conclusion
	Acknowledgements
	References


