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M1 Paste Plus to prevent demineralization
in orthodontic patients: A prospective
randomized controlled trial

Michael A. Robertson,? Chung How Kau,? Jeryl D. English,° [Robert P. Lee,® John Powers,®
and Jennifer T. Nguyen'
Houston, Tex, Birmingham, Ala, and Ann Arbor, Mich

Introduction: Enamel demineralization is a problem in orthodontics. Fluoride is partially effective in addressing
this problem, but additional treatment options are needed. The objective of this prospective randomized con-
trolled trial was to determine the effectiveness of a new product, Ml Paste Plus (GC America, Alsip, Ill), in the
prevention or reduction of white spot lesions in orthodontic patients. Methods: Sixty patients who were under-
going routine orthodontic treatment were recruited for this prospective randomized clinical trial. A double-blind
method of randomization was used to determine whether each patient received the Ml Paste Plus or
a placebo paste (Tom’s of Maine, Salisbury, United Kingdom). Each patient was asked to administer the
paste by using a fluoride tray for a minimum of 3 to 5 minutes each day at night after brushing. Photographic
records obtained in a light-controlled environment were used to record the presence or absence of white spot
lesions in both groups. The enamel decalcification index was used to determine the number of white spot
lesions per surface at each time interval. Patients were followed at 4-week intervals for 3 months. A scoring
system from 0 to 6 was used to determine the level of caries or cavitations. This system was also used for
each tooth at each time interval. Results: Fifty patients (26 using Ml Paste Plus, 24 using the placebo paste)
completed the study. The enamel decalcification index scores for all surfaces were 271 and 135 at the start
of treatment and 126 and 258 at the end of treatment for the Ml Paste Plus and placebo paste groups, respec-
tively. The enamel decalcification index scores in the M| Paste Plus group reduced by 53.5%, whereas the pla-
cebo group increased by 91.1% during the study period. A 3-way analysis of variance (ANOVA) was done for the
average enamel decalcification index scores. The surface type, the product/time interactions, and the product/
surface interactions of the mean enamel decalcification index scores were significant (P <0.05). Conclusions:
MI Paste Plus helped prevent the development of new white spot lesions during orthodontic treatment and de-
creased the number of white spot lesions already present. The placebo paste had no preventive action on white
spot development during orthodontic treatment; the number of lesions actually increased. Ml Paste Plus reduced
white spots on the gingival surfaces; the placebo paste had the opposite effect. The incisal surface effect on the
mean enamel decalcification index scores over time and between products was highly significant. The incisal
enamel decalcification index scores were consistently higher than those for the other surfaces (mesial, distal,
and gingival). (Am J Orthod Dentofacial Orthop 2011;140:660-8)

namel decalcification, or white spot lesion forma-
tion, is a phenomenon that occurs primarily on
the smooth enamel surfaces of teeth, notably in
the gingival third of the crown.' Demineralized enamel,
the precursor to caries formation, can be attributed to
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fixed orthodontic appliances® and prolonged exposure
to bacterial plaque.’ Bacterial plaque promotes the ac-
cumulation of acidic by-products and demineralization
that leads to successive changes in the optical properties
of subsurface demineralized enamel. The progression
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to clinically detectable white spot lesions can occur as phosphate in solution, maintaining high concentration
early as 1 month after the placement of orthodontic gradients of calcium and phosphate in the white spot
appliances.*™® lesion, thus effecting high rates of enamel
Over the past 30 years, several studies have reported in- remineralization.

creases in white spot lesions after orthodontic treatment.® The aim of this study was to determine whether Mi
Although a large portion of the nonorthodontically treated Paste Plus has an effect on the formation and resolution
population experiences some form of decalcification, of white spot lesions in patients undergoing orthodontic
orthodontic patients have shown increases in both treatment. 1t is believed to provide a new way to reduce
new lesions and the severity of preexisting enamel and prevent the decalcifications that develop during or-
opacities.*® Approximately 50% of orthodontic patients thodontic treatment.

develop white spot lesions in at least 1 tooth, compared
with only 24% in those not undergoing orthodontic

treatment.®® MATERIAL AND METHODS

Appliance removal halts white spot formation, and fur- The study protocol was reviewed and approved by the
ther elimination of cariogenic factors through diligent oral institutional review board of the University of Texas
hygiene efforts inactivates incipient lesions, which might Health Science Center at Houston.
regress over time.'%"'* Complete elimination of lesions is Sixty from a possible 65 patients who were undergo-
unlikely because of the rapid remineralization of the ing routine orthodontic treatment were recruited for this
enamel surface with a high concentration of fluorides, prospective double-blind randomized clinical trial. The
which restrict the passage of ions into the deeper, more patients were 12 years of age and older. A caries risk as-
affected layers. Therefore, immediate application of sessment was used to determine their caries risks. They
a high concentration of fluoride is not recommended. were carefully selected for the study and included and
There might be fewer enamel discolorations with time excluded on the following criteria. The inclusion criteria
because of further remineralization, but regression is were patients (1) with permanent dentition, (2) who
primarily credited to gradual surface abrasion of the would be compliant with using the paste (in the investi-
tooth structure.'® gator’s opinion), (3) who had not extensively used fluo-

Such problems with enamel decalcification in ortho- ride regimens, and (4) who were 12 years of age and
dontic patients have caused clinicians to search for a so- older. The exclusion criteria were patients (1) with any
lution to orthodontic-associated demineralization. medical or dental condition that (in the investigator’s
Because fluoride treatment immediately upon debond- opinion) could impact the study results during its ex-
ing is not advocated, clinicians have proposed fluoride pected length, (2) currently using any investigational
treatment and fluoride-releasing materials at the com- drug, (3) who planned to move within 6 months of en-
mencement of therapy.14 Recommendations include rollment, (4) who had received or were currently receiv-
oral hygiene instructions and reinforcement; fluoridated ing fluoride treatment for white spot lesions, and (5) who
toothpastes, varnishes, and mouthwashes; and fluori- had an allery to 1gE casein.
dated water supplies. Lack of patient compliance hinders The patients were recruited through the Orthodontic
these efforts.'>™'® Postgraduate Clinic at the University of Texas Health

A new product, M1 Paste Plus (GC America, Alsip, 111), Science Center Dental Branch at Houston. Sixty-five
is currently available and has been shown in some initial patients who expressed an interest in the study were
reports to be useful in the reduction of white spot le- approached to participate. Five did not want to partici-
sions. Although MI Paste Plus does not remove the pate for a variety of reasons after protocol procedures
need for compliance, it is hoped that it provides a new were explained and did not sign the consent form. Sixty
way to prevent and resolve decalcifications that develop patients agreed to participate in the study. A study ad-
during orthodontic treatment. Ml Paste Plus reportedly ministrator prepared the pastes and assigned the ran-
restores minerals to the teeth and helps to stimulate sa- domizations. The process of randomization was carried
liva production. 1t contains casein phosphopeptide- out by drawing the letters X and Y from a prepared
amorphous calcium phosphate,a special milk-derived pool of letters (X was the placebo [Tom’s of Maine, Salis-
protein that is potentially a breakthrough in oral health bury, United Kingdom], and Y was the M1 Paste Plus).
care in helping to remineralize teeth. More specifically, The assigned X and Y pastes were given to a clinician
casein phosphopeptide is produced from digestion of to administer to the patients.
the milk protein casein by aggregation with calcium The paste was delivered in a prefabricated fluoride
phosphate and purification by ultrafiltration. The casein varnish tray and used once daily for 3 months. Patients

phosphopeptide stabilizes the amorphous calcium placed the tray with the paste into the mouth and left
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it for 3 to 5 minutes after they had already brushed their
teeth at night. The patients were asked to expectorate
and not to rinse their mouth, eat, or drink after using
the paste. Patients were reviewed every 4 weeks. During
the recall period, photographic records and clinical ex-
aminations were carried out.

Photographic records were used to determine the
presence of the white spot lesions in the study groups
from the left first premolar to the right first premolar
in both the mandible and the maxilla. A standard intrao-
ral photographic camera was used, the photographs
were taken in a light-controlled environment, and the
photographs were captured with a preset protocol. The

enamel decalcification index score (Banks and Rich- Fig 1. Enamel decalcification index. The facial surface of
mond'’) was used to determine the number of white each tooth was divided into 4 areas. A score was
spot lesions at each time point (Fig 1). The 4 time points allocated for each area of each tooth: 0, no decalcifica-
were start of treatment (T1), 4 weeks into treatment (T2), tion, to 3, decalcifications covering 100% of the area.
8 weeks into treatment (T3), and 12 weeks into treat- m, Mesial; g, gingival; d, distal; o, occlusal.
ment (T4).

The international caries detection and assessment
system was used for the clinical examinations; this is a vi- Table I. International caries detection and assessment
sually based system. Only primary caries detection was system (ICDAS) scoring (each tooth has its own score
used for the labial surfaces of the teeth. Essentially, based on how affected or broken down the tooth

a scoring system from O to 6 was used in determining was from decalcification or caries)
the level of caries (Table 1).

ICDAS
detection ~ ICDAS lay terms ICDAS dental terms
Statistical analysis 6 Severe decay Extensive cavity with
. . . visible dentin
Three-way analysis of variance (ANOVA) (StatView; 5 Severe decay Distinct cavity with

SAS Institute, Cary, NC) was used to analyze the enamel visible dentin
decalcification index scores of the maxillary and mandib-
ular right first premolars to the left first premolars at the
0.05 level of significance. Two-way ANOVA was used to
analyze the international caries detection and assess-
ment system scores. Fisher protected least significant dif-
ference intervals were used to compare mean enamel
decalcification index scores.

The enamel decalcification index and the international
caries detection and assessment system scores were ran-
domly recorded for 5 sets of patients at the start and
end of treatment. Three operators (M.AR., J.T.N., CHK.)
scored the photographs independently. Their scores were
compared by using the t test; no statistically significant
difference (P =0.05) was found between the operators.

Established decay ~ Underlying dentin shadow
Established decay  Localized enamel breakdown
Early stage decay  Distinct visual change in enamel
Early stage decay  First visual change in enamel
Sound Sound

O = N W b

The subjects were recruited over a 1-year period.
Sixty-five patients who expressed an interest were ap-
proached to participate. Five did not want to participate
for a variety of reasons after protocol procedures were
explained and did not sign the consent form. Sixty pa-
tients participated in the study. Of the 29 patients, cho-
sen randomly from the 60, who used the Ml Paste Plus,
26 completed the study; of the 31 placebo patients, 24
completed the study. This amounted to 416 teeth and

RESULTS 1664 tooth surfaces studied for the M1 Paste Plus pa-
This study was a prospective clinical trial with a dou- tients, and 384 teeth and 1536 tooth surfaces studied
ble blind method of randomization. We found that MI for the placebo patients.
Paste Plus, used as presented here, not only lessened There was a decrease of 53.5% in the enamel decal-
the occurrence of white spots, but also actually reduced cification index scores with MI Paste Plus usage from T1
the number of white spots already present. The results of to T4 (Table 11). Moreover, the sums of the enamel de-
the statistical analysis are presented in Table 11, and the calcification index scores for all teeth in the Ml Paste
reduction in scores in Tables 111 and 1V. Plus group were 271 at T1 and 126 at T4 (Table 111).
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Table Il. ANOVA table for average enamel decalcifica-
tion index scores

Table IV. Enamel decalcification index (EDI1) scores for

tooth surfaces of all teeth exposed to the placebo at T1

P value Power
Product 0.61 0.080
Time 0.99 0.058
Surface <0.0001 1.000
Product/time interaction 0.0003 0.977
Product/surface interaction 0.03 0.696
Time/surface interaction 1.00 0.086
Product/time/surface interaction 0.97 0.166

Table lll. Enamel decalcification index (EDI) scores for

tooth surfaces of all teeth exposed to MI Paste Plus at
T1 and T4

and T4

Sum of Sum of Change in EDI,
Surface EDI at T1 EDI at T4 T1-T4 (%)
All 4 surfaces 135 258 +91.1
Mesial 18 29 +61.1
Distal 10 32 +220.0
Gingival 23 60 +160.9
Incisal 84 137 +63.1

Table V. International caries detection and assess-
ment system (ICDAS) scores for all teeth at all time
points

Sum of Sum of Change in EDI,
Surface EDI at T1 EDI at T4 T1-T4 (%)
All 4 surfaces 271 126 —53.5
Mesial 54 20 —63.0
Distal 58 20 —65.5
Gingival 38 21 —44.7
Incisal 121 65 —46.3

The patients in the placebo group, on the other hand,
showed a 91.1% increase in enamel decalcification index
scores from T1 to T4 (Table 1V). More specifically, the
sums of the enamel decalcification index scores for all
teeth in the placebo group were 135 at T1 and 258 at
T4 (Table V).

Consistent with the enamel decalcification index
scores, M1 Paste Plus was linked to a 44.8% decrease
in scores over the same time period (Table V). Moreover,
the sums of the international caries detection and as-
sessment system scores for all teeth in the MI Paste
Plus group were 145 at T1 and 80 at T4 (Table V).
Also consistent with the enamel decalcification index
scores, the placebo corresponded with an increase of
43.1% in the international caries detection and assess-
ment system over the same time period (Table V).
More specifically, the sums of the international caries
detection and assessment system scores for all teeth in
the placebo group were 116 at T1 and 166 at T4
(Table V).

A 3-way ANOVA (Table 11) and the Fisher protected
least significant difference for average enamel decalci-
fication index scores (significance level, 5%) were used
to analyze the average enamel decalcification index
scores. The surface type, the product/time interactions,
and the product/surface interactions were proven sig-
nificant (P <0.05). For example, it was significant
that the mean enamel decalcification index scores for
each surface (gingival, mesial, distal, and incisal) de-
creased steadily in the MI Paste Plus group and

American Journal of Orthodontics and Dentofacial Orthopedics

Sum of ICDAS scores

Sfor all teeth
Change in ICDAS,
Product T1 T2 T3 T4 T1-T4 (%)
MI Paste Plus 145 129 95 80 —44.8
Placebo 116 145 150 166 +43.1

increased for each surface in the placebo group from
T1 to T4. Time, no doubt, helped the MI Paste Plus
to remineralize the white spots and did nothing for
the placebo group to prevent decalcification.

For the M1 Paste Plus and the placebo groups, at ev-
ery time point, the incisal edge average enamel decalci-
fication index scores differed significantly with each of
the other surfaces (mesial, distal, and gingival) individu-
ally. In addition, even though the incisal edge mean
enamel decalcification index scores for both groups
changed the least with respect to percentages, of all
the surfaces from T1 to T4, it was by far the surface
with the most cumulative enamel decalcification index
points at each time point and for both products. There-
fore, the incisal edges of the studied teeth, whether sub-
jected to the placebo or the M1 Paste Plus, had the most
white spots of any of the 4 surfaces for the time period
they were observed.

The largest actual percentage change for a surface in
the average enamel decalcification index score from T1
to T4 for the MI Paste Plus group was for the distal sur-
face, with a 65.5% decrease, followed by a decrease of
63.0% for the mesial surface (Table 111). The largest
change for the placebo group over the same time period
was for the distal surface (+2200), followed by the
gingival surface (+160.9%) (Table 1V). Figure 2 shows
that after T1 the gingival surfaces of the M1 Paste
Plus sample had lower mean enamel decalcification in-
dex scores than did the gingival surfaces of the placebo.
The placebo, it seems, allowed more white spots to form

November 2011 e Vol 140 e Issue 5
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Fig 2. Interaction bar plot for average enamel decalcification index scores and the effect of the
interaction of product/time/surface. g, Gingival; m, mesial; d, distal; /, incisal.
p . . Plus and a steady increase for the placebo, although these
' effects were not statistically significant. This trend corre-
357 i lates well with the enamel decalcification index scores.
37 i
T
€ 257 - T DISCUSSION
@ I
= - White spot lesion formation is frequently encountered
o i .T3 . . . 4-9 .
O 15- W in orthodontic patients.”™ The roles of dental materials,
I such as glass ionomer and resin sealants, in inhibiting
demineralization have been well documented and are
.05 well accepted as a standard of care. The benefit of topical
fluoride in reducing demineralization and supporting
MI Paste Placebo remineralization is well recognized. Considerable research
Cell has been devoted to fluoride delivery methods that

Fig 3. Interaction bar plot for average international caries
detection and assessment system scores and the effect
of the interaction of product/time.

in the gingival quadrant than did the M1 Paste Plus,
which actually reduced the white spots in this same
quadrant.

A 2-way ANOVA was done for the average interna-
tional caries detection and assessment system scores. A
bar plot for these scores in Figure 3 shows a steady de-
crease with each time interval in the international caries
detection and assessment system scores for the M1 Paste

November 2011 e Vol 140 e Issue 5

reduce or minimize enamel demineralization in
orthodontic patients.™'>'>'*1831 Despite the availability
of various fluoride delivery protocols for orthodontic
patients, they often fail to comply with their practi-
tioners’ recommendations. There have also been concerns
about the use of fluorides in dentistry. The risks are
minimal, but these concerns have caused some countries
not to add fluorides to the drinking water.

In this study, an alternative method for the preven-
tion of white spot lesions was carried out. In this
prospective double blind randomized controlled clinical
trial, the effects of the casein phosphopeptide-
amorphous calcium phosphate in Ml Paste Plus were
studied. This study showed that Ml Paste Plus, used as
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Fig 4. Right buccal intraoral photographs of a patient from T1 to T4 using the MI Paste Plus.

presented here, not only prevents white spots, but also
reduces the number of white spots already present, as
shown in the intraoral clinical pictures of a patient using
MI Paste Plus in Figures 4, 5, and 6.

Table 11 also shows that the 2 products did not behave
the same over time. M1 Paste Plus’ enamel decalcifica-
tion index scores for each surface decreased for each
time period, while the placebo’s increased, as shown in
Figure 2. Moreover, the sum of the enamel decalcifica-
tion index scores for all teeth for M1 Paste Plus was
271 at T1, and it decreased to 126 by T4 (Table ).
The placebo, over the same time period, went from
135 to 258 (Table 1V). The placebo, therefore, did not
help to resolve or halt white spot formation. Figure 7
shows clinical intraoral photographs of a patient using
the placebo for a 3-month period, illustrating the lack
of improvement of white spots, even with exemplary
oral hygiene. Figure 8 shows intraoral photographs of
a different patient whose white spots worsened over
time while using the placebo.

From T1 to T4, all surfaces (gingival, mesial, distal,
and incisal) showed a significant decrease in mean
enamel decalcification index scores with M1 Paste Plus
(Table T11). Furthermore, there were decreases of 53.5%
in mean enamel decalcification index scores and
44.8% in mean international caries detection and as-
sessment system scores (Table V) for all teeth together
with M1 Paste Plus usage from T1 to T4 (Table 111). The
placebo, on the other hand, showed a 91.1% increase
in mean enamel decalcification index scores (Table 1V)
and an increase of 43.100 in the international caries

American Journal of Orthodontics and Dentofacial Orthopedics

Fig 5. Intraoral photographs of the maxillary right central
incisor of a patient at T1 and T4 using the M| Paste Plus.

detection and assessment system (Table V) for all teeth
together over the 3-month period of the study, further
demonstrating a rise in decalcifications with the placebo.
There seemed to be a strong correlation between the
enamel decalcification index and the international caries
detection and assessment system scores. As the average
enamel decalcification index scores slowly decreased for
the M1 Paste Plus, so did the international caries detec-
tion and assessment system scores. Likewise, as average
enamel decalcification index scores slowly increased for
the placebo, and so did the international caries detection
and assessment system scores. All international caries
detection and assessment system results, however,
were not significant (Table VI1). Perhaps if more patients
had been studied, there might have been a greater

November 2011 e Vol 140 e Issue 5
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Fig 6. Intraoral photographs of the maxillary central incisors of a patient from T1 to T4 using the MI
Paste Plus.

Fig 7. Right buccal intraoral photographs of a patient from T1 to T4 using the placebo. Arrows indicate
changes in white spot lesion.

chance for the international caries detection and assess- group showed the greatest percentage of decrease in
ment system results to be significant. decalcifications; in the placebo group, the distal and

Another interesting characteristic of this study was the gingival surfaces showed the greatest percentages of
effect of the paste on the location of lesions on the surfaces increases in white spot formation. For the Ml Paste Plus
of the teeth. Tables 111 and TV show that the surface effect and the placebo, at every time point, the incisal edge
on the mean enamel decalcification index scores was average enamel decalcification index score differed

highly significant. The distal surface in the M1 Paste Plus significantly from the other surfaces (mesial, distal, and

November 2011 e Vol 140 e Issue 5 American Journal of Orthodontics and Dentofacial Orthopedics



Fig 8. Intraoral photographs of the maxillary right central
and lateral incisors and canine of a patient at T1 and T4
using the placebo.

gingival) individually. This showed a tendency, in this
patient population, for incisal decalcifications. Perhaps
this is a systematic error in the sample that the incisal
edges in this patient population had more white spots on
the incisal quadrant than the gingival quadrant, which is
typically reported to be prone to the most decalcification.
This systematic error was unlikely, though, since the
results were independently obtained from 2 operators
(M.AR., J.T.N.), and intraoperator reliability was high. Tt
is also shown in Figure 2 that after T1 the gingival surfaces
of the M1 Paste Plus sample had lower mean enamel decal-
cification index scores than did the gingival surfaces of the
placebo group. This result suggested that the gingival por-
tion of the tooth was particularly sensitive to orthodontic
treatment during white spot lesion formation, especially
in the placebo group. Furthermore, M1 Paste Plus had an
impact on reducing white spots on the gingival surfaces.

This clinical study had some limitations. One was that
the patients’ compliance could not be controlled, stan-
dardized, or measured. In addition, there was no stan-
dard delivery system for the M1 Paste Plus, so the
protocol of using the trays for 3 to 5 minutes per night
was developed and chosen on the basis of the best clin-
ical practice. In the future, compliance should be moni-
tored and factored into the process somehow, and the
study could be conducted after the brackets are de-
bonded and gingival inflammation is at a minimum.

A more serious limitation was objectifying the scor-
ing for the graders in scoring the enamel decalcification
index and international caries detection and assessment
system. The visual impact of decalcification can be
somewhat different for each observer. However, great
efforts were used to standardize and calibrate the oper-
ators. In addition, the intraobserver and interobserver
variabilities were adequate. The most effective means
of studying decalcification is to carry out a histo-
section of the enamel of the teeth, but this process
would involve sacrificing teeth and precludes a clinical
study with live subjects.
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Table VI. ANOVA table for average international car-

ies detection and assessment system scores

P value Power
Product 0.16 0.278
Time 0.92 0.079
Product/time interaction 0.06 0.609

Currently, more dental products are coming out with
casein phosphopeptide-amorphous calcium phosphate,
the active ingredient in M1 Paste Plus. In the future,
orthodontic bonding adhesives containing casein
phosphopeptide-amorphous calcium phosphate could
become popular. At present, the American Dental Asso-
ciation Foundation is developing biologically remineral-
izing composites, or “smart composites,” that contain
amorphous calcium phosphate. Even sports drinks are
being developed that contain casein phosphopeptide-
amorphous calcium phosphate. The possibilities for its
applications are endless. 1t will, it seems, be a part of
the future in orthodontists’ fight against white spots
and decalcification.

CONCLUSIONS

The following results can be drawn from this ran-
domized controlled trial.

1. M1 Paste Plus not only had a preventive action of
white spot development during orthodontic treat-
ment, but also decreased the number of white
spot lesions.

2. The placebo had no preventive action on white spot
development during orthodontic treatment; the
number of lesions actually increased.

3. Ml Paste Plus had an impact on reducing white
spots on the gingival surfaces, whereas the placebo
group had the opposite effect.

4. The incisal surface effect on mean enamel decalcifi-
cation index scores over time and between products
was highly significant in that the incisal enamel de-
calcification index scores were consistently higher
than those of the other surfaces (mesial, distal,
and gingival).
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