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ABSTRACT

Objective: Aim of this study is to examine the effects of chewing gums with
different contents on the salivary flow rate, pH, and ion exchange in healthy
subjects.

Material and Method: Twenty healthy individuals with DMFT scores of < 4,
who did not use any medication or diagnosed with any systemic disease that
could change the flow and characteristics of saliva were selected as the study
sample. The unstimulated saliva of all individuals on day one was collected
in sterile test tubes. After 24 hours, saliva stimulated by chewing paraffin
was collected from each individual as a control group. Then, five different
chewing gums were used for 6 minutes for seven days at 24-hour intervals
(Vivident Xylit, Oneo White, Trident Recaldent, Fluogum, CB12 Boost). Saliva
samples were collected graduated sterile test tubes at 0-1, 1-3, and 3-6
minute intervals. The pH of saliva collected at the end of each test period
was measured with litmus paper to minimize any time-dependent pH
changes. The flow rate was calculated in ml/min. lon exchanges were
evaluated according to the spectrophotometric method. Statistical analysis
was performed using IBM SPSS Statistics, Version 23.0 statistical program.
Statistically significance level was set as p<0.05.

Results: The calcium concentration of the collected saliva was higher in the
gum group containing tricalcium phosphate than in the other groups. Calcium
carbonate containing gum group showed increased salivary flow rate and
higher pH when compared to other groups.

Conclusion: Chewing gum containing calcium carbonate and tricalcium
phosphate may have beneficial effects on the structure of saliva and
beneficial effects in terms of oral and dental health. Chewing gums
containing calcium carbonate and tricalcium phosphate may be preferred as
a priority, especially in individuals with high caries risk and xerostomia
patients.

Keywords: Calcium concentration, Chewing gum, lon Exchange, pH, Salivary
flow rate

0z
Amag: Bu calismamin amaci, farkli iceriklere sahip cikletlerin saglikli

bireylerde tikurik akis hizi, pH ve tukirik iyonlan uzerine etkilerini
incelemektir.

Gereg ve Yontemler: DMFT skoru < 4 olan, herhangi bir ila¢ kullanmayan
veya tikiriik akisim ve 6zelliklerini degistirebilecek herhangi bir sistemik
hastalig1 olmayan 20 saglikli birey calisma 6rneklemi olarak secildi. Birinci
glin tim bireylerin uyanlmams tiikiriikleri steril test tiiplerinde toplandi.
24 saat sonra kontrol grubu olarak parafin cignetilerek her bireyden
uyarilmis tiikiriikleri toplandi. Daha sonra yedi giin boyunca 24 saat arayla
bes farkli ciklet (Vivident Xylit, Oneo White, Trident Recaldent, Fluogum,
CB12 Boost) 6 dakika siireyle cignettirildi. Dereceli steril test tiiplerine 0-
1, 1-3 ve 3-6 dakika araliklarla tiikiirik ornekleri alindi. Her test
periyodunun sonunda toplanan tikiriigin pH1, zamana baghi pH
degisikliklerini en aza indirmek icin turnusol kagidi ile olciildi. Akis hizi
ml/dk olarak hesaplandi. iyon degisimleri spektrofotometrik yénteme gére
degerlendirildi. istatistiksel analiz, IBM SPSS Statistics, Version 23.0
istatistik programi kullanilarak yapildr. istatistiksel olarak anlamlilik diizeyi
p<0,05 olarak belirlendi.

Bulgular: Toplanan tikirtigiin kalsiyum konsantrasyonu trikalsiyum fosfat
iceren sakiz grubunda diger gruplara gore daha yilksek bulunmustur.
Kalsiyum karbonat iceren sakiz grubu, diger gruplara gore daha yiksek
tikirik akis hizi ve daha dusiik pH gostermistir.

Sonug: Kalsiyum karbonat ve trikalsiyum fosfat iceren cikletlerin tukiriigiin
iyon yapisi lizerinde faydali etkileri olabilecegi gibi agiz ve dis sagligi
acisindan da faydali etkileri olabilir. Ozellikle yiiksek ciiriik riskli bireklerde
ve kserostomili hastalarda kalsiyum karbonat ve trikalsiyum fosfat icerikli
cikletler oncelikli olarak tercih edilebilir.

Anahtar Kelimeler: Iyon Degisimi, Kalsiyum konsantrasyonu, pH, Tikiiriik
akis hizi

Introduction

Saliva is considered to be one of the important factors in maintaining
oral health'?2 by preventing the demineralization of enamel with its flow
rate, buffering agents, and mineral contents such as phosphate,
fluorine, and calcium.?>

One of the important factors affecting saliva's composition is saliva's
flow rate.® Increasing salivary flow rate increases protein, sodium,
bicarbonate, and chloride levels while decreasing magnesium and
phosphate levels.” In addition, with the increase in salivary flow rate,
the acid potential of harmful substances such as plaque and sugar is
neutralized. In the literature, it is recommended to chew sugar-free
gum for 5-30 minutes after meals. This will stimulate the salivary flow
rate, which buffers and neutralizes the pH drop after meals. Thus, the
pH of the microbial dental plaque increases.?®

Different types of caries preventive agents in chewing gums have been
described. The most widely used of these is Xylitol, a natural 5-carbon
sugar.'®'" While many studies have investigated the effect of chewing
gum containing Xylitol on salivary flow rate and pH, there is no
comparative, up-to-date study investigating the effects of chewing gum
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containing different caries-preventing agents such as Tricalcium
Phosphate (TP), Calcium Carbonate (CC), Zinc (Z), and Fluorine (F) on
saliva pH and flow rate. Therefore, this study aimed to examine the
effects of chewing gums with different contents on the salivary flow
rate, pH, and ion exchange in healthy subjects. The null hypothesis was
that there is no relation between salivary Ca+2 ion exchange, flow rate,
and pH levels with different chewing gums.

Material and Method

The study sample consisted of saliva collected from 20 healthy, non-
smoker dental students with DMFT scores of < 4, who did not use any
medication or diagnosed with any systemic disease that could change
the flow and characteristics of saliva. All participants were clinically
examined and interviewed by the same researcher. The number of
samples was determined by the statistical power analysis (Power: 0.80
and a: 0.05) as n=20. All participants were asked to sign an informed
consent form before starting the study.

The study consists of two stages: 1) Comparison of salivary flow rate
and pH by chewing gums on volunteers; 2) Comparison of the effect of
chewing gums on salivary Calcium (Ca*?) ion. Different chewing gums
and their active contents used in this study are listed in Table 1.
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Table 1. The names and contents of the chewing gums used in the
study.

Vivident Xylit

Xylitol

Oneo White Calcium Carbonate

Trident Recaldent Tricalcium Phosphate

Fluogum Xylitol + Fluor

CB12 Boost Zinc + Fluor

Saliva sample collection was performed based on the guidelines from
the University of Southern California School of Dentistry.12
Participants were asked not to eat, drink, or chew gum until at least
one hour before the saliva collection period. To avoid the effects of
circadian rhythms on salivary flow rate, the study was planned to be
conducted between 9:00 and 11:00 a.m. On day one, unstimulated
saliva was collected from all participants for 6 minutes at 0-1, 1-3,
and 3-6 minute intervals before chewing gum. After 24 hours, as a
control group, saliva samples were collected in sterile tubes by
chewing paraffin for 6 minutes at the same time intervals for each
individual. In the following days, each individual was given the
chewing gum we included in the study and chewed for 6 minutes at
the same time intervals. At the earliest, 24 hours was waited to allow
salivary flow rates and pH to return to basal levels before chewing
other gum with different contents.

Saliva collection was performed using disposable graduated sterile
tubes. The salivary flow rate was calculated by dividing the volume of
collected saliva in milliliter (mL) by the time required for collection
in minute (min) flow rate (mL/min) = volume (mL)/time (min)." The
pH of the sampled saliva was measured immediately after collection
using litmus paper to minimize any time-dependent pH changes. For
the determination of Ca*2 ion, 14 randomly selected samples
determined by power analysis were sent to Yildiz Technical University
Central Laboratory. lon determination was made with Perkin Elmer
Optima 2100 DV Atomic Emission Spectrometer (Perkin Elmer Inc.,
Wellesley, USA). This study was carried out with the approval of
Istanbul Yeni Yiizyil University Faculty of Dentistry Ethics Committee
dated 04 October 2021 (Decision No: 2021/ 10-718). All study
parameters were conducted in accordance with the Declaration of
Helsinki.

Statistical Analysis

Statistical analysis was done with IBM SPSS Statistics for Windows,
Version 23.0 statistical program. The conformity of the measurable
data to the normal distribution was checked with Shapiro-Wilk tests.
Kruskal Wallis analysis of variance was used for comparisons between
groups that did not show normal distribution, Mann Whitney U test
was used for pairwise comparisons, and analysis of variance was used
for groups with normal distribution. Median (Min-Max) values and
arithmetic mean + standard deviation were given as descriptive
statistics. The limit of significance for all statistics was taken as
p<0.05.

Results

Saliva pH measurement results according to various groups and times
are given in Table 2. According to these results, when the
comparisons within each group were examined, it was seen that there
was no significant relationship between time and pH in all groups.
When the relationships between different groups at the same time
intervals were examined (Table 3), it was observed that there were
significant differences. After applying Calcium Carbonate (Oneo) and
Xylitol (Vivident) gums between 0-1 min, statistically significantly
higher pH values were obtained from the stimulated saliva (chewing
Paraffin) and the unstimulated groups. In the 1-3 minutes range, the
pH values obtained in the Calcium Carbonate group were significantly
higher than the unstimulated, stimulated (chewing Paraffin) and Zinc
+ Fluor (CB12) groups. Between 3-6 minutes, the pH of the Calcium
Carbonate group was found to be significantly higher than all other
groups except the Xylitol group.

Table 2. Saliva flow rate according to various groups and times.
Aroused, CB12, Oneo, Vivident. Different capital letters indicate

significant differences between groups (A, B, C).

Unstimulated 2.1£0.84A 2(0.5-3)
1-3 1.4£0.4.1AB 1.3(0.33-2.33)
3-6 1.2+0.4.1B 1.21(0.5-2.08)

Stimualted 0-1 3.55+0.07A 3.5(1-5)
1-3 2.83+0.92B 2.5(1.33-4.33)

36 2.6+0.87B 2.5(1.17-4)

CB12 01 5.75+£2.32A 5(4-12.5)
1-3 3.9+1.2B 4.16(2.5-6)

3-6 3.01+0.01B 2.91(1.91-5)

Trident 0-1 5.25+1.26A 5(3-7.5)
1-3 3.62+1.18B 3.66(1.67-5.83)

3-6 2.84+1.03B 2.5(1.17-5)

Fluogum 0-1 5.79+1.68A 5(3-10)
1-3 3.42+0.95B 3.33(1.5-5.33)

3-6 2.58+0.72B 2.5(0.8-3.8)

Oneo 0-1 6.22:+1.6A 5.75(4-10)
1-3 4.27+1.27B 4.16(2-6.67)
3-6 3.22+1.28B 3.25(1.67-5.5)

Vivident 0-1 5.45+0.9A 5(4-7)
1-3 3.42+0.85B 3.33(2-6)

3-6 2.68+0.75C 2.5(1.7-4.3)

*P<0,05.
Tablo 3. Intergroup salivary flow rate values at the same time

intervals. 3-6 min: ANOVA, 0-1 and 1-3 min: Kruskal Wallis, Mann
Whitney U. Different capital letters indicate significant differences
between groups.

Unstimulated 2.1+0.84A 2(0.5-3)
Stimulated 3.55+0.97A 3.5(1-5)
CB12 5.75+2.32B 5(4-12.5)
Trident 5.25+1.26B 5(3-7.5) 0.000*
Fluogum 5.79+1.68B 5(3-10)
Oneo 6.22+1.6B 5.75(4-10)
Vivident 5.45+0.9B 5(4-7)
1-3 Unstimulated 1.4£0.41A 1.3(0.33-2.33)
Stimulated 2.83+0.92BC 2.5(1.33-4.33)
CB12 3.9+1.2B 4.16(2.5-6)
Trident 3.62+1.18B 3.66(1.67-5.83) 0.000*
Fluogum 3.42+0.95B 3.33(1.5-5.33)
Oneo 4.27+1.27BD 4.16(2-6.67)
Vivident 3.42+0.85B 3.33(2-6)
3-6 Unstimulated 1.2£0.41A 1.21(0.5-2.08)
Stimulated 2.6+0.86B 2.5(1.17-4)
CcB12 3.01+0.91B 2.91(1.91-5)
Trident 2.84+1.03B 2.5(1.17-5) 0.000*
Fluogum 2.58+0.72B 2.5(0.8-3.8)
Oneo 3.32+1.28B 3.25(1.67-5.5)
Vivident 2.68+0.75B 2.5(1.7-4.3)
*P<0.005
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A significant difference was observed between the amounts of saliva
over time in each group. The amount of saliva between 0-1 minutes in
each group was statistically significantly higher than the amount of
saliva between 3-6 minutes (Table 4).

Table 4. Saliva pH values according to various groups and times.

Unstimulated 0-1 6.9+0.31 7(7-6)
6.9+0.31 7(7-6) >0.999

6.9+0.31 7(7-6)

Stimualted 0-1 6.9+0.31 7(7-6)
6.95+0.22 7(7-6) 0.768

6.95+0.22 7(7-6)

CB12 01 7+0 7(7-7)
7.05%0.22 7(7-8) 0.601

7.05%0.22 7(7-8)

Trident 01 7.1£0.31 7(7-8)
7.15+0.49 7(6-8) 0.884

7.15+0.49 7(6-8)

Fluogum 0-1 7+0 7(7-7)
7.15%0.37 7(7-8) 0.194

7.15+0.37 7(7-8)

Oneo 0-1 7.3+0.47 7(7-8)
7.5+0.61 7(7-9) 0.150

7.65+0.59 7(7-9)

Vivident 0-1 7.3+0.46 7(7-8)
7.3+0.47 7(7-8) >0.999

7.3+0.47 7(7-8)

*P<0.05.

Comparison of saliva amount at the same time intervals between all
groups revealed that the least amount of saliva was in the unstimulated
saliva for each chewing gum group (Table 5). The amount of saliva
obtained in the unstimulated saliva at each time interval was
statistically significantly lower than all other groups. The highest
amount of saliva in all groups was determined in the Calcium Carbonate
group. While there was no significant difference in the amount of
collected saliva between the stimulated and unstimulated groups 0-1
min, there was a significant difference between these two groups and
all other groups. At the 1-3 min time interval the amount of collected
saliva in the unstimulated group was significantly lower than all groups.
The highest amount of collected saliva was observed in the Calcium
Carbonate group, and there was only a significant difference between
unstimulated and stimulated saliva groups. At the 3-6 min time
interval, only the unstimulated group was statistically significantly
lower than the other groups.

Table 5. Intergroup pH values at the same time intervals. Different
capital letters indicate significant differences between groups.

0-1 Unstimulated 6.9£0.31A 7(7-6) 0.000*
Stimulated 6.9£0.31A 7(7-6)
CB12 7+0AB 7(7-7)
Trident 7.1+0.31AB 7(7-8)
Fluogum 7+0AB 7(7-7)
Oneo 7.3x0.47B 7(7-8)
Vivident 7.3£0.47B 7(7-8)
1-3 Unstimulated 6.9£0.31A 7(7-6) 0.000*
Stimulated 6.95+0.22A 7(7-6)
CcB12 7.05+0.22A 7(7-8)
Trident 7.15+0.49AB 7(6-8)
Fluogum 7.15+0.37AB 7(7-8)
Oneo 7.5+0.61B 7(7-9)
Vivident 7.3+0.47AB 7(7-8)
3-6 Unstimulated 6.9+0.31A 7(7-6) 0.000*
Stimulated 6.95+0.22A 7(7-6)
cB12 7.05+0.22A 7(7-8)
Trident 7.15+0.49A 7(6-8)
Fluogum 7.15+0.37A 7(7-8)
Oneo 7.65+0.59B 7(7-9)
Vivident 7.3+£0.47AB 7(7-8)
*P<0.05.

Statistically significantly higher pH values were obtained from the
chewing gum group containing Calcium Carbonate at 0-1, 1-3, and 3-
6 minutes time intervals compared to the other groups.

Evaluation of the salivary flow rate showed that the amount of saliva
in the 0-1 minutes time interval in each group was statistically
significantly higher than the amount of 3-6 minutes time interval, and
the highest flow rate in all groups was found in the Calcium Carbonate
group.

In addition, Ca*? mineral analysis was performed on three samples
from each group, and the average values are given in Table 6. The
highest Ca*? values were observed in the Tricalcium Phosphate group,
and the lowest in the unstimulated group, followed by the stimulated
saliva group. The difference between Ca*? values of Zinc + Fluor,
Calcium Carbonate, and Xylitol + Fluor was not statistically
significant.

As a result, according to the findings obtained in this study, it was
observed that Calcium Carbonate containing chewing gums gave more
significant results in an increase in pH value and an increase in the
amount of saliva while chewing gums containing Tricalcium Phosphate
gave more significant results in an increase in Ca*? ion value.

Table 6. Ca*? ion values between groups.

Unstimulated 15.56
Paraffin 19.44
CB12 471
Trident 85.67
Fluogum 51.23
Oneo 45.96
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Discussion

Saliva has an enormous capacity to prevent the initiation and
progression of dental caries, and research with saliva is at the forefront
of these studies.?® Saliva flow rate, saturation with tooth minerals,
buffering capacity, the amount of fluorine, calcium, and phosphate
that the saliva contains are the most critical subjects of saliva studies.

As the salivary flow rate changes throughout the day (circadian
rhythm), it is important to standardize the hours at which saliva is
collected in salivary flow rate studies. According to previous literature,
it has been reported that the flow rate of saliva collected in the
morning will be lower than that of saliva collected in the afternoon. ™
In addition, it has been reported that the flow rate is also affected by
position, light, odor, and taste stimulation.® Besides, in many studies,
chewing paraffin has been used to stimulate saliva flow because it is
tasteless and odorless.'”'”2!" Therefore, in this study, saliva samples
were collected according to these limitations mentioned before and
paraffin used as a control group for the detection of stimulated salivary
flow rate. At neutral pH, saliva secreted from stimulated and
unstimulated parotid and submandibular glands is saturated with Ca*?,
but salivary-induced remineralization occurs very slowly due to the low
ion concentration gradient in saliva.?>2* For this reason, more effective
and rapid calcifying agents and agents that increase salivary Ca* are
needed to ensure remineralization, and research on this subject
continues.?* In studies on this subject, it has been reported that
chewing gums containing different components such as Ca",
phosphate, fluoride, and sorbitol are different types of caries
preventive agents. Studies have shown that remineralization is
provided on the tooth surface in contact with oral fluids, with the
increase in Ca* and phosphate concentrations in the mouth during
chewing gum containing Calcium-Phosphate.?>3? According to some
researchers, it has been recommended to chew sugar-free gum for 5 to
30 minutes after meals, because chewing gum stimulates saliva flow
rate, which buffers and neutralizes the pH drop that occurs after
meals."3' Sjogren observed that salivary flow rate and pH value
increased rapidly after chewing gums. The findings of this study have
confirmed the same results that the saliva pH values of chewing gums
with different contents increased rapidly.

There are different types of caries preventive agents in the contents
of chewing gums. The most widely used of these is xylitol. Xylitol,
which cannot be metabolized by bacteria in the oral flora, has been
observed to decrease salivary Streptococcus Mutans levels in many
studies. It is also known that xylitol increases the salivary flow rate
and buffering capacity, thus increasing the intraoral pH value. The OH-
ions in xylitol bind with calcium and phosphate ions in the saliva,
keeping the Ca™ level in the saliva and mouth at a certain level."3
The fluor ion in chewing gum has advantages such as accelerating the
precipitation of calcium and phosphate ions from the saliva on the
tooth surface and being bactericidal. Therefore, the presence of
fluoride in saliva and plaque is very important.3? In addition to Ca*? ion,
fluor ion also has an important place in preventing caries formation.
Many studies have investigated salivary fluor levels after consumption
of fluor-containing toothpastes, mouthwashes, chewing gums, tablets,
and water. However, it has been reported that saliva fluor
concentrations increase after a single use of these applications, but
return to their former concentrations within a few hours.33* However,
the amount of floride in the drinking water of the region should be
taken into consideration before recommending flouride-containing
gums to patients.?” For this reason, only Ca*? ion concentration has
been investigated in this study. Calcium carbonate, another anti-caries
agent found in chewing gums, has an alkaline pH, and its solubility is
very low at neutral pH. Therefore, its effect on plaque acidogenicity is
limited, but small particles are deposited in dental plaque even hours
after brushing with calcium carbonate toothpaste. Since calcium
carbonate neutralizes plaque acidogenicity, it potentiates the effect
of fluor.3?3® Tricalcium phosphate, on the other hand, is a biomaterial
with a chemical formula of CasPOs in alpha and beta form.** Some
researchers have reported that the use of chewing gum containing 2.5%
alpha Tricalcium phosphate caused a small increase in plaque and
calcium phosphate levels in saliva.?’ Alpagot et al.'® have shown in their
study that the reduction of calcium and phosphate ions in saliva would
increase the rate of enamel dissolution. According to results of another
study that evaluated the effect of alpha amylase, calcium, magnesium,
phosphate on buffering capacity and pH in saliva, no statistically

significant relationship was observed between these parameters.® On
the other hand, Ben-Arhey et al.“ reported a statistically significant
relationship between caries and zinc, magnesium and calcium
concentrations in human saliva. Besides, in many previous researches
it has been determined that calcium-phosphate containing chewing
gums increase the calcium and phosphate ions in the saliva during
chewing and thereby increasing the mineral saturation of the tooth
surfaces and providing remineralization in contact with oral fluids.?
Vogel et al.? reported that the use of chewing gum containing 2.5%
alpha tricalcium phosphate caused a small increase in calcium
phosphate levels in saliva and dental plaque. Similar to these
findings, in the present study it was observed that chewing gums
containing calcium phosphate increased the salivary flow rate by 2-3
times. Shen et al.*" determined that the calcium phosphate-
containing chewing gums increased the salivary flow rate by 4-7
times. In addition, in their study, they advocated that salivary
calcium concentrations increased, while salivary phosphate
concentrations decreased.

According to this study data, statistically significantly higher pH
values were obtained from the chewing gum group containing calcium
carbonate at 0-1, 1-3, and 3-6 minutes time intervals than the other
groups. This result may be due to the effect of calcium carbonate on
the buffering capacity of saliva.

Limitation of the Study

In the present study, litmus paper tips were used to measure pH
instead of a pH meter because it gives faster results. Flour ion
concentrations could not be detected in saliva samples because of
time limitations.

Conclusion

Within the limitations of this study, according to the findings, it may
be concluded that using chewing gums containing calcium carbonate
and tricalcium phosphate is an effective method in increasing saliva
pH and flow rate when necessary. Patients with higher risk of caries
or dry mouth could be advised to use this chewing gum. However,
since there are not enough studies in the literature on the
remineralization capacity of tricalcium phosphate and calcium
carbonate, more studies are required before it can be used as a caries
preventive material.
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