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Research Article

Remineralization of early caries by chewing sugar-free gum:
A clinical study using quantitative light-induced fluorescence

YING DONG, MDS, WEI YIN, DDS, PuD, DEYU HU, DDS, PuD, XIMU ZHANG, DDS, PuD, LILY XU, MS,

MICHAEL W.J. DODDS, BDS,PHD & MINMIN TIAN, PHD

ABSTRACT: Purpose: To determine whether sugar-free gum can provide remineralization and caries control of active
enamel caries lesions compared to baseline (before gum chewing) and to a no-gum group, following daily chewing for 12
weeks by school children; to determine whether chewing frequency can affect the extent of remineralization. Method: A
pragmatic cluster-randomized controlled clinical trial with schools as the unit of randomization was employed. Three
schools in Chengdu, PR China comprised the clusters. The study was approved by the Internal Review Board of Sichuan
University. 177 school children, 8-13 years old, with at least one visible white-spot lesion were enrolled in the study. Each
of the three clusters was randomly assigned to one of three groups: (1) no gum; (2) chew 2 pieces of sugar-free gum for 20
minutes, 3x per day; (3) chew 2 pieces of sugar-free gum for 12 minutes, 5x per day. White-spot lesions were examined by
quantitative light-induced fluorescence (QLF) at baseline and after 4, 8, and 12 weeks of treatment. Results: 155 subjects
completed the study. Of them, the mean values of fluorescence loss at baseline were 9.52, 9.83 and 9.17 for no-gum group,
3x per day group and 5x per day group, respectively. For the area, the mean values at baseline were 2.52, 2.61 and
2.57mm’ for no-gum group, 3x per day group and 5x per day group, respectively. For AQ, the mean values at baseline
were -27.91, -28.29 and -29.67 for no-gum group, 3x per day group and 5x per day group, respectively. To adjust for
differences in groups at baseline, ANCOVA was used. After 12-weeks, for all QLF metrics, the absolute values of 5x per
day group were the lowest and the no gum group was the highest; the differences among three groups were statistically
significant (P< 0.05). For AQ, which was accepted as the most useful metrics of QLF system, the adjusted mean values at
12 weeks were -26.35, -19.81 and -17.58 for no-gum group, 3x per day group and 5x per day group, respectively. There
were significant differences between groups. (Am J Dent 2014;27:291-295).

CLINICAL SIGNIFICANCE: The results suggested that sugar-free gum can provide remineralization and caries control of
active enamel caries lesions following daily chewing; and increased daily frequency rather than the amount of time
chewing promoted the greater effect.

D4: Dr. Wei Yin, Department of Preventive Dentistry, West China College of Stomatology, Sichuan University, No 14,
Section 3, Renminnan Road, Wuhou District, Chengdu, Sichuan, China (610041). E-D<: yinweil 980@ gmail.com

Introduction

Dental caries is a prevalent and ubiquitous oral health prob-
lem that affects children at a very early age as well as individu-
als throughout adolescence and adulthood.'” Dental caries is
caused by fermentation of sugars to acids by the acid-producing
bacteria present in dental plaque overlying the tooth. These
acids dissolve calcium and phosphate, causing demineralization
of the tooth enamel.>* However, not all incipient caries lesions
progress to clinically visible cavities: an equilibrium between
demineralization and remineralization normally occurs at the
tooth surface. So as long the two rates are comparable, the
enamel will remain healthy. However, when the rate of demin-
eralization substantially exceeds that of remineralization, caries
lesions can develop into severe cavities.’

The development of non-invasive methods for the detection
and quantitative monitoring of dental caries at an early stage of
formation can provide health and economic benefits ranging
from timely preventive interventions to reduction of the time
required for clinical trials of anti-caries agents.*’ Therefore,
there is a growing interest in the use of technologies to aid in
detection, diagnosis and assessment of early stage caries le-
sions. In the past few years, a variety of devices have been
developed to help dental practitioners diagnose caries early and
treat cases conservatively.*'> The most widely used methods
include: electronic caries monitoring,8 laser-induced fluores-
cence,” and quantitative light-induced fluorescence (QLF).'*12

QLF is a method that has been applied to imaging teeth to
measure the area and degree of demineralization of early caries
lesions." QLF is based on observation of auto fluorescence
from teeth.'*!'* When enamel demineralization occurs, minerals
are replaced by water from saliva, which reduces the light path
in the tooth. This reduces light absorption by enamel, and thus,
the intensity of fluorescence decreases in demineralized regions
of enamel, which then appear as darker zones differing from
sound tooth structures. By comparing the amount of fluores-
cence in the demineralized area to that of the surrounding sound
enamel, the fluorescence loss (AF) can be calculated. By apply-
ing a threshold to the image based on the degree of fluores-
cence loss, the area of the lesion can be quantified. A further
parameter known as AQ, calculated from the fluorescence loss
and the area of the lesion, indicates the volume of the
demineralized lesion.'>"® As a detection and assessment method
of early caries, QLF enables studies to be conducted effectively
in a relatively short time period with low cost, compared to
traditional caries clinical trials. As a clinical diagnostic tool,
QLF performs well against the gold standard of transverse
microradiography (TMR) in studies of both natural and
artificial caries lesions. QLF also shows a good accuracy and
repeatability for detecting early caries lesions.'® Furthermore,
QLF is non-destructive, and can be used to monitor pro-
gression/regression of natural caries lesions quantitatively.

Several studies have suggested that chewing sugar-free gum
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can prevent the progression of early caries lesions to more
serious cavities.'”** Chewing sugar-free gum increases saliva
flow, which increases oral clearance rates of fermentable
carbohydrate, buffers the plaque pH, and promotes the
remineralization of demineralized enamel > However, we are
unaware of studies that address whether sugar-free gum can
provide remineralization and caries control of natural early
caries lesions. Moreover, the effect of chewing frequency of
sugar-free gum on the extent of teeth remineralization has not
been studied. This clinical study (1) determined the effect of a
commercial sugar-free gum on tooth remineralization of active
enamel caries lesions of school children and young adolescents;
and (2) determined if the chewing frequency influences the
extent of teeth remineralization using a QLF method.

Materials and Methods

This study was approved by the Ethics Committee of the
State Key Laboratory of Oral Diseases. Prior to start of the
study, all parents or legal guardians of subjects were required to
read, sign and date an informed consent form which described
the nature, purpose and duration of the clinical trial.

Subjects - Subjects from three schools were enrolled into the
study based on meeting availability, age and health require-
ments. Three similarly-sized primary schools from Shuangliu
Village, Chengdu City, were randomly selected; each grade had
three classes and each class comprised about 45 students.
Students from Grades 3 to 6 of each school were selected for
screening. To be eligible, subjects were required to have at least
four maxillary anterior teeth, and to have at least one early
caries lesion on the labial smooth surfaces of those teeth.
Subjects were also required to be able and willing to complete
the 12-week clinical study. Subjects were excluded from the
study if they had primary teeth, or permanent teeth that had not
fully erupted; had fixed artificial teeth, or dental fluorosis
visible to the naked eye; tetracycline-stained teeth, or teeth with
enamel hypoplasia. Subjects were also excluded from the study
if they had orthodontic bands and appliances, had severe con-
genital maxillofacial malformations, or were taking long-term
medication due to chronic diseases, were allergic to substances
in chewing gum, or had already reported regularly chewing
gum. All subjects had the right to quit the study at any time for
any reason.

As a result, 177 school children, 8-13 years old, from three
schools met the inclusion and exclusion criteria and were
recruited and enrolled. Students shared the same middle-class
socioeconomic level. Fluoride concentration in the drinking
water where the schools are located is approximately 0.3 ppm.
One hundred fifty-five subjects completed this study.

Group allocation and compliance monitoring - A random
allocation sequence based on the school cluster was devised by
the principal investigator. There were three clusters and each of
them was formed by all subjects who met the inclusion and
exclusion criteria from one same school. Each of the three
clusters was randomly assigned to one of three groups: (1) no
gum; (2) chew two pieces of sugar-free gum for 20 minutes, 3x
per day; (3) chew two pieces of sugar-free gum for 12 minutes,
5x per day. Chewing occasions for the 3x per day group were:
post-breakfast, post-lunch and post-supper. Chewing occasions
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for the 5x per day group were: post-breakfast, 2 hours prior to
lunch, post-lunch, 3 hours prior to supper and post-supper. In
order to assess the influence of chewing frequency on the extent
of remineralization, the same total daily chewing time was
maintained for both the 3x per day (Group 2) and 5x per day
(Group 3), i.e., 60 minutes each day. Subjects in the control
group did not chew any gum. All subjects were provided
fluoride-free  herbal toothpastes (Tianqi Toothpaste;* non-
fluoride herbal toothpaste) to use during the study. All groups
were required to follow their respective protocols for 12 weeks.

At each participating school, the headmaster appointed
teachers to supervise students’ gum chewing activity. Teachers
were aware of the group allocations. They monitored whether
students were chewing their gum by following the study
protocol, and documented any deviations. Parents were also
required to monitor the compliance of the study protocol, and to
document any deviations. Study investigators met regularly
with school monitors and parents over the course of the entire
clinical trial to collect the compliance data.

The chewing gum employed in this study was a sugar-free,
commercially available pellet gum (Wrigley’s Extra Melon").
The piece weight was 1.4g, and the serving size was 2.8g (two
pieces per serving).

Dental assessment - All subjects underwent an initial baseline
examination, when investigators recorded the age, gender, and
class of each participant, as well as clinical history, medication
history, and drug sensitivities. Each subject received a soft oral
tissue examination according to the recommendations of the
Third National Oral Health Survey of China.”® They were also
examined for caries using the decayed, missing and filled teeth
(DMFT) index. Finally, the labial surfaces of the anterior
maxilla were examined by QLF to quantify demineralization.
After initial oral examination, subjects underwent a 4-week
lead-in period, during which they were not allowed to chew
gum or use any other oral hygiene means except the toothpaste
and toothbrush provided for the study. Subjects were advised to
brush their teeth twice daily for the entire duration of the study.
Subsequently, subjects entered into the 12-week intervention
period, during which they either chewed the test gum three
times per day, or five times per day, or did not chew any gum.
At the end of 4, 8, and 12 weeks, subjects received oral
examinations which involved the same assessments as of those
at baseline. The clinicians who performed the baseline and
subsequent examinations were blinded to the group allocation
of subjects.

OLF examination - The labial surfaces of the anterior maxilla
were examined using a QLF system.” During fluorescence
measurements, ambient light was minimized by using blackout
curtains and by switching off all lights. Before fluorescence
measurements, all tooth surfaces were thoroughly cleaned by
brushing with non-fluoride toothpaste or by manual cleaning.
The labial surfaces of the anterior maxillary teeth were visually
examined under natural light to identify definite or possible
early caries lesions. The teeth were then dried by gently
blowing compressed air for 5 seconds per tooth. Subsequently,
QLF images were acquired. Six images were taken for each
subject to ensure that all maxillary anterior teeth were
included. QLF patient software® (version 3.0.3.30) was em-
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Table 1. Baseline characteristics of subjects who completed
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Table 2. Least square mean for each group after analysis of covariance with baseline adjusted.

the whole study in each group.

Adjusted mean values

No gum 3x per day 5x per day
(n=50) (n=53) (n=52) Metrics Baseline 4 weeks 8 weeks 12 weeks
Group Mean or % Mean or % Mean or %
AQ No gum -28.64 -26.91 +0.20* -2642 +0.25%  -26.35+0.20*
Age (years) 10.5+1.2 10.6 £0.7 10.9+0.5 3x group -25.19 £0.19% -22.07 £0.24*  -19.81 £0.19*
5x group -24.56 +0.20* -21.36 £0.25%  -17.58 £0.21*
Gender (%) F: 48.0 F: 453 F: 404
M: 52.0 M: 54.7 M: 59.6 Area No gum 2.57 246 +0.014* 243 +0.02% 2.41+0.02%
3x group 249 +£0.013* 2.32+0.02* 2.15+£0.02%
AQ 2791+121 -2829+1.34 29.67 +1.86 5x group 241+0.013* 2.25 +0.02% 2.09+0.01%
e o0 _S:g’; o g?; o AF Nogum  -9.50 -9.39£0.03 9415003 -9.40+003
3x group -8.82 +0.03* -8.17 £ 0.04* -7.48 +0.04*
5x group -8.54 £ 0.03* -8.03 £ 0.04* -7.14 £0.04 *

F: female; M: male.

* Significant difference compared with baseline within groups (P< 0.05).

ployed to analyze QLF images and extract AF (loss of
fluorescence of demineralized enamel compared to neighboring
healthy enamel), Area (area of lesions), and AQ (total loss of
fluorescence).

Statistical analysis - The data were analyzed by a statistician.
The fluorescence loss (AF), area of white spot and AQ
(AFxArea) were collected after QLF image analysis. The three
study groups and all three outcomes (AF, Area and AQ) were
compared using covariance analysis to correct for differences in
baseline score. Within each testing group, the differences of
AF, Area and AQ changes at 4, 8, and 12-week time points
were compared to the baseline by pair-wise t-test. Statistical
analysis was performed using the SAS® 8.0 software program.

Sample size calculation - The sample size was determined
based on a sample size estimation formula for a case-control
study that assumed a two-tailed test a=0.05, a general statistical
power of B=0.1, a difference of the primary outcome (AQ)
between the test and control group means of =10, and a
within-group standard deviation of ¢ =15. These variables
were obtained from a pilot QLF study in which AQ was also
the primary outcome.” The result of the estimation formula
showed that a minimum number of 48 subjects was needed, and
55 subjects were recruited for each group.

Results

A total of 177 students from three schools were recruited
and screened for this clinical trial. 155 subjects were enrolled
and finished the study. The age of these subjects ranged from 8-
13 years (mean 10.68 + 0.42). 55.5% of subjects were male
(Table 1). No adverse events were reported in any of the testing
groups during the course of the study. The mean baseline
values for AF, Area and AQ for the three study groups are also
shown in Table 1. The mean values of fluorescence loss at
baseline were 9.52, 9.83 and 9.17 for the no-gum group, 3x per
day group and 5x per day group, respectively. For the area, the
mean values at baseline were 2.52, 2.61 and 2.57 mm? for no-
gum group, 3x per day group and 5x per day group, respective-
ly. For AQ, the mean values at baseline were 27.91, 28.29 and
29.67 for no-gum group, 3x per day group and 5x per day
group, respectively. There was no statistically significant differ-
ence between the three study groups for any of the baseline
measurements.

Least square means for each group after analysis of covari-

ance with baseline adjusted are shown in Table 2. At the 4-
week examination, the values of AQ were 26.91, 25.19 and
24.56 for no-gum group, 3x per day group and 5x per day
group, respectively. For area, the mean values were 2.46, 2.49
and 2.41 mm’ for no-gum, 3x per day and 5x per day groups,
respectively. For AF, the mean values at the 4-week examina-
tion were 9.39, 8.82 and 8.54 for no-gum, 3x per day and 5x
per day groups, respectively.

For AF and AQ, the differences among three groups were sta-
tistically significant at the 4-week period (P< 0.05). The differ-
ence between the 3x per day and 5x per day groups of the area
was not statistically significant for the same period (P> 0.05).

At the 8-week period, the AQ value was 26.42, 22.07 and
21.36 for no-gum, 3x per day and 5x per day groups,
respectively. The lesion areas were 2.43, 2.32 and 2.25 mm® for
no-gum, 3x per day and 5x per day groups, respectively. AF
values were 9.41, 8.17 and 8.03 for no-gum, 3x per day and 5x
per day groups, respectively. For all QLF metrics (AF, Area
and AQ), the differences among three groups were statistically
significant at the 8-week period (P< 0.05).

At the 12-week time point, the AQ values were 26.35, 19.81
and 17.58 for no-gum, 3x per day and 5x per day groups,
respectively. The lesion areas were 2.41, 2.15 and 2.09 mm® for
no-gum, 3x per day and 5x per day groups, respectively. AF
values were 9.40, 7.48 and 7.14. This represents an
improvement from baseline of 5.6%, 30.0% and 40.7%
(measured by AQ) for no-gum, 3x per day and 5x per day
groups, respectively. Again, for all QLF metrics, the differences
among three groups were statistically significant at the 12-week
period (P< 0.05).

To eliminate the influence of the baseline differences
among three groups, we subtracted the values of AF, Area, and
AQ from those of the baseline and obtained the change of AF,
Area, and AQ. The Figure shows the change of AF, Area, and
AQ values from baseline for three testing groups. The Figure
also indicates statistical significance within the group as well as
between group comparisons.

Comparison within the group revealed that the area of the
lesions, as well as the AQ values, showed statistically signifi-
cant improvements after 4, 8 and 12 weeks of treatment versus
baseline for all testing groups (including the no-gum group).
The change in control group suggests an auto remineralization
effect of the white spot lesion. However, this auto reminerali-
zation was limited.
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Figure. Changes of adjusted mean value of A. AQ, B. area, C. AF from
baseline for three groups at 4, 8 and 12 weeks.

* Significant difference when compared with no-gum group (P< 0.05).

# Significant differences when compared with 3x per day group (P< 0.05).

Discussion

Several studies have shown that chewing sugar-free gum
can help prevent cavities. The present study further supported
this evidence. In the current study, chewing of sugar-free gum
resulted in improvements in AQ from baseline scores of 5.6%,
30.0% and 40.7% after 12 weeks for no-gum, the 3x per day,
and 5x per day groups, respectively. At 4, 8 and 12-week time
points, the difference between the negative control (no-gum)
group and both experimental groups were statistically signifi-
cant for all QLF metrics measured (AF, Area and AQ) (P<
0.05). Furthermore, for the primary outcome variable, AQ, the
difference between the 5x per day and 3x per day groups was
statistically significant after 12 weeks of treatment (P< 0.05).

These results indicate that regular chewing of sugar-free
gum can help to arrest and reverse early caries lesions after 4, 8
and 12 weeks. The study further demonstrated that the fre-
quency of daily chewing, rather than chewing time, has the
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greater impact on the extent of tooth remineralization. Increase
of chewing frequency can lead to a significant remineralization
even when chewed for a shorter duration.

A traditional anti-caries study often involves over 1,000
subjects, and lasts for 2 years or longer.® In the current study,
aided by QLF methodology, we were able to observe the
difference between three treatment groups by the QLF metrics
after 12 weeks of intervention, which is a relatively short dura-
tion. In QLF metrics, AQ measures the volume of the caries
lesion, which represents a combination of fluorescence loss
(AF) and the area of lesion. AQ plays the most important role in
remineralization analysis. It is more sensitive compared with
the traditional decayed, missing, filled surface (DMFS) index."
The QLF method has been reviewed extensively at the “2005
Clinical Models Workshop: Remin-Demin, Precavitation,
Caries” sponsored by the National Institute of Dental and
Craniofacial Research, and the Task Force of Design and
Analysis in Dental and Oral Research. QLF has also been
shown to correlate well with the “gold standard” for content
validity, i.e., transverse microradiography. The correlation
coefficients between the two technologies range from 0.64 to
0.86.”% 1In addition, QLF shows a good accuracy and
repeatability for detecting early caries lesions, with sensitivity
ranging from 0.94 to 0.97 and specificity from 0.67 to 0.75.%

Many studies have shown that chewing sugar-free gum can
promote tooth remineralization. Most studies evaluated the
extent of tooth demineralization either by microradiography,’"
or polarized light microscopy.”” In these studies, participants
typically chew sugar-free gum once a day and continue for 2-3
weeks, and the extent of demineralization and remineralization
is measured in artificial caries-like lesions in enamel sections
from extracted teeth carried in intra-oral appliances. None of
the studies addressed the effects of gum-chewing frequency on
the extent of tooth remineralization. The present study
quantitatively assessed pre-cavitated natural caries occurring
within the subjects’ own dentitions. In the current study, we
demonstrated that frequently chewing sugar-free gum can
reduce both the area of the demineralized lesion as well as the
volume of the lesion. Chewing sugar-free gum increases saliva
flow, which increases oral clearance rates of fermentable carbo-
hydrate, buffers the pH inside the mouth, and promotes the
remineralization of demineralized enamel. The current study
indicated that chewing frequency, rather than chewing time, has
the greater impact on the extent of tooth remineralization. This
outcome supports the hypothesis that high salivary flow, initi-
ated by the first few minutes of chewing, will enhance the buffer
capacity to neutralize the acids produced by fermentable carbo-
hydrates. Dawes & Kubieniec™ showed that with the chewing
gums, the salivary flow rate and salivary pH could remain
significantly higher than the unstimulated flow rate for 2 hours.
Increased salivary pH also raises the pH of dental plaque by
buffering plaque acids from bacterial carbohydrate metabo-
lism.* In addition, stimulated saliva is expected to promote the
remineralization of the tooth surface.” Machiulskiene et al’®
showed that the caries preventive effect of chewing gum is
related to the chewing process itself rather than being an effect
of gum sweeteners or additives, such as polyols. The sugar-free
gum employed in this study was a commercial pellet gum
(Wrigley’s Extra Melon), with a piece weight of 1.4 g and a
serving size of 2.8 g. It contained 36% xylitol and 32% sorbitol.
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The total daily intake of xylitol was 3.0 and 5.0 g for the 3x per
day and 5x per day groups, respectively. We do not expect a
significant contribution of anti-caries effect from xylitol or
other sugar alcohols in this study. The total amount of xylitol
employed was well below the threshold of laxative effect for
school children, which was reported as 40 g of daily intake.”
Sorbitol and other sugar alcohols have a much higher laxative
threshold. In the current study, no adverse effects were ob-
served, including a laxative effect. Daily intake of sugar-free
gum even at five times per day should not therefore impose any
side effects on school children.

Clinical studies involving school children pose challenges
to researchers, given the fact that the participants are very
young. Sometimes it is difficult to have all subjects comply
with the study protocol. Consequently, frequent monitoring is
often required. Nevertheless, in the present study it was
worthwhile to invest the extra effort to minimize the risk of
bias from compliance deviations by increasing monitoring
frequency, and collecting data from both school staff and
parents/guardians, who agreed to assist the investigators in
ensuring that participants adhered to their protocols.
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