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BLOCK 20

\\j'fln yitro experiments have shown that twice dally exposure of S. mutans
to varlous fluorlde salts has shown that only SnF; significantly aiters
this organisms growth and metabolism. The antibacterial effect of SnF, was
assoclated with an uptake of tin Into the bacterla. Fluoride salts of
sodium, lead, zlinc, and copper had |ittle effect in this test system. The
‘ pH of the various fluoride salts generally had no effect on the test
j compound activity except for the noted inactivation of Snf, at elevated
» pH's. Since SnFy4 also did not affect the growth or meta olfism of S.
| mutans, a unique property of SnF,, possibly Its reactivity in an aqueous
I environment, may be responsible for Its antibacterial properties.

Stannous fluoride was compared to NaF (5 ppm F7) in the drinking water
) of hamsters to test whether SnF, had greater carles Inhibitory effects due
| to Its potential antibacterial effects. The number of enamel and dentinal
carious leslons In both the NaF and SnF, group was significantly different
from the delonized water group; however, there was no difference in caries
scores between the NaF and SnF, group. The recovery of S. mutans was
highly variable between anlma?s and showed no statistical difference

between grougfi)

Twenty-two human subjects, who were regarded as potentially carles
active, rinsed twice a day with elther acidulated NaF or SnF, mouthrinses,
adjusted to 200 ppm F~. There was a small (2 times) but significant

j reduction In Total CFU per ml| saliva In both groups after a year. No
! _ ? differences were found in lactobacil|! counts between the 2 mouthrinse

i groups or longitudinally within the groups. Of Importance the apparent
selective reduction In S. mutans found In those subjects rinsing with SnF,,
At the end of | year, the SnFp group had less (26 times) fewer S. mutans
compared to baseline. WIith regard to caries, all patients continued to be
caries active after one year despite the use cf two dally fluorlde
mouthrinses; however, *the subjects rinsing with SnF, developed
approximately half the number of new carious leslons to those subjects
rinsing with acidulated NaF.) With regard to gingival health, tbis study
did find that Snf, was an adjunct Tn decreasing gingival Inflammation.~ The
lower frequency of bleeding sltes and the corresponding lower mean Gl
scores In the SnF, group compared to the NaF group demonstrates that
rinsing with Snf, favorably affected gingival health., &—m-——-

The controlled release clinical trials were designed to examine the
safety and efficacy of a controlled release delivery system of SnF, in a
small number of human subjects. The SnF, restorations showed no signs of
wear or loss of integrity in both the trials. The salivary fluoride release
i rate was found to average 0.3 ppm over the 34 day trlial. Some effect on
‘ both the quantity and proportion of microorganisms was noted In those
subjects who had a SnFy-polycarboxylate restorations in place. While there
b was an increase of recovery of total colony forming units from salivary in
the placebo group during the experimental! period, probably due to
suspensi{on of oral hygiene In this perlod, a decrease In total bacteria was
noted In the SnF, group. This decrease in salivary micrcorganisms may be
selective since sanguis recoverlies showed no dlfference between groups
wh,le S. mutans recoveries appeared less In those subjects having the SnF2
restoration. The effect of the SnF, delivery system against plaque and
ginglvitis was not impressive.
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Summary ﬁ

A series of experiments have been performed to try to find the best
antimicrobial fluoride compound. We have extensively examined 8 cationic :
salts of fluoride, some with higher or lower molecuiar weights than tin.

Because it quite early became apparent that pH of the compounds was impor-

pilot study, 4 hamsters had their molars prepared to accept the SnF2 poly-

tant, over 26 variations of pH of these compounds were tested. To date, we 3
have found that San has potent antimicrobial activity, but remarkably, SnC]2 %
and SnF4 does not. ZnF2, ZnC]Z, PbFz, PbC]2 and NaF all have no real effect ,&
on microbiology. Concerning pH, SnF2 appears to have a critical pH below 4 g
for its antimicrobiologic effect. The ioss of effectiveness above pH 4 we E
feel is due to its conversion to insoluble tin hydroxide salts which cannot 4
affect bacteria. Atomic absorption spectrophotometric and electron micro- k,
probe experiments have shown us that only SnF2 accumulates within bacterial ;
cells which causes the bacteria to have unbalanced growth characteristics ?
and hence the antibacterial effect. .
We have completed all the planned in vitro and pilot studies on the '>
controlled release San system. These studies have involved: (1) the in f
vitro microbiologic effects of low Tevels of Snf,; (2) in vitro physical E‘
properties of SnF2-p01ycarboxy1ate cement; (3) an in vivo trial for 30 days i
in one subject examining the antiplaque effects, release levels, systemic !
effects, and the clinical integrity of the restoration. These studies nave F
all been favorable in moving forward in developing the controlled release :

system. The studies have been written, submitted for publication.
Two pilot studies on hamsters have been completed to date. One large E'
experiment involving 45 animals is presently in progress. In the first i‘
iy

carboxylate cement or polycarboxylate cement without additional fluoride.

After the restorations were placed, the hamsters were innoculated with S.
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mutans and placed on a cariogenic diet for 60 days. Those hamsters which
had the San temporary showed a trend for fewer carious lesions and fewer
S. mutans; however, the temporary restorations were completely absent from
all preparations upon sacrifice. Another pilot study was performed to try
to improve on the technique of placing the restorations into the preparation.
Besides not being able to adequately fill the preparation because of the
small size and air bubbles, we found that many of the animals would die due
to the extended time their jaws were open. Since the objective in the ani-
mal experiment was to see the microbiologic effects of low levels of SnFZ,
and not manipulative techniques of the cement in tiny restorations, it was
decided to first perform an experiment with controlling the exposures of
San through the animals drinking water. This experiment, with 15 animals
each in a deionized water group, a 5 ppm F~ groups as NaF, and a 5 ppm F

as SnF2 group are currently underway.

We have applied to the Food and Drug Administration for an “Investiga-
tional Exemption for a New Drug” (FDA 571) so that we can utilize the con-
trolled release delivery system of San to human clinical trials. The
application and research protocol was submitted February 4, 1982. So far
it has not, to my knowledge, been approved. These studies are projected to
start November 1, 1982. The human experiments (not included in original con-
tract) involve a short term (2 week) study to examine efficacy and a long
term trial (2 months).

As a pilot study, we have selected 2 subjects with moderate generalized
periodontititus. On one side of the mouth, we have injected 1% SnF2 sub-
gingivally with a 25 gauge needle. To the other side, we have injected
saline. On a weekly basis, we have sampled the pockets for periodontopathic

anaerobes and S. mutans. We have found that in both subjects, the pockets

that were irrigated with SnF, had much fewer B. melinenogenicus and S. mutans,
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even 4 weeks after the single treatment. A larger clinical study to follow-
up these preliminary results is planned.

After initially starting with 36 rampant caries subjects, only 18 re-
main compliant with using either SnF2 or NaF twice a day in our long term
mouthrinse study. After 6 months, many significant differences between the
groups have been noted. With regard to clinical parameters, the group
rinsing with SnF2 had significantly less plaque at one month and the gingival
health improved significantly more between 1 and 3 months with these sub-
jects rinsing with San. The most dramatic finding is the low variance in
gingival scores in those subjects rinsing with SnFZ. With regard to caries
scores, we have found that the group rinsing with NaF had 4.2 new lesions
after 1 year and those subjects rinsing with San had 2.3 new lesions. Mic-
robiclogically, there are large differences between groups. Those subjects
rinsing with San had 2.4 times fewer bacteria/ml saliva in their mouths at
3 months. But, of most importance, was the fact that the SnF2 users had

greater than 20 times fewer S. mutans in their mouth over the course of the

study.
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Sterile Stainless Steel Wires

Suspended in Jordan's Medium
+

Inoculated with S. mutans

48 hours
r Exposed 1 mi n.l 1
HOH SnF2 SnC]Z
(250 ppm) (Sn ppm = San)

Rinsed 1 min. [A l

Fresh Jordan's Medium
l 12 hours ----» pH
Repeat Exposure
l 12 hours ----+ pH
Repeat Lxposure
pH (terminal)

12 hours
Plaque Score

5-day Preformed Plaque

.
Repeat Exposure (2 min.) Collect Plaque

24 hrs. ----» pH
Repeat Exposure (2 min.) Dry Plaque —— mg
24 hrs. l
Repeat Exposure (2 min< Atomic Absorption ———» Sn/mg

24 hrs pH (terminal)

Plaque Score

Figure 2: Flow diagram used to test the effect of SnF2 aqd §nC12 on 2
and 5 day old preformed S. mutans plaques. Deionized Hp0 was
the control.
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Table 2: List of the solutions at various pH's which
were exposed (1 min./12 hrs. for 48 hrs.)
to wire adherent S. mutans NCTC 10449.
F]uor)de solutions were tested at 250 parts/

0% F-, exc pt for PbF2 which was tested at

100 part/'lOg The cations in the com-
parable ch]or1de salts were equal in ppm to
the fluoride salts.

Cation Anion

Agent (ppm) (ppm) pH

NaF 303 250 2.0, 2.5, 3.0, 5.5,
6.0, 7.0.

SnCl2 783 463 2.5, 7.0.

SnF2 783 250 2.0, 2.5, 3.0, 3.5,
4.0, 5.0, 6.0, 7.0.

SnF4 390 250 2.3, 5.0.

ZnF2 428 250 5.2

ZnC]2 428 465 4.9

PbF2 565 100 3.0, 6.0

PbC]2 545 187 3.0, 6.0

H20 -——- - 2.5, 7.0




H,0

NaF

SnCl

SnF

Table 3:

Initial study of intermittent exposures (1 min./i2 hrs. for
48 hrs.) of tin and/or fluoride solutions on acid production,
plague formation, and tin accumulation of wire adherent S.

mutans MCTC 10449.
as a control.

Deionized water (pH 2.5 and 7.0) was used

Fluoride solutions at 250 ppm F~; cations in
SnC]2 equal to San.

Acid Plaque Sn/mg
Agent Production Plaque Weight Plaque
pH (o pH) Scorea m (ug)
2.5 2.8 4 11.0 + 0.2 N.D.5
7.0 2.7 4 10.7 + 0.5 N.D.
2.5 2.5 4 12.5 + 0.5 N.D.
7.0 2.7 4 11.2 + 0.9 N.C.
2.5 2.7 4 12.3 + 0.6 1.4 + 0.6
7.0 2.7 4 1.1 + 0.7 0.3 + 0.1
2.5 1.7 2 7.2+2.0 13.6 + 4.1
7.0 2.6 4 13.0 + 0.5 0.5 + 0.1

5 Hone detected

N=3; x+S.0.

a Scored by McCabe method
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‘ Table 4: Effect of intermittent exposures (1 min./12 hrs. for 48 hrs.) of
NaF (pH 2.0 and 6.0) and SnFp (pH 2.0 to 6.0) on acid production,
plaque formation, and tin accumulation of wire adherent S. mutans
NCTC 10449. Fluoride solutions at 250 ppm F~.

Acid Plaque Sn/mg
Agent Production Plaque Weight Plaque
pH (A pH) Score® (mg)
2.0 1.8 4 6.4 + 0.9 N.D.5
NaF
6.0 2.4 4 6.5 + 0.3 N.D.
San 2.0 0.2 <] 1.8 + 0.1 A
| 3.0 0.2 a1 2.4 + 0.5  42.9 + 7.1
4.0 0.5 1 2.6 + 0.5 36.9 + 3.6
5.0 1.0 3 5.7+ 0.4 20.1 + 0.5
6.0 1.6 4 5.9 + 0.8 3.6 + 0.7

| a Scored by McCabe method
g None detected

A Laboratory accident

N=3; x+S.D.
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Table 5: Effect of intermittent exposures of PbF2 and PbC12 compared to
NaF on acid production, plaque formation, and lead accumulation
of wire adherent S. mutans NCTC 10449. Test solutions adjusted
to either pH 3.0 or 6.0. Fluoride solutions at 100 ppm F~;
cations in PbCl2 equal to PbF

2
Acid Plaque Pb/mg
Agent Production Plaque Weight Plaque
pH (o pH) Score® (mg) (ug)
3.0 1.9 3 5.7 + 0.2 N.D.P
NaF
6.0 2.3 3 4.6 +1.0 N.D.
3.0 2.0 3 6.1 +0.3 2.2+ 0.2
PbCl2
6.0 2.3 3 5.5 +0.9 1.2 + 0.2
3.0 1.9 3 6.7 + 0.3 3.3+ 2.5
PbF2
6.0 2.0 3 5.5 + 0.1 2.4 +0.7

a Scored by McCabe method

g iWone detected

N=3; x+S.D.




v see w ¢ o

Table 6:

NaF

SnF2

SnF4

SnF4

ZnF4

ZnC]2

ATt

Effect of intermittent exposures (1 min./12 hr. for 48 hrs.)
of NaF, SnF2, SnFs, ZInFp and ZnCIZ on acid production, plaque
formatlon, and metal accumulation of wire adherent S. mutans
NCTC 10449. Natural pH for all test solutions, except SnFg
which was adjusted to pH 5.0. Fluoride solutions at 250 ppm
F~; cations in ZnC1y equal to ZnF;.

Acid Plaque Sn/mg
Agent Production Plaque Weight Plaque
pH (A pH)  Scorec (mg) (ua)
5.5 2.7 3 9.8 + 0.6 N.D.5
3.5 0.4 <1 1.3 +0.4 39.1 + 1.4
2.3 2.6 3 10.9 + 0.2 3.9 +2.0
5.0 2.6 3 10.4 + 0.3 6.1 +0.3
5.2 2.8 3 10.0 + 0.5 0.05+ 0.01
4.9 2.9 3 9.0 + 0.2 0.12+ 0.07

a Scored by McCabe Method
g Hone detected
= 3; x + S.D.
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Table 7: Performed plaque of S. mutans NCTC 10449 was grown on
wires for 2 days and then exposed every 12 hrs. for 1
min. to various agents for the next 2 days. The inter-
mittent ovnnsures,.to the wires continued for 3 more days,
once a day for 2 min. Each wire was scored for plague,
then collected, dried, weighed and analyzed for tin.
Fluoride solutions at 250 ppm F; cations in SnCl2 equal

to San.
Acid Plaque Sn/mg
Production Plaque Weight Plaque
(A _pH) Score® (mg) (ug)
H20 3.2 4 18.9 + 0.2 N.D.
SnC]2 3.2 4 22.6 + 4.7 3.2 +0.8
SnF2 2.4 4 15.7 + 0.8 >8

a Scored by McCabe method
N.D. None detected
N=3; x + S.D.
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Slow Release Mechanisms

Phase A: Dental Materials Investigation and Testing

(See Appendix C - Antiplaque Properties of Sustained Release SnFZ:
Pilot Studies)

Phase B: Measurement of Slow Release of Fluoride

(See Appendix C - Antiplaque Properties of Sustained Release SnF2:
Pilot Studies)

Phase C: Animal Studies

Two pilot studies on hamsters have been completed. In the first
pilot study, 4 hamsters had their molars prepared to accept the SnF2 poly-
carboxylate cement or polycarboxylate cement without additional fluoride.
After the restorations were placed, the hamsters were inoculated with S.
mutans and placed on a cariogenic diet for 60 days. Those hamsters which
had the SnF2 temporary showed a trend for fewer carious lesions using the
Keyes scoring techniques (Figure 4) and fewer S. mutans (Table 8); however,
the temporary restorations were completely absent from all preparations
upon sacrifice.

A second pilot study was performed to try to improve on the technique
of placing the restorations into the preparation. Besides not being able
to adequately fill the preparation because of the small size and air bubbles,
we found that many of the animals would die due to the extended time their

jaws were open. Since the objective in the animal experiment was to see the

microbiologic effects of low levels of San, and not manipulative techniqucs
of the cement in tiny restorations, it was decided to first perform an experi-
ment with controlling the exposures of SnF2 through the animals' drinking

water. This experiment, with 15 animals each in a deionized water group,

a 5 ppm F~ groups as NaF, and a 5 ppm F as SnF2 group are currently under-

way.
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Table 8: Results of first animal pilot study showing that hamsters which had

slow released temporary restorations in place had fewer S. mutans,
that is, mandibular teeth of experimental animals had approximgte]y
1.5 x 106 S. mutans; whereas control animals had about 22 x 10

S. mutans on their mandibular molars.




Phase D: Application for "New Investigational Drug Number"

This aspect of the contract involves the administrative perusal of
a "New Investigational Drug Number" from the Food and Drug Administration
which will enable human experiments with controlled release SnF2. This
application has been submitted on February 4, 1982. On March 11, 1982, I
received a letter explaining necessary revisions in the proposal. Subse-

quently, I re-submitted the proposal on March 25, 1982 (Appendix D).

- e -

16




Pilot Study to Examine the Effectiveness of Irrigating SnF2
into Periodontally Diseased Pockets

As a pilot study, we have explored the possibility of reducing dental
emergencies for soldiers in field situations by lavaging periodontal pockets
with 1% San.

For this initial study, we identified 2 subjects which had generalized

periodontitis and large numbers of Bacteroides melaninogenicus. After re-

ceiving consent (Figure 5), we irrigated the gingival pocket of one subject's
tooth with 1% SnF2 and on the contralateral side, we irrigated the gingival
pocket with normal saline. One week later, in the pockets of both subjects

which had been irrigated with SnF,, no B. melaninogenicus could be detected.

The sites that had been irrigated with saline, however, had 3.26 x 105 and

2.29 x 105 B. melaninogenicus, respectively, for each subject.

After 2 weeks, samples revealed that the experimental sites (SnF2

treated) had 10 times fewer B. melaninogenicus. At 3 weeks, the differences

were approximately 2 times.

This pilot study shows such favorable results that we plan to pursue
these pilot results with further studies. Such a temporary treatment for
acute periodontal problems could have important implications in a combat

situation.
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CONSENT FORM

School of Dental Medicine
University of Connecticut Health Center

Patient Consent Form for Fluoride Irrigation Study
Investigators: Norman Tinanoff, D.D.S., M.S.

Bj8rn Klock, D.D.S., Dr. Odont.
Kenneth Kornman, D.D.S., Ph.D.

It has recently been shown that mouth rinses with fluoride solutions
inhibit bacterial accumulation on teeth. Incorporated in a toothpaste the
same type of fluoride (SnF3) reduces gingivitis (gum inflammation). Perio-
dontitis, i.e. loss of bone supporting the teeth, has also been shown to be
less severe when the teeth were swabbed with an SnF; solution. The reason
for these effects probably is that the microorganisms causing gingivitis
and periodontitis are affected by SnF2. We would like your permission to
take part in a short-term clinical research experiment (no longer than 6
weeks) to measure the possible anti-bacterial effect of SnF, on specific
microorganisms and on gingivitis when this agent is irrigated between the
tooth and the gum tissues.

Procedure:

Bacterial accumulation, plagque, will be collected from two of your teeth
twice a week over a six week period. We will also estimate the degree of
gingival inflammation at each sampling occasion. At one of your first
appointments the pockets around the two selected teeth will be irrigated with
2ml of 0.4% SnF, under minimal pressure. No further treatment, just scoring,
will be done during the test period.

Risks:

Besides the possibility of some slight staining of the teeth and a
metallic taste, immediately after the irrigation, no side effects have been
reported after treatment by SnFj;. The possible stains can be easily removed.

Benefits:

The gingival inflammation may be decreased by this treatment. This means
reduced bleeding from the gums and an improved possibility for the dentist to
diagnose and treat the disease. Furthermore, it has been well established the
fluoride solution used is beneficial in reducing dental caries. To compensate
you for your time involved in this study we will offer you preventive dental
services (dental cle‘rings, and fluoride treatments) at the end of the study

at no expense, up to°SO. oo, ada.itienal Preoov\t\ue_, Yreaxtwent w\\
be billed t¢ the pcmeu,t.

Figure 5: Human consent form for irrigating SnFp into periodontally diseased
pockets.
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Naturally you will have the right to withdraw from this study at any time

you wish. Furthermore, the investigators will be available to answer any
questions you have during the course of the study.

IT IS NOT THE PRESENT POLICY OF THE UNIVERSITY OF CONNECTICUT TO
COMPENSATE HUMAN SUBJECTS IN THE EVENT THE RESEARCH RESULTS IN
PHYSICAL INJURY EXCEPT THAT IN FULFILLING ITS PUBLIC RESPONSIBILITY,
THE UNIVERSITY OF CONNECTICUT HEALTH CENTER/JOHN DEMPSEY HOSPITAL
PROVIDES PROFESSIONAL LIABILITY COVERAGE FOR ANY INJURY IN THE
EVENT SUCH INJURY IS CAUSED BY THE FAULT OF THE UNIVERSITY OF
CONNECTICUT HEALTH CENTER/JOHN DEMPSEY HOSPITAL. THE UNIVERSITY OF
CONNECTICUT HEALTH CENTER/JOHN DEMPSEY HOSPITAL WILL HAVE AVAILABLE
THE FACILITIES AND PROFESSIONAL ATTENTION TO CARE FOR SUBJECTS WHO
MAY SUFFER A PHYSICAL INJURY AS A RESULT OF PARTICIPATION IN THIS
PROJECT. IN THE EVENT THAT YOU HAVE SUFFERED ANY PHYSICAL INJURY
AS THE RESULT OF YOUR PARTICIPATION IN THE RESEARCH PROGRAM, PLEASE
CONTACT Mrs. Jane Johnson, phone number: 674-2142, WHO CAN REVIEW
THE MATTER WITH YOU, IDENTIFY OTHER RESOURCES THAT MAY BE AVAILABLE
TO PROVIDE YOU WITH FURTHER INFORMATION AS TO HOW TO PROCEED.

I, THE UNDERSIGNED, HAVE UNDERSTOOD THE ABOVE EXPLANATION AND GIVE
CONSENT TO MY VOLUNTARY PARTICIPATION IN DR. TINANOFF'S RESEARCH
PROJECT.

DATE:

LOCATION:

SIGNATURE OF THE SUBJECT

WITNESS
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The Microbiologic and Clinical Effect of SnF2 Mouthrinse
on a Group of Rampant Caries Adults

Stannous fluoride mouthrinse has been tested in a few short-term studies
to see its effect on both the quality and quantity on oral bacteria. These
studies have suggested that SnF2 reduces the number of bacteria in plaque
and in saliva, and some studies suggest that this rinse may also be selec-
tive against certain oral strains.

The present study was conducted to examine the effect of SnF2 vs. NaF
mouthrinse on a group of adults with high caries activity. This population
resembles that which is often seen in the Army. Besides examining the effect
of these 2 mouthrinses on plaque and gingivitis, this study also examined
the effectiveness of the mouthrinses against certain oral bacteria and
against formation of new caries.

This report describes the results from the first six months of a 2-year
clinical trial.

Methods and Materials

Patients were selected if they had a high number of S. mutans (greater
than 2 x 105/m1 saliva) and had large numbers of unrestored carious lesions.
Of the 36 patients who started the study, only 18 have been compliant with
the required mouthrinse regimen. We defined compliant patients as those who
reported no more that 4 missed mouthrinses each month and we verified these
reports by monthiy monitoring of each patients' remaining supply of mouth-
rinse.

At baseline, we measured plaque, gingivitis, and DMF besides taking
saliva to measure total colony forming units, S. mutans, and lactobacillus
per ml saliva. After the measurements, each subject was assigned to the

San or acidulated sodium fluoride mouthrinse group. Each subject was in-

structed to rinse twice a day with 10 ml of the respective fluoride
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mouthrinse (both at 200 ppm F). Each patient during the course of the study
also had all active carious lesions restored and also was placed on a pro-
gram of oral hygiene instruction, diet counselling, and prophylaxis after
the first month of the study.

Follow-up microbial analyses and clinical scorings were performed at
1, 3 and 6 months.

Results

Figure 6 displays the percentage of plaque-free sites in those subjects
rinsing with acidulated sodium fluoride. The percentage of plague-free
sites was determined by dividing the number of plaque-free sites by the
total number of sites per subject. This graph and subsequent graphs dis-
play each subjects' longitudinal change during the study, and we identify
each subject by number (right margin). Note in the group rinsing with
acidulated sodium fluoride that there is a large general increase in plaque-
free sites between the first and third month. This change could be due to
the hygiene visits between the first and third month.

Likewise, in the group rinsing with SnF2 (Figure 7), the increase in
plaque-free sites can be attributed to increased oral hygiene. Comparing
the SnF2 group to the acidulated sodium fluoride group, there is no signifi-
cant difference in the amount of this change between the first and third
month. However, cross-sectional analysis of these groups at one month show
that the SnF2 group had a 25. greater increase in plaque-free sites than
the acidulated sodium fluoride group during the first month of the trial.

Gingival Index Scores were converted to percentage of non-bleeding
sites, or Percentage Gingival Health (Figures 8 and 9) by dividing the fre-
quency of L8e and Silness 0 and 1 scores by the total number of sites per

subject. By this measure, gingival health was not markedly increased in the

6 months among subjects rinsing with acidulated sodium fluoride (Figure 8).




Most subjects in this group showed littie change; one subject showed a great
increase in gingival health; others showed a decline in gingival health.

The subjects rinsing with SnF2, on the other hand, uniformly showed
improvement (Figure 9). At 3 months, the variance in this group was very
small and only one subject showed a decrease of score between 1 and 3 months.

Comparison of the 2 groups regarding changes in gingival health between
1 and 3 months showed that 8 of 9 subjects rinsing with SnF2 showed improved
gingival health; in the acidulated sodium fluoride group, only 4 of the 9
subjects improved. Because of the unequal variances between groups in gin-
gival scores, analysis of variance could not be used. A t-test of these
proportions showed the difference between groups to be statistically signifi-
cant. The reasons for this adjunctive effect of SnF2 in the early phase of

the study needs further investigation. It does seem clear, however, that

in our study of rampant caries adults, twice daily rinses with SnF2 have a
short-term therapeutic effect on gingivitis.

As a further step in our data analysis, we correlated plaque and gingi-
val scores in both groups. The correlation in the group rinsing with acidu-
Tated sodium fluoride had an r value of .69, confirming many other reports
that quantity of plaque relates to severity of gingivitis. However, the
correlation in the SnF2 group was .34, suggesting that visual plaque deposits
may have fewer bacteria or be more pellicle-like. Several other studies
have reported increased amounts of pellicle in subjects rinsing with SnF2.

The longitudinal progress of each subject rinsing with acidulated
sodium fluoride with regard to total colony forming units, showed a mean
decrease, but not statistically significant, in the total C.F.U. in the

course of the study (Figure 10).

Y

The SnF2 groups also showed a reduction in total colony forming units, ;3

'.

which was most evident at the 3 month exam (Figure 11). At three months, a:
A

O
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there was a 66% reduction in total bacteria from baseline. Between APF and
SnF2 groups, there was 2.4 x fewer bacteria/ml saliva at 3 months in the
group rinsing with SnF2 (Table 9).

With regard to S. mutans, the subjects rinsing with APF showed a mean
increase in the S. mutans/ml saliva which at 1 month was significant at

less than .05 (Figure 12). Increase in S. mutans due to APF or NaF has

[

been reported previously. This somewhat surprising concept may possibly be
explained by previous hypotheses relating increased number of microorganisms
in the presence of fluoride. Either fluoride ions at Tow concentrations

could stimulate growth of specific microorganisms--in this case S. mutans,

- » 8 e =

or fluoride could inhibit the general plaque flora allowing reservoirs of
S. mutans in carious lesions to grow out and recolonize the surface.

The SnF2 rinsing subjects, on the other hand, had greatly reduced .
numbers of S. mutans and this organism was almost eliminated in several
subjects at 3 months (Figure 12). At the 6 month scoring, S. mutans appears
in a log scale to increase in most subjects; however, the numerical mean

increase is insignificant, that is, the mean S. mutans count was .2 x 106

at 3 months and .3 x 106 at 6 months. Preliminary analysis of the 1 year

X
results show no increase in S. mutans from that found at 6 months. E
Comparison of the 2 rinse groups with regard to S. mutans shows dramatic N
differences throughout the 6 months. Because the APF group increased 2
slightly and the SnF2 group decreased dramatically, the difference between ;
groups during these € months is over 20 x (Table 10). This corresponds to T
approximately a 95% difference in S. mutans between groups over the 6 months. b
Preliminary analysis of the one year results shows an 18 x difference between E
groups. 2
The number of lactobacillus in the acidulated sodium fluoride group '
showed large variability among subjects and within each subject at different S
X
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examination points. No pattern of change was evident (Figure 13).

The number of lactobacillus in the SnF2 groups also was quite variable
(Figure 14). Even though lactobacillus counts are easily obtainable and
accurately read, this study has found that there was great variabilities in
lactobacillus counts in individuals over time and no pattern of change was
evident due to oral hygiene treatment, restoration of carious lesions, or
due to differences in fluoride mouthrinses.

With regard to caries scores, so far not all the 1 year data is in but
clearly we see that both groups still continue to have new caries. The
subjects rinsing with APF were found to have 4.2 new lesions in 1 year
(Table 11), while the SnF2 group was found to have 2.3‘new lesions (Table

12). The small groups in this study may preclude meaningful caries assess-

ment.
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Figure 6: Percentage of plaque-free sites in those subjects rins{ng with r
acidulated sodium fluoride in the first 6 months of the trial. ;
* ¢

25
N
L] ~...,‘-(_-"\-_ -‘.-..\f-..\
iy A SV WAL LR R HERLIA R S Sy,




- : 201 h
100 102 :

90 : AN |

o / \ii’&'\ 108 ;
/ :

w |06
w ‘\\ 501
E 60 -
w > 404
D .
o 50"‘
< _
~ ' L
Q.
40
-
= _
3 :
@ 30 -
w -
(o B
' 10 -
10—
o || 1 || LIS ?
(o] | 3 6
MONTHS

Figure 7: Percentage of plaque-free sites in those subjects rinsing with

SnF2 in the first 6 months of the trial. .
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Figure 8: The percentage of gingival healthy sites (G.I. scores of 1 or 2)
per subject rinsing with acidulated sodium fluoride over the 6

months trial. -
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Figure 10: The number of total colony forming bacteria/ml saliva in those’
subjects rinsing with acidulated sodium fluoride over the 6 !
month trial. . .
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Figure 11: The number of total colony forming bacteria/ml saliva iﬁ those
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Change in Total C.F.U./ml Saliva in Mouthrinse Groups Over 6 Months ’
Agent N  Baseline 1 Month 3 Months 6 Months ’
f
C.F.U. APF 9 23.2 +24.9 11.0+6.1 16.3 +20.1 10.0 + 6.6 :
x106 SnFy 9 20.2 + 11.7 16.2 + 16.3 6.7 + 4.1 14.0 + 15.3
,
¢
Reduction Times 1.4x 2.4x 1.4x \
2
Percent 32% 58% 29%
r
Significance >.1 .
»
( 2
Table 9: Comparison of the CFU/ml saliva in subjects rinsing with APF vs. ;
San. :
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The number of S. mutans/ml saliva in those subjects rinsing with

Figure 11:
acidulated sodium fluoride over the 6 month trial.
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Figure 12: The number of S. mutans/ml saliva in those subjects rinsing ~

with Snf, over the 6 month trial.
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Change in S. mutans/ml Saliva in Mouthrinse Groups Over 6 Months

Agent N  Baseline 1 Month 3 Months 6 Months ‘it 4
C.F.U. APF 9 3.243.5 7.2:6.3 5257.8 7.7%7.5 5541
x10% SnF, 9 3.7:2.3 04:07 0205 0.3z%0.5 033.3
Reduction Times 18x 26x 26X 17
Percent 94% 96% 96%
Significance >.05 >.05 >.05

Table 10: Comparison of S. mutans/ml saliva in those subjects rinsing with

APF vs. SnF, over the 6 months.
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Figure 13: The number of lactobacillus/ml saliva in those subjects rinsing
" with acidulated sodium fluoride over 6 monts.
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Compliant

104
112
305
503
504

( Non-Compliant
203
316

Table 11:

Subject

Initial
White Spots

8
6
4
10

15

D M
13- 24-
7-  a-
19- 25-
21- 29-
12- 0-
24- 15-
11- 50-

New Recurrent Root

F (S) Lesions Decay Caries

31
0
6
40
85

1

7 (5 occ)

4

2

3 (1 occ) 4

x|

Total

Initial caries and new caries after ] year in those subjects
rinsing with acidulated sodium fluoride.




Compliant

102
106
107
114
118
‘ 701
704

Non-compliant
103
303
307
401
404

Table 12:

N R R T N T RO

Initial

Subject White Spots

11

12
14
12
12

SnFg

M
0-

15-
15-
35-
42-
30-

F
28
34
29
32
69
10
51

59
86
40
31
34

New Recurrent Root

(S) Lesions Decay Caries >
2 2
2 1 3
2 2

0 .

]

5 5 y

0 L

4 (1 occ) 4 ;
x 2.3

Y

5 5 '

1 2 .

L]

1 1 2 ;

\J

1 1 .

3 1 4 ¢

Total X 2.5 )

Initial caries and new caries after 1 year in those subjects

rinsing with SnF2.
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Appendix A

List of Publications and Presentations Supported by
U.S. Army Contract DAMD 17-81-C-1075

Papers in press:

*]. Ferretti, G. A., Tanzer, J. M. and Tinanoff, N. The Effect of
Fluoride and Tin on S. mutans Viability, Growth, Acid and
Glucan Production. Caries Research

*2. Swanson, T. D. and Tinanoff, N. Antiplaque Properties of Sustained
Release SnF2. Journal of Qral Rehabilitation

Papers in preparation:

—t
.

Camosci, D. A. and Tinanoff, N. Antiplaque Determinants of SnFZ:
pH and Ions. Antimicrob. Agents. Chemother.

2. Ferretti, G. A. and Tinanoff, N. Ultrastructure of S. mutans Grown
in Media Supplemented with Fluoride and Tin. Caries Research

3. Tinanoff, N., Serling, J. M., Manwell, M. A., Clive, J. M. Effect
of NaF vs. SnF, Mouthrinses on Gingivitis and Plaque. Journal
of Periodontol&gy

4, Tinanoff, N., Manwell, M. A., Camosci, D. A. Effect of NaF vs.
SnF2 Mouthrinses on the Salivary Flora. Journal of Dental Research

5. Klock, B. and Tinanoff, N. Effect of NaF vs. SnF, Mouthrinses on
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Effect of pH on SnF2 Stability and Anti-

plaque Properties. D .A. CAMOSCI* and

N. TINANOFF, UConn School of Dental Medicine,

Farmington, CT.
Aqueous solutions of SnF,, while having antiplaque
properties, are known to be unstable. The purpose ‘
of these experiments was to test in vitro the sta-
bility and antiplaque properties of aqueous sovlu-
tions of SnF, (250 ppm F~) at various pH's. Fur-
thermore, the pH of commercial preparations of SnF,
were measured prior to and after its use as a mouth-
rinse. In vitro tests consisted of growth of S.
mutans on wires with exposure every 12 h for 1 min
to either SnFp pH 2, 3, 4, 5, 6; NaF pH2 and 6; or q
H20 pH 2 and 6. After 48 h, plaque thickness on .
the wire was scored, plaque dry weight was deter-
mined, and Sn/mg plaque measured by AAS. For in 4
vivo tests, commercial preparations of SnF) (0.4%)
were prepared to 250 ppm F~ by diluting with deion-
ized Hy0 (pH 6.9). The pH's of these preparations )
were measured prior to and after a 1 min mouthrinse X
in 5 subjects. .

In vitro, lower plaque scores were noted for K

all samples exposed to SnF2 when compared to NaF )
and Hy0; yet above pH 4.5, SnF2 became less effec-
tive as an antiplaque agent. An inverse relation-
ship existed for plaque weight vs. Sn/mg plaque .
suggesting that tin accumulation in bacteria corre-
lated to the antiplaque properties of SnFp. 1In
vivo, SnF; preparations were noted to be below pH
4.1 prior to rinsing, and one initially at pH 3.3
rose to a mean pH of 4.4 after the 1 min mouthrinse.
The antiplaque properties of SnF, could not be .
attributed to pH or HF effects on the bacteria.
Loss of antiplaque properties of SnF, was a result of
tin precipitation. The jgvivo trial‘suggesteg 4
salivary buffering does not raise the pH of SnFs
to an ineffective level.
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Effect of NaF vs. SnFp Mouthrinse on Gingiv-
itis and Plaque - 6 Months Results. J.M.
SERLING*, J.M. CLIVE, M.A. MANWELL, N. TIN-
ANOFF. UConn School of Dental Medicine,
Farmington, Ct.
Animal studies have suggested that SnfF2 rinses im-
prove gingivitis. Human studies, even though show-
ing antiplaque effects, have not yet demonstrated
a beneficial effect on gingivitis. One of the pur-
poses of this 2 year NaF vs. SnFp mouthrinse study
was to examine the influence of these agents on
gingivitis.
High caries experience adults who were systematic-
ally distributed into 2 groups by S. mutans counts
had, at baseline, identical mean gingivitis (GI =
1.22). Both groups rinsed unsupervised 2X/day,
one with SnFp, one with APF (200 ppmF-). After
baseline scoring, the subjects began rinsing; atter
the 1 month scoring each subject had 3 visits of
oral hygiene instruction and prophylaxis; after the
3 month scoring, OHI and prophylaxis was repeated.
Final plaque and gingivitis scores were taken at
6 mo. The frequencies for scores of GI and P1I
were calculated for each individual longitudinalily
as well as cross-sectionally.
The results showed that the change of healthy ging-
ival scores (0 & 1) was not different between
groups from baseline to 6 mo.; however, the SnFp
group showed a significant improvement (p<.1) over
the APF group between 3 and 6 mo. Plaque scores
were not different between groups from baseline to
6 mo., yet when comparing 1 mo. to 6 mo., the Snf,
group was significantly better.
The results suggest that SnF, may be an adjunct in
improving plaque and gingivitis parameters when
associated with a program of oral hygiene and prof-
essional cleaning.
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The Microbiologic Effect of SnF2 vs. NaF

Mouthrinse After 6 Months. N. TINANOFF,*

M A. MANWELL, D .A. CAMOSCI, B. KLOCK. UConn

School of Dental Medicine, Farmington, CT.
Numerous short-term studies have shown reduction of
plaque formation by SnF2 mouthrinse, yet alterations
in numbers of potential cariogenic organisms due to
this agent has not been done. Different sodium
fluoride mouthrinses, on the other hand have not
been reported to have any antiplaque effects at
mouthrinse concentrations. One of the purposes of
this 2 year mouthrinse study is to compare the
effect of SnFy and NaF of comparable pH's on sali-
vary-total colony forming units (CFU), S. mutans
and lactobacilli.

Adults exhibiting high caries experience and
having over 2x107 S. mutans/ml saliva were distri-
buted into 2 groups that rinsed unsupervised, 2
times per day with either SnF2 or APF (200 ppm F7)-
Salivary samples were collected at baseline, 1, 3,
and 6 months for bacteral quantitation by the method
of Westergren and Krasse (1978).

There was a small reduction (2x) in total CFU
in both the SnFy9 and APF groups at 1, 3, and 6 mo.;
no reduction in lactobacillus in either group; how-
ever, § mutans reduction in the SnFp group was 5 X
at 1 mo., 9 x at 3 mo. and 5 x at 6 mo. from base-
line. When the SnF) group was compared to the APF
group the reductions were 9 x,12 x, and 10 x for 1,
3, and 6 mo., respectively.

The results support that rinsing with SnF,
selectively affects S. mutans on a long term basis.
One and 2~year caries exams will determine whether
the reduction in S. mutans is correlated to the
increment of caries.
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ANTIPLAQUE PROPERTIES OF SUSTAINED RELEASE SnFj:

PILOT STUDIES

By
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ABSTRACT

Pilot studies examining the physical and clinical properties of an
intracoronal sustained release fluoride delivery system were performed.
After testing various percentages of SnF2 incorporated into polycarboxylate,
zinc phosphate, and zinc oxide cements, 70 percent SnFo polycarboxylate
cement was found to have adequate compressive strength while releasing the

greatest amount of fluoride in vitro.

A 30 day in vivo trial in which this fluoride-cement was used as a
temporary intracoronal restoration produced elevated salivary fluoride
levels with only transient elevation in urinary fluoride levels. Plaque
scores decreased during the experimental period suggesting that the released
SnF2 affected bacterial growth or attachment. The San—polycarboxy]ate

cement was an adequate temporary restorative material without significant

side effects.
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INTRODUCTION

The effective delivery of antimicrobials as well as other chemothera-
peutic agents for the prevention or treatment of bacterial infections of
tooth surfaces may be suboptimal due to its reliance on patient cooperation.
Conventional methods for delivering of these agents to the oral cavity in-
volve use of mouthrinses, gels, and dentifrices (Ainamo, 1977), and these
systems are compromised in varying degrees due to their reliance on patient
cooperation for repeated applications of the chemotherapeutic agent (Mirth
and Bowen, 1976).

Interest in sustained release systems for drug delivery in medicine
and dentistry has been increasing. Besides taking the repeated administra-
tion of a drug away from patient responsibilities, controlling the rate and
site of release may be a more effective means of administering a drug. To
date, sustained release systems indentistry have been explored for delivery
of steroids for the management of apthous ulcers (Yeoman, Greenspan, and
Harding, 1978); anti-fungal drugs for the management of denture stomatitis
(Douglas and Walker, 1973; Thomas and Nutt, 1978); antibacterials for the
contrul of plaque (Addy, 1981) and fluorides for the control of dental
caries and remineralization (Mirth and Bowen, 1976; Duperon and Jedrychowski,
1980; Forsten, 1976; Zity, Gedalia, and Grajower, 1981; Whitford et al.,
1980; Friedman, 1980; Mirth et al., 1981; Abrahams et al., 1981). To date,
the largest clinical study has been performed with a trilaminate methacrylate
sodium fluoride-releasing device cemented to the buccal surfaces of the
teeth of 11 subjects. The intraoral device was found to elevate the levels
of fluoride in plaque, saliva and urine, but had no effect on plaque or

gingival parameters (Mirth et al., 1981).

'''''''''''
--------
------------



Fluoride ions may act as a therapeutic agent by altering bacterial
metabolism (Hamilton, 1977) as well as reacting physicochemically with !
enamel to reduce enamel solubility or remineralize initial caries (for 4
review, see Mellberg, 1976). Yet only stannous fluoride has been shown
to reduce the quality of plaque at concentrations compatible with frequent
oral use (for review, see Tinanoff and VYeeks, 1979). Based on its demon- .
strated ability to inhibit plaque, stannous fluoride was chosen as the
active agent whose effectiveness might best be enhanced by incorporation
into a sustained release delivery system. The depot for the SnFo was an

intracoronal (tooth) preparation where the SnFy was mixed with a dental

I T

cement and used as a temporary restoration. N
The purpose of these pilot studies was to develop a SnFy intraoral
sustained release delivery system; and to evaluate the delivery system

in vivo for antiplaque properties, oral fluoride release, and systemic effects.
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METHODS AND MATERIALS

In Vitro Tests

Cement Preparation

To four dental cements--zinc phosphate cement (Improved powder, type I.,
S.S. White), polycarboxylate cement (Durelon, Premier), reinforced zinc oxide-
eugenol (IRM, Caulk) and zinc oxide-eugenol (generic)--stannous fluoride
(Ozark-Mahoning) was added (W/W powder) to produce ratios of 20, 40, and 60
percent. Stannous fluoride was also added to polycarboxylate powder at a
70 percent ratio based on earlier pilot studies. Prior to incorporating the
SnF2 into the cement, the fluoride crystals were pulverized to a fine powder
by triturating the crystals in an amalgamator (Wiggle-bug LP60, Cresent
Dental) for 1 minute at maximum velocity.

The cements with or without addition of the SnF, powder were mixed by

2
one operator as recommended by the manufacturer; i.e., zinc phosphate was
mixed on a glass slab using incremental additions of powder to liquid over

a 2 minute period; polycarboxylate (Durelon) was mixed on a plastic-coated
paper pad and spatulated for 30 seconds; IRM was mixed on an absorbant paper
pad incrementally and thoroughly spatulated; zinc oxide eugenol was mixed

with the same technique as IRM.

Compressive Strength of Cements

After the appropriate mixing of the cement formulations, each sample
was used to fill three 10 x 20 mm plastic capsules (Beem Capsules, size 00,
Polysciences, Inc.). Following several days to allow for complete set, the
cements were removed from the capsule and the ends ground parallel on a
silicone carbide wheel to a standard height of 7.3 mm. Ultimate compressive
strengths of the dry samples were measured on a materials testing instrument

(Instron,Model 1113) with a crosshead speed of 0.5 cm/min. Some selected
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specimens which underwent a 30 day fluoride leaching trial were also tested
for post-leaching compressive strengths. ‘

Leaching of Fluoride from Cements

A cylindrical specimen of each fluoride concentration from the four
cements was prepared, removed from the mold, and then coated with blue
inlay wax (Kerr Products) so that only one open, circular end was exposed.
(The poor set and low compressive strength of IRM allowed only testing of
20% SnF, in this cement).

Each sample was separately incubated at 37° in 250 ml normal saline.

After 24 hrs., the saline was discarded saving only 2 ml of the solution

for fluoride analysis. Each flask containing the specimens was again re-
filled, incubated, and this process was repeated for 30 days to enable
characterization of the leaching of fluoride from each cement. After the

30 day period, the 310 fluoride samples collected were prepared for measure-
ment by diluting them 1/1 with ionic strength buffer (TISAB with CD7A;

Orion Res.). The fluoride concentrations were then determined using a
fluoride electrode (Orion 90-09 A) connected to a digital readout electro-

meter (Orion 701) comparing the samples to NaF standards.

In Vivo Tests

Subject

Since 70 percent SnF2 in polycarboxylate cement demonstrated favorable
leaching properties while maintaining compressive strength (see results).
in vivo pilot studies with one subject (N.T.) were performed to assess the
antiplaque properties of the released fluoride from this cement. After

human consent approval, a riesial-occlusal-cistal aralgar war rewoves from o

lower right 2nd molar and an orthodontic band was cementec anc the touth

restored with the 70 percent SnFj-nolycarboxylate cement

“ .
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Two days prior to placement of the temporary restoration, the subject
obtained complete plaque removal by means of a toothbrush with the aid of
disclosing solution. The subject then abstained from all forms of active
oral hygiene for the next 2 days. On day 0 of the experiment (2 days of
no oral hygiene), the teeth were stained with discliosing solution (Trace,
Lorvic Corp.) and photographs (1:2) of the buccal tooth surfaces were taken.
After the temporary restoration was placed, the teeth again were made plaque
free and another 2-day no oral hygiene period was begun, terminated by photo-
graphs of the plaque and then complete plaque removal. This sequence of 2-
day no oral hygiene period and photographs of plaque formation was continued
for the 1 month experimental period and post-experimental period of 3 suc-
cessive months. At the end of the 1 month experimental pericd, the temporary

contairing SnfF_ was removed and replaced with polycarboxylate cement with-

l
aut anz.
Plague Scores
The 4 571d4e« takern on each of the 26 experimental periods were used to
drtermine *he extent of visual deposits on the teeth. Plaque scoring was
performed according to the method described by Martens & Meskin (1972)
4sing oriy the buccal surfaces of 20 teeth (from ?nd premolars to 2nd pre-
molars of both maxillary and mandibular arches). The intra-oral slides were
Apxamined us'ng a "x magnifier and a radiographic viewbox. After calibration
f ( examiners ‘N.T. & .. S.', scoring was performed independently and the
mean o€ the 0 <cores was obtained. o{oth "total depnsits” as well as "globu-
Tar cepnsits” were recorded. Globular deposits were defined as those de-

posi*ts that appeared tc have thickness and texture. Scores were reduced to

mean score per tonth, and a mean sccre of 5 reprosents depnsits on all

surfaces.
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Salivary and Urinary Fluoride Levels

To determine salivary and urinary fluoride levels, whole saliva and
urine samples were obtained prior to and each day of the 1 month experi-
mental period. Whole salivary samples and urine samples were collected at
the same time of each day. Samples were frozen to prevent bacterial growth
and warmed to room temperature before fluoride measurements.

SEM and Percent Stannous Fluoride Remaining in Temporary

A fragment of the removed SnF2-polycarboxy1ate temporary that was re-
moved after 1 month was prepared for scanning electron microscopy. After
coating the specimen with gold-palladium, it was examined with a Hitachi
H300 with a H3010 scanning attachment at 20 KV. Following microscopy, the
sample was weighed, pulverized and suspended in equal parts of deionized
water (50 cc's) and TISAB II with CDTA (50 cc) for 24 hours. The solution

was then assayed for fluoride ion concentration and the percent of stannous

fluoride remaining after one month was calculated.
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RESULTS

In Vitro

Compressive Strength

The control samples of polycarboxylate, zinc phosphate, IRM and zinc
oxide eugenol, i.e., those without addition of San, showed compressive
strengths of 23.0 + 1.3, 14.1 + 2.7, 5.3 + 1.5, and 0.7 K]bs/inz, respec-
tively. The compressive strengths of the cements were decreased linearly
with addition of SnFZ to the powder component of the cement. Yet, poly-
carboxylate cement still maintained relatively high compressive strength
even with large additions of fluoride (Fig. 1). Zinc phosphate cement
appeared to be more detrimentally affected by the SnF2 than polycarboxylate
cement. IRM and zinc oxide eugenol had initial low compressive strengths

and the addition of SnF, inhibited the setting reaction to the extent that

2
these materials were made unsuitable for further preparation.

In the "post-leaching”" compressive strength test, San-po1ycarboxy1ate
cement, again, was least affected by additions of San. For example, 60%
SnF2 in polycarboxylate versus 60% SnF2 in zinc phosphate cement produced
post-leaching compressive strengths of 6.2 vs 0.4 Klbs/inz, respectively.
The one month leaching did, however, affect the strength of the fluoride-
polycarboxylate cement. While the unleached 70% SnF2 in polycarboxylate
cement was found to have 10.5 + 1.5, the post-leached 70% SnF2 in polycar-
2

boxylate cement samples had a compressive strength of 5.9 Kibs/in".

Release of Fluoride from Cement

Release of fluoride from the SnF2—cement mixtures showed that 70 SnF2
in polycarboxylate cement had the highest release of fluoride over 30 days
with a mean of 3.7 + 2.8 ppm F/day. The release of fluoride from both

polycarboxylate and zinc phosphate cements was rather consistent each cay.
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In all cases, greater fluoride release was found in polycarboxylate cement

versus zinc phosphate concentrations of SnF2 (Fig. 2). The mean fluoride
release from the IRM and zinc oxide eugenol cements was low, ranging from

0.1 to 0.4 ppm F/day.

In Vivo

Anti-Plaque Effects

The baseline scoring, i.e., no oral hygiene for 2 days without SnF2
temporary in place, showed a "total" plaque score of 3.5 + 0.08 and a globu-
lar plaque score of 2.28 + 0.53. During the experimental month, the mean total
plaque score was 2.9 *+ 0.43 and the mean globular plaque score was 0.96 + 0.25.
In the month following the experimental period, total plaque returned to
baseline levels; whereas, globular plaque displayed a small "carry over"
effect (Table 1, Fig. 3).

Salivary and Urinary Fluoride Levels

The pre-experimental baseline for salivary and urinary fluoride were
0.039 + 0.015 and 1.6 *+ 0.5, respectively. The mean salivary fluoride
level, during the experimental month, was increased to 1.86 + 1.32 ppm F
with the greatest elevation in the first 2 weeks. The urinary fluoride
levels peaked in the first 2 days and returned to normal daily fluctuation
after the first week (Fig. 4). The relationship between the elevation in
salivary fluoride level and the reduction in the globular plaque score was
nonlinear as evidenced by the weak correlation coefficient (r = -.3).

SEM and Percent F in Removed Temporary Restoraticn

Scanning electron micrographs of the temporary restoration, removed
after one month, showed small spaces in the cement in the areas approximate

to the orthodontic band. The surface of the restoration, exposed to the

oral environment, had an amorphous surface with no visual holes (Fij. ).




Fluoride analysis of a 20 mg sample removed from the tooth after in vivo

testing revealed that 8.3 mg SnF2 remained or 41.5% of the restoration's
weight was SnF2. By subtracting the fluoride remaining in the restoration
at the end of the trial from the approximate fluoride initially placed in
the restoration, we calculate that no more than 57 mg of fluoride was

1 leached during the month.

{ Clinical Observations

‘ The marginal adaptation and wear of the 70% San-polycarboxy1ate was

not substantial during the experimental period. The restoration had color

change from pale pink to speckled black to ultimately a uniform grey at the
end of the trial (Fig. 6). The only side effect noted was a slight metal-
lic taste on the first day and a brown staining on the dorsum of the tongue
adjacent to the temporary restoration. Staining of the dentition was not

evident.
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Fig. 1: Ultimate compressive strength (mean + S.D.) of 4 dental cements
containing from 0 to 70% San.
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Fig. 2: In vitro release of fluoride from 2 dental cements containing
40 to 70% San.
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Total Plaque Globular Plaque
Baseline Period 3.5 +.08 2.28 + 538
Experimental Period 29+ 43 0.96 + .25
Month Following
Experimental Period 3.5+.13 2.08 + .29

Table 1: Total and globular plaque scores (mean + S.D.) prior to, during,
and after the 30 day experimental period ip one subject.
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Fig. 3: Visual plaque (total and globular) scores from subject during

the 30 day period with the sustained release fluoride restora-

tion in place and at approximately 1 and 2 months after the
restorations had been removed.
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Fig. 4 Daily fluoride concentration in saliva and urine from subject,
in the 2 day baseline period and in the 30 day period with the
sustained release fluoride restoration in place.
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Fig. 5: A low power, 5C0x, scanning electron microgroph of proximal (F)
and occlusal (0) surfaces of SnF2~polycarboxy]ate restoration
after one month in vivo.
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Fig. 6: Condition of the SnF,-polycarboxylate temporary restoration at
the end of the 30 day experimental period.
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DISCUSSION

These preliminary sustained release experiments designed to evaluate
an intracoronal (within the tooth) Snf, delivery system both in vitro and
in vivo show that besides liberating fluoride for the one month test period,
the released fluoride had measurable antiplaque properties in the one test
subject.

As shown by the ultimate compressive strength tests, the compatabiiity
of large additions of pulverized SnF2 in polycarboxylate cement was remark-
able. Others have reported that additives such as alumina and SnF2 can
actually increase the strength of polycarboxylate cement (Smith, 197z).
Even though we found 70% SnF2 in polycarboxylate cement reduced the com-
pressive strength by about one-half, clinicaliy the material showed suf-
ficient strength in the one month test period. In our mechanical tests,
we did not follow exact ADA specifications for testing dental cements (ADA
spec. #8 and 61) and consequently, our results vary from others (Phillips
et al., 1970; Smith, 1971). However, the different testing procedures
would not affect the relative results of one cement tested with various
concentrations of fluoride.

The in vitro tests to examine the release pattern of fluoride fron thre
various cements demonstrated that fluoride leached from these material: in
a consistent pattern. The release of fluoride was elevated in the fir.*
few days for all cements and the release levels were related to the peri.e=*
SnF2 in the cements. Due to the favorable release patterns and compres: - ve

strength of polycarboxylate cement with 70% SnF2, we obtained huran use

approval for in vivo trials in one subject using this cement as a intra-

atd b JE Sace

coronal restoration.

The 30 day, one subject trial of the 70. SnF?-polycarbuxylatﬂ teoparar,
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extracellular polysaccharides (Ferretti, Tanzer and Tinaroff, 1981). The
increase in extracellular polysaccharide formation and the clinical ob-erva-
tion of increased pellicle-like deposits in those supjects rinsing with
SnF2 (Tinanoff and Weeks, 1980) made us discriminate betweer. total piaque
and globular plaque. (We have previously noted by phase contrast ricros.opy
that deposits nn teeth that appear flat and textureless have few bicteria
among amo:phous matrix.) The marked reduction in globular piaque in the
evperimentai period infers that there may be fewer bacteria present i: the
gepesats on the tooth surfaces due to the presence of SnFL. Further clini_a’
trials using bacteric per milligram plaque parameter are rccessary Lo con-
firm the finding nf iess bacter:a on teeth of subjects expased e custaine!
release nf
¢

The .orerved “carry over" antiplaque effect atter the one month trial

witr tne br‘(-polycarbOxylate restoratirn ~annct be at*ribhgted to the nor-

€uor g€ poiycarboxylate rement npiaced 1n toe tootr 3fter 4ay 3C, since

polycarbixylate cements. per se, exhibi_ no ant .mi robvz] activit.
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mechanical properties, and putative antiplaque properties of the SnFo-
polycarboxylate temporary restoration, clinical trials using microbiologic

as well as clinical parameters are indicated to assess the feasibility of

this system as an adjunct in the control of caries and pericdontal disease.
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The Effect of Fluoride and Stannous Ions on Streptococcus mutans
Viability, Growth, Acid, Glucan Preduction, and Adherence

G. A. Ferretsi, ]. M. Tanzer, N. Tinanoff

Departments of Pediatric Dentistry and Oral Diagnosis, School of Dental Medicine,
University of Connecticut Health Center, Farmingtoa, Conn., USA

Key Werds, Streptococcus mutans - Metabolism - Antiplaque - SnF,

Abstract. The effects of various salts of fluoride and tin were assessed on Sireptococcus
mutans NCTC 10449S viability, growth, acid production, glucan, DNA formation, and tin
accumulation. SnF, had more potent bacteriostatic and bactericidal effects than SnCl,. NaF,
Na,SnF, or TiF,. SnF,, SaCl,, Na,SnF, and NaF (at 10 ppm F or C!) reduced the growth
yicld of §. mutans, while acid production by this organism appeared to be reduced only in
the fluoride-suppiemenicd media. Bacterial growth in fluoride-supplemented media resulted
in greater nct amounts of both the water-soluble and atkali-soluble glucans per bacterial
mass, with SnF, having the greatest cffect, increasing the water-soluble component 10 times
and the alkali-soluble component 3 times over the controls. Greater lin uptake was noted by
cells exposed to SnF, than by those exposed to SnCl,.

Introduction

In addition to its physicochemical inter-
actions with tooth cnamel, fluoride may in-
fluence plaque acid production, growth and
attachment. Evidence of fluoride inhibition
of acid production, even at | ppm, is well
cstablished (Bibby and Van Kesteren, 1940,
Hamilton, 1977). Higher concentrations of
fluoride may affect bacterial growth or via-
bility, and clinical evidence suggests that
daily topical application of 1.23% (12.300
ppm) fluoride as NaF (pH 3.0) reduces
human plaque scores (Loesche et al., 1978).

Stannous fluoride (100-1,000 ppm) applica-
tions reduce plaque in experimental animals
(Konig, 1959; Hock and Tinanoff, 1979) and
humans (Svatun ct al., 1977, Yankell et al.,
1980; Tinanoff et al., 1980). The more
pronounced effect of SnF, than NaF on
plaque formation may possibly be due to the
effect of the former on bacterial at-
tachment (7inanoff et sl.. 1976) and/or tin
accumulation within bacterial cells (7inan-
off and Camosci, 1980).

Because most studies of fluoride or stan-
nous ions have been performed at concen-
trations that could have been bactericidal or

Bffect of Fluoride and Stannous lons on S. murans Metabolism
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bacteriostatic, it appears valuable to exam-
ine their antiplaque properties at low levels
(10 ppm) in order to differentiate between
possible antiplaque mechanisms.

Materials and Methods

Enamel Specimen Preparation

Enamel sections approximately 180 mm? were
sut from smooth surfaces of bovine incisors using
a diamond dnll with water coolant. A hole was
placed in each specimen so that a 0.030 inch di-
ameter stainless steel wire could be used to sus.
pend it 10 a culture tube. Specimens were cleaned
with as surry of pumice (0 remove Organic materi-
al, washed with deionized water in an ultrasonic
Jleaner, and autoclaved. Inlay casting wax (Kerr
Products, Emeryville, Conn.} was used to cover
the cut inner aspects of specimens leaving only the
imact surface enamel exposed. The specimens
were disvinfected 1n 70%/e cthy! alcohol fos 15 min
and then rinsed in sterile dcionized water for
1 min

The surface area of the enamel slabs was esti-
mated by making 1:1 photographic negatives of
specimens and placing them over mm! blocked
graph paper. the number of mm* blocks contained
within the outhine of the enamel specimen being
approximaicly equivalent 10 the exposed enamel
wiface arca of the specimea. This surface area
eaposcd 10 test agents and bacteria was used for
wibsequent calculations

M roorgamisms und Agents

Mrepiococcus mutans NCTC 104498 {Tanzer
¢t al, 1976] was selected as the test orgamism
unce thes organtsm attaches to enamel 1n a similar
way 1in vivo | Tingnof! et al., 1978], causes caries
|Tanzer et al, 1976, Tanzer, 1979]; and is repre.
swntative of the most frequently found 5. murans
seiotype 1n human populations [Brarrhall, 1972,
Aoene ot al, 19771 Stock cultures were main.
tained by monthly transfer 1n flusd thioglycolate
medivm  (Difco) supplemented with meat eatract
(P4 v v) and excess (aC Os. For minimum inhe-
hrtory concentration (MIC) and minimum  lethal
conventraiion (ML) determinations,  cultures
were adapted 10 and grown in frypticase soy broth

b, 00, a¥. 0o AVa 8%, aV.Cat.'30. 3R ad,
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(TSB; BBL). For all other experiments, stock cul-
tures were adapted to and grown in complex me-
dium [Jordan et al., 1960] supplemented with 5%
sucrose and S0mg/l NaiCOx. All experiments
were performed at 37 “C under microacrophyllic
conditions.

Fresh aqucous solutions of several fluoride
compounds were first prepared at 100 ppm with
respect to F, i.c, NaF (0.022% w/v, pH $.3), SnF,
(0.041%%, pH 1.8), Na:SnFs (0.024%,, pH 3.5), and
TiFe (0.016%, pH 2.9), and then added to the
complex medium supplemented to produce fluo-
ride concentrations of 10 ppm. SaCh (0.05%, pH
2.9), equimolar with respect to the Sn in SnF:
(100 ppm F), was similarly prepared and added to
the growth medium. As an F-free, Sn-{frce control,
and equal volume of deionized water was added to
the medium. The final pH of the suppiemented
media in all cases was 7.6

To insure the accuracy of calculated nominal
fluoride Icvels, free fluoride was determined by
{luuride electrode (Ovion 90-09A, Orion Research
Laboratorics, Cambridge, Mass) immediately af-
ter addition of the fluoride agent to the media and
alter incubation of inoculated or uninoculated me-
dia for 24 h at 37 C

MIC/MLC Determination of Test Agents

To determinc the concentration of the various
fluonde or stannous solutions that could either
kil or completely inhibit growth of § mutung, the
minimum inhibitory  concentration (MIC)  and
minimum  lethal concentration (ML) of thewe
agents [Aarry, 1976] were detesmined. THB cul.
ture tubes containing senal dilutions of the pre-
sumptive antimicrobials were inoculated such that
there were SO - 10° CFU/mI of strain 104498
After incubation a1 Y7 C for 16-18 h, they were
evaluated for turbidity Hecause some test agents
preciputated, uainoculated controls were used 1o
establish haseline turbidity due to apparent chemu.
cal changes of the test agents in broth The MI(C
was defined an the lowest concentration of an
agent resulting in turbidity no greater than thar of
the corresponding uninoculated tube The MIC
was defined as the lowest concentration of agent
resulting in (atiure 1o recover viable mucroorgan-
sms from inoculated culture tubes at the end of
16-18h  Vabihitn was tested by plating cultuses
on blood and Mins salivarius agars.

-
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Bacterial Growth and Acid Produciion

To assess growth, the optical density of com-
plex medium cultures containing the various
agents at 10ppm F (or 10 ppm Cl in the case of
SaCls) was monitored at hourly intervals after in-
oculation by cuitures adapted to the same medium
without the test agents. Optical density was mea-
sured with a Spectronic 20 Spectrophotometer
(Bausch & Lomb, Rochester, N.Y.) at 600 nm. Si-
multancously, the pH of the cultures was mea-
sured.

DNA/Glucan Analysis

NaF-., SnFs-, NasSaFe-, and TiFi-supplemented
media were placed into culture tubes containing
the wire-suspended enamel cylinders and were
inoculated with 0.1 ml of an S. mutans culture
adapted to the same medium without the test
agents. The enamel specimens were transferred
serially cvery 24 h to fresh media. After 3 days’
growth, the wax was removed from each enamel
slab leaving bacieria attached only 1o the surface
enamel. The enamel specimens were then sonified
{Hronson Model W 183, Heat Sysiems Ultrasonics,
Plainview, N.Y.) with a microprobe tip in deionized
water for 30s at 50 W with the output at 4,
directing the probe tip such as to remove all
bacterial deposits from the ename! surface. as
judged microscopically. The dislodged bacteria
were centrifuged (9.000 ¢, 10 min, OC) and resus-
pended in deionized waier three times. A sample
of the suspended ceils and of the speat culture
liquor of the third day's incubation was retained
for glucan anmalysis according to the procedure
of Freedman and Tanzer [1974). The remainder
of the previously sdhcrent cells and the spent
culture fluwid of the third day’s incubation was
analyzed for DNA after hot perchioric acid
extraction {Opus and Rosen, 1930; Burion, 19%6,
Tanzer et al., 1969

Atomic Absorption Spectrophotometry

After 3} days' growth, the bacteria on wires of
each treatment group were pooled into a pre-
weighed glass centrifuge tube, pelleied by centrifu-
gation, and the supernatant {luid removed. Sam-
ples were dried for 3 days st 70 C and the tubes
re-weighed After the dry weights of the harvested
velly were thus calculated, the samples were sus-
pended 1n 3.6 M HCI Tin in the samples and in
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standards (SnCls, Alfa Chemical, Danvers, Mass.)
was measured in triplicate using a Model 403 at-
omic absorption spectrophotometer (Pcrkin-El-
mer, Stamford, Conn.) equipped with an AGA-74
graphite furnace.

Results

Fluoride Levels in Growth Media

The NaF-, Na,SnF,-, and SnF,-
supplemented media exhibited, by fluoride
electrode, 10 ppm fluoride immediately af-
ter preparation, consistent with their nomi-
nal concentrations computed at the weigh-
ing of the compounds. After 24 h incuba-
tion, however, all three showed a decrease
of approximately 1 ppm F in both inoculat-
ed and uninoculated media, possibly due to
organic binding of fluoride to constituents
of the growth medium. Only Tik, did not
have measured fluoride concentrations
equal to their nominal levels; nominal
10 ppm solutions had measured levels of
only 2.3 ppm F both in frcsh medium and
after 24 h incubation of inoculated or uni-
noculated media.

MIC/MLC

SnF, had the lowest MIC and MLC of
the fluoride compounds, 60 and 125 ppm F,
respectively, when compared according to
fluoride ion concentration (table ). TiF,.
unlike the other agents, had vanable MIC
and MLC. The MIC for NaF was 300 ppm
and its M1 C was 10-fold higher, SaCY, had
a MIC of 200ppm Cl and MLC of
225 ppm Cl. Wuith respect to tin concentra-
tion. SnF, had the lowest MIC and M1 C,
being about 3- and 2-fold more potent in
MIC and MLC, respectively, than the other
Sn-containing compounds
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Bacterial Acid Production and Growth
at Low Fluoride Levels

There were slight effects of the various
F- agents or SnCl, at 10 ppm on the rate of
culture pH fall and generation time (fig. 1,
2). Slowing of the generation time was most
notable in the presence of SnF,, SnCl,, and
Na,SnF,, and differences in growth rate
from the fluoride-free and tin-free control
could not be observed for TiF, and NaF.
However, the growth yield in the presence
of ali of the compounds, except TiF,, was
clearly lower than in their absence. Similar-
ly. NaF, SnF,, and Na,SnF, slightly re-
tarded the rate of culture pH fall but SaCl,.
as well as TiF, had no appreciable effect.
The erminal pH was not as low for cultures
incubated with SnF,, NaF, or Na,SaF, as
for those with SnCl,, TiF, or without addi-
nhive.

DN A and Glucan Analyses

Table Il presents the ranking of treat-
ment cffects for various test agents and wa-
ter controls with respect to the amount of
DNA and alkali soluble glucan (ASG) per
unit cnamel surface arca, as well as the
amount of ASG per DNA.

Less enamcl-adherent DNA and alkali
soluble glucan (ASG) were found in the
presence of SnF,, Na,SnF,, and Nal com-
pared to othcr compounds tested, with SoF,
showing the least. However, there was no
significant  differcnce in the  rato g
ASG ng DNA among these samples  This
suggests that the tower ASG found 1n the
fluoride test groups was due to the presence
of fewer bactena on the enamel in these
groups and that these agents. especially SnF,,
mterfered with growth or adhesion of bacteria
to the enamel No water-soluble glucan was
detected in the enamel-adherent cell mass
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Comparison of ‘total DNA" at the end of
3 days’ growth, i.e., enamel-adherent bac-
terial DNA and culture liguor DNA from ‘
the third day's culture fluid, revealed less )
DNA/ml medium in the presence of the var-
ious fluoride saits and SnCl, than in their
absence (table 1II). The SnF,-supplemented
cultures had the least DNA. However, there
were  statistically higher ratios of total
ASG/DNA (table III) for SnF,, Na,SaF,,
and NaF than for TiF,, SnCl, and the wa-
ter control groups. ASG derived from ad-
herent and nonadherent organisms, ex-
pressed per milliliter of culture medium in- 1
creased in the presence of these agents but
not in the presence of SnCl,, TiF, and wa-
ter controls. Thus, SnF,. Na/SanF, and
NaF fostercd apparcent glucan synthesis
while inhibiting bactcrial growth. The most {
potent agent in this regard was SnF,, as
shown by the ratios of ASG DNA and

Pl e
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Tin Content of Bacteria Adhcerent 10

Stainless Steel Wire 4

As expected, no tin was detected in the 4
3-day. wirc-adherent bactena in the control,
TiF,, and NaF treatment groups, while the
bacteria grown in the presence of SaF,,
SoCl,. and Na,SnF, contained un. The
plaquc incubated in Snk,-supplemented
media had more in mg plaque than in those
speaaimens cultured in SnCly- or Na,Snk,-
supplemented media (1able 1V).

Discussion

The relatively  high  bactenostatic and
bactencwdal actmaty obnernved for Sab, at
low concentrations cannot be cxplamed by
the scparate acton of stannous or {luonde
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ions alone, since neither SnCl, nor NaF had
MIC or MLC values nearly as low as SnF,.
The greater potency of SnF, than NaF and
SnCl, has been previously observed [Tinan-
off et al, 1976; Tinanoff and Camosci,
1980]. The mechanism(s) for these differ-
ences is suggested by other findings in this
study.

Although several experiments showed an
effect of stannous ions on §. mutans, the al-
teration of acid production seems to be due
primarily o fluoride because SnCl, at the
levels tested had no detectable effect on the
ratc of culture pH fall. Inhibition of acid
production by salivary and plaque bacteria
by less than 1 ppm F has been known for
some time [Bibby and Van Kesteren, 1940;
Wright and Jenkins, 1954]. Furthermore,
plaque collected from subjects living in fluo-
ridated areas exhibits less acid production
on cxposure o sucrosc than plaque from
subjects living n  nonfluoridated areas
[Jenkins and Edgar, 1969]. These findings
may be at lcast partially exptained by the
observation that fluonde interferes with en-
vlase, essennal for glycolysis and the ener-
geics supporting membrane  transport of
glucose and sucrose [Hamulton, 1977, Siee
and Tanzer. 1979].

While nsoluble cell-associated  glucan
synthesis probably contributes 10 the opucal
denstty of cultures of S mutans grown in the
presence of sucrose, 1t s well established
that there 1s a high correlation between opu-
cal density and culture DNA [Tanzer ct al .
1969, 1973, Robrish et al . 1971] It « thus
notable that bactenal growth vields were
lower in all media supplemented with either
fluonde or un compounds except for TiF,
(recall that the level of Tk, tesicd was low-
cr than 10 ppm) The decreased growth rate
and ywld mas be due in part w the altered
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carbohydrate metabolism of §. mutans in
the presence of fluoride, as is suggested by
the increased apparent total cuiture glucan
in its presence. Furthermore, heavy metals,
such as tin, are known to have a ‘germici-
dal’ effect because of their ability to precipi-
tate proteins [Salle, 1968]. Thercfore, tin
may be metabolically disruptive, accounting
for the dectectably decrcased growth in its
presence, compared with the growth in the
prescnce of NaF at the same low concentra-
tion.

There was a decrcase in bacterial DNA
and glucan attached to enamel specimens
exposed to NaF, SnF, or Na,SnF, with
SnF, having the greatest effect. No differ-
ences were noted in the amount of enamel-
adherent ASG among groups when these
data were normalized for the vanations in
bacterial quantity. Conscquently, the de-
creased enamet-adherent alkali soluble glu-
cans (ASG'mm?) in media supplemented
with fluondes may be explained as resulting
from aither reduction of bactenal adherence
to the cname! or reduction in bacternial
growth.

Although no differences in cnamel - at-
tached glucans due 10 fluonide or un were
found. an overall increase in total’ water
and alkali-soluble  glucan for those  tost
groups exposed to Nabo Sal, and NaSnk,
was observed The total glucan calculanon
represents the enamel attachead and une
tached cell-associated glucans ralkaly sodn
ble glucan) and WSO (omponent an the mic-
hia Thicancrcase v both alkahe and warwer
oluble plucan components way moss v
dent an the Sk, trcrmen: groaps web
nmes more alkale soluble and 1o fimos mere
water soluble glucan hor o poosducad i e
Sab, group as comparad ety control

A problem in the aer montai Josigo




AT WSV IPIPIIVRA S 1% N

Ferretti 646
Blatt 10

BaZ-l Caries

the calculation of total DNA because bac-
tena adherent to the wire were removed for
tin analysis. Yet, since the bacterial dry
weight used for tin analysis was similar for
cach group, there was no significant effect
on the glucan DNA rauos computed.

Most studies that have evaluated the ef-
fect of fluoride on bactenal extraccllular po-
lvsaccharide (EPS) production have report-
cd decreases under the influence of fluonde
concentrations ranging from 10 to 70 ppm
F [Loesche et al., 1973, 1975, Bowen
and Hewtti, 1974]. Recently, Treasure and
Handeiman [1980) verbally reported cxtra-
vellular - polvsacchande  synthesss bactenal
proten data for several strains of v murans
ncubated under the influence of 25 or SO
ppm b In contrast o the carher studics.
they found ncreased amounts under the
influence of fluoikle, consistent with the
present data Whether the increased extra
wellular glucan vields found 10 the presence
ot fluonde results from increased synthess
ol glucans, decreased  dextranase  actvaty
and or channehing of carbon flow away from
the parmally mhabwted giveobvtie pathway to-
ward cxtracclluiar polvsacchande synthesis
needs further study

W found greater un uptake o Salb,
tredted weils than SnCly-treated oaes R
P1ota) and Mvarten ot ol 1977 have g
poviod that o ons may compaty waith Ca
aum tor ackhe groups on the bactenal e
lace thus Concentrating this cation on he
b surtace However increased inoan ha
Coot v sposed T S Coulid posabin
rosuat diredthv e apde ooty from accumaia
et ot gond by hackcria Tiacmot gend
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et al, 1962] (1t should be noted that SnCl,
and SnF, solutions were formulated for
cquimolar  Sn  concentrations. SnF, and
NagSnk, were adjusted for equimolar F
concentrations, not Sa concentrations This
masy account for the lower tin uptake from
Na,SnF, compared o Snky )

Snb, appears to have the most sigmife
cant antiplague propertics against 8 muaam
of those fluonide compounds tested at a con
centratton of 10 ppm | The inervased
effectiveness of Sak, appears ruiated 1o m
creased cellular tn accumulanon
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Fig. 1. Acid production by S. mutans NCTC
10449S in medium supplemented with 5% sucrose
and various fluoride compounds (10 ppm F) or
$aCls (10 ppm C).

Fig. 2. Growth of S. mutans NCTC 10449S in
medinm supplemented with 5% sucrose and var-
wus fluoride compounds (i0ppm F) or SaCle
110 ppm CI).
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Toble |. Minimum indebatory concentration (MIC) snd minimum lethal concentration (ML ) of vanous
Avonde compounds and SaC | . against § mutans NCTC 104495

= Test compound ' MIC MLC

. ppm F ppm Sn ppm b ppm Sa

» SaF, 0 190 125 373 ,
*v SaCl, (200 ppem Cl ) 00 123ppm (1) 879

w Na.SaF, 600 600 o3 73

= NoF 300 3.000

= TiF, 330223 375228

o Carles Fervettl 646

‘ Table II. Amoust of bacterial DNA and alkali-soluble glucan (ASG) adherent to enamel after 3 days’ mncu-
bation of S. musans NCTC 104498 in medium supplemented with various fluoride compounds (10 ppm F), '
SaCl,, (10 ppm Cl) or H,0 (control)

o g DNA/mm? enamel Subsets pg ASG/mm’ enamel Subsets ug ASG/ug DNA Subsets '
o Control 0.1720.02 TiF, 1.3520.4) TiF, 9.02¢1.24
w SnCl, 0.1510.00 SaCl, 1.1920.05 SaCl, 7422085
w TiF, 0.14120.03 Control 1.1020.16 NaF 7.1820.70
os Na.SnF, 0.12£0.02 NaF 0.8320.19 SaF, 6.7211.28 :
a NaF 0.1120.12 Na,SaF, 0.621£0.04 Control 6.3920.59 | ’
w SnF, 0.051£0.00 SaF, 0.32£0.09 Na,SnF, 5.37£0.95 |
@ Mean of 3 samples £ SD.

Homogeneous subsets using analysis of variance with SchefTe procedure (p < 0.01).
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181 Toust bacsenal DNA. albalr solubie plucan (ASG), and water rwiuble glucan (WSG) adheremt 1o

'1‘ prosont w the culture flurd of the thied day's incubation of § mutans NC TC 104498 gro .th medt

: .-W-uhcnhﬂ Nucrde compounds (10 ppm F), SnCL, (10 ppm (1), or H.0 (control)

b 8

aaa

- Towsing DNA =i Subwess Totsi pg ASG. mi Subsets Total ug ASG/ g IDNA Subsets
« Comrol 350264 NaSaF, 3812120 SnF 3321 )6 ;:
- Nab 2872006 NoF 32t 22 NasSnk, 2)3tl07 2
- Na SaF, 2722078 SaF, 3312130 NaF 202¢ %) N
« DF, 2602087 TF, 3302 79 Tk, 1242 043 >
v Se( ) 2322020 Controi 3292 38 ( ontrol 93t 1} .
o Saf. 1272001 Sa(l, 17¢ 26 $n(11, g6t 081 .
%
» Total uyg WSG/ml| Subsets Total ug WSG/ g Subsets A
DNA ! z
« Nab 575t 18 SaF, 4350113 l *
« SoF. %6210 NaF et 12 2
« NaSak, 4722 83 Na,SaF, 1t1g )9
- TF, 17.7¢ 48 TiF, wlt té
= Control 13.5¢ 09 SaCl, 422 1) /
- SnCi. 1092 40 Control 40% 048
Meaa of ) samplies £ SD. é
Homogeneous subsets using analyus of variance with SchefTe procedure (p < 0.01). b4
N
»m Carles Fecrett] 646 E
Table 1V. Tin content of bacteria harvested from &
the wires suspending enamel specimens of various F,

Sa or comrol groups

ne

Plaquedry  Sn'/total Sn'/mg
weight. mg  sample, ppm plaque, ug
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2

Comrol 1.8 ND ND
NaSeF, LS 3 4
TF, 30 ND ND
SaCl, 24 “ 20
NaF 1.7 ND ND
SaF, 1.4 @ 34

Samples were pooled, dried, and anatyzed for tin
using atomic sbsorption spectrophotometry. The li-
mit of detection of otal SN using this method is
< | ppm. ND = Non detected.
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Appendix D
Proposal to the Food and Drug Administration to obtain "Investigational
Exemption for a New Drug” to allow for human (linical trials with controlled

release SnFZ.
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THE UNIVERSITY OF CONNECTICUT PEDIATRIC DENTISTRY
HEALTH CENTER

February 4, 1982

Food and Drug Admintstration
Document Control Section, HFD-106
New Uruy Evaluation

bureau of Drugs

5600 Fishers Lane

Kuckville, MDD 20857

Bear Sir:

trclosed is a “Notice ot Claimed Investigational Lxemption for a New Urug”
to use stannous fluoride in a contrclled release system. Snf, has been
used since the 1950's, and 1s generally regarded as sate when used as a
treatment to prevent dental caries. Sodium tluouride 15 used topically,
wystematically, and has also been investigated as ¢ controlled release
1q9ent

Because of the potential antiplaque properties of Snk,, SnFy may be superior
to Nab 11 4 controlled release system., Since this is a new way of delivery

ot Snby, the U.S. Army [nstitute of Dental Research, my sponsor, has asked

me to request an “"exemption for 4 new drug” so that [ cdn conduct the enclosed
numan clinical trials.

Sincerely,

Norman Tinanoff, D.D.S., M.S.
Associate Professor

N7 db

SCHOOL OF DENTAL NCINE
FARMINGTON, CON: Ci'cuT 0603.
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

L

Food and Drug Administration
Rockville MD 20857

Norman Tinanoff, D.D.S., M.S.

Department of Pediatric Dentistry 82

School of Dental Medicine WR 118

University of Connecticut Health Center

Farmington, CT 06032 Y

Dear Dr. Tinanoff:

Reference is made to your correspondence dated February 4, 1982 which "
you intended as a Notice of Claimed Investigational Exemption for a N
New Drug (IND) to study stannous fluoride. ;

We are returning the forms to you per the telephone conversation on
February 17, 1982 between you and Mrs. Joyce. In order to file a complete
IND, each section of the Form 1571 must be answered by furnishing the \
information requested or a reference to where the information may be )
found. We have the following suggestions to help you address the

inadequacies of your submission:

1. Submit a signed FD Form 1571 naming yourself as sponsor.

2. For Parts 2-6 and 16, obtain from Ozark-Mahoning a letter of
authorization to permit you to incorporate by reference infor-
mation they may have filed with us.

3. For Part 7 submit a copy of the labeling that will be used on
the drug with the statement on the label "For Investigational
Use Only". )

4. For Parts 11 thru 14, a written statement complying to these
Parts.

5. A1l of this information must be submitted in triplicate in order
to expedite review by the three review disciplines.

We are enclosing new Forms FD 1571 and 1572 since we had date stamped
the ones submitted.

I hope that this information will be helpful to you. If we can be of

any further assistance. please call Mrs. Regina D. Joyce, Consumer Safety
Officer, at (301) 443-3500.

Sincerely yours,

Py 2 - ]
) (/IIZL) ;7)//7(44:’“, 2 J
James P. Mann, M.D.
Director
Division of Surgical-Dental N
Drug Products
85 Bureau of Drugs

Enclosure
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THE UNIVERSITY OF CONNECTICUT
HEALTH CENTER

Department of Pediatric Dentistry

March 25, 1982

Food and Drug Administration
Document Control Section, HFD-106
New Drug Evaluation

Bureau of Drugs

5600 Fishers Lane

Rockville, MD 20857

Dear Sir:

Enclosed is a "Notice of Claimed Investigational Exemption for a New
Drug" to use stannous fluoride in a controlled release system. 5nF2 has
been used since the 1950's, and is generally regarded as safe when used as
a treatment to prevent denta] caries. Sodium fluoride is used topically,
systematically, and has also been investigated as a controlled release
agent.

Because of the potential antiplaque properties of Snfp, Snf2 may be
superior to NaF in a controlled release system. Since this is a new way
of delivery of SnfFp, the U.S. Army Institute of Dental Research, my sponsor,
has asked me to request an "exemption for a new drug" so that [ can conduct
the enclosed human clinical trials.

Sincerely,

Norman Tinanoff, D.D.S., M.S.
Associate Professor

Department of Pediatric Dentistry

NT:1

Enclosure

SCHOOL OF DENTAL MEDICINE
FARMINGTON, CONNFCTICUT 06032 86
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CEPARTMENT OF MEALTH AND MUMAN SERVICES | e o

PUBLIC HEALTH MERVICE STATCMENT OF INVESTIGATOR lu ST

F OO0 AND DRUG ADMINISTRATION Crmed Phoumaol e o e -
5600 FISHL RS LANE oM

ROCRVILLE, MARYLAND 20087

‘ m N drug ~ay be shipped ~r study :nitiated anless s o pleted srateqen b toor 0 e R

‘ (70, 5, PPLIER OF THE DRUG Neme ans ac ress. nchate /1P e I L T
| Ozark-Mahoning _%mn Tinanoff, 0.D.S5., M.S. ]
| lder .
| Tulsa, Oklahoma 74119 e Lr L -
‘ Snk»
|
| Dear S .
‘ The andernigned,  Norman Tinanoff o
subrmits this statement as requited by section 50501 of the Federai ¥ owt, Drug, o d Conmers Aoy L o
Title 21 of the Code of Fedewa! Regulations as a condition for recerving and condue o o mic b phae 0 o

with @ new drug Limited by Federal {or United States) law 1o investigationai use.

1 ASTATEMENTY OF THE EOUCATION AND TRAINING THAT QUALIFIES ME FOR CLINICAL PHARKACOLOGY

See C.V.

2 THE NAME AND ADDRESS OF THE MEDICAL SCHOOL, HOSPITAL OROTHER RESEARCH FACIL'TY WHEHE "mE U MNCAL
PHARMACOLOGY WiLL BE CONDUCTED

Department of Pediatric Dentistry, School of Dental Medicine, University of
. Connecticut Health Center, Farmington, Connecticut 06032

—

3 If the experimental project 15 t¢. be conducted on institution- committee are to include 1iv names and quaifications of
alized subjects or 13 conducted by an ndividusi affiliated with an commitiee members, records of nformation provided 1o s.biedts
institution which agrees 1o sssume responsibility for the study, in obtaining informed consent commutter disCussion on substan
assurance must be given that an institutionsl review committee is tive issues and their resolution, Lcontmittee recommendations and
responsible tor initial and continuing review and approvsl of the dated reports of successive rev:ews as they are performed Cupre
proposed chimnical study. The membership must be compnsed of ot all documents are 10 be retained for a period of 3 yuears uast the
suffiient members of varying beckground, that s, lawyers compietion or discontinuance of the study and are 10 br made
clergyimen, or laymen as well as scientists, to assure complete and avaable upon request 10 duty authorized representativer of tre

adeyuate review of the research project. The membership must Food and Drug Administration. (Favorable recomnwndations by
possess not only broad competence to comprehend the nature of the committee are subject to tfurther appropniate review and
the project, but also other competencies necessary 10 judge the rejection by institution officials. Unfavorable recommendations,
acceptablity of the project or activity in terms of institutional restrictions, or conditions may not be overruled by the institution
requiations, relevant law, standards of professional practice, and officials.) Procedures for the organization and operation of
community acceptance Assurance must be presented that the institutional review committees are contained 1n guidelines 1ssued

investigator has not participated in the selection of committee pursuant to Chapter 140 of the Grants Administration Manuyai of
members; that the review committee does not allow participation the US. Department of Mealth, Education, and Welfare, available
in its review and conclusions by any individusi i1nvolved in the from the U.S. Government Printing Cffice. !t is recommended that
conduct of the research activity under review {except to provide these guidelines be followed n establishing institutional review
intormation to the committee); that the investigator will report to committees and that the committecs tunction according tc the
the commuttee for review any emergent problems, serious adverse procedures desc:ibed therein. A signing of the Form FD-1572 witl
reactions, or proposed procedural changes which may atfect the be regarded as providing the above necessary assurance, however,

status of the investigation and that no such change will be made tt the institution has on fite with the Department of Health,
without committee approval except where necessary to ehminate Education, and Welfare, Diviston of Research Grants, Nuat:orgl
apparent immediate hazards;, that reviews of the study wili be Institutes of Health, an “accrpted grnetal assurance,” and the
conducted by the review committee at intervals appropriate to the same commitiee 15 1o review the proposed study using the same
deyree of nsk, but not exceeding 1 year, to assure that the procedures, this 1s acceptable 1 iteu 0f the above assutance- und a
reseatch  project s being conducted in compliance with the statement to this effect stoid be provided with the  goed
cornrmitiee s understanding and recommendations; that the review FD-1572 {In addit'on 10 $pONsor’s CONLINUING respo sttty 1
commttee s provided all the information on the research project monitor the study, the Food and Drug Admicistranicn |

‘ necessary for its complete review of the project, and that the undertake investigations 1n institutions petiodically o determ e
review committee maintains adequate documentation of its whether the cammittees are operating 'n accord wth tre
activities and develops adequate procedures for reporting its assurances given by the sponsor .}

hindings to the institution, The documents mantained by the

FORM FDA 1572 (8/7%) PREVIC ONMAY BE L £ U UNTIL SUPHSLY (0 VP wHALSTED.




4 THE EST MATED DURATION OF THE PARDIC AND THE MAXIMUM NUMBER OF S8 + "t " vAT W [ ( Bt W

See Protocol.
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See Protocol.

6 THE UNDERSIGNED UNDERSTANDS THAT THE FOLLOWIN - CONDITIONS GENERALLY APPLICABLE TO NEW DRUL LS FOR
INVESTIGATIONAL USE GOVERN HIS RECEIPT AND USE OF THIS INVESTIGATIONAL DRUG

The 3ponsor i1s required (0 supply the investigetor with tui!
information concerning the preclhinical investigation that just:
fres chincal phermac ology

The investigator is requiIred to Mantan adequete records« of
tha disposion of el recepts of the drug, Including dates.
yuanuty and use by subjects and if the clinkcsl phamaLology
15 suspended, terminated, discontinued, of compieted w
return to the sponsor any unused supply of the drug 1 the
nmvestigational drug 15 subject to the comprehensive Drug
Abuse Preventuion and Control Act of 1370, sdequate pre
cautions Must be taken, cluding storage of the investigational
drug in 8 securety locked, substantially constructed cabinet, or
other securely locked, substantistly constructed encliosure
access to which is limited, t0 prevent thett or diversion of the
substance 1nto iliegat channels of distribution.

The nvestigator is required to prepare and Mmaintain adequate
case histories designed to record all observations and other cats
pertinent to the clinical pharmacology

The investigator s required to furnish his reports to the
sponsor who is responsible for collecting and evaluating the
resuits, and presenting progress reports to the Food snd Drug
Administration at appropriate intervals, not exceeding 1 year,
Any sdverse effect which may ressunably be regarded as
caused by, or is probsbly casused by, the new-drug shail be
reported to the sponsor promptly, and if the adverse eftect is
alarming 1t shall be reported immaediateiy. An adequate report
of the clinical pharmacology should be fturnished to the
sponsor shortly after completion.

The investigator shall maintain the records of disposition of the
drug and the case reports described above for a period of 2
years following the date the new-drug spplication is approved
for the drug, or if no application is to be filed or is approved
until 2 years after the investigation is discontinued and the

of a scientifically trained and spec icaiiy authorized e oy se
of the Department, at reasonable times the Nvest:Qator wiil
meade sich records svalisble 1or «mpection snd ropying The
namer ot the 1uhix 13 nesd MOt He divulped uniess V' red Ords
of the partiLulaer subyet s requiire 8 Mmore detaded study It the
coses. Lt unless there 13 resson 11 believe that the recyrds 10
nOot represent s tual studies Of (JO NOL TEDTESBNT & ML @ Ty ity
vbtained.

‘ fFood and Drug Adnunigtrat-on 3o notitiet Li0Dn the e ueet
)

1 The nvestigator certities that the drug witi be adrinstered
only to subjects under his persunsl sSUPENVISION OFf ur Jer the
supervis:on o! the following investigators responsitile (¢ Pun

None

ana that the drug will not be supplied 1o any other nvestigat L¢
or to any clinic for administration to subjects.

g The investigator certifies that he wilt inform any ;.at-ents or
any persons used as controls, ur theur rejresuntatves  that
drugs are being used ‘or nvestigaticnal purposes. and veill
obtain the consent of the subjects, Or theu represerntatives,
except where this s not feasible or, 1n the investigator
professional judgiment, is contrary to the best interests of the
subjects

h. The investigator is required to assure the sponsor that tor
investigations involving institutionaiized subjects the studies
will not be initiated until the institutional review committee
has reviewed and aporoeved the study. (The arganizaton ang
procedure requirements for such a committee should be
explained to the investigator by the sponsor 86 set forth n
Form FD-1571, division 10, unitc.)

Name of lnvestigator

Very truly yours,

Fowerd

Norman Tinanoff, D.D.S., M.S.
Department of Pediatric Dentistry

Addiess Sehool—of Dental-Medicine - o —

University of Connecticut Health Center
Farmington, CT 06032
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Dear Sir
The undersigned,  Norman Tinanoff
subimits this statement as reguired by cection S0S 0 ot rne Feders b T 0 : \ P
Tatle 21 of the Code of Federal Regulations ac w conditioe tor cece g o c

with & new drug limited by Federal or Unpredd Sere o law 10 investigatior, o

‘. STATE MENT "6 | CAT N AT RPN
——— . — ——_——— - —— —_——— —— —— - . —*
UMY E AL TIE S, AN MELIT AL L Ot e b B NN re,a L v .
Tl et B, AND DATES [ RCHEET WENE ARART ¢
4
See C. V.
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Vo HOST CRADGA TE MEDUICAL TH DTk S B R CSE NAL AL Dadirale dates, g e Coe L e . R
p
4
. See C. V.
'3
p
g o . o .
9 o TEATHING OR RESEARCH FAPEKIENCE (Indiicate dates, institutuons, nn! beief description of expe rte- .

See C. V.

R 1.

d, EXPERIENCE INMEDICAL PHACTICE OR OTHEFR ¢ HOFFSSIONAL L XFE I CE mareate dates, fus it an ! b rors, tefure
ol practice, or other professional experience)

See C. V.

€, REPRESENTATIVE LIST Of PEGTINENT MEDILAL T8 OTHER “ZIENTIFIC PUBLICATI NG (adrcate title. 0 articles, e o
publications and volume, page numher, and oty

See C. V.

FORM FDA 1573 (4779) PREVICUS EDITION MAY BE USET LNTIL
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b e s regane d toosapply the investigator with
T omanien concering the prechinial investigations
ot ety chindeal tials s together wath fully imtonmave

Lovsab desorhing ans priocinvestigations and expenence
cossahle Davards Contramdications, ade ettecrs,
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Pl aovasnizaton s required to mamtamn adequate rec-
s el b disposttion of Gl receipts of the drug. iciud-
atantinies, and use by subgects, and it the wves-
ternunated. suspended. discontinued. or

s tedy o et to the sponsor any unused sappliy of
odrag Bothe mvestigational drug s subject tocthe Come
prchsive Drug Abuse Prevention and Control Act of
F2700 adequate prevaunions must be taken includmg s1or-
e o the mvestganonal diug in a securely Tocked. sub-
sty constructed cabunet, or other securely locked
sahstantally constructed enclosure, access to which s
nnted o prevent thett or diversion of the substance mto
ticeal Channeds of distnnbution.

RS I
vl |89

<. The imvesngator as required to piepare and mamtain
adeuate and accurate case histories designed to record all
observations and other data pertinent to the investiganon
on cach individual treated wath the drug oremployed as a
controln the investigation,

d. The invosugator is requited to furnish las reports to
the spansor of the drug who s responsible for caolecting
and cvaluating the results obtained by various investiga-
tors. The sponsor is required to present progress reparts (g
the Food and Drug Administration at appropriate inter-
vals not exceeding 1 year. Any adverse elfect that may
reasonably be regarded as caused by, or probably caused
hy, the new drug shall be reported to the sponsor
promptly, and if the adverse effect is alarming. it shall
be reported immediately. An adequate report of the inves-
tigation st ould be turnished to the sponsor shontly giter
completion of the investigation.

UADERSIGNED UNDERSTANDS THAT THE FOLLOWING CONDITIONS, GENERALLY APPLICABLE
GOVERN HIS RECEIPTS AND USE OF THIS INVFSTIGA-

¢. The mvesugator shall maintain the records of dispo-

stion of the drug and the case histories described above
for a pentod of 2 years following the date .« new-drug
appheation is approved for the drug; or if the application
is not approved. until 2 vears after the investigation is
discontinued. Upon the request of a scientifcally trained
and properly authorized employee ot the Department, at
reasonable times. the investigator will make such records
available for inspection and copying. The subjects’ names
need not he divuiged unless the records of particular in-
dividuals require a wmore detailed study of the cuses, or
unless there is reason to believe that the records do not
represent actual cases studied, or do not represent actual
results obtained.

f. The investigator certifies that the drug will be admims-
tered only to subjects under his personal supervision or
under the supervision of the tfollowing investigators re-
sponsible to him,

and that the drug will not be supplied to any othermvesu-
gator or to any clinic for administration to subjects.

g. The investigator certities that he will inform any wub-
jects including subjects used as contiols. or their epre-
sentatives, that diugs are being used for investiganonal
purposes, and will obtain the consent of the subjects o
their representatives, except where this is not feavhle or
in the investigator’s professional judgments i conirary 1o
the best interests of the subjects,

h. The tnvesiigator is required to asstie die sponsor that
for investigations involving instituttonalized suhject the
studies will not be inuated until the institunan ! review
committee has teviewed and approved the stady (The
organization and procedure requiremicnts o sl g
mittee should be explained to the inveca o by v

sponsor as set torthin Form FD ISTE dive a i

Very truly yours,

Department cf Pediatric Dentist
University of Connarticut heaitr o toe

[ka%wuk‘779~4447_

(2

Norman Tinanoff, D. D. S.. M. o.
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION

NOTICE OF CLAIMED INVESTIGATIONAL EXEMPTION

FOR A NEW DRUG

Form Approved OMB No. S7- RGO30
Use of this form is prohibued after 6: 30752,

NOTE: No drug may be shipped or study iniiated unless
a complete statement has been received (21 CFR 312 1{aX2)

Norman Tinanoff, D.D.S., M.S.

Name of Sponsor

Address

Department of Pediatric Dentistry, School of Dental Medicine, University of

March 25, 1982

Date

—connectitut Heg rthCemter, Farmington, €T 06032

SnFy

Name of Investigational Drug

Lo the Secretary of Health, Education and Welfare
For the Commissioner of Food and Drugs

Burcau of Drugs (HFD-106)

5600 Fishers Lane

Rockville. Maryland 20857

Dear Sir: .
Norman Tinanoff

The sponsor,

. submits

this notice of claimed investigational exemption for a new drug under the provisions of section 505(i) of the Federal Food. Drug. and
Cosmetic Act and §312.1 of Title 21 of the Code of Federal Regulations.

Attached hereto in triplicate arc:

I The bestavailabie deseriptive name of the drug.including 1o the extent
known the chemical name and siructure ol any new-drug substance, and
statenmient of how it (o be administered (8 the drug has only a code nanye,
cnough information should be supplicd to identily the drug.)

2 Complete st of components ot the drug. including any reasomable
alternates (o mactine compogenis,

V Complete statemen tol quanttatine composition o drug. including
reasanable variations that mas be expected during the investigational stage

4 Pescnption of source and preparation of, any new-drug substamogs
used as components, ancluding the name and address of cach supplier or
processer other than the sponsor. or cach new-drug substance

SOA Matement of the methods. facilities. and controls used lor the
Manutactunng. procesang, and paching of the new drug to establish and
mamtnn appropriate standards of identity, strength. quality, and purnty as
necded For satety and to give significance to clinical investigations made with
the diug

O A Statement conenng all iformistion avadable 1o the sponsar denved
bom prechnical snvestigations and any clinical studics and experiene. with
the drug as tollows,

@ Adequate information ghout the prechmcal investigations, inchikding
studies made on lihoratory animals. on the basis of which the sponsor his
concluded that it is reasonably safe 1o initiste chinical vestigations with the
drug Such antormanion should include dentilication of the person who
condudied cach imvestigation, dent:fication and quahfications of the indas i
valy who cvaluated the results and congluded that it is reasonably sate 1o
imtuate chmcal investigations with the drug and a statement of where the
imestigations were conducted and where the records are avalabic for
mpection and enough details about the investigations 1o perimit sccnific
wvew  Fhe prechimcal mavestigations shall not be considered adeyuate 1o
sty cimical testing unless they give proper attention 1o the conditions of
the proposed chiarcal wsting: When this informistion, the outhine of the plan
ol chinal pharmacology. o any progress report on the chinical phamacat-
oy andwates a need for full review of the prechimical data before o clmical
trial v undertaken, the Department will notdy the sponsor to submit the

FORM FDA 1671 (4/80)
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complete prechnical data and to withhold chimcal tnals unul the review
completed and the sponser notihicd  The Food and Drug Admimstration witl
be prepased to conler with the sponsor concerning this action

b 1 the drug has bees marheted commeraatly ot imvestigated (e g
outside the United Stitesy, complete aiformntion ahout such distorbution or
imaoestigation shall be submitted. along with o compicte bibliography of any
publications about the drug

c. It the drug »n a cambmation ol previousty investigated o marketed
drugs. an adequate sumnuy of preexaisting information lrom prechinical and
clilcal investigations and expericnce with ity components, including all
repotts available 1o the sponsor suggesting side-ctlcets contraindications,
and incHectineness in use of such components Such semmary ~hould include
an adeguate ibliography of publications sbout the components and may
incorporate by reterence ansy nfarmation cancermine such components
previously submitted by the spansor to the Food and Doug Admvinnstration
Include a statement of the expected pharmacological eftects of the
combination.

d. I the drug s aoadioactive drug. sulficient data must be avitabie (ram
animal studies or previous human studies to allow a reasonable caleuletion ot
rachation absorbed dose upon admmistration to a numan being

7 Avotab tone in cach of the three copies of the notied) ol all mlormationa’
matenal, including fabel and lahchng. which is o be supplied 1o cach
investigaton Fhis shallinchude an aecurite deseription ol the prioninvestiga
tons and experience and ther results pertinent to the satony wnd possible

thon e shall not
represent that the ~atety or usctulness of the drug has boen aatabiished tor the
purposes to be investigated 10 shall desertbe all relesant hazaids, contra

usctuiness of the diug under the conditions of the e

indhcations, aide-chiects, amnd precautions suggested by proor investigations
and cxperience with the drug under imestigution and related drugs 1or the
nformation of chineal investigatorn

Ko The sacatific traming and cxpenence consdered appropriaste by the
sponsor Lo quahify the investigators as suitable experts to mvestgate the satety
of the drug. bearing in mind what s Known about the phatinecologicat action of
the drug and the phase of the imvestigational program that s (o be und: rtaken

PREVIL'US €DITIONS ARE OBSOLETE

-l



9. The names and a summary of the training and cxperience ot cach
investigator and of the individual charged with monitoring the progress ol
the investigation and cvaluating the evidence of salety and clicetineness of the
drug as it is received from the investigintors, together wath a statement tha the
spomsor his obtained from cach investigator a completed and signed torm. as
provided in subparagraph (12) or (13) of thiv paragraph. and that the
investigator is qualified by scientific training and expericace as an appropn-
ate expert to undertake the phase of the investigation outlined in section 1ol
the *Notice of Claimed Investigational Exemption Tfor a New Deug.” (In
crucial situations. phase 3 imvestigators may be added and this form
supplemented by rapid communication methods, and the signed lorm
FD-1573 shall be obtained promptly thereafter.)

10. An outline of any phase or phases ol the planned imvestiganions and o
description of the institutional review committee. as follows:

a. Clinical pharmacology. This is ordinarily divided into two phases:
Phase | starts when the aew drug i first introduced into man — only animal
and in vitro data are available  with the purpose of determining human
toxicity, metabotism, absorption. climimation. and other phismacologcal
actoin, preferred route of administration, and safe dosage range. phase 2
covers the initial tnals on a limited number of patients for specilic discasw
control or prophyfaxis purposes. A general outline of these phases shall be
submitted. identilying the investigator o investigators. the hospitals or
rescarch facilities where the clinical pharmacology will be undertaken, any
expert commitiees or pancls to be utilized. the maximuem numbcer of subjects
10 be imohed. and the estimated duration of these carly phases ot
imestigation. Modification of the experimental design on the basis of
eaperience ganned need be reported only in the progress reports on these catly
phases. or in the development of the plan for the clinical trial. phase 3 The
first two phases may overfap and. when indicited. may reguire additional
animal dati before these phases can be completed or phase 3 can be
undertahen Such animal tests shall be designed 1o take nto account the
cypected duration of administration of the drug 1o human beings. the age
groups and physical status, as for example, infants, pregnant women,
premenopausal women. of those human beings to whom the drug may be
admunistered. unless this has already been done in the original animal studies.
1t a drug is a radioactive drug. the clinical pharmacology phase must include
studies which will obtain sulficient data for dosimetry calculations. Thes:
studies should evaluate the exerction, whole body retention. and organ
distribution of the radioactive material,

b, Chinical trial. This phise 3 provides the assessment of the drug's sadety
and clectneness and optimum dosige schedules in the diggnosis, treatment,
or prophylasis of groups of subicets imvalving a given discase or condition. A
teasonable protocel is developed on the basis of the facts accumulated in the
cathier phases, including compicted and submitted animal studics. This phase
i conductied by separate groups lollowing the same protocol (with reason-
able vananons and alternatives permitted by the plan) to produce weli-
controlled chnical divta. For this phase. the lollowing data shall be submitied:

1. The names and addresses of the investigators. (Additional investigators
may be added.)

i The speafic nature of the investigations to be conducted. together with
inlarmation or cise report forms (o show the scope and detail of the planned
climeal observations and the climical laboratory tests to be made and
reported

i The aproximitte number of subjects (a reasonable range of subjects i
pernussible and additions may be made). and criteria proposed (or subject
wlection by age. sex.and condition,

v The extimated duration of the chnical trial and the intervais, not
ereeeding Loaear. at which progiess reports showing the results of the
imestigations will 2 submitted 10 the Food and Drug Adminitration

¢ Imutunonal review commttee. §Eothe phases of clinical study as
desenbad under 106 and b above are conducted oninstitutionalized subiects
or are conducted by anindividual atfibated with aninstitution which agrees
1o asume responaibility for the study, assurance must be given that an
stitutionad review committee s responsible for imitial and continuimg rovicw
and approval of the proposed chnical study  The membership most be
composed of suthicient members of varying background. that s fawyers,
clergymen. o lavmen as well as saientists. to assure complete and adeguate
review ol the research progect. The membership must possess nat only hroad
computence to comprehend the nature of the project. but abso other
compeiencies nevessary to judge the accepramlity ol the project or activity in

werms of institutional regulabions, rekevant i, standards ol professional
prachice. and commumity acceptance Assurance most be presented that
ncither the sponsor nor the imvestigator has particpated o selection al
comnuttee members, thit the review committee does not allow participatoon
in s review and conclusions by any indiadual involved i the conduct of the
roscarch activaty under 1oview eseept 1o provide mlormaton to the com-
mitteeh that the imvestgator will seport to the comoitice For 1evicw any
emergent problems, senons adverse seachons, o proposad. procedunal
changes which may alledt the status of the ivestigation and that no such
change will be made without comauttee approval excepl whore necessan to
climinate apparet immediate hazards: the reviens of the stady will be
conducted by the revicw comnutice atintersals approprite to the degree ol
rish. but not exceeding | oycar, 1w assure thit the rescarch progect s beng
conducted 1n compliance with the comnuttees undenstanding and recommen-
dations: that the review commuttee s provided all the intormution on the
research project necessiry for its complete review of the progect. and that the
revicsw committee. mamtans adeguate docamentation of s activinies and
develaps adeguate procedures tor ieporing its hindings to the institation The
documents autintiined by the commttee are to include the names and
gualilications ol committee members, records of information provded to
subiccts i obtainiog ilormed consent. commitice discussson on substantinge
issues and thar tesolunon, comnittcee secommendations, and dated reports
of successive revicws as they are perlormed. Copies of all documents are to be
retained tor a peniod ol 3 scars past the completion o discontinaance ol the
study and are to be made v anlible upon reguest to duly authonsed reprosen-
tatives ol the Food and Drog Admimstration. (Einorable recommendations
by the commitice are subject to turther approprate review and reection by
institution officials. Untivorable iccommendations. restoctions. or cond-
tions may not be overruled by the imsitution ofticilds ¥ froceduses Tor the
organiziion and operation of institutional review comnutees are contained
m gadelines isued puesuant to Chapter 140 of the Granns Adninistinghion
Manualof the US | cpaciment of Health, Fducation and Wellare avadable
from the U.S. Govornment Pranting Ottice 10 s recommended that these
guidelines be [ollowed 1 ostablishing instituiional revics comnuttees and
that the committees tunction according 1o the procedutes deseribed theramn
A signing of the Form FD-1571 will be regarded ws prosiding the above
necessary assurances. B the imtitution. howeser, has on hile with the
Department of Health, Tducaton. and Wellare, Division ot Rescarch
Grants. Natonad Institutes of Health, an “aceepted gencral assarianee.” and

the same committee is 10 review the proposed study using the same proce-

dures, this i acceptable in beu of the aboye assurances and a statement to this
cliect should be provided with the signed FD-1S71 tinaddinon to sponsors
cantinuing responsibility to monitor the study . the Food and Diag Admiums-
tration will undertake imvestigations in istitations penodically 1o deternune
whether the committees are operating the accord with the asserances gnen
by the sponsor )

{The nonee of claymed imvestigational exemption may be isuted 1o any
onc or more phases. provided the outhine of the additional phase o phases i
submitted before such addinional phases begin This does nan preclude con-
tinuing @ subject on the drug trom phase 2 to phase 3 without intetiiption
while the plan lor phase 3 is being developed )

Ordinarily. a plan for chimeal trial will not be regarded as reisonable

unless, among other things. it prosades Tor more than one independent

competent investigator to nanntun adeguate case hntones ol an adeguate
number ol subjects. designed 1o secord ohsenvations and pornnt cvaluttion of

any and all discermble ctiects attetbutahle 1o the drug o cach ndivdual

treated. and compatable records onany indmadual cmplosvad as controls

These reconds shalt be indiadual records tor cach subedt mamtamed to

inchude adeguate mlormation pertimng to cachomnchding age sexs condi-

tions treated. dosage. Irequeney of adnunntiaton of the drug. rosuits of all

relevant chimcal observanons and liboratony cxaminatuns made adeguate

information concerning any other tieatment grnoen and o full shitcment ol any

adverse offects and uselul results observed . together with an opimion as to

whether such cftects o results are attnibutable to the drupe undus

mestigation

Tl A statement that the sponsar will notiby the Food and Doy

Administration if the imvestigation s discontinaed. and the reason therdor

120 A statement that the sponsar will notdy cach imvestieaton g new

drug apphicstion i approved. ol the mvestigation s discontinued

I3 the diug s to be sold. o Tull evplanation why salc s egoeed and
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should not be regarded as the commercialization of 8 new drug for which an
* application iy not approved.

14. A stutement that the sponsor assures that clinical studies 1n humans
will not be initiated prior to 3 days after the date of receipt of the notice by
the Food and Drug Administration and that he will continue to withhold or
1o restrict clinical studies if requested 10 do so by the Food and Drug
Administration prior to the expiration of such 30 days. Il such request is
made. the sponsor will be provided specific information as to the deficiencies
and wilt be afforded a conference on request. The 30-day delay may be
wiived by the Food and Drug Administration upon a showing ol pood
reason (or such waiver: and for imvestigations subject to institutional revicw

Very truly yours,

committee approval as described initem 10¢ above. and additional statement
assuring that the investigation will not be initiated prior 1o approval ol the
study by such commitiee.

15, When requested by the agency. an environmental impact nals sis
report pursuant to §25.1 of this chapter

16. A statement that all nonchnical laborstory studies hase been. or will
be. conducied in compliance with the good luboratory practice regulisions
set forth in Part SX of this chapter. or, if such studies have not been
conducted in compliance with such regulations, a statement that desernibes
detail all ditferences between the practices used 1in conducting the study and
those required in the regulations

SPONSOR

Norman Tinanoff, D.D.S., M.S.

-
Towsr/
PER

Norman Tinanoff, D.D.S., M.S.

INDICATE AUTHORITY

Principal Investigator

{ This notice may be amended or supplemented trom time to ime ont the hasis ol the expenience ganed with the
new drug. Progress reports may he used to update the notice )

ALL NOTICES AND CORRESPONDENCE SHOULD BE SUBMITTED IN TRIPLICATE.

1
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Attachment 1

THE UNIVERSITY OF CONNECTICUT
HEALTH CENTER

March 30, 1982

Director of Research
Ozark-Mahoning

1870 South Boulder
Tulsa, OK 74116

Dear Sir:

I am submitting a protocol to the Food and Drug Administration to apply
for an "investigational exemption for a new drug". Specifically, my proto-
col entails incorporating stannous fluoride into a dental cement which is
then used as a temporary restoration for the purpose of slowly releasing
the stannous fluoride supplied by your company, the F.D.A. has asked me tc
write to you to obtain a letter of authorization to permit incorporation
of any reference information that you may have concerning this substance.

Their request, from F.D.A. Form 1571, specifically states:

2. Complete list of components of the drug. including any reasonable
ahternates for inactive components,

Y Complete statemen tof guantitative composition of drug. including
reasonable variations that may be expected during the investigationad staype

4. Dexcription of source and preparation of. any new-drug substances
used as components, including the name and address of cach suppher or
processor. other than the sponsor, or cach new-drug substance,

S, A statement of the methads, facilities, and controls used for the
manufacturing, processing, and packing of the new drug to establish and
maintain appropriate standirds of identity, streagth, quality, and purity as

needed for safety and to give sigmificance to chimeal investigations made with
the drug.

/ 6. A statement covering all information avilable to the spomor dernved
from prechnical investigations and any chnical studies and experience with
the drug as tollows

a  Adcequate information about the preclinical investigations, including
studies made on laboratory animals, on the basis of which the sponsor has
concluded that it is reasonably sale toinitiate climical investigations with the
drug: Such information should include identdication of the person who
conducted cach imvestigation: wdennlication and qualifications of the indivd-

uiah who cvaluted the resuliy and concluded that it s reasonably sate to
initutte clinical imestigations with the drug and a statement of where the
imestigations were conducted and where the records are avaslable for
inspection: and enough detands ahout the investigations 10 permit saientilic
review. The prechnical imvestigations shall not be considered adequate to
justify clinical testing unless they give proper attention to the conditions ol
the proposed clincal testing When this information, the outline of the plan
ol clinical pharmacology. or any progress report on the clinical pharmacol-
ogy. indicates a8 nced for {ull review of the prechnical data before a climcal
trial i undertaken. the Department will notify the sponsor 1o submit the
complete preclimical data and 10 withhold chinical trials until the review is
uvnmpicied #nd the sponsor notihied The Food and Drug Administration will
he prepared to confer with the sponsor concerning this action.

b. It the drug hav been markeied commercually or investigated (e g
outside the United States). complete information about such distribution or
mvestigation shall be submitted. along with a complete bibhiography of any
publications about the drug

SCHOOL OF DENTAL MEDIC™
FARMINGTON, CONNECTIC . 95




Director of Research
Page 2
March 30, 1982

c. Il the drug is a combination of previously investigated or marketed
drugs. an adequate summary of preexisting information from preclinicat and
chical investigations and cxpericnce with its components, including al)
reports available to the sponsor suggesting side-cffects. contraindications,
and incffectiveness in use of such components: Such summary should include
an adcyuaic bibliography of publications about the components snd may
incorporate by reference any information concerning such components
previously submitted by the sponsor to the Food and Drug Administration.
include a statement of the expected pharmacological effects of the
combination.

d. 1 the drug i a radioactive drug, sufficicnt data must be avaitable from

animal studics or previous human studies to allow 4 reasonable calcutation o
‘ndia.uion absarbed dose upan admininration to a human being.
16. A statement thiat alf nonchmcal Ltboratory studies have been, or will
be. conducted in compliance with the good laboratory practice regulations
set forth in Part SX of this chipter. o o such studies e not been
conducted 1n compliance with such regulations, a statement that deserihes in
detinl al! differences between the practices used in conducung the study and
those required in the reguliatsons

-—

If you have not conducted such investigations, i.e., item #6, could
you state this in a letter. However, if you know of any company which has
conducted these mechanical investigations, would you bring this to my
attention so I can request the information from them.

Sincerely,
Alp+o4ﬂﬁ/

Norman Tinanoff, D.D.S., M.S.
Associate Professor
Department of Pediatric Dentistry

NT/1

4

s

L4

7'’

4 "

O
(o))
S L
s
"':lbw_‘-.*

L]

',
LY

z
:
:
&
i



Attachment II
Copy of labeling that will be used on the drug:
STANNOUS FLUORIDE IN POLYCARBOXYLATE CEMENT
Contents: 70% San in polycarboxylate powder (W/W) '

Caution: 10 grams of this product contains 1.7 grams of fluoride
which approaches a lethal dose.

Directions: To be mixed with polycarboxylate 1iquid and placed into a
tooth cavity preparation by a dentist as per protocol,
"Clinical Trial with Controlled Release San“. X
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Attachment III

THE UNIVERSITY OF CONNECTICUT
HEALTH CENTER

March 26, 1982

James P. Mann, M.D.

Director, Division of Surgical-
Dental Drug Products

Food and Drug Administration

Rockville, MD 20857

Dear Dr. Mann:

In accordance with the Code of Federal Regulations regarding Investi-
gational Exemption for New Drugs, I will:

1. Notify the F.D.A. if investigations on controlled release SnF2
are discontinued.

2. Notify each investigator if a new drup application is approved,
or if the investigation is discontinued.

3. Give full explanation why sale of a drug is required if the
drug is to be soid.

4. Not initiate human studies before 30 days after the date of
receipt of this notice by the Food and Drug Administration,
and I will continue to withhold clinical studies if requested
to do so by the F.D.A.

Sincerely,
Hirard(
Norman Tinanoff, D.D.S., M.S.
Associate Professor
Department of Pediatric Dentistry

NT/1
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PROPOSAL FOR A CLINICAL TRIAL
WITH CONTROLLED RELEASE SnFp

Norman Tipanoff, D.D.S., M.S.
Principal Investigator
for

U.S. Army Institute of Dental Research
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INTRODUCTION

The effective delivery of antimicrobials as well as other chemothera-
peutic agents for the prevention or treatment of bacterial infections of
tooth surfaces may be suboptimal due to its reliance on patient cooperation.
Conventional methods for delivering of these agents to the oral cavity in-
volve use of mouthrinses, gels, and dentifrices (Ainamo, 1977), and these
systems are compromised in varying degrees due to their reliance on patient
cooperation for repeated applications of the chemotherapeutic agent (Mirth
and Bowen, 1976).

Interest in sustained release systems for drug delivery in medicine and
dentistry has been increasing. Besides taking the repeated administration
of a drug away from patient responsibilities, controlling the rate and site
of release may be a more effective means of administering a drug. To date,
sustained release systems in dentistry have been explored for delivery of
steroids for the management of apthous ulcers (Yeoman, Greenspan, and
Harding, 1978); anti-fungal drugs for the management of denture stomatitis
(Douglas and Walker, 1973; Thomas and Nutt, 1978); antibacterials for the
control of plaque (Addy, 1981) and fluorides for the control of dental
caries and remineralization (Mirth and Bowen, 1976; Duperon and Jedrychowski,
1980; Forsten, 1976; Zity, Gedalia, and Grajower, 1981; Whitford et al.,
1980; Friedman, 1980; Mirth et al., 1981; Abrahams et al., 1981). To date,
the largest clinical study has been performed with a trilaminate methacrylate
sodium fluoride-releasing device cemented to the buccal surfaces of the
teeth of 11 subjects. The intraoral device was found to elevate the levels
of fluoride in plaque, saliva and urine, but had no effect on plaque or
gingival parameters (Mirth et al., 1981).

Fluoride ions may act as a therapeutic agent by altering bacterial

metabolism (Hamilton, 1977) as well as reacting physicochemically with
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enamel to reduce enamel solubility or remineralize initial caries (for
review, see Mellberg, 1976). Yet only stannous fluoride has been shown to
reduce the quality of plaque at concentrations compatible with frequent oral
use (for review, see Tinanoff and Weeks, 1979). Based on its demonstrated
ability to inhibit plaque, stannous fluoride has been chosen as the active
agent whose effectiveness might best be enhanced by incorporation into a
sustained release delivery system, and the depot for the SnF2 js an intra-
coronal (tooth) preparation where the SnF2 is mixed with a dental cement and
used as a temporary restoration.

Pilot studies examining the physical and clinical properties of an
intracoronal sustained release fluoride delivery system have been performed
on one subject. Plague scores decreased during the experimental period
suggesting that the released SnF2 affected bacterial growth or attachment.
The San-po1ycarboxy1ate cement was an adequate temporary restorative
material without significant side effects.

The purpose of this proposal is to perform two human clinical trials
to investigate the microbiologic, clinical effects, and safety of the slow

released SnFy-delivery system.




Research Leading to Proposal

In Vitro Microbiology

A series of in vitro experiments have been performed to determine
whether fluoride at concentrations compatible with slow release and human
consumption could effect bacterial viability growth, acid production, glu- !

can, and DNA formation. SnF2 had more potent bacteriostatic and bacteri-

Y PR |

cidal effects than SnCl NaF, NaZSnF6, or TiF SnF2, SnC12, NaZSnFs, and

2’ 4
NaF (at 10 ppm F or C1) reduced the growth yield of S. mutans, while acid
production by this organism appeared to be reduced only in the fluoride-
supplemented media. Bacterial growth in fluoride-supplemented media resulted
in greater net amounts of both the water-soluble and alkali-soluble glucans

per bacterial mass, with Snf, having the greatest effect, increasing the

water-soluble component 10 times and the alkali-soluble component 3 times

Y YV v ) v s

over the controls. Greater tin uptake was noted by cells exposed to SnF2

than by those exposed to SnC12.

In Vitro Physical Properties of SnfF.,-Polycarboxylate Cement

LR

Control samples of polycarboxylate, zinc phosphate, IRM and zinc
oxide eugenol, i.e., those without addition of SnFZ, showed compressive
strengths of 23.0 + 1.3, 14.1 + 2.7, 5.3 + 1.5, and 0.7 K]bs/inz, respec-
tively. The compressive strengths of the cements were decreased linearly
with addition of SnF2 to the powder component of the cement. Yet, poly-
carboxylate cement still maintained relatively high compressive strength
even with large additions of fluoride (Figure 1). Zinc phosphate cement
appeared to be more detrimentally affected by the SnF2 than polycarboxylate
cement. IRM and zinc oxide eugenol had initial low compressive strengths .
and the addition of SnF2 inhibited the setting reaction to the extent that

these materials were made unsuitable for further preparation. L
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Figure 1: Ultimate compressive strength (mean + S.D.) of 4 dental cements
containing from 0 to 70% SnF2.

Release of fluoride from the San-cenent mixtures showed that 70 percent

SnF2 in polycarboxylate cement had the highest release of fluoride over 30

days with a mean of 3.7 + 2.8 ppm F/day. The release of fluoride from both
polycarboxylate and zinc phosphate cements was rather consistent each day.
In all cases, greater fluoride release was found in polycarboxylate cement
versus zinc phosphate concentrations of San Figure 2). The mean fluoride
release from the IRM and zinc ,x e eunencl cements was low, ranging from

0.1 to 0.4 ppm F/day.
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Figure 2: In vitro release of fluoride from 2 dental cements containing

40 to 70% San

In Vivo Trial on One Subject

The baseline scoring, i.e., no oral hygiene for 2 days without SnF2
temporary in place, showed a "total" plaque score of 3.5 + 0.08 and a globu-
lar plaque score of 2.28 + 0.58. During the experimental month, the mean
total plaque score was 2.9 + 0.43 and the mean giubular plaque score was
0.96 + 0.25. In the month following the experimental period, total plaque
returned to baseline levels; whereas globular plaque displayed a small

"carry over" effect (Figure3 ).
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Figure 3: Visual plaque (total and globular) scores from subject during
the 30 day period with the sustained release fluoride restora-
tion in place and at approximately 1 and 2 months after the
restorations had been removed.

The pre-experimental baseline for salivary and urinary fluoride were
0.039 + 0.015 and 1.6 + 0.5, respectively. The mean salivary fluoride
level, during the experimental month, was increased to 1.86 + 1.32 ppm F
with the greatest elevation in the first 2 weeks. The urinary fluoride
levels peaked in the first 2 days and returned to normal daily fluctuation
after the first week (Figure 4). The relationship between the elevation in .

salivary fluoride level and the reduction in the glubular plaque score was

nonlinear as evidenced by the weak correlation coefficient (r = -.3).
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Figure 4: Daily fluoride concentration in saliva and urine ffom sgbject,
in the 2 day baseline period and in the.30 day period with the
sustained release fluoride restoration in place.

Clinically, the San-polycarboxylate restoration had no unfavorable
properties in the one month trial. Aside from the staining of the tongue,
no local or systemic side effects were noted. Moreover, the integrity and
wear of the restoration was not significant. The intracoronal site of re-
lease allowed for good retention while not being bulky. The disadvantage
of the location is that a patient must have a carious lesion or defective
restoration in a tooth that can be used for the site prior to placement of
a permanent restoration. Based on the favorable release of fluoride, mech-
anical properties, and putative antiplaque properties of the San-polycar—
boxylate temporary restoration, clinical trials using microbiologic as well
as clinical parameters are indicated to assess the feasibility of this

system as an adjunct in the control of caries and periodontal disease.
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Material and Methods

Subjects

For the purposes of examining the short term clinical effect and length K
of efficacy of controlled release Snf;, 20 dental students will first be
used in a cross-over-design trial of 2 week experimenta: periods, and then
later 8 students will be used in a longer term (approximately 2 month) trial.
Those dental students who have at least one large defuctive amalgam restora-
tion in a molar and over 100,000 S.mutans/ml saliva will be asked if they are
interested in participating in such studies. The informed consent of all sub- )
jects will be obtained after the nature of the procedures and risks have been
fully explained. Students who have appropriate oral conditions and sign the
consent form will have the defective restoration replaced temporarily with ¥
either 70% SnF-polycarboylate cement or polycarboylate cement alone At the ?
end of the trial all test teeth will be optionally restored with either silver
amalgan or gold as needed. Subjects in the long term study will have to be
available daily for collection of urine and saliva for fluoride analysis; and
for one half hour weekly for clinical index recording as well as plaque and
saliva collection. (Since accuracy of urine and saliva for fluoride analysis
is not dependent on time, subjects will be issued vials for self collection on
weekends and school holidays).

From the initial trials in the one subject, estimated fluoride lost i
(swallowed) from the restoration over the 1 monthly period was 57 mg. This
level of fluoride consumption approximately 2 mg per day, is safe for adults
( Forrester and Schulz, 1974). Tin consumption, on the other hand, is non-

toxic to humans, and as much as 420 mg/day is eaten in canned foods (Christian-

e v n_ 8 "

Feldman, 1970), a level well above that which could be consumed due to the

release of tin from the restoration. Hence, the risk to adult human. subjects
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due to the injestion of SnF in such a trial is negligible. The only risks
associated with the proposed trial is believed that which would be incurred

doing the necessary routine dentistry to the subjects.

Experimental Design for Short Term Trial

Twenty subjects will be divided into 2 groups systematically with regard
to the level of S. mutans/ml saliva. That is subjects will be screened initi-
ally and ranked according to their levels of S. mutans/ml saliva and then alter-
nately assigned into treatment or control groups so that the mean S. mutans
per subjects will be similar in both groups.

The 2-1 week trials will include an initial preparation period of 7 days,
two sequential "exverimental" periods, each of 7 days, and an interim recovery
period of 14 days between experimental periods 1 and 2. At the start of the
initial preparation period, the teeth of all participants will be thoroughly
scaled and polished with a non~fluoride pumice paste to remove all calculus
and plaque. Detailed instructions in effective techniques of toothbrushing
and flossing will also be given to ensure good plaque comtrol during the 7-day
initial preparation period and during the 14-day interim recovery period.

On day 1 of experimental period 1, i.e. at the start of the experiment,
each subject will again have stimulated saliva collected to determine the
number of total colony forming units and the number of S. mutans/ml saliva.
Then the Gingival Index (GI, Lbe & Silness 1963) will be recorded on the teeth
(16, 21, 24, 36, 41, 44) identified as representative of the whnle dentition
(Ramfjord 1959). To insure that the teeth were free of plaque prior to imple-
menting the mouthrinse regimen, the teeth will be stained with disclosing
solution (5% fast green) and all visible deposits removed. Fast green will be

used as disclosing solution because it has been reported to have no inhibitory
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effect on microbial growth (Caldwell & Hunt 1969). The one defective restora-
tion which had previously been identified will be removed and replaced by
either 70% SnF, in polycarborylate cement (experimental) or polycarborylate
cement alone (control). Teeth that have restorations involving proximal
surfaces will have an orthodontic band cemented around it prior to restoration
with the temporary. A1l cavity preparation will have the pulpal floor lined
with a calcium hydroxide base prior to placing the restoration. Prior to the
patient being dismissed the subjects will be instructed to abstain from all
forms of active oral hygiene for the next 7 days.

At the end of experimental periods 1, clinical data (GI, PS) will be recorded,
a saliva sample will be obtained,and plaque samples will be collected from the
six previously selected teeth. The Plaque Score (PS) will be recorded, after
staining - the teeth with fast green (5%), according to a method described by
Martens & Meskin (1972). Then all supragingival plaque present on the test
teeth will be coliected with a sterile carver. Prior to the plaque collection
teeth will be dried with air and isolated with cotton rolls to minimize con-
tamination of the samples by saliva. The plaque from each subject will be
immediately placed on a preweighed, sterile aluminum carrier, which will then
placed in a glass vial. To prevent excessive drying of the sample, each vial wil]
contain a cotton pellet saturated with water. The vial will be taken to
the laboratory where the wet weight of the plaque sample will be obtained
within 5 min of collection.

Microbial examination of the saliva sample will be performed by the
method of Klock and Krasse, 1977. In this technique one ml of saliva will be
serially diluted and plated on mitts salivarius bacitracin agar, for S. mutans

counts, and blood agar for total colony forming unit counts.
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At the end of experimental period 1, the temporary restoration will
be removed from all subjects and replaced with Intermediate Restorative Material.
The subjects will also resume plaque control during this 2 week interim
period. At the start of the second experimental period, each subject will
again have a saliva sample collected, scored for gingival health, made
plaque free, and have the temporary restoration replaced with either 70%

SnfF, in polycarboxylate cement or polycarboxylate cement alone according to
the cross-over design, i.e., those subjects in the experimental group initially
will be in the control group and vice versa.

At the end of experimental period 2,clinical data, saliva and plaque will
again be obtained identically to that collected in the first experimental period.
Since this design allows for each participant to act as his own control (provid-
ing that there is no carrv-over effect), the paired t-test will be used for the

statistical analyses.

Experimental Design for Two Month Trial

A “time series" approach, i.e., periodic measurement of individuals
with introduction of a variable (Snf;) into the time series will be the
approach used to study: (1) the effect of slow released SnFy on salivary and
urinary fluoride levels, (2) the correlation of salivary fluoride levels and
antimicrobial activity, (3) the length of antimicrobial effectiveness of the
restoration, (4) the clinical integrity of the restoration, and (5) side
effects.

In this study salivary and urinary fluoride levels will be measured daily
for 7 days on 8 dental students. Fluoride will be determined by fluoride
specific electrode after samples are buffered with TISAB. One ML of the saliva

will also be used for baseline quantitation of each subjects total aerobic

and S. mutans levels. (Klock & Krasse, 1977) On day 7 each subject will have
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the SnFy - containing temporary restoration placed in one molar. In the next
42 days each subject will be sampled to determine salivary fluoride, urinary
fluoride, total aerobic and S. mutans per ml saliva.

On day 42 the SnF; -containing temporary restorations will be removed
and a polycarboxylate "only" restoration will be placed in the tooth cavity
for 7 more days. The students will continue to be sampled during this time
for the post-experimental baseline and possible carry-over effect.

Each week the restoration will be examined clinically and photographed. .
Any restoration that has failed will constitute the end of the variable
period for that subject. The SnFy containing restoration would then be removed at
this point and a baseline 1 week period for the subject would be initiated

This time series clinical trial, while not permitting for traditional statis-
tical analysis of data, will allow for relatively long term observation and
correlation of measurements. The effect of the slow release SnfFy on oral
microbiology over time can be analyzed for each individual as well as for
the group. Correlations of salivary aerobic and S. mutans levels to salivary
fluoride levels will be easily obtainable. Alterations in urinary fluoride
levels, an undesirable effect, can also be assessed and correlations to

salivary fluoride levels. .
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STUDY 1: DETERMINANTS OF THE ANTIBACTERIAL EFFECTS OF SNF,
AGAINST S, MUTANS: IONS, pH VALENCE

Introduction

Fluoride compounds have been used topically In the oral cavity for
many years wlith the Intention of affecting tooth enamel to alter {ts
reslstance to dental carles. Fluoride may also affect the bacteria in the
mouth, Blibby and van Kesteren (1942) found that 1 ppm F~ as NaF reduces
bacterial acid production. While there are some antibacterial properties
of NaF, SnF, has been shown to have significantly more affect agalnst oral
microorganisms in ylvo and In vitro. Recently SnF, has been shown to
selectively reduce S. mutans, the bacterium associated with dental carles.

The difference between NaF and SnF, In atfecting oral bacteria have
been suggested to be due to: 1.the divalent cation ,Sn, competing with
calcium to alter bacterial adhesion/cohesion; 2. tin oxidlzing the thiol
groups of bacterial enzymes; 3. the large uptake of tin disrupting
bacterial metabolism; or 4. the naturally low pH of SnFy which would allow
HF formation and thus be more antibacterial.

The purpose of this report was to compare SnfF, to other compound
having simillar ions, pH, valence, or atomic welghts to determine what

characteristic of SnF, Is necessary to produce the apparent antibacterial

affect against 3. mutans.
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Materials & Methods

Microorganism and Medlum
A streptomycin-~resistant mutant of Streptococcus mutans NCTC 10449,

- n_ s

known to adhere to smooth surfaces In yitro, and to produce dental carles

In rats was used In this study. Stock cultures were maintained by monthly

.\.'{'\‘ %N

transfer in fluld thioglycollate medium (Difco) supplemented with 20% v/v

meat extract and excess CaCoz, For experiments, cultures were adapted and

s a e e

grown in the complex medium of Jordan et al. (1960), supplemented with 50

mg of Na,CO3/L and containing 5% sucrose (pH 7.5). 4

Experimental Design

Stainless steel wires (0.5 mm dlameter), suspended Iin culture tubes by

' ]

[

rubber stoppers, were used as a substratum for the bacterlal plaques. For
plaque growth, 10 m| of the compiex medium was Inoculated with 0.l ml of
the adapted S, mutang cultures and the wires were inftially colonized by
inoculating them in the medium for 12 hr. at 379 Intermlttent exposure to
the various test agents (Table 1), starting after 12 hr. growth, Involved
removing each wire from the medium, placing them into the appropriate test
solution for | min., reducing carryover of test solution with a | min. non-
agitated rinse in !Oml Hy0 (pH 6.0), and then placing the wire into 10 m|
of fresh growth medium. This exposure of the adherent plaques to the test

solutions was repeated 2 more times at |2 hr. intervals.

.
o

All experiments were terminated after 48 hrs., 12 hrs. after the last

exposure to the test agents. The thickness of the adherent plaques was

ey s,

visually scored by comparing the growth to standards. Except for those

samples processed for electron microscopy, the plaques from each wire were
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collected Into pre-weighed tubes, pelleted by centrifugation, dried for 3
days at 70°, and welghed. The pH of the growth medium representing 12 hr.
growth was also determined at the end of the experiments.

An exception to the above procedure took place In one trial the purpose
of which was to test the effect of agents on "pre~formed” plaque. In this
exper iment, the only dlfference was that plaque was allowed to form on the
wires for 48 hours before they were exposed to the test agents. [n thls

case, the experiment was terminated on the 4th day.

Atomic Absorption Spectrophotometry

Dried samples were further processed to determine their metal content.
Tin quantity was determined by an atomic absorption using a
spectrophotometer (Perkin-Elmer, Model 403) equipped with a graphlite ]
furnace (Model HGA-74), Lead was also determined with t.e ald of the
graphlte furnace. Zinc and copper was quantified by the method of addition
using flame atomic absorption spectrophotometry. A deuterium lamp was used

In all cases to correct for non-atomic absorption signals.

Iransmission Electron Microscopy

Bacterlal specimens designated for electron microscopy were fixed on
thelr wires at the end of the experiment (48 hr) with 2.5 gluteraldehyde
in phosphate buffer (pH 7.4, 390 mOsm) and postfixed in |% osmium tetroxide
in veronal buffer (pH 7.3). The fixed bacteria were then removed from the
wires, washed In phosphate buffer, dehydrated In acetone and embedded in
epoxy medium. Thin sections were prepared with a LKB ultramicrotome using

a diamond knife. Sllver-gold colored sections were examined unstained with .

a Zeiss EMIO electron microscope at 80 kV. "
Energy-dispersive x-ray analyses, to conflrm the presence of specific )
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metal deposits in or on the bacteria, were performed in a JOEL JEM-100 CX
transmisslion electron microscope equipped with a high resolution electron

microscope accessory (ASID) and a Kevex SI (LI) x-ray detector connected to

a Micro-X Analytical X-ray Spectrophotometer, Model 7000.
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Resul+s

An Initlal trial (Table 2), comparing the intermittent exposure of four
fluoride containing solutions at thelr natural pH's showed that SnF, had
several effects on the growth of adherent . mutans cultures compared to
the other fluoride solutions. Obvious differences In plaque scores, dry
plaque welghts, and acid production were found on all the wires exposed to
SnF,. No differential growth was noted in those plaques exposed to NaF,
ZnF, or SnF4. The metal content of the dried plaques was also varlable
among the treatment groups. There was Iittle metal content in those
samples exposed to ZnfF,, Those samples exposed to SnFy had tin present,
but not nearly as great as those plaques exposed to SnFy. In the SnFy
samples, approximately 4% of the plaque dry weight could be attributed to
tin.

Another trial was performed in an attempt to discriminate whether the
pH, the fluoride, or the tin content could account for the noted growth
inhibition of the SnF, solution (Table 3). In this trial, even though SnF;
at pH 2.5 had antibacterial effects, there was no growth alteration
apparent due to fluoride, pH or due to tin, per se. The pH of the SnF2
solution was critical. Since the SnF, solution adjusted to pH 7.0 had no
effect.

To further understand the effect that the pH of SnF2 had on the
observed antiplaque properties, SnF, was prepared with in a range of pH's
from 2-6, and tested in the same bacterial growth system (Table 4). 3SnF,
appeared to have more growth inhibition at lower pH's, with those plaques
exposed to SnfF, below pH 4 being most affected. Besides the low pH of SnF,

solutions producing the most growth Inhibition, plaques exposed to these

solutions had the most metal content per mg plaque (Table 4, Figure {).
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Two other metalic fluoride compounds were also compared to NaF to )

?

examine whether other compounds would have similar effects to SnF,. 3
Neither PbF, or CuF, at the 2 pH's examined showed any effect more than NaF »
at comparable pH levels (Tables 5 & 6). ;
1!
The possibility was also explored that established bacterial colonies y

would affect the antibacterial properties of SnFp. 3. mutans plaques were
allowed to preform on the wires for 2 days before belng exposed to SnF,,

While there was some reduction in visual plaque score and aclid production f‘
in those samples exposed to SnF,, no difference In plaque welght was noted -
A

after the weight of t+in was subtracted from the plaque dry welght (Table :
7). e
Electron micrographs of those bacterial specimens exposed to H,0, NaF, \

(

SnClp, ZnClp and all appeared similar with morphologically normal gram- .
f.

positive coccl surrounded by extracellular material. However, the bacteria ;
exposed to SnF, had frequent electron-dense granules, most often within the Y,
bacterial cell, but occasionally on the outer cell wall. Energy-dispersive ::
x-ray microanalysis of this electron dense materlal revealed peaks ;:‘
corresponding to the L X (3.67 KeV) and L p(3.44 KeV) peaks for tin. N
Y

Besldes the electron dense areas, the bacteria exposed to SnF, frequently N
were also noted to have Intracellular electron-lucent holes and dlstorted N
all shapes (Figure 3). A unique feature of the specimens exposed to |ead Ny
fluoride was the presence of electron dense granules located only on the S|
)
outer cell wall (Figure 4). Electron microprobe of these granules ™
¥
confirmed them to be lead (L = 10.50, L = 12.62 KeV). D
-
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Discusslion

The results In these serles of experiments confirm our earllier findings
that SnF, has antibacterial propertles agalnst 5. mutans, and thls effect
appears related to the uptake and retention of tin by this organism.
However, the present studies show that compounds similar to SnFy in pH,
ions, or valence have |[Ittle or no effect on S. mutans growth or
colonization.

While others have reported that an acidic solution of NaF has some
antibacterial properties due to the cellular uptake of hydrogen fluoride,
our ln yitro model using intermittent exposures to test agents showed only
slight reduction of acld production and no growth Inhibition in those

bacteria exposed to NaF at a low pH. The only apparent effect that pH

alteration had on the test solutions was that noted with SnF . In all

growth parameters tested, there was an Inverse relationship of the pH to

SnFy solutions and its effectiveness as an antibacterial agent. SnFj

solutions near neutrallty showed no antimicrobial properties. Hydrolysis of

SnF, solutions at elevated pH's probably results in the reduced

antibacterial properties.

The degree of bacterlal colonization of the wires at the time of the

Initlal SnF, exposure was also an Important parameter in the effectiveness

of SnF,. In our experiments, we allowed 12 hours for the wires to become

colonized by S, mutans before the first exposure to the test solutions.

Bacteria that had less time to colonize the wire had essentially no growth

after the exposure to SnFy. Conversely, heavy bacterial colonization of

the wires, as with preformed plaque, reduced the effectiviness of the |

minute exposures to SnFp. Preformed plaques would not visually grow, but

they still were metabolically active as shown by their ability to reduce

...............
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the pH of the growth medium. The decreased effectiveness of SnFp with
preformed plaques agrees with previous findings 1n yitro and ln vlvo.
Perhaps a thick bacterial mass reduces diffusion of this antibacterial
agent.

Unexpected in this study was the finding that only SnFZ showed
antibacterial properties against S, mutans. Metal salts, especially those
with high atomic weights, are generally regarded to have antibacterial
properties. SnClp, however, has been previously noted to have little
antimicrobial activity. This compound is unstable In aqueous solutions
which probably reduces the available tin to the bacteria. The fluorlde
salts of lead and zinc were tested because they, |lke San, are divalent
cations, with PbF, having a greater atomic weight and atomic diameter than
San, and ZnF, being lighter and smaller. Although plaques exposed to PbF,
In this study had quantative metal uptake, the electron micrographs showed
the lead to be located only on the outer cell wall. No alteration In
bacterial growth parameter due to PbF, was observed. Other reports have
also found that bacterial cel| membranes can bind lead with no detectable
effect on growth. ZnF, also showed no effect on bacterial growth, but In
contrast to PbF,, no zinc binding in or on the bacteria was noted. Other
Investigations have shown little Inhibition of bacterlal growth by zinc
compounds.

Surprisingly, no effect on bacterial growth was noted for CuF, or SnFy.
CuF, has been reported to be effective In reducing bacteria acid production
in ylvo. In the present study, there was no measurable reduction In
bacterial acid production by CuFp, nor did CuFp alter any other bacterial
growth parameters. SnF,, although showing no effect on the growth of S.

mutans, produced some quantatlve retention tin in the cells. The electron
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micrographs, however, showed that with SnF4» the electron dense deposits
were located only on the surface of the cells.

The apparent unique antibacterial properties of SnF, thus appears to be
asslciated with the observed intracellular retention of tin. The high
percentage of tin In the bacterla as measured by atomic absorption
spectrophotometry and the large numbers of Intracellular tin deposits found
in those bacteria exposed to SnFp suggests that S. mutans cells In some way
transports this metal Into the cell where It becomes firmly bound. The
apparent condensation of the tin into intracellular granuies may be an
attempt by the bacteria to reduce the harmful effects of this foreign lon.

Metalic granules have also been found in eucaryotic cells exposed to metal

compounds.

The Intracellular tin accumulation, even though in granules, still
appear to disrupt S. mutans metabolism as demonstrated by the reduced
growth, aclid production, and the electron microscopic presence of holes In
many of the bacterial cells. The intracellular holes found In the SnF2
treated specimens may be a sign of unbalanced bacterial growth.

The unique antibacterial properties of SnFp against this test organism
Is stIl] not fully understood. No single property of SnF, which could be
isolated (l.e., pH, valence, cations, or size of the molecule) was
Identified as an Important parameter necessary for Its effectiveness. SnF2
In aqueous solution Is highly reactive and the chemistry of the reactions
are not completely understood. |t might be that this reactivity or one of
the species formed in solution is the Important variable which allows for
the uptake of tin Into the 3. mutans cell and the consequent antimicrobial

properties.
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CONCLUSION

Twice dally exposure of adherenct S, mutans to varlous fluoride salts
has shown that only Snf, significantly alters thals organisms growth and
metabol Ism. The antlbacterial affect of SnF, was assoclated with an uptake
of tin into the bacteria. Fluoride salts of sodium, lead, zinc, and copper
had |lttle effect In this test system. The pH of the various fluoride
salts generally had no effect on the test compound activity except for the
noted inactivation of SnF, at elevated pH's,

Since SnFy also did not effect the growth or metabolism of S. mutans,
a unique property of SnF,, possibly It reactivity In an aqueous

environment, may be responsible for It antibacterial properties.
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STUDY 2: EFFECT OF NAF AND SNF, IN DRINKING WATER

ON HAMSTER DENTAL CARIES

INTRODUCT ION

Besldes the unquestionable dental carles reduction produced by fluoride
lons, caries has also been shown to be Inhlbited In man and experimental
animals by antiplaque agents. Several studies have demonstrated that, In
additlon to its well established physicochemical Interactions with enamel,
stannous fluoride may also possess antiplaque properties. A recent study
has shown that the antimicrobial properties of SnF2 can be demonstrated 1n
yitro even as as low as at 10 ppm F~.

There has been only one study in humans or experimental animals that
has compared the carles reduction of SnF, to NaF. In that study, fluoride
supplementation (18 ppm F~) In water as SnF, produced a 78% caries
reduction in rats, while NaF produced a 52% reduction. The present study
was performed to reexamine whether Snf, produced greater carles reduction
than NaF. Furthermore, our study was to examine whether the potential
antibacterial effects of SnF, was correlated to a possible greater caries

reduction of this compound in an experimental rodent carlies study.
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METHODS AND MATERIALS

Anlmals, Diet, Infectlion

This study was conducted on 45 "conventional" golden outbred Syrian
hamsters. To Insure that the effect of NaF and SnF, was essentially
toplcal, the experiment was begun when the animals were approximately 38
days old. The Syrian hamsters third moiars begin eruption on day 30 and
occluslon Is obtained between the 40-45 day.

On day 1 of the experiment the hamsters were orally inocuiated with
0.2m| of a log culture of streptomycin resistant Streptococcus mutans NCTC
10449 In fluid thioglycollate medium; and given the NIH 2000 carlogenic
diet and deionized water ad llbitum. On day 2, the hamsters were
reinoculated, and randomly distributed Into delonized H20, NaF, and SnFy
groups. Fifteen hamsters (5 per cage) received 5 ppm fluoride as NaF
(0.0110 g/1, pH 6.5); another |5 received 5 ppm fluoride as SnF, (0.0207
g/, pH 4.0); and the third group received water (pH 7.2). The fluoride
solutions were made and distributed into plastic feeding bottles each day.

The diet and water continued to be supplied ad libitum until the
animals were sacrificed on day 64. The animals were weighed at the

beginning and at the end of the experimental perlod.

Recovery of Microorganisms

The left maxillary and mandibular molar teeth were used for
microblologic recovery of the streptomycin-resistant infectant.

Consecutively, the hamsters were overdosed with pentobarbital, decapitated,
and the cheeks and mandlibular condyles were cut to enable better access to
the jaws. The moiar crowns, along with some supporting bone, were excised

as aunit with a dental Rongeur and placed into 3 ml of cold 0.05% yeast
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extract broth (pH 7.0). The organisms were dislodged from the teeth by
sonication (Bronson Model W185D, Plainville, NY) using a microtlip for 40
sec at 50 watts and an output setting of 4.

Serlal dllutions were performed using the mlicro-method of Westergren
and Krasse and plated on Mitls Salivarlus agar supplemented with 0.001%
potassium tellurite and 200 g/ml of streptomycin. After Incubation in
candle jars for 48 hr at 359, the streptomycin-resistant S, mutans were

counted.

Carjes Scoring

To assess carles, the right mandible and maxilla were defleshed by
dermestid beetles. The numbers and extent of the fissure and smooth
surface leslons were observed under a dissecting microscope and scored by
the method of Konig, modified so that only enamel! and dentinal carious
lesions were differentiated. Enamel caries was defined as areas of the
smooth surface or fissures which had opaque or chalky white areas in the
enamel. Dentinal lesions were defined as obvious breaks In the enamel.
Proximal surfaces were observed by slightly separating the teeth rather
than slicing the teeth mesial-distally which could completely remove the
lesfons. The jaws were numerically coded so that the experimental

histories were unknown to the scorer.

Statistical Analyses

Differences among group caries scores, microbiological recoveries, and
animal weights were tested by analysis of varlance using the Scheffe
multiple comparison procedure. All tests were performed at the 0.05 level

of significance.

RESULTS
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All animals survived and appeared In good health at the end of the
exper|ment. The mean weights and standard deviation per group In grams
were: 158 + 11, 148 + 14, and 142 + 9 for the Hzo, NaF, and SnF, groups,
respectively. These welghts were signiflicantly different suggesting that
the fluoride compounds may have had an effect on the weight gains during
the experimental period. In 5 animals, minimal microbial recovery of S,
mutans from the molars (<104) resulted in elimination of these animals
further analysis.

Table 8 shows the microblal recoveries of the S, mutans at the end of
the experiment. The recovery of strain 10449 was variable between animais
and neither the actual mean nor the logarithmic transformation of the
recovered numbers showed statistical differences between groups.

Table 8 also summarizes the carles data scores and Figure 5 [|lustrates
the scores of enamel and dentlnal carlies found In the three groups of
animais studled. The caries produced In the experiment were malinly
smail and uncoalesced enabling accurate scoring of the number of lesions.
The majority of the carious lesions were of the pit and fissure type with
only 11 smooth surface lesions being found. Ten of these smooth surface
lesions were found in those hamsters in the deionized water group and one
smooth surface lesion in the SnFy group. The reduction of enamel and
dentinal caries In both the NaF and SnF, groups was significantly different
from the delonlzed HZO group. The two fluoride groups, however, were not

statistically different In any caries parameters examined.

DISCUSSION
Certaln characterlstics of experimental caries In hamsters should be

recognized when interpreting these results. Dental carles on the smooth

127

S %W

‘I.JI{ u s oa TR RCIN |

LA

‘s "

,v_:‘>."l.l.l

. n e

TNy e w @

‘. Yy




. gb g - YN EN IR LN NN R g t,e V.8 c.n a8 -ab ¢ A IR U N R AT R A O UV AN A YN YN VN, Vo BV §'a 8

) surfaces of rodents, |ike man, is dependent on the formation of adherent S
plaque. However, rodent sulcal leslons are not associated with plaque
formation, and may be modified by the Impaction of food and debris. Thus an

agent used to reduce caries rate by altering microbial growth or adherance,

as In the present study, would most likely have the greatest effect on the )
number of smooth surface leslons where [t could exert antibacterial

activity.

An example of ar antliplaque agent being more effective on smooth

surfaces carles Is chlorhexidine gluconate, which In a rodent study has

VN

been shown to inhibit smooth surface but not sulcal caries. In the present

-

study, essentially only those animals in the deionized water group had
smooth surface carles. Therefore, It was not possible to differentiate a
potentially greater caries reduction by SnFp, due to Its antibacterial
properties, from the "fluoride only" effect of NaF on the smooth surfaces.
As expected, the present study also demonstrated that both NaF and
SnF, reduced sulcal carious lesions. Several studies have shown that -
sulcal caries iIn hamsters and rats can be significantly reduced by the
continuous administration of low levels of fluoride in the drinking water , if

or higher concentrations applied topically. Our results did not find SnFy

]
.

to have a statistically greater effect than NaF on sulcal lesions. Besldes

the poor potential of antiplaque agents on rodent sulcal lesions, the iﬁ
concentration of the SnF, was possibly too low to have an antimlicrobial ?x
effect. Antiplaque properties of SnFp at mouthrinse concentrations (100- ;i
'
1,000 ppm F7) are known to improve as the concentration of SnF, increases. ;j
Furthermore, very dilute solutions of SnFp, as In the present experiment, i
may quickly lose soluble stannous ions. Low concentrations of chlorhexidine ;
have also been found to be ineffective Inreducing carles inrats. A |ow i
o
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concentration of SnFp (0,002%) was examined In the present because higher

concentrations of fluoride lons (10 ppm F~ as NaF) have been shown to
almost entirely eliminate rat caries which would further hinder the
possibiilty of observing differences between SnF, and NaF.

Another characterlistic of experimental rodent caries Is the large
variabi| ity associated with microbial recovery of the infectant. Our
technlique of excising the crowns In toto and recording the absotute
bacterlal recoveries rather than relative recoveries, was thought tfo
potential ly decrease experimental variance. Yet as with other studies, our
data shows large differences In microblial recoveries even among animals in
the same group. Possibly the variance is the result of true differences in

Infection among the animals rather than experimental error.
CONCLUS ION

Stannous fluoride was compared to NaF (5 ppm F7) In the drinking water
of hamsters to test whether SnF, had greater carles inhibitory effects due
to its potential antibacterial effects. Caries was produced in the
hamsters by orally inoculating them with streptomycin-resistant S. mutans,
and feeding them NIH diet 2000. After sacrifice on day 64, the hamster's
lef+ molars were used for microbial recovery and the right molars were used
to assess carles,

The number of ename! and dentinal carious lesions in both the NaF and
SnF, group was significantly different from the deionized water group;
however, there was no dlifference In caries scores between the NaF and San
group. The recovery of S. mutans was highly varlable between animals and
showed no statistical difference between groups.

The present study demonstrated that both NaF and SnF, reduced sulcal

and smooth surface lesions in the hamster, but the potential difference
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between the fluorlde compounds was not evident. It is possible that
differences between NaF and Snf, cannot be shown In a rodent caries model
due to: (1) the variabllity of Infection and caries attack among animals;
(2) the strong effect of fluoride ion on the carlies rates; and (3) the
necessary low concentration of the agents tested which may mitigate

potentlal antiplaque effects.
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STUDY 3: MICROBIOLOGIC EFFECTS OF SNF, AND NAF MOUTHRINSES IN SUBJECTS
WITH HIGH CARIES ACTIVITY: RESULTS AFTER ONE YEAR

Introduction

The major efforts in the prevention of dental caries have been
directed to treatment strategies that affect tooth enamel or to the
development of agents that alter the cariogenic microflora. Fluorides, In
various concentrations and regimens, have been the most successful agent to
date in preventing this disease. Although the fluoride effect has
traditionally been considered to be the result of its physicochemical
Interaction with enamel, there [s evidence that fluoride also alters
bacterial metabolism at low concentrations, and Is bactericidal at higher
concentrations. Chemical agents that solely affect bacteria (antibiotics
and antiseptics) have also been shown to alter caries activity. Patients
on prophylactic penicillin treatment for medical reasons have been noted to
have reduced caries activity. Chlorhexidine, a potent antiseptic, has also
been shown to reduce caries In children. Attempts to improve caries
reduction by combining fluoride with antimicrobials have been only
partially successful. Chlorhexidine diacetate (1%) combined with NaF
(0.15%) has been shown to have an additive effect in reducing rat fissure
caries, but the combination was not superior to each alone with regard to
smooth surface caries.

It has recently become evident that a specific fluoride compound,
stannous fluoride (SnFy), has an antimicrobial effect at concentrations

compatible with dally fluoride use. Short term clinical studies with Snf,
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have suggested possible important antimicroblial properties. There Is
presently no evidence to suggest that these antimlicrobial properties would
affect Streptococcus mutans and lactobacilli-~bacteria correlated to the
Initlation and to the progression of dental caries In humans.

The aim of the present study was to compare the effects of
mouthrinsing with NaF and SnF, on the number of total aerobic sallvary
bacteria, S. mutans and lactobacilli numbers In a group of subjects

screened for potentlial high caries actlivity.

MATERIALS AND METHODS

Sub jects

The subjects In this study were adults over the age of |18 having
Incipient carious lesions, high numbers of unrestored carious leslons, and
elevated numbers of salivary S. mutans. The 58 subjects were Identified by
their caries prevalence in the screening clinic at the University of
Connecticut School of Dental Medicine. A follow-up microbial screening
showed that 38 subjects had greater than 2.0 x 10° S. mutans per mi salliva.
These subjects were regarded as potentially high in caries activity. The 37
subjects who consented to the study were ranked by their recoverable number
of sallfvary 3. mutans and then alternately assigned to a SnfFy or an
aclidulated NaF mouthrinse group. During the first year, |5 patients
withdrew from the study. Of the remalning 22 patients, 9 were considered
partially compliant with the mouthrinsing procedures. Partially compliant
subjects were those who, by thelr own report, missed more than 4
mouthrinses per month or who were inconsistent with mouthrinsing. We

verified these reports by monitoring each patient's remaining supply of
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mouthrinse and by questioning the patlents monthly for recall of thelr

fluoride usage.
Ireatment

After baseline data were obtained, subjects were Instructed to use (0
ml of thelr respective mouthrinses twice dally for | minute per rinse. The
SnF, rinse was diluted with water (| part rinse; 4 parts H,0) immediately
before use to produce a finai fluoride concentration of 200 ppm F~ and a pH
of 3.4. The acidulated NaF mouthrinse was used full strength at a fluoride
concentration of 200 ppm F~ and a pH of 4.0. One month after the
Initiation of mouthrinsing, each subject received 3 dental hyglene
appointments at one week Intervals. The oral hyglene instruction,
cleaning, scaling and root planing were performed by one dental hygienist,
blind to the subjects' treatment categories. The subjects were also
assigned to a dental resident for restoration of teeth with active carious
lesions. They were contacted monthly to reinforce oral hygiene, to monitor
! their fluoride usage and to resupply them with mouthrinse.
Microbiology

Stimulated saliva, produced by chewing on a plece of paraffin wax, was
collected from each subject at the screening, at the baseline examination,
and after I, 3, 6 and 12 months., Each saliva sample was sonicated for |
min.,, vortexed for 30 sec., and serfally diluted from 10~! to 1076,in 0.05
1 M phosphate buffer (pH 7.0). From each dilution, 25 {JI was spotted In
duplicate on one-third of the surface of an agar plate. The dilutions
having 20-100 colony forming units were counted with the aid of 20X
magnification. The mean of the 2 samples from these dilutions was used in
the analysis.

For cultivation of all aerobic bacterla, (Total CFU) dilutlions were

spotted on 10% sheep blood agar plates, incubated for 24 hours In a COp-
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enriched environment (candle jar) at 35°C and counted. For determination of
the number of S. mutans, a selective medium consisting of Mitis~Salivarlus b
agar containing 0.2 units/m! Bacitracin was used. After spotting, the agar
plates were incubated for 48 hours In a candie jar. Those colonies with
morphologic characteristics of S. mutans were counted and thelr identities
confirmed when necessary with biochemical tests. Lactobaclilii! were
cultivated with the aid of Rogosa SL agar plates. The spots were allowed

to dry and then a further portion of the agar was poured over the surface.

o K e . -

Lactobacillus counts were determined after 48 hours incubation.

Statistical Methods
The difference In Total CFU, S. mutans, and lactobacil|i between the

two groups were analyzed by two way analysis of variance for repeated

measures. Palrwise contrasts at each time Interval were computed by the

s O vV 1

method of Schaffe. Due to unequal variances, logs of the microbial counts Ny
were used for this analysis. Differences in colony forming units between _
baseline and | year for each subject were analyzed by unpalred t-test.
Subjects were also ranked according to levels of S. mutans and the
difference between these ranked groups was analyzed non-parametrically by

the Wilcoxon two-sample ranks test for unpaired measuremeonts.

Results
Of the 38 subjects who started in the study, 22 remained after |
year. Of these, only I3 were identified as being completely compliant with
the instruction to rinse twice dally over the study year.
Analysis of Total CFU data showed no difference in this parameter

between the NaF and SnF, groups (Table 9). Both groups, however, showed a -

w w

significant two-fold reduction over baseline values In Total CFU after 1
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year (Tables 9 & 13).

The alternate assignment of subjects by Initial salivary S. mutans
levels Into the acidulated NaF or SnF, groups produced two closely matched
populations with regard to their mean numbers of S. mutans and to their
ranking relative to their S. mutans levels (Tables 10 & 11). This match was
maintained even though 40% of the subjects dropped out of the study. The
mean recoverable salivary S. mutans levels comprised |.6% of the total
recoverable flora In this population at basel ine.

After | month the number of S. mutans was significantly reduced from
baseline in the group rinsing with SnF,, especially In those subjects
identifled as completely compliant. At 3 months, the reduction of S.
mutans In these subjects showed maximum effect. Three subjects compliant
with SnFp mouthrinsing had no detectable S, mutans at this examination. At
6 months, there was a moderate rise in S. mutans levels, which in the
compliant subjects, leveled between from 6 months to | year. The subjects
considered partially compliant with the SnF, rinsing regimen showed less
dramatic reductions In S, mutans counts until the | year examinations. At
this point, a large drop in recoverable S. mutans was evident (Table 10).

A significant difference In salivary S, mutans levels between the SnF2
and acidulated NaF subjects was evident at the | year exam for all degrees
of compliance. The entire SnF, group at | year had dramatically lower S
mutans counts from baseline levels, however, no change from baseline was
detected In the NaF group (Tables 10 & 13). Of the 12 subjects in the SnF3
group whose recoverable S. mutans levels were greater than 2.0 x 109/mI
sallva at baseline, 10 subjects were noted to have less than 200,000 S.
mutans/mi saliva at | year. The acidulated NaF group, showed no alteration

In S. mutans from their baseline levels (Table 11).

The lactobacilli recoveries showed no significant dlfferences between
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groups or longltudinally within the treatment categories. The varlation In
number of recovered lactobaclilli was very large, even in the same subject
at different sampling times. This lack of consistent recovery of
lactobaclill is reflected by the standard deviations which were

consistently higher than means at all sampling Intervals (Table 12).

Discussion

Certain study design |imitations should be recognized when examining
the results and evaluating the appropriateness of the statistical tests.
The 22 subjects remalning after | year do not represent a normally
distributed population so these results should not be compared to the
popuiation In general. The population is skewed since only those subjects
that had high caries prevalence and elevated salivary S. mutans counts were
selected as potential subjects, and only approximately half of the subjects
who began the study were examined at 1 year. Instead of random assignment
Into the two treatment groups, subjects were ranked according to S. mutans
levels and then alternately assigned to rinse with acidulated NaF or SnF,,
This was done because S. mutans levels, the most Important variable, vary
greatly among individuals and It was desirable to have this variable
balanced at baseline due to the relatively few subjects. Furthermore,
since the study has no real control group, the small but significant
fongltudinal change In Total CFU In both the treatment groups cannot be
attributed with certainty to a treatment effect.

The change in S. mutans counts are striking even considering the design
Iimitations. SnF, appears to have a potent long term effect on sallvary S
mutans levels. While the effect is most evident In the patients ldentiflied

as completely compliant with rinsing twice a day , It was also found in
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those subjects who were partially compliant with mouthrinse usage. This

dramatic reduction in S. mutans may possibly explain why after 1 year the
subjects rinsing with SnFp had half the carles Increment as those rinsing

with acldulated NaF.

dn vitro studies determining minimum inhibitory and {ethal
concentrations of varlous fluorides have clearly shown that S. mutans is
more susceptible to SnF, than other fluoride compounds. The large tin
accumulation In bacteria exposed to SnFp may conftribute to the greater
antimicrobial activity of SnF,,

The apparent selective supression of S. mutans (reduction of 3. mutans
relative to Total CFU) by SnFp Is also of Interest, since S. mutans is now
considered the [mportant microorganism for the Initiation of dental caries.
Other human and animal studles using NaF, Instead of SnFp, have also shown
selective reductions in S, mutans. Such selectivity of a non-antibiotic
against a specific pathogen is not easily understood. One ln ylitro study
using minimium bactericidal concentrations found that S. sangulis and S.
mutans had similar sensitivities to fluoride compoundszs. Furthermore,
other effective antiplaque - 2nts have shown only non-speclific
antimicrobial properties against oral flora. The substantlal supression of
2. mutans by SnF, found In this study and the reported selectivity of
fluorides In general against S. mutans needs further study. If SnF, does
have a specific effect against S. mutans, then SnF, would have major
advantages over other agents in the treatment of subjects having high
carles activity assoclated with elevated S. mutans levels. The microbial
selectivity and the well documented physicochemical effect of SnFp on tooth
enamel| would probably make this compound superior to sodium fluoride or
antiseptic treatment.

The group rinsing with acidulated NaF showed I ittle change in oral
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flora using the methods and the parameters of this study. This finding Is
In agreement with others. While elevated concentrations of fluoride are
bactericidal mouthrinse levels of NaF appear to have little effect on
' salivary flora.

The lack of effect of both fluoride agents and dental treatment on
lactobacliiil was not surprising. Nelther chlorhexidine nor fluoride has
shown potential in supressing this microorganism. Also in the present
study, the great variability of lactobaclilll counts even in the same
individual, limited the meaningfulness of this parameter. Even though
sal Ivary lactobaclli|i recoveries are known to correlate with carfes, this
organism Is no longer considered as important as S, mutans for the

Initiation of dental caries.

Conclusion

Twenty-two subjects, who were regarded as potentially caries active,
rinsed twice a day with elther acidulated NaF or SnF2 mouthrinses, adjusted
to 200 ppm F~. At baselline, and after 1, 3, 6, and 12 months each
sub ject's saliva was analyzed for Total CFU, S. mutans, and lactobacll|i.

There was a small (2 times) but significant reduction in Total CFU per
ml saliva In both groups after a year. No differences were found in
lactobacilll counts between the 2 mouthrinse groups or longitudinally
within the groups. Of importance was the apparent selective reduction in
S. mutans found in those subjJects rinsing with SnFp. While there was
essentially no change in S. mutans in the NaF group, all subjects In the
SnF, group had large reductions. At the end of 1| year the SnF, group had

less (26 times) fewer S. mutans compared to basellne. The reduction in S,

138

LS G AL POV P AT (B O AR TR P M AT AT AE AR AT R NN




mutans levels correlates to the reported lower caries scores in the
subjects rinsing with SnF,,

The selective antimicrobial actions of SnF, against S. mutans and the
establ ished physicochemical action of SnFp with tooth enamel may make this
agent superior to other fluoride agents in the treatment of subjects having

high caries activity associated with elevated S. mutans levels.
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STUDY 4: EFFECT OF SNF, AND ACIDULATED NAF MOUTHRINSE ON CARIES INCIDENCE
IN ADULTS WITH HIGH NUMBERS OF S. MUTANS AND HIGH CARIES PREVALENCE

INTRODUCT ION

It Is well documented that topically applied fluorides decrease carles
activity, but there has been no strong evidence demonstrating the relative
effectiveness of fluoride compounds. Currently, fluoride is belleved to be
effective, In part, due to Its ability to stimulate remineral ization. Other
physicochemical and antibacterial mechanisms may have Important anticaries
action as well. The principal fluoride solution used today, NaF, decreases
plaque formation when applied at high concentrations, but not at mouthrinse
levels. Stannous fluorlde (San), however, has been shown to have
antibacterial properties at mouthrinse concentrations in vitro and in vivo.

Children with a high caries Incidence harbor large numbers of
Streptococcus mutans per ml saliva. When the number of S. mutans Is
decreased, the caries incidence is reduc.d. Even though it has been
suggested that topically applied NaF should be more effective In high risk
children, at least one study has shown that NaF has |ittle effect on
subjects with high carlies activity indicating that factors such as
microorganisms and diet cannot be nullified by NaF. SnFp mouthrinse with
Its potential antimicrobial activity, however, has not been tested
specifically on high risk subjects. Furthermore, while it has been shown
that children with high DMFS scores and high numbers of S, mutans are at
risk for caries, such studies in adults are largely lacking.

The alms of this study were: 1. to compare the effectiveness of SnF,

and acidulated NaF in adults with high numbers of 8. mutans and high carles
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prevalence and 2. to determine If the number of S. mutans and the carles

prevalence can be used to predict the Incidence of caries in adults.

MATERIALS AND METHODS

Subjects

The subjects in this study were adults over the age of I8 living In a
fluoridated area. They had inciplient carious lesions, high numbers of
unrestored carious lesions and elevated numbers of S. mutans In their
saliva Indicating high caries activity. Of the 58 subjects first identified
by their caries prevalence in the screening clinic at the University of
Connecticut School of Dental Medicine, subsequent microbial screening
showed that 38 subjects had greater than 2 X 102 S. mutans per ml sallva.
These subjects were regarded as potentially highly carles active . The 37
subjects who consented to the study were ranked by their number of &,
mutans and then alternately assigned to a SnFp or an acidulated NaF
mouthrinse group. During the first year 15 patients withdrew from the
study. Of the remalning 22 patlients, 9 were considered partially compliant
with the mouthrinsing procedures. Partially compliant subjects were those
who, by their report, missed more than 4 mouthrinses per month, or who were
Inconsistent with mouthrinsing. We verified these reports by monthly
monitoring of each patient's remaining supply of mouthrinse and by
questioning the patients for monthly recall of their fluoride usage.
Ireatment

After baseline data were obtained, subjects were instructed to use 10
mi of their respective mouthrinses twice daily for 1 minute per rinse. The

San rinse (IradlcavR, Johnson & Johnson Co., East Windsor, NJ) was diluted
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with water (1:4) immediately before use to produce a final fluoride
concentration of 200 ppm F~ and a pH of 3.4. The acidulated NaF mouthrinse
(Phos~Flur Oral RlnseR, Hoyt Laboratorles, Needham, MA) was used full
strength at a fluoride concentration of 200 ppm F~ and a pH of 4.0. One
month after the inltiation of mouthrinsing, each subject received 3 dental
hygiene appointments at one week intervals. The oral hyglene instruction,
cleaning, scaling and root planing were performed by one dental hygienist,
blind to the subjects' treatment categories. The subjects were also
assigned to a dental resident for restoration of teeth with active carious
lesions. They were contacted monthly to reinforce oral hygiene, to monitor

their fluoride usage and to resupply them with mouthrinse.

Clinical Examinations

Caries recording was performed with the aid of a front surface dental
mirror, explorer and posterior blite-wing radiographs. Prior to examination
the teeth were cleaned and dried. Al! decayed, filled and missing surfaces
In the permanent dentition were recorded excluding third molars. Incipient
smooth surface lesions, not included In the DMFS score, were described by
thelr size. All recordings were performed by the same dentist. The
diagnostic error was calculated by duplicate recording performed on 8
subjects, 5 to 14 days after baseline examination. The reproducibility
score, i.e. the number of surfaces diagnosed as carious or sound at both
examinations, was 93%. At the end of the year the subjects were re-

examined for new leslons.

Microbiology

Stimulated saliva from each subject, produced by chewing on a piece of
paraffin wax, was collected at the screening and basel ine examinations.

Each saliva sampie was immediately vortexed, diluted in 0.05M phosphate
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buffer (pH 7.0) and plated on Mitis-Salivarius agar containing 0.2 unlts/m!
Baclitracin (MSB) by the micromethod of Westergren and Krasse. The agar
plates were incubated for 48 hours In a COp-enchriched environment (candle
Jar). The mean count of the two samples was considered the patient's number
of S. mutans/mi sallva. Subsequent saliva samples were taken at 1, 3, 6,
and 12 months.
Statistical Methods

The differences In carles incidence between the two groups were
analyzed non-parametrically by the Wilcoxon two-sample ranks test for
unpaired measurements. All tests were performed at the 0.05 level of

significance.

RESULTS

The subjects, who were alternately assigned to elther the acidulated
NaF or SnF, groups by their levels of inital S. mutans/ml salliva, had other
basel ine characteristics that were well distributed. The subjects In the
aclidulated NaF group presented with means of 7.5 white spot lesions, 15
unrestored carious lesions and a total mean DMF(S) of 63.2. The group

asssigned to rinse with Snf, had means of 7.8 white spot lesions, 12.7

unrestored carious lesions and a total mean DMF(S) of 76.4 (Tables 14 & 15),

Note that partially-compliant and compliant subjects were considered one
group In the statistical analyses.

The population of subjects was generally unrellable. Of the 38
subjects who started the study, 22 were In the study after 1 year and, of
these, 13 were lIdentified as belng completely complliant with the
Instructions to rinse twlice every day over the study year.

During the year, all subjects who rinsed with acidulated NaF

developed new carious lesions. The mean numbers of new lesions were 4.3
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and 4.5, respectively for the compllant and partial ly~compliant acidulated

NaF rinsing groups. Of the 44 new lesions after 1 year in this group, 10

(23%) were recurrent lesions (Table 15). The caries activity after 1 year in

the SnfF, group was significantly lower. The mean numbers of new lesions
tor the SnFy group were 2.3 and 2.8 respectively for the compliant and
partial ly-compliant groups. Two subjects who rinsed regularly with Snf,
developed no new lesions, while 1 subject In both the compliant and
partially-compiiant group developed 5 new lesions. Recurrent decay

contributed 28% of the total new lesions in this group (Table 15).

DISCUSSION

Caries prevalence was used as the primary criterion to select adults
with high caries risk, since it has been demonstrated that caries incidence
correlates to carles prevalence. In this study, however, the numbers of
unrestored and inclipient carious lesions were considered more important in
identifying high risk patients because Klock and Krasse have shown that
these parameters are better correlated to carles Incidence than missing and
filled surfaces. Based on the clinical data, potential subjects were
screened for high numbers of salivary S. mutans since, at least In
children, high carles prevalence in comblination with high numbers of S.
mutans correlates better to caries activity than caries prevalence alone.
According to the limits set by Zickert et al. subjects with more than
200,000 S. mutans /ml saliva were considered at high risk and accepted for
the study.

Because all subjects recelved fluoride, It is not possible to show the
true caries Incidence for this type of population. [t is reasonable to

assume that our selection process for high risk patients was valid since
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both the Incidence and the caries prevalence in the two test groups In this
study were considerably higher than Lu et al, reported for adults in a
nonfluoridated area of the U.S. (DMFS=38; DMFS=0.69/year). It should be
noted, however, that Axelsson and Lindhe reported caries prevalence and
caries Incidence In a Swedish population simllar to those In the present
study.

The results showed that rinsing with SnFZ was more effective than
acldulated NaF in highly caries active patients. A possible explanation
for this might be the better antimicrobial effect of San, demonstrated by
the lowered S. mutans levels In the SnF, group. This Is in agreement with a
study by Zickert et al. who showed that another antibacterial agent,
Chlorhexidine gluconate, reduced both 3. mutans and caries incidence in
children with high caries activity. Thus, highly caries active patients
screened by means of elevated S. mutans may be effectively treated by
agents directed against the pathological microorganisms. |t should be
noted that even though the SnF, rinsing reduced the caries incidence more
than acldulated NaF, the remaining caries activity was still high. Similar
finding have been reported by Seppg et al.,

Aside from the number of S. mutans, high caries activity can be the
result of low enamel resistance, high sucrose intake and/or low sallvary
flow. With factors other than elevated pathogenic microorganisms, SnfF, may
not be better than other fluoride compounds at reducing caries activity.
The effect of these other factors may explain why highly caries active
patients given the same treatments may be affected differently.

We cannot tell 1f the acidulated NaF treatment and/or oral hygiene
appointments had any effect on caries incidence in this population due to

the lack of a control population. Both a positive effect and a poor effect
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for NaF treatment have been reported In highly caries active children. It

Is obvious, though, that a finding of 4.4 new lesions after 1 year in the

»3

R\, PP Y

acldulated NaF group Is extremely high, and consequently the dally

acidulated NaF regimen appears to have had only a |imited effect.

Py AR R

A surprising finding in this study was that those patients who were
ldentified as strictly adhering to the regimen (rinsing twice a day) did
not seem to develop fewer lesions than those who were known to use the
mouthrinse less frequently. This finding is in contrast to other studies
showing that frequent fluoride exposures are inversely related to )
development of new lesions. Possibly elther our criterion for strict
compliance (missing less than 4 rinsings out of 60 per month), or a more

than optimium fluoride regimen, could contribute to the lzck of difference

et 3 3 8 W T, V.C

between the compliant and partially compliant subjects.

The drop-out figure (45%) was very high. No study similar to this

LA TR AT

one has been reported and perhaps rinsing twice a day is excesslve

TS

behavioral change for patients who have high caries experlence.

In conclusion, this study found that highly caries active patients

£ v T x
.

L4

could be identified by means of caries prevalence and sal Ivary S, mutans
levels. All patients continued to be caries active after one year despite

the use of two dally fluoride mouthrinses; however, the subjects rinsing

-
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Y
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with SnF, developed approximately half the number of new carlous leslons to

those subjects rinsing with acidulated NaF.




STUDY 5: EFFECT OF SNF, AND ACIDULATED NAF MOUTHRINSES

ON PLAQUE AND GINGIVITIS IN ADULTS WITH HIGH CARIES PREVALENCE

INTRODUCT ION

Efforts to prevent or treat periodontal diseases are aimed at the
control of plaque, elther through mechanical or chemical means. Based on
numerous short and long term studies, the antiseptic chlorhexidine Is now
the most used adjunct in treating these diseases. Short term studies also
have demonstrated SnF2 +to be effective In plaque reduction when used as a
mouthrinse twice daily. Only one study has examined the use of SnF2 on a
long term baslis. In this study, school chlldren rinsing once a day for 4
months with SnF2 had lower plaque scores than those rinsing with NaF, but
no difference was found in gingivitis scores between the two groups.

As part of a comprehensive study on adults with rampant caries
adjunctively rinsing with either SnF2 or NaF, we examined their plaque and
gingivitis levels longitudinally. Thls report discribes the differences

between the two groups In the periodontally related parameters after 1

year.
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MATERIAL AND METHODS

The subjects for this study were selected by their high caries
prevalence, and by thelr high numbers of salivary S. mutans. Of the Initial
37 subjects, 22 remalined in the study after 1 year. The subjects were
further catagorized as compliant or partlally compliant. Partial
compl lance was defined as those who, by their own report, missed more than
4 mouthrinses per month, or who were Iinconsistant with their mouthrinsing.
These reportrs were verified by monitoring the patients remainig supply of
mouthrinse and by monthly questioning of the patlents regarding their
fluoride usage.

Foilowing baseline examination, subjects were Instructed to use 10 ml
of thelr mouthrince twice daily for one minute per rinse. The SnF2 rinse
(lradicav, Johnson and Johnson Co., East Windsor, N.J.) was dlluted with
water (1 part SnF2: 4 parts water) immediately before use to produced a
final fluoride concentration of 200 ppm and a pH of 3.4, The acidulated
NaF mouthrinse (Phos-Flur Oral Rinse, Hoyt Laboratories, Needham, Mass.)
was used at full strength at a concentration of 200 ppm fluoride and a pH
of 4.0. One month after the initiation of mouthrinsing, each subject had 3
dental hyglence visits at one week Intervals. Oral hyglence Instruction,
prophylaxis, and scaling and root planning were performed by one dentral
hygenist, blind to the patients treatment catagory. The subjects also
recelived complete restorative treatment by dental residents. |In order to
reinforce oral hyglence, monitor fluoride usage and resupply the subjects

with fluoride mouthrinse, they were contacted monthly.

The baseline and 1, 3, 6, and 1 year subsequent examinations included
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gingival index and plaque Index which were recorded by one examiner, blind
as to the subjects groupings. The G| and PI1 data was reduced to frequency
of scores and means for each subject. The frequency scores were then
converted to "§ of sites with plaque" (le. PI1 score of 1,2,0r3), and to "§
of sites with bleeding" (ie. Gl score of 2 or 3). Individual percentages
were then averaged for each group. The scores for each subject were also
converted to mean Gl and PI1 and then analyzed as parametric data using
analysis of variance for repeated measures. This test enabled longltudinal

as well| as cross sectional evaluation of each group.
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RESULTS

The subjects in this investigation represented essentlally a poorly
compliant population. Sixteen subjects dropped out in the first year; and
of the remaining 22, only 13 were considered compliant in their use of the
mouthrinse.

After one year, both the SnF2 and the NaF "Total" (compllant and non-
compliant subjects) groups demonstrated a significant decrease in plaque
(mean differences of 66% and 62%, respectively. However, no significant
difference was found in plaque scores betweeen the SnF2 and NaF groups
(Table 16).

Gingival inflammation was significantly reduced in the Total SnF2
group, both longitudially from baseline (23%), and cross sectionally
compared to the Total NaF group (17%). Statistical differences in the Gl
reduction between groups Is seen in the Total and Compliant groupings, but

not in the Non-compiiant subjects when analyzed separately (Table 17).

A further analysis was performed to correlate individuals mean plaque
score to their mean ginglival score. Plaque scores were positively
correlated to gingival scores In those subjects rinsing with NaF (r =.83);
however, In the SnF2 group the subjects plaque scores had a significant

inverse relationship to the gingival scores (r = =.57).
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DISCUSSION

The reduction in plaque scores from baseline to 1 year In both the
SnF2 and NaF rinsing groups was expected sine all subjects had thorough
Instruction and reinforcement in oral hygiene. This significant
Improvement In the subjects oral hygiene and the eventual low plaque scores
probably hinders the possiblility of observing differences in plaque scores
between groups. Furthermore, several studies have described a increased In
non-bacterial pellicle on tooth surfaces of subjects rinsing with SnF2.
Since pellicle Is not readily distinguishable from plaque with clinical
indices, this tooth deposit would also confound plaque scores. Evidence
that subjects In the SnF2 group had non-bacterlal deposits on their teeth
Is suggested by the negative correlation between the plaque scores and the
ginglival scores in the SnF2 group.

This study did find that SnF2 was an adjunct in decreasing gingival
inflamation. The lower frequency of bleeding sites and the corresponding
lower mean Gl scores in the SnF2 group compared to the NaF group
demonstrates that rinsing with SnF2 favorably affected gingival health,
Since we have also noted decreased caries, and greatly reduced S. mutans in
these same subjects rinsing with SnfF2 compared to NaF, SnFZ may have
advantages at least in subjects with dental disease. This noted effect of
SnF2 on ginglivitis levels differs from the only other ilong term examining
this parameter. Perhaps our population of adults with existing
ginglivitlis, or the fact that our subjects rinsed twice a day, seven days a

week could account for the dlfferences.

Theorltically SnF2 has the potential of affecting gingival health.
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Studies in vivo have shown that SnF2 irrigated infto periodontal pockets
dramatically reduces the number of presumptive periodontopathic
microorganisms and gingival bleeding, and | yjtro Studies have shown that
SnF2 Is more effective than other fluoride compounds in Inhibiting growth
and viablity of B. melogenicus, and Actinomyces specles.

From several short term studies showing antiplaque effects of SnF2 and
the present study showlng a small but significant affects on glngivitis,
frequent rinsing with SnF2 may have greater effect than other fluoride
rinses in treatment of subjects with high caries activity and perlodontal
disease. However, as we observed in this study It may be difficult for the
average patient to follow a regime of twice a day rinsing over an extended
period. Perhaps other del ivery systems or regimens that don't require as

much patient cooperation are necessary as a large scale public health

measure.
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STUDY 6: SAFTEY AND ANTIBACTERIAL PROPERTIES OF

CONTROLLED RELEASE SNF2

INTRODUCT ION

Sustained release delivery of drugs has several advantages: (1) It
enable lower dosage of drugs because the agent Is released near the
Intended site of action, (2) it overcomes problems of side effects because
of the lower therapeutic levels; (3) it reduces need for patient
envolvement; and (4) it eliminates the need for frequent drug
adminlstration.

In dentistry sustained release systems have been explored for
delivery of sterolds, anti~fungal drugs; antibacterials ; and fluorides for
the control of dental caries and remlineralization. To date the largest
a clinical study has been performed with a trilaminate methacrylate sodium
fluoride-releasing device cemented to the buccal surfaces of teeth of 11
subjects. The intraoral device was found to elevate the levels of fluoride
In plaque, saliva and urine, but had no effect on plaque or gingival
parameters.

Fluoride fons may act as a fherépeufic agent by altering bacterial
metabolism as well a reacting physicochemically with enamel to reduce
enamel solublility or reminerallize Initial caries, Stannous fluoride has
been shown to have a greater effect on bacterial metabolism than other

fluoride compounds. Pilot studies with stannous fluoride incorporated in
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polycarboxylate cement and used as a temporary Intercoronal restoration Ny
v

have been performed to test [ts potential as an antiplaque device. These ‘
studles, performed in yitro and In one subject, demonstrated that the SnFo- p
&

polycarboxylate cement had sufficlient compressive strength, released of ';
¢

fluoride at therapeutic levels, had acceptable clinical properties, and ‘4
caused a visual change in plaque formation . i
Based on these favorable initial experiments, the present clinical :4
study was performed to further evaluate the saftey and efficacy of the "“
SnFy-polycarboxylate intercoronal restoration in two human clinical trials. g
.
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o
MATERIALS AND METHODS R
’
Safety and Eluoride Release ;
Elght subjects were used to test: |. the integrety of the SnF, i
polycarboxylate cement as an Intracoronal restoration; 2. the potential ;
side effects; 3. the oral release of fluoride from the cement, and 4. the {
charge of fluoride levels in the urine. Subjects consisted of dental
students and dental asslistants who consented to the study and had a
defective restoration in a molar tooth requiring at least a two surface ;}
restoration. The trial period, when the slow release restoration was in 3y
place, lasted 34 days. &
A week prior to the trial and during the trial period, all subjects E
were given fluoride free toothpaste and Instructed to use only thlis :‘
toothpaste until| the experiment was over. 3'
The SnFo-polycarboxylate cement was prepared by combining pulverized :!
SnF, with polycarboxylate powder (Durelon, Premier) in a ratio of I:l é
(W/W). The fluoride crystals were pulverized to a fine powder by ;
triturating the compound in a dental amalgamator (Wiggle-bug, LPGO, Cresent '{
Dental) for | minute at maximum velocity. N
The test tooth in each subject was prepared conventionally for an $
Intracoronal restoration. Orthodontic bands were then fltted around the -
test tooth. (The bands were used to prevent tooth drift In case the EA
temporary restoration was lost prematurely.) The SnFy-polycarboxylate r
powder was mixed with the polycarboxylate |iquid according to manufacturers tu
instructions and used to cement the orthodontic band around the tooth as ;
well as restoring the tooth. Approximately 300mg SnF, (72mg F~) was used -
In each restoration. The teeth were kept dry throughout all procedures f
with the aid of rubber dam Isolation. After the cement had hardened, the :
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rubber dam was removed and occlusion of the restoration was adjusted.
Besides glving the subjects iInstructions about giving saliva and urine
samples, the subjects maintained normal oral hygiene and activity. The
temporary restorations were photographed, approximately 1:1, at the time of
placement and agaln at the end of the trlal perlod. At the end of the
trial, the slow release restorations were replaced with elther amalgam or »

gold restorations.

Twice prior to the trial period and twice weekly during the trial
period, sallvary and urinary samples were collected between 8 and 10 a.m.

Sallvary samples consisted of whole salliva, stimulated by having subjects

S R P

chew on parafin. Saliva and urine samples were diluted 1:1 with ifonic

12

strength buffer (TISAB with CDTA). The fluoride ion concentrations of the

samples were then determined using a combination fluoride electrode (Orion,
model 96-09) connected to a digital readout electrometer. Millvolt
readings of the samples were compared to those of NaF standards.

Efficacy

Fourteen subjects were alternately assigned Into 2 groups so that hailf
had a controlled release Snf, restoration placed In a molar and half had a
placebo restoration (IRM). As in the previous trial the subjects were :}
dental students or assistants who required two or more surface restoration
In a permanent molar.

A two week Initial preparation period, In which all subjects were ;'
scaled, polished and given detalled Instructlons In effective plaque
control, preceded the experimental period. On day one of the experimental
period a temporary restoration of either 50% SnFp In polycarboxylate cement

or IRM was placed within a cavity preparation of a tooth of the appropriate

FELL LA

subject. The procedure was identical to the previous trial except that

¥ v v
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orthodontic bands were not used this time around the restoration. Subjects
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were then Instructed to abstain from all forms of active oral hygiene for

the next |4 days. Following the |4 days trial perliod, permanent
restorations were placed In the test teeth, oral hygiene was reinstituted,

and each subject received a profesional tooth cleaning. Subjects continued

3 l‘l'u.':l‘

to be followed for 2 weeks after the experimental period (Figure 6).

Y

Microbiologlc baseline samples were taken twlce before the trial (one

week prio and immediately before the temporary restoration was placed).

VR T L )

Microbioliogic sampies from each subject were again taken on day 7 and 14 of

the trial and twice during the post-trial period. The microblologic

procedures consisted of enumerating total colony forming units, S. sanguis,

L 8 a0

and S. mutans from sallvary samples. Stimulated saliva from each subject

LY

was collected as previously described in the morning for each designated
perlod. One ml of sallva from each subject was diluted with 3 ml of 2
reduced transport fluld without ethylenediamine tetraacetate, sonicated for
10 sec., at output setting 4 (Bronson, Bi5, with microtip), and then b
serlally diluted. Samples were plated onto enriched trypticase soy blood }
agar, MM10 with 20% sucrose and HLR with 20% sucrose and 0.2 units
bacitracin. Special sectors containing 20 to 50 colonies were quantitated
for total colony forming into units, S. sanguis and S. mutans,
respectively. 3. sanguis and S. mutaps were identified by morphologic o
criteria. Questionable colonles of S, mutans were subjected to biochemical ;\
analysis. The mean of 2 samples for each time interval was used to -
distrbute each subject into ranges with regard to total colony forming u
units, S. sanguls and S. mutans. -
Clinical measurements of gingivitis-G.l. and plaque-PI1 were taken on
each subject Immediately prior to placement of the temporary restoration N

and measurements were repeated on days 7, |4, and 28. The mean frequency
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of scores "0" and "2" for each subject were used to determine the group

mean scores of "0" and "2" at each scoring period.

RESULTS

Safety and Fluoride Release

Of the 8 subjects who had the SnF,-polycarboxylats temporary
restorations placed In a molar tooth, 7 completed the 34 day trial. One
subject was discontlinued after 5 days because the proximal portion of the
restoration broke. All the subjects on the first day experlienced pain and
gingival irritation where the orthodontic band and SnF,- polycarboxylate
cement that was used to cement the orthodontic band touched the gingiva.
Because of the irritation, the orthodontic band and cement that held the
band was removed from all subjects after the second day.

The baseline sallvary fluoride levels for all subjects was less than
0.5 ppmF~. The sallvary fluoride levels increased to a mean of 1.5 ppm on
the second day after the restcration was In place. The sallvary fluoride
levels sharply decl Ined on day 6 to a mean of 0.5 ppm and then gradually
decreased during the rest of the trial. Detectable levels of fluoride
above baseline were stlli found at 4 weeks. Over the course of the 34 day
trial the mean sallvary fluoride level was 0.3 ppmF (Figure 7).

Baseline urinary fluoride levels were approximately 0.7 ppmF. On the
second day of the trial the mean urinary fluoride level of the subjects was

2,2 ppm. Urinary fluoride levels were only slightly above baselline after

day 6 (Figure 8).
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Except for a delay In the setting time (approximately |5 minutes), the
San-polycarboxyIa+e combination was similar to that of unaltered
polycarboxylate cement. Excluding the one broken restoration, the Integrity
of the filling material was excellent during the trlal period. There was
no noticeable wear of the restoration on the margins or on the proximal
contact. All restorations, however, had a change In color from white to
dark grey (Figure 9).

Etficacy

Subjects receiving the SnF,y-polycarboxylate cement and whose cavlity
design extended subgingivally agaln experlienced pain and gingival
irritation lasting 2-3 days. Gingival sloughing of the sulcular epithelium
appeared to have occurred in 2 subjects who had preparations extending
several mi|imeters subglngivally.

Categorization of subjects by the number of total colony forming
units/m! sallva revealed a shift to Increased number of bacteria In those
subjects recelving the control cement during the experimental period. No
Increase In total CFU was observed In those subjects having the SnFj
restoration (Tabie 18). Subjects distributed by S. mutans recoveries at
the dlfferent intervals revealed that during the experimental period there
was a shift upward in S. mutans In those subjects having the placebo while
there was a shift downward in those subjects having the SnF, restoration
{Table 19). As with ftotal CFU, the S. sanguis counts Increased during the
experimental period and decreased In the post-experimental period (Table
20). However, no difference between the SnF,-polycarboxylate group and the
placebo group could be noted at any time interval.

Plaque scores of all the subjects were excellent at baseline as shown

by the high number of "0's" and the low number of "2's". Atter 7 days of

no oral hygliene in the experimental period, both groups had a simiiar high

yY¥Y T P .




number of "2" scores. At |4 days, the frequency of score "2" was 16% less

in the SnF, group. At the end of the 14 day post-trial perlod, the large
number of "0" scores indicated reinstitution of excellent oral hygiene
practices, but the placebo group showed a 10§ higher number of "0" scores
(Table 21).

The ginglival health of the subjects was also excellent as shown by the
high frequency of "0" G| scores in both groups. Little change in ginglival
health was noted unti| the end of the trial period (2 weeks wilthout oral
hygliene). No difference, however, was detected in ginglivitis levels at
this time. The post-trial Gl scores showed that all subjects! gingival

health returned to baselline levels (Table 22).
DISCUSSION

The present clinical trials were designed to examine the safety and
efficacy of a controlled release dellvery system of SnF5 in a small number
of human subjects. Althnugh the study designs do not permit statistical
tests of significance, certain trends are apparent.

The compatibility of large quantities of SnFy In polycarboxylate
cement, as shown in a previous pilot study Is apparent. The Snf,
restorations showed no signs of wear or Joss of Integrity In both the
trials. The release of SnfF, from polycarboxylate cement as measured by the
sallivary fluoride levels over a 34 day period, was similar to release
patterns of other drugs from controlled release devices . There was an
Initial large release of fluoride In the first days followed by a an |inear
decline in sallvary fluoride levels over month period. The mean fluoride
levels over the month period of 0.3 ppm F may have been less than optimal.

This refease rate, however, may be reafistic refative to having only one




restoration in the mouth of each subject. The finding of only minor
increases in urinary fluoride levels further substantiates the systemic
safety of this release system.

The side effect of gingival Irritation and consequent patient
discomfort where the restoration touched gingival tissues can not be
ignored. Both SnF, and aciduiated NaF have been reported to cause
irritation, of crevicular epithelium especlially in the presence of gingival
Inflamation. In this dellvery system, where gingival tissues are Irritated
due to operative procedures, inflamation of the ginglva surrounding the
tooth receiving the temporary restoration can not be avoided. However, in
the future, avolding soft tissue contact of the SnF,-polycarboxylate
restoration may be possible by placing this restoration only in situations
where It does not touch the gingliva, (l.e. Class | restorations), or by
protecting the gingiva with an orthodontic band cemented around the tooth
with a non-fluoride containing cement prior to placement of the controlled
release restoration.

Some effect on both the quantity and proportion of microorganisms was
noted In those subjects who had a SnFy-polycarboxylate restorations in
place. While there was an increase of recovery of total colony forming
units from salivary in the placebo group during the experiemental period,
probabiy due to suspension of oral hyglene In tris perlod, a decrease ir
total bacteria was noted in the SnfFy group. This decrease in salivary
microorganisms may be selective since S. sanguis recover es showed nc
difference between group but S. mutans recoveries appearec less ir *these
subjects having the 5nfF, restoration. Tris selectivity ot inf, agairst L,
mutans has been previocusly observed.

The eftect of the SnF2 delivery cystem against [laque an¢ girg v ti«

was not immpressive. Only at cne data pcint, the frecuency PlL' score . a¢
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day 14, showed a reduction of 6% for those subjects who had the SnF3
controlled release devices In place. We had little expectation of finding
differences between groups with regard to these parameters. The large
pelllclie deposits produced by SnF, interfere with traditional plaque
scoring methods. Other measurement systems which take thls problem into
account should be used when visualizing plaque in a study using Snf,,
Gingivitls scores were not different between the SnF, group and the placebo
group. However, the study period of only 2 weeks does not permit enough
time for gingivitis to develop In experimental ginglivitis model. Longer
term studies using SnF, at higher concentrations In animals and humans have
shown reduced gingivites due to SnFp.

These present studies must be compared to the results found with a
recently reported study with controlled release NaF. In that study 2
membrane controlled release NaF. In that study, two membrane controlled
devices containing 42 mg each of NaF (total of 38 mg F~/subject) were
cemented to first molar of Il subjects. Side effects in that study were
that 2 devices fell off and several subjects reported that the device
caused Irritation to soft tissues. The membrane controlled devices did
Increase fluoride levels In saliva and plaque, but no changes could be
tound In clinical plaque, gingivitis or microbial parameters.

Obviously, devices for the controlled release of fiuoride need more
development and cliinical trials before they can be accepted as a
therapeutic approach on a population basis. Further clinical trials that
rave reduced tissue irritation, Increase the amount and duration fo
tivoride release and greater bacterial effect need to be achieved. Perhaps

use of SnF2 in these release systems, because of I[ts apparent selectivity

against S, mutans and employment ot an intercoronal celivery system because
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the quantity of fluoride compounds can be Increased in subjects requiring

restorations of multiple teeth, should be further explored.
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Cation Anion

Agent % (ppm) (ppm) pH's

HZO --- --- --- 2.5, 6.0*

NaF 0.055 303 250 2.5, 3.0, 5.5*%, 6.0, 7.0
SnF2 0.103 783 250 2.0, 2.5, 3.0, 3.5%, 4.0,

5.0, 6.0, 7.0

SnC'l2 0.124 783 463** 2.5%, 7.0

SnF4 0.064 390 250 2.3

ZnF4 0.068 428 250 5.2*

Cqu 0.067 418 250 3.0, 6.0

PbF2 0.065 545 10Q*** 3.0, 6.0

*unadjusted pH
**SnC12 prepared to be cationicly equal to that of SnF2.
***PbF2 not soluble at 250 ppm F.

Table 1: List of agents tested against S. mutans. Percentage of compounds
prepared to give same anion concentration.
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Acid Plaque Metal/mg
Agent Production Plaque Weight Plaque
Agent pH (& _pH) Score® (mg) (ug)
NaF 5.5 2.7 3 9.8 + 0.6 N.D.
ZnF2 5.2 2.8 3 10.0 + 0.5 0.05 + 0.01
SnF4 2.3 2.6 3 10.9 + 0.2 8.9 +2.0
SnF2 3.5 0.4 <1 1.3 +0.4 39.1 + 1.4

a Scored by McCabe method

N.D. Non-detected

N=3; x + S.D.
Table 2: Effect that twice daily exposure of listed fluoride compounds (250 ppm F~)

had on several growth parameters and metal uptake of S. mutans NCTC
10449.
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Acid Plaque Metal/mg ‘
Agent pH Production Plaque Weight Plaque X

Agent (adjusted) (a pH) Scorea (mg) (ng)
H20 2.5 2.8 4 11.0 £ 0.2 N.D. $
7.0 2.7 4 10.7 + 0.5 N.D. E
A
NaF 2.5 2.5 4 12.5 + 0.5 N.D. Y
7.0 2.7 4 1.2 + 0.9 N.D. <
LY
SnC]2 2.5 2.7 4 12.3 + 0.6 1.4 £+ 0.6 ;
7.0 2.7 4 11.1 £ 0.7 0.3 + 0.1 1
Pd
SnF2 2.5 1.7 2 7.2 +2.0 13.6 + 4.1 i
7.0 2.6 4 13.0 + 0.5 0.5 + 0.1 2
a Scored by McCabe method. 3
N.D. = Non-detected '
N=3; x + S.D. "
~
:

Table 3: Effect that twice daily exposure of fluoride compounds (250 ppm F~) or 5
controls adjusted to low or neutral pH, had on 5. mutans NCTC 10449 RY
growth and metal uptake. ’
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Acid Plaque Metal/mg
Agent pH Production Plaque Weight Plaque
Agent (adjusted) (& pH) Scorea (mg) (ug)
2.0 0.2 1 1.8 £ 0.1 A
3.0 0.2 1 2.4 + 0.5 42.9 + 7.1
San 4.0 0.5 1 2.6 + 0.5 36.9 + 3.6
5.0 1.0 3 5.7 £+ 0.4 20.1 £ 0.5
6.0 1.6 4 5.9 + 0.8 3.6 + 0.7

a Scored by McCabe method.
» Laboratory accident.

N=3;x+S.D.

Table 4: Effect that twice daily exposure of Snfz (250 ppm F~) at various pH's had on
S. mutans NCTC 10449 growth and metal uptake.
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Acid Plaque Metal/mg
Agent pH Production Plaque Weight Plaque
Agent (adjusted) (A pH) Scorea (mg) (ng)
NaF 3.0 1.9 3 5.7 + 0.2 N.D.
6.0 2.3 3 4.6 + 1.0 N.D.
PbF2 3.0 1.9 3 6.7 + 0.3 3.3 £+ 0.5
6.0 2.0 3 5.5 + 0.1 2.4 + 0.7

a Scored by McCabe method.
N.D. = Non-detected.
N=23; x +S.0.

Table 5: Effect that twice daily exposure of NaF (250 ppm F~) or PbF2 (100 ppm F-) had
on S. mutans NCTC 10449 growth and metal uptake.
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Acid Plaque Metal/mg

Agent pH Production Plaque Weight Plaque
Agent (adjusted) (A pH) Scorea (mg) (ug)
NaF 3.0 2.39 5 13.3 £ 0.9 N.D.
6.0 2.33 5 12.4 + 1.9 N.D.

CuF2 3.0 2.42 5 12.7 + 1.6 Trace

6.0 2.48 5 13.0 + 0.8 Trace

a Scored by McCabe method.
N.D. = Non-detected.
N=3; x +S.D.

Table 6: Effect that twice daily exposure of NaF or Curg (250 ppm F-) had on S. mutans
NCTC 10449 growth and metal uptake.




Acid Plaque Metal/mg
Agent Production Plaque Weight Plaque
Agent pH (a pH) Scorea (mg) (ug)
H20 6.0 2.2 5 8.3 £1.0 N.D.
SnF2 3.5 1.3 3 12.2 + 0.7 9.7 £ 2.5

a 3cored by McCabe method.

N.D. Non-detected

N=4; x + S.D.

Table 7: Effect that twice daily exposure of SnFp (250 ppm F~) had on preformed
S. mutans NCTC 10449 plaque.
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CARIES MICROBIAL
SCORE RECOVERY
Tx n ENAMEL  Red.  DENTINAL  Red. X108
Hy0 13 |l 654:1.80t| - 3.23 + 245 - 376 +36.0
NafF 14 (| 3.85:1.51* | 41% || 0.57+094* | 82% 19.9 +21.4
SnF, 13 || 369+210%| 44% || 046:0.78* | 86% || 276 +325
t+ x +S.D.

* Significantly different from deionized H20 group, p < .05

Caries Scores and S.

Table 8

.................

.....
------

.....................

-----------

S. Mutans Recovery in Hamsters Jrinking
Deionized Hp0, NaF, or SnFy (5 ppm F~) for 64 Days.
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Figure 1: Increasing the pH of Snfj decreases its effectiveness as shown by
the greater plaque accumulation on wires and the reduced tin per

mg plaque.
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Figure 2: Electron micrograph of S. mutans exposed to NaF (250 ppm F~).
Unstained, X80,000
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Figure 3:

Electron micrograph of S. mutans exposed to SnF2 (250 ppm F~).
Note frequent intracellular electron dense granules (black
arrows) and electron lucent holes (white arrows).

Unstained, X80,000



Figure 4: Electron micrograph of S. mutans exposed to PbFp (100 ppm F~).
Note electron dense granules outside the bacteria.
Unstained, X80,000
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Condition of the SnFj-polycarboxylate restoration after 34 days

in a "MOD"

Figure 9:
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