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Introduction: Natural color of dentin is affected by many variables, including anatomical

variations, age, howmuch dentin is exposed, or howmuch enamel is covering the dentin.

Chlorhexidine gluconate (CHX) has been observed to cause tooth staining, especially

of exposed dentin. Risk factors for CHX staining include the amount of time for CHX

utilization amongst others. Interestingly, the temperature of the rinse when used has been

identified as a risk factor. However, no evidence of the effect of temperature is available

in the literature. The purpose of this study was to determine the effect of temperature on

dentin staining due to CHX exposure.

Methods: Two studies were done. The first a pilot study at room temperature to

determine the time needed to establish staining solutions, a method to evaluate stain

intensity, and establish the time needed to stain dentin samples in vitro. The second

study exposed dentin samples on a twice daily basis to a 1min soak in CHX at different

temperatures, followed by a period in an unstimulated saliva mixed with black teamixture.

Temperatures tested were 4, 23, 37 and 50◦C. Control samples were exposed to only

black tea and saliva (no CHX) and tested at 23◦C.

Results: The pilot study found that the combination of CHX and black tea causes

dentin staining. From this data the sample size needed for the second experiment was

calculated, requiring 12 samples per group. Sixty dentin samples were divided amongst

5 groups. The data from this study showed significant darkening of the dentin samples

over 18 days. The 4 and 23◦C CHX rinses resulted in significant staining compared to

the control samples. The 37 and 50◦C CHX rinses did not stain significantly more than

the control samples.

Conclusions: Chlorhexidine has the ability to cause tooth staining in the presence of

chromogens such as those in black tea. Significant darkening was observed at lower

temperatures (4 and 23◦C) over 18 days, therefore dental professionals may wish to

advise gently warming the CHX rinse toward 37◦C prior to use to reduce the risk

of staining.
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INTRODUCTION

Tooth stains result from the accumulation of chromogens which

are compounds that have color or darker shades that are either
accumulated in the tooth (intrinsic) or on the tooth (extrinsic).

Chromogens fall into two categories: large organic compounds
that have conjugated double bonds in their chemical structure;
and metal containing compounds (1). Extrinsic discoloration is
caused by any molecule that can attach to the surface of the
tooth and remain for varying periods of time, depending on
the type of molecule and the reaction that takes place on its
application. Chromogens are present in tobacco, tea, coffee, red
wine, spices, vegetables, medicines and dental plaque. Color of

FIGURE 1 | Sample preparation: (A) a non-molar tooth was selected to be bisected and the root removed 2.5–3mm below the dentin-enamel junction as indicated

by the red dashed lines. (B) The tooth is mounted on a slow speed water-cooled diamond saw; and (C) bisected through the crown into the root. (D) The root is

removed 2.5–3mm below the dentin-enamel junction. (E) Two samples from each tooth are (F) marked with three black dots as fiduciary markers indicating the area

of interest for the experiments. The area of the dentin inside of the markers marked in red is analyzed for shade change. (G) The average pixel value within the area of

interest was 186.6 ± 8.6 on the 256 grayscale range.

the stain depends on the molecules present in the source and
can range from yellow to dark brown or black. Additionally,
similar chromogens may indirectly cause staining by binding
to the dental acquired pellicle. The combination of chromogen
with polyvalent metal salts such as iron supplements and cationic
antiseptics, often without color such as chlorhexidine gluconate
(CHX) will produce the black and brown stains (2–4).

The use of CHX has become widespread for the purpose of
treating periodontitis (5). One of the recognized side effects of
CHX is brown staining on teeth and tongue (6). The mechanism
of CHX staining is still not completely understood, however
it is thought to be a non-enzyme browning, or process of
condensation and polymerization of carbohydrates, peptides and
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FIGURE 2 | An example of a tooth sample with the reference black and white areas needed for assessment of stain.

proteins, and creation of melanoidins, the deterioration of the
chlorhexidine molecule that releases parachloranilin, resulting
in denaturing of protein and formation of metal sulfides (7).
Some of the first studies on staining were done in the seventies
(8). In vitro studies by Addy et al. (9) and Prayitno et al.
(10) demonstrated that dietary products with tannin-containing
substances (chromogens) such as tea, red wine will increase the
level of CHX staining. It has been reported that CHX stain is
more pronounced on exposed dentin than enamel (11), therefore
we chose to use dentin for our studies rather than enamel.

There are many studies that involve chromogens to test the
coloring ability of CHX, however there are very few studies
that evaluate the temperature of the CHX solution in tooth
staining. It is not known if the chosen range in temperature can
affect chlorhexidine’s propensity to cause staining of the enamel.
Therefore, the purpose of this inquiry was to test the hypothesis
that at lower temperatures, 0.12% chlorhexidine gluconate oral
rinse solution will significantly reduce the extrinsic staining
of teeth, and at higher temperature the extrinsic staining will
significantly increase.

MATERIALS AND METHODS

IRB Approvals
The Colorado Multiple Institutional Review Board (COMIRB)
has approved the collection of unidentified human saliva
(COMIRB 13-2935) and the collection of unidentified human
teeth from the clinic waste stream for research purposes.

Human teeth that met the inclusion criteria; non-molar
teeth that did not have restorations or preexisting stains, were
chosen randomly from the supply of teeth extracted by students
and faculty of Colorado University School of Dental Medicine
Surgery. Teeth were stored in sterilizing tooth storage solution
until the experiments.

Preliminary Study
To determine the best possible plan of approach for this study,
our team first performed a small-scale pilot study using dentin
because CHX stains on dentin are more pronounced than enamel
(11). The pilot study helped to determine the sample size from
its power, and further methodology. Six human non-molar teeth
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FIGURE 3 | Grayscale % of the control samples and CHX-tea exposed samples over time of the pilot study.

that had been stored in a sterilizing tooth storage solution
were sectioned in halves. See Figure 1 for the steps for sample
preparation. The dentin (interior) surfaces were marked with 3
registration marks to be used to define the areas of interest for
each sample. Six halves were assigned to Group A (CHX and
saliva) and the other 6 assigned to Group B (CHX and black
tea). The groups were exposed to CHX at room temperature
for an interval of 2min a day for 20 days (Group A) or 7
days (Group B).

The standard tea solution was prepared using one tea sachet
of Assam black tea (Two Leaves and a Bud by www.twoleavestea.
com) per 100ml of boiling water which was left to stand for
3min, decanted and then cooled to room temperature.

Whole unstimulated saliva was collected at the same time each
day, centrifuged at 12,000 rpm and using a pipette transferred
into a separate container avoiding the heavier solid pellet at the
bottom of the test tube. All staining solutions were composed of
equal amounts of saliva and tea, including the control.

The teeth were photographed using a microscope (Meiji
binocular scope) under a ring light with a built-in digital camera.
To ensure proper color standard, black laboratory tape and
a white calcium-phosphate (hydroxyapatite) tablet were placed
next to each tooth that was photographed. The calibration white
and black areas were included in each photograph, see Figure 2
for an example. Exact light setting, exposure (360.584ms), gain
(2.39), gamma (1.55) settings on the camera and magnification
in microscope were ensured. Digital images were taken in color
and then converted to 8-bit grayscale yielding 256 gray intensities
(pixel values) over the full range from black to white for analysis
by Image-J software (NIH). The pixel values for the white, and
black calibration areas were measured by use of Image-J software
(NIH). Figure 1G shows the distribution and average pixel value
of the area of interest. These values were converted to percent
grayscale where 0 % was the black calibration area and 100 %
was the white calibration area. In this way, variations in light
or exposure are corrected such that images can be compared
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FIGURE 4 | The grayscale % graph of the CHX-tea exposed group overlaid on an image of the dentin tooth samples showing the effect of CHX-tea staining over time.

over time. The average pixel value for the dentin area of interest
was determined and the percent grayscale interpolated from the
observed black-white range. The lower the % grayscale the darker
the sample. The analysis for all of the teeth was done by AY and
repeated by CC. The Houston method was used to determine the
coefficient of reliability between the two evaluations which was
96% (12).

Main Study
Based on the pilot study, the full study required 60 samples.
Thirty human teeth were sectioned in halves to yield 60 samples.
The dentin surface was marked with 3 black dots to define the
area of interest for each sample for serial comparisons. At that
time all teeth were photographed, as described above, and kept
in 100% centrifuged whole saliva for 48 h at room temperature to
ensure that the teeth remained hydrated.

Samples were divided into five groups of 12 samples: four
groups to test tooth exposure to CHX equilibrated at different
temperatures and the fifth group served as the control. Sample
halves from the same tooth were never together within a group,
otherwise the samples were randomly assigned to the groups.

Bottles of CHX from the same lot were equilibrated at 4, 25,
37 or 50◦C. Group 1 was assigned to 25◦C, Group 2 was at 4◦C,

Group 3 was at 37◦C, Group 4 at 50◦C, and Group 5 was at room
temperature with exposure to only saliva/tea (no CHX) served as
the control.

This experiment consisted of constant exposure of teeth to
saliva-tea mixture, however twice per day, generally 8:00 am
and 4:00 pm, the teeth were exposed to a 1min soak in 2ml
of 0.12% CHX at the appropriate temperature for each Group.
Tea with newly collected saliva were mixed and each Group was
submerged back into it until the next day. On days 2, 4, 8, 12,
15, and 18 each batch was photographed following the methods
described above.

Data Collection
Photographs taken using the Meiji binocular scope using the
method described for the pilot study. Images were stored on the
laboratory hard drive until evaluation. Image-J software (NIH)
was used to analyze the gray-scale percentage for comparisons.

Statistical Analysis Methods
For the pilot study an ANOVA was used to determine differences
over time. Based on a power analysis from the pilot study data
the appropriate sample size was calculated. Statistical analysis
of the main data set was performed using ANOVA Two-Factor
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FIGURE 5 | The grayscale % graph of the temperature groups and control group over time.

with Replication and a Student’s t-test to determine the statistical
significance of the difference between mean values of day 0 and
day 18 of the samples.

RESULTS

In the pilot study, the mean and standard deviation were
calculated for each group (n = 6) at each day of measurement.
Figure 3 shows the results from Groups 1 and 2. For Group 1
(CHX/saliva/no tea) where there were no significant differences
over time (p = 0.8308, ANOVA). Figure 4 shows Group 2
(CHX/saliva/tea) where significant staining was observed from
day 0 to day 7 (p = 0.0295, t-test). The sample size for the main
study was calculated from the observed variation Group B of ±
6 % grayscale and an assumed clinically significant change in
shade of the teeth of 7 % grayscale. Twelve samples per each
experimental group was calculated to be needed to achieve a
power of 80% at an alpha of 0.05.

In the main study on the effect of temperature the staining
over 18 days led to darker samples (Figure 5). The analysis
of variance among groups and days showed that there were
statistically significant changes over time (p = 0.0001) and
temperature (p = 0.0003). The ANOVA test did not find
significant differences due to interactions between Groups
and Days. Comparisons between temperature groups showed
significant darkening for the groups for 4 and 23◦C at p =

0.0285 and p = 0.0447, respectively. With 19.3% darkening
of the dentin at 4◦C and 19.9% change at 25◦C in after 18
days of experimentation. At 37 and 50◦C the no statistically
significant change in grayscale % was observed with p =

0.2343 and 0.2267, respectively. The control group (23◦C
without tea exposure) did not change significantly with p =

0.1599. A graphical analysis of the data (Figure 6) showed a
polynomial relationship between the starting grayscale value
and the 18-day grayscale value with R2 value of 0.7663 (p
< 0.001). In almost every case the 18-day grayscale % value
is lower (darker) than the initial 0-day value. The shape of
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FIGURE 6 | The relationship between change in grayscale % from the value at day 0 to day 18. The polynomial fit of the data shows that lighter dentin samples will

take up more change in grayscale % than darker dentin samples over time.

the curve indicates that the greatest darkening occurred on
the dentin that started with the lightest amount of color
and the samples with the darkest color at the start did not
change much.

DISCUSSION

Our data are consistent with previous studies on CHX staining
where tooth staining progresses with usage duration (13).
Our hypothesis that staining increases as the temperature
of the CHX increases is rejected. We found that the
increment of staining over 18 days was highest at the lower
temperatures tested.

Themicroscopic structure of teeth and specifically the enamel,
crystalline structure of which has the remarkable hardness,
however it remains permeable to a limited amount of even
smaller substances (14). There have been a number of theories
attempting to provide the most feasible theory for CHX’s ability
to stain tooth enamel. One of those pertains to the fact that the
chemical denatures the biofilm which results in the deposition
of sulfides (4). Another theory is that CHX binds to organic

iron released from blood cells and oxidizes the bacterial remains,
causing darkening and discoloration of the enamel and dentin
(15). Temperature of the CHX rinse has been suggested as a
possible factor that leads to staining, however no studies are
available to substantiate the suggestion.

Therefore this study was carried out to determine how
temperature affects the capacity of CHX to stain dentin. We
chose a range of temperatures to test based on natural and
environmental factors that pertain to a person’s daily life leading
to question whether our environment can affect treatments using
CHX. The lowest temperature, 4◦C, corresponds to refrigerated
rinse; room temperature, 23◦C, is the likely storage temperature
of the rinse; body temperature, 37◦C, is the temperature the rinse
may reach while in use; and the highest temperature, 50◦C, was
set at the hottest safe temperature for hot liquid drinks (16). The
control sample was tested at room temperature to correspond to
the most likely temperature for CHX rinse storage.

It’s also important to mention the reasoning behind choosing
the method used to collect and process saliva for utilization.
To avoid biological rhythmic variation, in the same way it was
mentioned in Sheen et al. (17) have pointed out that unstimulated
saliva has a tendency to react with CHX to create greater amounts
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of staining. They postulated that stimulated saliva has less effect
on pellicle formation and less mucins that absorb stain (17).

LIMITATIONS

Limitations of this study include that a 1min immersion in the
CHX rinse may not have been sufficient to develop the maximum
difference in coloration (18) especially when compared to the 3-
week immersion in the solution described by Kouadio et al. (19).
The natural saliva that was used, although centrifuged to settle the
debris, was probably inconsistent from day to day and thus might
not be considered to be a standardized solution for immersing
the teeth despite controlling the timing of collection. The time
span of our experiments, 18-days, may not have been sufficiently
long to develop stains that are significantly different between the
CHX temperatures tested. Our method of evaluation of shade
change is based on the relative grayscale of the photographs
and not the spectral color of the teeth. These limitations reduce
the generalizability of our results to other laboratories, yet these
limitations still allow an evaluation of temperature effects on
dentin staining.
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