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Article type: Objectives: This study aimed to assess the effect of casein phosphopeptide
Original Article amorphous calcium phosphate (CPP-ACP) and xylitol chewing gums, and probiotic
yogurt, as chemical plaque control strategies, on periodontal parameters.
Materials and Methods: This randomized clinical trial evaluated 120 eligible dental
students that were randomly divided into four groups (n=30) for use of (I) CPP-ACP
Article History: chewing gum, (II) xylitol chewing gum, (III) probiotic yogurt, and (IV) chlorhexidine

(CHX) mouthwash. The oral hygiene index-simplified (OHI-S), Silness and Loe
gingival index (GI), and Silness and Loe modified plaque index (PI) were measured
before and on days 15 and 30 after using the products. Paired t-test or its non-
parametric equivalent was used to analyze the parameters after the intervention
compared with baseline. The study groups were compared using one-way ANOVA or
its non-parametric equivalent.
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INTRODUCTION motivation. Moreover, it is not sufficiently

Gingivitis refers to inflammation of the effective for removal of subgingival plaque.
gingiva, and is a common oral condition Thus, chemical agents in the form of

caused by the activity of bacteria and
accumulation of dental plaque as the main
etiologic factors [1-3]. Mechanical plaque
removal is the most effective and most
commonly practiced plaque control strategy.
However, despite its optimal efficacy, its
effectiveness depends on learning the correct
technique of tooth brushing and patient

mouthwashes, chewing gums, and toothpastes
have been suggested as an adjunct to
mechanical plaque removal [1-4].
Chlorhexidine mouthwash (0.2%; CHX) is
currently the gold standard antibacterial
agent for periodontal therapy [2,3,5].
Considering the side effects of CHX
mouthwash such as alteration of the sense of
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taste, tooth discoloration, and supragingival
calculus formation, its usage should be limited
to 2 weeks [2,3]. Thus, it is imperative to find
a material with no or minimal side effects,
favorable taste, and higher acceptance by
patients for oral hygiene maintenance.
Chewing gums are highly popular among
children and adults. Adolescents often spend
more time chewing gums rather than
toothbrushing, which can also increase the
saliva flow and decrease the amount of dental
plaque, and can be effective for improving the
periodontal indexes [6,7]. Sugar-free gums
exert their cariostatic effects by enhancing the
mechanical flushing effect of the saliva that
eliminates food residues, and raising the
plaque pH following the increase in
concentration of remineralizing ions and
bicarbonate in stimulated saliva [6]. Use of
sugar-free gums after each meal can decrease
the count of Streptococcus mutans [8]. Polyol
sweeteners are extensively used as an
alternative to sucrose and fructose in sugar-
free food products, and are among the low-
calorie food products. Of polyols, xylitol and
sorbitol have been more commonly studied
[7-9].

Although sorbitol can be consumed by the
bacteria in the long-term, compared with
xylitol, it is still effective for caries prevention
and is also cheaper than xylitol [10]. Xylitol is
a natural five-carbon sugar, which is
extensively used as a non-cariogenic
sweetener; it cannot be fermented by most
oral bacteria [8].

Casein, a milk phosphoprotein, is another
natural compound used in the composition of
chewing gums. It reacts with calcium and
phosphate, and is used as a safe additive in the
food industry [11]. This product is technically
referred to as casein phosphopeptide
amorphous calcium phosphate (CPP-ACP).
CPP stabilizes the ACP, and also binds to
biofilm macro-molecules on the tooth surface,
serving as a reservoir for calcium phosphate
ions [11]. It is also used as a remineralizing
agent for incipient caries [11,12]. Moreover, in
the recent years, it was shown that CPP-ACP
has anti-cariogenic properties in both humans
and laboratory animals and can decrease
dental plaque and periodontal disease. Sugar-
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free gums containing CPP-ACP decrease the
count of Streptococcus mutans in the oral
environment, irrespective of the frequency
and duration of use [13,14].

On the other hand, probiotic bacteria are
considered as safe bacteria that can contribute
to periodontal health. If consumed in adequate
amounts, they have positive effects on human
health, and their safety has been confirmed by
the World Health Organization and Food and
Agriculture  Organization [15]. Studies
regarding the effects of probiotics on dental
caries, halitosis, and periodontal disease are
limited. However, evidence shows that
probiotics can control gingivitis by controlling
inflammation [16-19]. The bacteria present in
yogurt and fermented dairy products are the
main source of probiotics for humans.
Bifidobacterium is commonly used in probiotic
yogurt. According to an in vitro study, it can
reduce the count of Porphyromonas gingivalis
by adhering to the subgingival biofilm [20].
Probiotics may also be useful for treatment of
chronic periodontitis [15,21]. According to a
systematic review on the efficacy of probiotics
for treatment of chronic periodontitis, and
their confirmed efficacy when used along with
scaling and root planing, further clinical
studies are still warranted in this respect [22].
Thus, this study aimed to assess the effect of
chewing gums containing CPP-ACP and xylitol,
and probiotic yogurt on periodontal
parameters.

MATERIALS AND METHODS

This single-blind randomized clinical trial was
approved by the ethical committee of our
university (IR.MUMS.sd.rec.1394.200, date
approved: 2017-02-08) and registered in the
Iranian  Registry = of  Clinical Trials
(IRCT2017020432380N1).

A total of 120 dental students who had not
used any antibiotics or mouthwashes in the
past 2 weeks [23], and met the following
inclusion criteria were enrolled: Males and
females with no systemic diseases such as
diabetes mellitus or renal failure, no
orthodontic appliances, no smoking, no
pregnancy, and absence of active dental caries.
Those allergic to the tested materials, and
students who had to use antibiotics or anti-
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inflammatory drugs during the study period
were excluded. The participants were briefed
about the study, and received oral hygiene
instructions prior to measurement of their
periodontal parameters.
Each participant received a package including
an Oral-B toothbrush and an Oral-B toothpaste
as well as the test material, which was
determined after randomization. The
participants were requested not to use any
mouthwash or antibiotics during the study
period.
According to a previous study [24], the sample
size was calculated to be 30 in each group
considering the mean debris index (DI) of the
control and chewing gum groups, 95%
confidence interval, and 80% study power.
The outcome for calculation of sample size
was the DI in this study.
After signing the informed consent forms, one
operator not involved in the study performed
block randomization using randomized.org to
generate random numbers. The numbers were
placed in sealed envelopes by an independent
researcher, and randomly administered
among the students to determine their group
allocation. Accordingly, the students were
divided into four groups as follows (n=30):

(D CPP-ACP chewing gum

(ID Xylitol chewing gum

(III)  Probiotic yogurt

(IV)  CHX mouthwash
The students in the four groups were matched
in terms of age (confirmed by ANOVA, P=0.57,
F=0.67) and gender (Chi-square test, P=0.06).
All participants were dental students who had
the same level of oral hygiene at baseline,
which did not change in the first and second
follow-ups; thus, they were standardized in
this respect.
CPP-ACP gums (Recaldent, GC Co., Tokyo,
Japan) containing xylitol, maltitol, aspartame,
citric acid, and CPP-ACP (milk derivative)
were used by the participants in group L.
Trident chewing gums (Mondelez
International, East Hanover, USA) containing
sorbitol, gum base, xylitol, natural and
artificial flavors, glycerin, potassium, and
mannitol were used by the participants in
group IL
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Probiotic yogurt (Kaleh, Tehran, Iran)
containing fresh cow milk, concentrated fat-
free milk, thermophilic starter, and
Bifidobacterium probiotic was used by the
participants in group IIL

Group IV participants used 0.2% CHX
mouthwash (Vi-One, Rojin Cosmetics, Tabriz,
Iran) containing deionized water, sorbitol,
glycerin, poloxamer 407, menthol,
polyethylene glycol, CHX digluconate, xylitol,
citric acid, thymol, and essence.

The participants in groups I and Il were
requested to use the chewing gums for 20 min
three times a day after breakfast, lunch, and
dinner for a total period of 30 days. The
participants in group III consumed 200 g of
probiotic yogurt once a day for a total period
of 30 days. The participants in group IV used
10 mL CHX mouthwash every night after
toothbrushing for 1 min for a period of 15 days
[25]. A checklist was used to record the
periodontal status of the patients. The oral
hygiene index-simplified (OHI-S) was used for
assessment of oral hygiene, which has two
components of calculus index (CI) and debris
index. Also, the gingival index (GI) of Silness
and Loe [3], and the modified plaque index
(PI) of Silness and Loe [4, 8] were calculated
and recorded.

To calculate the OHI-S, first the DI was
measured such that 2 anterior and 4 posterior
teeth in the maxilla and mandible (buccal
surface of the teeth #11, 16 and 26, and lingual
surface of the teeth #46 and 36) were
examined and scored 0 to 3 as follows:

0: No debris or stain present

1: Soft debris covering not more than one third
of the tooth surface, or presence of extrinsic
stains without other debris regardless of
surface area covered

2: Soft debris covering more than one-third,
but not more than two-thirds, of the exposed
tooth surface.

3: Soft debris covering more than two-thirds of
the exposed tooth surface.

To measure the CI, each surface was scored
from O to 3 as follows:

0: No calculus present

1: Supragingival calculus covering not more
than one-third of the exposed tooth surface.
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2: Supragingival calculus covering more than
one-third but not more than two-thirds of the
exposed tooth surface, or the presence of
individual flecks of subgingival calculus
around the cervical portion of the tooth or
both.

3: Supragingival calculus covering more than
two-thirds of the exposed tooth surface or a
continuous heavy band of subgingival calculus
around the cervical portion of the tooth or
both.

In this study, the CI of all individuals was zero.
Thus, only DI was considered. Accordingly, the
OHI-S of each participant ranged from 0 to 3.
All the obtained DI scores were divided by the
number of surfaces (which was 6) to obtain
the OHI-S.

In Silness and Loe modified PJ, six areas of
mesiobuccal, midbuccal, distobuccal,
mesiolingual, midlingual and distolingual of
the Ramfjord teeth (#16, 21, 24, 36, 41, and
44) were evaluated instead of four surfaces.
For determination of P], first, the teeth were
dried and then examined visually under
adequate lighting with a periodontal probe or
a dental explorer. Each surface was scored as
follows by visual inspection or examination
by a periodontal probe:

Score 0: No plaque present

Score 1: A film of plaque adhering to the free
gingival margin detectable by a probe

Score 2: Moderate amount of soft debris in
the gingival pocket visible to the naked eye
Score 3: Abundant soft debris in the gingival
pocket or gingival margin

In order to determine the GI, the four-point
Silness and Loe GI was used. Score 0 indicated
normal gingiva, score 1 indicated mild
inflammation (slight change in color and mild
edema along with bleeding on probing), score
2 indicated moderate inflammation along
with redness, edema, and bleeding on
probing, and score 3 indicated severe
inflammation along with severe redness,
edema, ulceration, and spontaneous bleeding.
The participants were recalled at 15 and 30
days for measurement of their periodontal
parameters. In this study, the participants
could not be blinded to the intervention due
to different types of materials used.

However, the measurements were made by an
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examiner (Dr. Mastoory) whose optimal intra-
observer agreement was confirmed by
calculating the kappa value (which was found to
be >80%), and was blinded to the group
allocation of the participants. The statistician
who analyzed the data was also blinded to the
group allocation of the participants. The
difference between the primary and secondary
measurements was analyzed to assess the
efficacy of chewing gums, probiotic yogurt, and
CHX. Paired t-test or its non-parametric
equivalent was used to compare the data before
and after the interventions. One-way ANOVA or
its non-parametric equivalent was used to
compare the groups. P<0.05 was considered
statistically significant.

RESULTS

Atotal of 120 dental students with no systemic
disease, orthodontic appliances, or active
dental caries participated in this study (Figure
1); out of which, 43 (35.83%) were males and
77 (64.16%) were females. The mean age of
the participants was 23.88+2.86 years (range
20-36 years). The OHI-S, which included CI
and DI, was found to be zero for all
participants. No significant change was noted
in this respect in the first and second recall
sessions compared with baseline. Thus, no
statistical analysis was carried out in this
respect (Figure 2). Figure 3 shows the Silness
and Loe GI of the study groups at different
time points. The generalized estimating
equation (GEE) model was used to assess the
correlation of GI and different time points,
which showed that the odds ratio of a poorer
GI in the xylitol gum, probiotic yogurt, and
CPP-ACP gum groups, compared with the
CHX group, was 1.77, 2.78, and 1.034,
respectively. This ratio was significantly
higher in the probiotic yogurt group
compared with the CHX group (P=0.004). The
least significant difference method was used
for pairwise comparisons of the groups
regarding GI (Table 1). Pairwise comparisons
of the groups showed that the GI in the
probiotic yogurt group had significant
differences with that in CPP-ACP gum and
CHX groups (P=0.005, and P=0.002,
respectively). Figure 4 shows the PI of the
study groups at different time points.
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[ Enrollment ]

Assessed for eligibility (n= 120)

Excluded (n=0)

+ Otherreasons (n=0)

+ Not meeting inclusion criteria (n= Q)
"]  Declined to participate (n=0)

Randomized (n= 120)

| (

Allocation l

l

Chlorhexidine (n= 30)

+ Received allocated intervention (n= 30)

+ Did not receive allocated intervention
(n=0)

Trident gum (n= 30)

+ Received allocated intervention (n= 30)

+ Did not receive allocated intervention
(n=0)

CPP-ACP gum (n= 30)

+ Received allocated intervention (n= 30)

+ Did not receive allocated intervention
(n=0)

Probiotic yogurt (n= 30)

¢ Received allocated intervention (n= 30)

+ Did not receive allocated intervention
(n=0)

[ Follow-Up ]

Lost to follow-up (give reasons) (n= 0)

Discontinued intervention (n= 0)

Lost to follow-up (give reasons) (n= 0)

Discontinued intervention (n= 0)

Lost to follow-up (n=0)

Discontinued intervention (n= 0)

Lost to follow-up (n=0)

Discontinued intervention (n= 0)

[ Analysis

Analysed (n= 30)
+ Excluded from analysis (n= 0)

Analysed (n= 30)
+ Excluded from analysis (n= 0)

Analysed (n=30)
+ Excluded from analysis (n=0)

Analysed (n= 30)
« Excluded from analysis (n= 0)
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Fig. 1. Flowchart of the study
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Table 1. Pairwise comparisons of gingival index among the study groups

Xylitol gum - 0.25 0.094 0.054
Probiotic yogurt 0.25 - 0.005 0.002
CPP-ACP gum 0.094 0.005 - 0.904
Chlorhexidine 0.054 0.002 0.904 -

* Casein phosphopeptide amorphous calcium phosphate

The GEE model was used to analyze
thecorrelation of PI with the assessment time
points since the time of assessment was a linear
variable (Table 2). The results of the GEE model
indicated that the odds of visible PI in the xylitol
gum, probiotic yogurt, and CPP-ACP gum
groups, compared with the CHX, were 6.65,
15.91, and 2.68, respectively; all three values
were significantly higher than that in the CHX
group (P=0.001, P<0.001, and P=0.014,
respectively). The least significant difference
method was used for pairwise comparisons of
the groups (Table 3). Pairwise comparisons of
the groups revealed that the PI in the CHX group
was significantly different from that in the
remaining three groups (P<0.001, P<0.001 and
P=0.014, respectively). Also, the probiotic
yogurt group had a significant difference with
the CPP-ACP group in this respect (P=0.007).

DISCUSSION

This study evaluated the effect of CPP-ACP and
xylitol chewing gums and probiotic yogurt on
periodontal parameters [4].

Table 2. Effect of type of treatment on plaque index

The OHI-S, which included CI and DI, was
found to be zero for all participants since they
were all dental students and had good oral
hygiene.

Of different antibacterial agents locally used
for prevention and treatment of periodontal
disease, anti-septic agents have the highest
application; among which, 0.2% CHX is more
commonly used due to its wide-spectrum
antimicrobial activity  and optimal
substantivity in the oral environment. CHX
has bacteriostatic activity against
periopathogenic microorganisms (for more
than 12 h) and is therefore recognized as the
gold standard for this purpose [2,3].

Rindom Schiott et al, [18] in 1970 showed
that daily rinse of 10 mL of 0.2% CHX for 1
min (as used in the present study) decreased
plaque accumulation by 60% and the severity
of gingivitis by 50-80%. Rindom Schiott et al,
[18] in 1970 showed that daily rinse of 10 mL
of 0.2% CHX for 1 min (as used in the present
study) decreased plaque accumulation by
60% and the severity of gingivitis by 50-80%.

Xylitol gum 1.89 0.001
Probiotic yogurt 2.76 <0.001
CPP-ACP gum 0.989 0.014
Chlorhexidine 0" -

6.65 2.1-21.06

15.91 3.69-68.68

2.68 1.21-5.91
1 -

* Reference group

Table 3. Pairwise comparisons of plaque index among the study groups

Xylitol gum - 0.327 0.104 <0.001
Probiotic yogurt 0.327 - 0.007 <0.001
CPP-ACP gum 0.104 0.007 - 0.014
Chlorhexidine <0.001 <0.001 0.014 -

* Casein phosphopeptide amorphous calcium phosphate
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Also, according to a systematic review, CHX
can be used as an adjunct to control gingivitis
and decrease the GI [25]. In our study, CHX
was used as a standard mouthwash in the
control group to serve as a reference for the
purpose of comparison. Similar to the
abovementioned studies, our results indicated
areduction in Pl and GI of the participants who
used CHX at both the first and second recall
sessions compared with baseline; these
reductions were significantly greater in the
CHX group compared with other groups.

In our study, chewing gums containing xylitol
and CPP-ACP were used, which are considered
as chemical plaque-control substances.

The PI and GI of the participants in the CPP-
ACP gum group were superior to other groups
after the CHX group. Previous studies
[11,12,26] on this topic mainly focused on
enhancement of remineralization and
treatment of white spot lesions by CPP-ACP,
and this effect was also confirmed in a meta-
analysis [27]; however, in the present study,
we showed its positive effect on improvement
of periodontal parameters. This effect can be
attributed to the binding of CPP-ACP to dental
plaque, which significantly increases the
calcium content of the plaque, confers a
buffering capacity, prevents tooth
demineralization, and exerts bacteriostatic
effects as well [13,28]. Also, CPP-ACP creates a
negative charge on the tooth surface and
exerts antibacterial effects as such. Previous
studies [14,28] have shown that CPP-ACP
chewing gum increases the salivary flow rate
and subsequently improves its washing effect,
which can prevent plaque accumulation and
improve gingival and periodontal parameters.
Regarding the use of xylitol gum, it should be
noted that xylitol is an immobile molecule that
cannot remain for long in the oral cavity. Its
penetration into the dental plaque only occurs
through the dissemination phenomenon. This
mechanism is probably responsible for plaque
reduction by the effect of xylitol, and
eradication of bacteria in absence of substrate
[10,29]. Our results confirmed those of
Keukenmeester et al, [9] who reported that
use of xylitol by patients with regular oral
hygiene did not cause a significant reduction
in Pl and GI.
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This finding in our study was due to the fact
that our study population was comprised of
dental students who already had good oral
hygiene prior to the study. Kaur et al. [30]
found no significant difference in PI and GI of
the two groups using xylitol and probiotic
chewing gums. Similarly, we found no
significant difference between the two groups,
with the difference that they reported a
significant reduction in parameters in both
groups. Difference between their results and
ours in this respect may be due to the use of
different types of bacteria in the chewing gums
and probiotic yogurt, and difference in type of
products. Also, Saheer et al. [7] showed that
use of xylitol chewing gum decreased the PI
and GI, which was in agreement with our
results. On the other hand, a significant
difference was noted between the xylitol
chewing gum and CHX in our study, which was
in line with the results of Simons et al, [31]
who compared xylitol chewing gum and CHX.
The efficacy of probiotic yogurt containing
Bifidobacterium, as an easily available product,
was also evaluated in this study as a chemical
plaque-control substance. In this study,
consumption of probiotic yogurt caused a
reduction in GI and PI at both recall sessions
similar to a previous study [32]. However,
these reductions were significantly lower than
those in the CHX group (gold standard). This
result was the same as the findings of a clinical
trial comparing a placebo yogurt and a
probiotic yogurt containing Bifidobacterium,
which showed that the latter had a positive
effect on gingival inflammatory parameters
and PI [33]. Moreover, Kohar et al. [34]
reported that use of probiotic products such as
drinks and lozenges decreased Pl and bleeding
index, but not significantly. Insignificant
results in their study were explained to be due
to the duration of usage and study population.
Also, our results were in line with a systematic
review [35] that showed small positive effect of
probiotics on improvement of clinical
parameters related to gingival health. Due to
high heterogeneity of the reviewed studies, they
called for clinical trials in this respect.
According to the literature, the positive efficacy
of probiotics for improvement of periodontal
status can be attributed to the reduction in
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Porphyromonas gingivalis count. Also, optimal
microbial balance is another reason for
improvement of periodontal condition [15].
Evidence shows reduction of the number of
binding sites for periopathogens on the
biofilm following the possible coaggregation
of  Bifidobacterium and Fusobacterium
nucleatum [36]. Several mechanisms have
been suggested for the action of probiotics. For
example, some bacteria release antimicrobial
agents. Moreover, probiotic bacteria compete
with pathogens for adhesion to surfaces
[16,37]. In our study, participants used
probiotic yogurt once a day with meal (lunch
or dinner). The authors believe that the
efficacy of probiotic yogurt may increase if the
frequency of consumption increases to two or
three times a day, or if it is consumed after
meals and the patients are requested to refrain
from drinking or rinsing their mouth for some
time after its consumption. However, further
investigations are warranted in this respect.
Also, more accurate results could have been
obtained after a longer follow-up period. A
previous study reported a greater increase in
the Bifidobacterium count at 90 days
compared with 30 days, which suggests the
possibility of delayed colonization of the
bacteria [15]. By doing so, the local effects of
probiotics may last for a longer period of time
in the oral cavity, and result in a greater
reduction in PI and GI. This study had some
limitations. For instance, the duration of usage
of CHX was not the same as the duration of
usage of other products since use of CHX for
more than 2 weeks is contraindicated. Also,
consumption of probiotics in yogurt has a
different local effect compared with its
consumption in the form of chewing gum.
When used in the form of yogurt, its duration
of contact with the teeth is shorter, which can
affect the outcome. Thus, use of probiotics in
the form of products enabling longer contact
with the teeth may yield more favorable
results.

CONCLUSION

CHX was the most effective for reduction of GI
and PI. Probiotic yogurt decreased the GI and
PI, but the magnitude of reduction was smaller
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than that in other groups. CPP-ACP gum
yielded superior results compared with the
xylitol gum and probiotic yogurt.
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