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Control — Initial Control — Final

MIP — Initial MIP — Final

15MIP — Initial 15MIP - Final

1MIP — Initial 1MIP — Final

Figure 15. Representative samples of analyzed QLF images from each treatment group.



Control — Initial Control — Final

MIP — Initial MIP — Final

15MIP — Initial I5SMIP — Initial

1MIP — Initial 1MIP — Final

Figure 16. Samples of analyzed QLF images from each treatment group exhibiting the
most remineralization.
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Figure 17. Example of the longitudinal sections made using the Silverstone Taylor Series
1000 Deluxe Hard Tissue Microtome.
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Figure 18. Polarized light microscopy image of a representative lesion from the Control
group (Average Depth =110.10 um).



Figure 19. Polarized light microscopy image of a representative lesion from the MIP
group (Average Depth = 121.25 um).
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Figure 20. Polarized light microscopy image of a representative lesion from the 15MIP
group (Average Depth = 101.00 um).
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Figure 21. Polarized light microscopy image of a representative lesion from the 1MIP
group (Average Depth = 104.10 um).
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Figure 22. Measurement points used by Image Pro Plus 5.1.0.20 computer software

(Media Cybernectics, Silver Spring, Maryland) to calculate mean depth of

the lesion.

Measuring technique using the Image Pro Plus software to record mean

depth of the lesion.

Figure 23.
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Figure 24. Measuring technique using the Image Pro Plus 5.1.0.20 computer software
(Media Cybernectics, Silver Spring, Maryland) in areas of erosion where the
outer enamel surface was approximated by connecting intact enamel borders.
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RESULTS

The study was conducted over a 12-day period. Following the treatment protocol,
one tooth from group 15MIP was excluded from the study due to obvious cavitation of
the white spot lesion when inspected visually. ‘Initial” and ‘Final’ digital photographs
and QLF images were obtained of the remaining 102 teeth and then analyzed using the
Image Pro Plus 5.1.0.20 computer software for the former and the Inspektor QLF
software 2.0.0.32 for the latter. After all ‘Final’ images were taken, the teeth were
sectioned using the hard tissue microtome producing 5-6 sections per tooth. The
sectioning process led to a loss of one tooth from the Control group due to the loss of
enamel encompassing the white spot lesion. Of the remaining 101 teeth, three
representative sections of each tooth were selected to be photographed and measured
using the Image Pro Plus 5.1.0.20 software. Some of the enamel surfaces were not intact
for taking measurements either due to slight cavitation during the treatment period or
inadvertently removing the enamel surface over the decalcified lesion during the
sectioning process. The surface of the lesions had to be approximated by connecting
intact enamel borders when measuring these sections (Figure 24). This technique
allowed for an estimated measurement of lesion depth for these teeth. A composite of all
four treatment groups is depicted in Figure 25. In order to ensure the independence of
samples for performing the appropriate statistical analysis, the average of three
measurements were used for the data analysis.

Descriptive statistics for the comparison of lesion depths, change in fluorescence,

and change in density between treatment groups are summarized in Table 1, 2, and 3.
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Control (n = 26) MIP (n =26)
Average Depth =110.10 um Average Depth = 121.25 um
SD =20.05 SD =19.38

15 MIP (n = 24) IMIP (n = 25)
Average Depth = 101.00 um Average Depth = 104.10 um
SD =22.31 SD =18.25

Figure 25. Composite of polarized light microscopy images of representative lesions
from all four treatment groups.
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Table 1. Descriptive statistics of mean lesion depth by treatment groups.

Treatment Group N Mean Lesion Depth (unm) Std Dev Min  Max
Control 26 110.10 20.05 8192 153.89
MIP 26 121.25 19.38 81.05 173.86
15MIP 24 101.00 22.31 58.78 142.85
1IMIP 25 104.10 18.25 79.4 146.10

Table 2. Descriptive statistics of mean change in fluorescence by treatment groups.

Treatment Group N  AF - AF,= Change AF Std Dev Min Max
Control 26 091 1.72 -1.40 6.50
MIP 26 2.02 2.08 -1.40 8.20
15MIP 24 147 1.73 -1.80  5.00
1IMIP 25 1.45 1.69 -1.50 5.40

Table 3. Descriptive statistics of mean change in density by treatment groups.

Treatment Group N D,- D;= Change in Density Std Dev Min Max
Control 26 -6.26 6.79 -16.42  6.36
MIP 26 -4.18 6.14 -14.83  8.32
15MIP 24 -4.44 7.80 -20.32 13.63
1MIP 25 -1.74 8.72  -25.20 10.34
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Results of one-way ANOVA revealed there was a significant effect for the type of
treatment on the lesion depth (p = 0.0027). The post-hoc Tukey-Kramer’s test indicated
there was a statistically significant difference between the two groups (15SMIP and 1MIP)
that incorporated an acid etch in combination with MI Paste Plus'™ and the group with
exposure to MI Paste Plus™ alone (MIP). In addition, results of one-way ANOVA
showed that there was no statistically significant effect for type of treatment on the
change in fluorescence (p = 0.1417) or the change in density (p = 0.1934). Tables 4, 5,
and 6 present the results of the post-hoc Tukey-Kramer’s test and Bonferroni test. Mean

lesion depths between treatment groups are graphically displayed in Figure 26.

Table 4. Mean lesion depth by treatment group.

Treatment Group Mean Lesion Depth (pm) Group Comparisons

Control 110.10 AB
MIP 121.25 A
15MIP 101.00 B
1MIP 104.10 B

***means with the same letter are not significantly different using the post-hoc Tukey-

Kramer test, p > 0.05



Table 5. Mean change in fluorescence by treatment group.

Treatment Group Change AF (Mean) Group Comparisons
Control 0.91 A
MIP 2.02 A
15MIP 1.47 A
1MIP 1.45 A

***means with the same letter are not significantly different using the post-hoc

Bonferroni t-test, p > 0.05

Table 6. Mean change in density by treatment group.

Treatment Group Change in Density (mean) Group Comparisons

Control -6.26 A
MIP -4.18 A
15MIP -4.44 A
1MIP -1.74 A

***means with the same letter are not significantly different using the post-hoc Tukey-

Kramer test, p > 0.05
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Comparison of Mean Lesion Depth (pm)
140.00 - 121,
120.00 - : 10 1
100.00 -
80.00 -
60.00 -
40.00 -
20.00 -
0.00 . | . . /
Control MIP 15MIP 1MIP

Figure 26. Mean lesion depth comparison between groups.

Quantitatively, the group that was etched for 15 seconds every 31 day prior to
treatment application with MI Paste Plus'™ (15MIP) showed a 16.70% reduction in mean
lesion depth compared to the group exposed to MI Paste Plus™ alone. In addition, the
group that was etched for 1 minute only at the commencement of the 12-day treatment
period prior to the treatment application with MI Paste Plus™ (1MIP) demonstrated a
14.14% reduction in mean lesion depth compared to the group merely exposed to MI

Paste Plus™ (Figure 27).



Percent Reduction of Mean Lesion
Depth compared to the MIP group
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15.50 -
15.00 -
14.50 -
14.00
13.50
13.00 | _
12.50 < I

15MIP 1IMIP

||

Figure 27. Percent (%) reduction of mean lesion depth compared to the MIP group.
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DISCUSSION

Experimental Design

The purpose of this in vitro study was to evaluate the effectiveness of using a 37%
phosphoric acid liquid etchant along with MI Paste Plus™ powered technology compared
to using MI Paste Plus'™ alone or to an artificially created saliva solution in decreasing
the demineralization and enhancing the remineralization of artificial carious lesions
created on extracted human teeth. It was hypothesized that MI Paste Plus™ would have
an increased efficacy when used in combination with an acid etch compared to using MI
Paste Plus'™ alone. In addition, it was thought that all three treatment groups utilizing
MI Paste Plus™ would produce superior results compared to the artificial saliva group.

One hundred eight extracted non-carious human third molar teeth without
observable white-spot lesions, decalcification, or dental fluorosis were selected for this in
vitro study. Five teeth were examined under polarized light microscopy prior to the start
of the treatment period to evaluate the average lesion depth created by the demineralizing
solution in order to establish that sufficient demineralization had occurred. Two
additional teeth were lost during the twelve-day treatment period due to cavitation and to
fracturing of the enamel containing the white spot lesion during sectioning. Therefore,
statistical analyses were performed on the remaining one hundred one teeth.

The design of the study was intended to test the absolute remineralization capacity
of these demineralized teeth. Besides the initial demineralization used to form the white
spot lesions, no other demineralization period was incorporated into the twelve-day
treatment period. This is in contrast to simulating the natural, dynamic demineralization
— remineralization cycling that occurs on the tooth surface. Hence, the experimental

design used in the present study was meant to demonstrate the superior remineralization
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capabilities of MI Paste Plus'™, with or without an acid etch, compared to the
remineralization potential of an artificial saliva solution.
The total amount of time spent in each solution over twelve days (288 hours) was

divided as follows:

Control Group — 288 hours in an artificial saliva solution

MIP Group — 12 hours of exposure to MI Paste Plus'™, 276 hours in an

artificial saliva solution

1SMIP Group — 1 minute TOTAL etch time, 12 hours of exposure to MI

Paste Plus™, ~276 hours in an artificial saliva solution

IMIP Group — 1 minute etch time, 12 hours of exposure to MI Paste

Plus™, ~276 hours in an artificial saliva solution
After the twelve-day treatment period, all teeth were rinsed thoroughly with deionized
water, blotted dry, photographed with the digital camera, photographed with the QLF

machine, then sectioned and examined under the polarized light microscope.

Statistical Analysis

Statistical analysis indicated that there was a significant difference in mean lesion
depths, but not in the mean change in fluorescence or mean change in density, observed
between the four treatment groups. The only statistical difference found in the present
study was that application of a 37% liquid phosphoric acid etch prior to exposure to MI
Paste Plus'™ was effective in decreasing mean lesion depth when compared to using MI
Paste Plus™ alone (p = 0.0027). However, the three treatment groups utilizing MI Paste
Plus™ did not exhibit any superior change when compared to the control group.

The treatment group (15MIP) that incorporated a 15-second etch every 3™ day
prior to exposure to MI Paste Plus'™ exhibited a 16.70% decrease in mean lesion depth

when compared to the group exposed to only MI Paste Plus'™. Furthermore, the
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treatment group (1MIP) that included a 1-minute etch on day 1 only prior to exposure to
MI Paste Plus'™ demonstrated a 14.14% decrease in mean lesion depth when compared
to the group using MI Paste Plus'™ alone.

The results of the present study reveal the effectiveness of using a 37% liquid
phosphoric acid etch prior to exposure to MI Paste Plus'". However, whether applying a
combination of an etchant solution with MI Paste Plus'™ or utilizing MI Paste Plus™
alone, this study did not discover that MI Paste Plus"™ had produced superior results
compared to an artificial saliva solution. These findings contradict previously reported
studies that claim positive results were obtained when using MI Paste'™ / MI Paste

™ . . . . . . . .
Plus ™ to decrease demineralization and enhance remineralization of white spot lesions.

Limitations of the Study

The results reported in this study are based upon an in vitro model, which has
several innate limitations. In the present study, an environment that exhibited full-
remineralization capabilities was created. This type of environment was meant to test the
MI Paste Plus™ products’ ability to remineralize a white spot lesion without any further
demineralization occurring. Hence, a demineralization-remineralization cycling model
was eliminated, creating an environment that would never naturally exist in the oral
cavity. The exclusion of the demineralization component in the present study could limit
the mechanism of action of MI Paste Plus"™ since an acidic environment is needed to
initiate the active ingredient in the paste. The purpose of a treatment application with MI
Paste Plus™ after acid etching in two of the treatment groups was to give the product an
opportunity to carry out its mechanism of action. The acid etch would, theoretically,
decrease the pH at the surface of the white spot lesion, creating an ideal environment for

the activation of CPP-ACP.
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In addition, the sample teeth used in the present study were thoroughly cleaned of
dental plaque and calculus prior to the creation of white spot lesions. Without the
presence of a dental pellicle, dental plaque, and/or calculus on the sample teeth, it is
impossible to test the full capability of MI Paste Plus'™. As reported by Schupbach e al.
(1996) and Aimutis (2004), CPP-ACP has the ability to adhere to the dental pellicle,
plaque, and/or calculus. This adhesion has several benefits such as the ability to inhibit
adhesion of additional cariogenic bacteria, namely S. sobrinus and S. mutans, as well as
the ability to act as a reservoir of calcium and phosphate ions for the tooth surface.
Without the presence of the dental pellicle, plaque, or calculus to which CPP-ACP can
adhere, the only working time provided during the study for CPP-ACP to exert its
mechanism of action was one hour daily for twelve days. This would differ when the
product is utilized intraorally because the CPP-ACP would be able to attach itself to the
tooth and possibly have an extended duration of action.

While white spot lesions in patients can form within four weeks (Dgaard et al.,
1988), lesions typically take months to develop. The lesions created in this experimental
model were formed within five days. The experimental conditions were deliberately
more extreme in order to develop lesions in a shorter amount of time. Both this study and
the study by Ogaard et al. (1988) are examples of harsher acidogenic challenges in
significantly shorter periods of time, especially when compared to the natural, slower
demineralization-remineralization cycle that occurs over the course of two years in the
orthodontic patient. Hastening of the demineralization process may have limited the anti-
cariogenic ability of CPP-ACP and fluoride, which could have possibly demonstrated
increased lesion prevention in a milder, more realistic environment.

Following the treatment application with MI Paste Plus'™" for three of the four
treatment groups, the teeth were rinsed thoroughly with deionized water in an effort to
prevent contamination of the artificial saliva solution used during the treatment period.

This process could negatively affect the ability of CPP-ACP to reach its full potential as a
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preventative agent. CPP stabilizes calcium and phosphate ions as CPP-ACP under
neutral and/or alkaline conditions and releases the ions in the presence of an acidic
challenge. This will create a localized reserve of bioavailable calcium and phosphate
ions close to the tooth surface, resulting in a supersaturation of enamel-building ions that
help rebuild areas of demineralization (Azarpazhooh et al., 2008; Reynolds, 1991; Pulido
et al.,2008). If the CPP-ACP on the tooth surface from the treatment application of MI
Paste Plus™ is washed away prior to releasing the stabilized calcium and phosphate ions,
the effect of using the MI Paste Plus" will be inadequate and its mechanism of action to
enhance remineralization of the white spot lesions will be limited.

Another limitation of this study involves the use of the polarized light
microscope, the Inspektor QLF machine, and the digital camera for analysis of the white
spot lesions. The quantification of lesion depth, change in fluorescence, or change in
density for comparison among the four treatment groups may not necessarily correspond
to the qualitative differences. For example, the lesion depth measured for each tooth may
not completely reflect what is qualitatively observed from a clinical standpoint in regards
to the white spot lesion. Hence, statistical differences reported in an in vitro setting do
not indicate whether or not these differences are clinically significant. Despite that the
results of the present study did not produce any significant differences among the
treatment groups, it is important to note that the quantitative values do not necessarily
denote qualitative observations. Therefore, perhaps another method of analysis, such as
visual examination by a trained observer, may be valuable in determining clinically
significant differences.

Lastly, the present study was limited by variability among teeth and within the
enamel of each tooth in response to the acidic demineralization solution. A natural
variability among teeth exists in regards to enamel demineralization susceptibility. This
variability was recognized in a study by Eberle (2006) when only 130 teeth out of 200

showed diffuse, white, opaque lesions after 90 hours of demineralization in an artificial
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caries solution. This equates to approximately 35% of the sample teeth being resistant to
enamel demineralization without any type of product treatment, which could potentially
increase the variability seen in demineralization studies. Thus, the formation of true
subsurface enamel lesions, closely resembling white spot lesions seen after orthodontic
treatment, is unpredictable and should be taken into account when working with extracted
teeth. In this study, teeth were randomly assigned to each treatment group in an effort to
balance the natural variability among all groups. For sample teeth that exhibited
variation within the same tooth, only areas that displayed a diffusely opaque enamel
surface were examined under polarized light microscopy, avoiding the less ideal

demineralized part of the lesion.

Clinical Application

When evaluating the statistical results for mean lesion depth, the three treatment
groups utilizing MI Paste Plus"™, with or without acid etch, did not display a significant
change from the control. In fact, the group using MI Paste Plus'™ alone had a higher
mean lesion depth than the control, while the two groups that used acid etch in
combination with MI Paste Plus™ had a slightly lower mean lesion depth compared to
the control. It is unclear why the MIP group performed worse than the artificial saliva
group. Perhaps the CPP-ACP molecules in MI Paste Plus™™ could not be activated
without the presence of an acidic environment created by the acid etch; therefore, the
calcium and phosphate ions would not be free to penetrate the surface zone of the enamel
lesion. However, when MI Paste Plus™ was used in combination with acid etch, it is
likely that the surface layer of the subsurface lesion became a porous structure through
which dissociated Ca*" and PO, ions from CPP-ACP could be channeled in to the center
of the white spot lesion, allowing the remineralizing ions to penetrate deep into the

lesion. This could possibly explain the difference observed among the three MI Paste
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Plus™ treatment groups when compared to the control. Under the model chosen in the
present study, nonetheless, it can be concluded that MI Paste Plus", used with or
without an acid etch, did not perform as expected on decreasing mean lesion depth and
promoting remineralization.

Although there was not a statistically significant difference for mean lesion depth
nor was there a statistically significant difference for reduction in mean change in
fluorescence or mean change in density among the four treatment groups, the data did
demonstrate a trend towards remineralization. This could suggest that MI Paste Plus™™’s
mechanism of action might require a longer treatment time period than used in this
twelve-day study to produce a significant change. Further research is warranted to
determine if a longer treatment application period would provide statistically significant
results among the four treatment groups.

The results of the present study do not provide any indication of why the standard
of care for enamel demineralization and potential remineralization should shift towards
the Recaldent™ technology. Until several randomized clinical trials demonstrate the
effectiveness of the Recaldent™ technology in MI Paste™™ or MI Paste Plus™, the
recommendation of its use over PreviDent 5000 Plus™ is not encouraged. Eng’s study
(2009) suggested that PreviDent 5000 Plus™™ was clearly the preventive treatment of
choice over MI Paste™ and MI Paste Plus'™ due to its ability to provide enamel
protection and reduce enamel demineralization. Therefore, the results of the present
study reinforce that fluoride is still considered the premier choice for minimizing
demineralization and enhancing remineralization of white spot lesions.

Certainly additional research is warranted to help understand the exact optimal
conditions under which MI Paste'™ / MI Paste Plus"™ products can be more effective in
the prevention of demineralization and enhancement of remineralization. It must be
remembered that these results are based on an in vitro study that did not include elements

such as bacteria, dental plaque, and natural saliva. This makes it challenging to
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determine the full capacity of CPP-ACP since many of its benefits come from these
natural components of the oral cavity. Future research, such as longer in vitro studies
utilizing some of these components seen in the oral cavity or in vivo randomized clinical

trials, may help fully understand the potential of this promising agent.
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SUMMARY AND CONCLUSIONS

The goals of orthodontic treatment include improvement of the patient’s smile
and facial esthetics, while also providing a great functional result for the patient.
Unfortunately, the esthetic outcome of many orthodontic cases is marred by unsightly
white spot lesions of the facial surface of teeth following removal of the fixed appliances.
Patient cooperation is one of the biggest challenges faced by the orthodontist and can
ultimately determine if an orthodontic case is successful. Therefore, methods of
prevention of these white, opaque areas throughout orthodontic treatment are
fundamental in providing the patient with a most pleasing and esthetic result.

The purpose of this in vitro study was to evaluate the effectiveness of using a 37%
phosphoric acid liquid etchant along with MI Paste Plus™ powered technology compared
to using MI Paste Plus'™ alone or to an artificially created saliva solution in decreasing
the demineralization and enhancing the remineralization of artificial carious lesions
created on extracted human teeth. The teeth were analyzed and compared using polarized

light microscopy, quantitative light-induced fluorescence, and digital photography.

The following conclusions can be made from this study:

1. The results of the present study revealed there was a significant effect for
the type of treatment on the lesion depth (p = 0.0027). However, the only
significant difference found was between the two groups (15MIP and
1MIP) that incorporated an acid etch in combination with MI Paste Plus™

and the group with exposure to MI Paste Plus'™ alone (MIP).
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Thus, daily applications of MI Paste Plus™, with or without an acid etch,
did not produce a statistically significant difference in mean lesion depth

when compared to the control (artificial saliva group).

In addition, the results of the present study showed that there was no
statistically significant effect for type of treatment on the change in
fluorescence (p = 0.1417) or the change in density (p = 0.1934).

™

It is difficult to determine MI Paste Plus s full potential in an in vitro

study due to the numerous limitations arising from this type of model.

Further research is needed to evaluate MI Paste Plus'*’s capability in
prevention of demineralization and/or enhancement of remineralization by

conducting randomized clinical trials.
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