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Summary

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 molecular weights than tin.

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

tant, over 26 variations of pH of these compounds were tested. To date, we

have found that SnF 2 has potent antimicrobial activity, but remarkably, SnCl2

and SnF 4 does not. ZnF 2, ZnCl2, PbF2, PbCl2 and NaF all have no real effect

on microbiology. Concerning pH, SnF 2 appears to have a critical pH below 4

for its antimicrobiologic effect. The loss of effectiveness above pH 4 we

feel is due to its conversion to insoluble tin hydroxide salts which cannot

affect bacteria. Atomic absorption spectrophotometric and electron micro-

probe experiments have shown us that only SnF 2 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 SnF 2 system. These studies have involved: (1) the in

vitro microbiologic effects of low levels of SnF 2 ; (2) in vitro physical

properties of SnF 2-polycarboxylate cement; (3) an in vivo trial for 30 days

in one subject examining the antiplaque effects, release levels, systemic

effects, and the clinical integrity of the restoration. These studies have

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

experiment involving 45 animals is presently in progress. In the first

pilot study, 4 hamsters had their molars prepared to accept the SnF 2 poly-

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 SnF2 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 SnF 2,

and not manipulative techniques of the cement in tiny restorations, it was

decided to first perform an experiment with controlling the exposures of

SnF 2 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 SnF2 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 terd (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 l' SnF 2 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 2 had ii uch fewer B. melinenoqenicus and S. mutans,



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 SnF 2 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 SnF z had significantl. less plaque at one month and the gingival

health improved significantly more between 1 and 3 months with these sub-

jects rinsing with SnF 2. The most dramatic finding is the low variance in

gingival scores in those subjects rinsing with SnF 2. 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 SnF 2 had 2.3 new lesions. Mic-

robiologically, there are large differences between groups. Those subjects

-i "rinsing with SnF2 had 2.4 times fewer bacteria/ml saliva in their mouths at

3 months. But, of most importance, was the fact that the SnF 2 users had

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

study.
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Further Understanding of the Antiplaque Properties of SnF 2 -

In Vitro Microbiology

In our initial studies, we found that wire adherent S. mutans exposed

for 1 minute, twipe daily, for two days to SnF 2 showed inhibition of plaque

growth and acid production (A pH of growth medium), whereas NaF or SnCl2

exposures showed little effect (Figure 1, Table 1).

Subsequently, more precise experiments were performed (Figure 2, Table

2) to test whether the effectiveness of SnF 2 was due to pH, cations, or a

combination of factors. In these trials, intermittent exposures of plaques

to SnF 2 at pH's below 4.0 virtually inhibited plaque formation and thereby

lowering the amounts of bacterial acid produced (Tables 3 and 4). This

inhibitory effect decreased as the pH of SnF 2 was increased with SnF 2 ad-
2 2l

justed to pH 5.0 or 6.0 not effective in inhibiting acid production. The

reduced bacterial acid production found in SnF 2 tested plaques directly

correlated (r = 0.94) to the reduction of plaque weight on the wires

(Figure 2).

Although SnF 2 was most effective at a lower pH, even at pH 5 and 6, its

effectiveness in reducing pH drop was greater than other agents tested

(Tables 5 and 6). The fluoride salts of lead and zinc slightly reduced acid

production by comparison to their chloride salts; however, the A pH of those

plaques exposed to the fluoride salts of lead and zinc were equal to NaF at

neutrality. NaF at a lower pH was found to be slightly more effe:tive than

NaF near neutrality in inhibiting acid productions (Tables 4 and 5). In

contrast to SnF 2, SnF 4 had little or no effect on acid production (Table 7).

Plaque Scores

The one minute, twice daily exposures of S. mutans to all the test

. agents for two days, including SnF 2, pH 5.0 and 6.0, had little effect on

the organism's capacity to attach and proliferate on the stainless steel
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wires. However, the bacteria exposed to SnF 2, pH 2.0, 3.0 and 4.0 consis-

tantly showed less plaque formation as measured by visual plaque scores

(Table 4).

Plaque Weights

Except for SnF 2 at pH's 2.0 through 4.0, the other test agents showed

no effect in reducing the amount of dry plaque weights in comparison to NaF.

Bacterial plaques exposed to SnF 2 solutions equal to or less than pH 4.0,

averaged two-thirds less plaque weight than the low pH exposed plaques of

NaF (Table 4).

Metal/mg Plaque

Initial studies of intermittent exposures of SnF 2 and SnCl 2 on S. mutans

at neutral and acidic pH's suggested a pronounced effect with SnF 2 at low

pH's. Associated with the plaque reduction produced by low pH SnF 2 solutions

was the large uptake of tin within the plaques.

WThe experiment designed to observe the effect of varying the pH of SnF 2

and NaF on bacterial acid production, plaque formation and tin uptake found

an inverse relationship between plaque weight and tin quantity in the plaques

exposed to SnF 2 pH's 3.0 through 6.0 (r = -0.91) (Figure 3).

Plaques exposed to lead salts showed small accumulations of the metal

in the samples while those plaques exposed to zinc salts had only trace

amounts. Although a stroncorreldtion exists between bacterial tin uptake

versus the decreasing pH of SnF 2 solutions, no difference in metal uptake

was found by altering the pH of the lead and zinc salts (Tables 5 and 6).

In contrast to the large tin uptake in bacteria exposed to SnF 2, SnF 4

exposed plaques contained much less tin, and varying the pH of the SnF 4 did

not have an effect on the tin uptake (Table 6).
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Sterile Stainless Steel Wires

Suspendd6 In Jordan's Medium

Inoculated with S. mutans

"12 hours

Exposed 1 mi.

IF
H20 SnF 2  SnCl 2  NaF

Rinsed 1 min.

Fresh Jordan's Medium

I 12 hours

Repeat Exposure + Rinse

(Fresh Medium)

112 hours

Repeat Exposure

(Fresh Nledium) + Rinse

12 Hours

'Plaque Score a pH

Collect Plaque.

Atomic Absorption. , plaque wight

Electron Microscopy

Microprobe analysis

Figure Flow diagram used to test the effect of various agents (I min./
12 hrs. for 48 hrs.) on S. mutans (Table ). Same design was

used to test other agents listed in Table
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Sterile Stainless Steel Wires

Suspended in Jordan's Medium

Inoculated with S. mutans

48 hours
_._1

I Exposed I min.i
HOH SnF 2  SnCl 2

(250 ppm) (Sn ppm = SnF 2 )

*'Rinsed 1 mi n.

Fresh Jo :an's Medium

12 hours ---- pl
Repeat Exposure

1-12 hours ----. pH

o" '.D.. Repeat Exposure

pH (terminal)
12 hours

Plaque Score

5-day Preformed Plaque

Repeat Exposure (2 min.) Collect Plaque

S.24 hrs. -* PH

Repeat Exposure (2 min.) Dry Plaque - ng
,' !24 hrs . ----* .l

Repeat Exposure (2 mi Atomic Absorption o Sn/mg
24 hrs pH (terminal)

Plaque Score

Figure 2: Flow diagram used to test the effect of SnF2 and SnCl2 on 2
and 5 day old preformed S. mutans plaques. Deionized H20 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.
Fluoride solutions were tested at 250 parts/106 F-, excp t for PbF2 which was tested at
1 00 part/1O0 F-. The cations in the com-
parable chloride 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,S6.0, 7.0.

SnCl2  783 463 2.5, 7.0.

2•SnF 2  783 25J 2.0, 2.5, 3.0, 3.5,

4.0, 5.0, 6.0, 7.0.

y2  "K .... SnF 4  390 250 2.3, 5.0.

ZnF2  428 250 5.2

ZnCl2  428 465 4.9

PbF 2  565 100 3.0, 6.0

PbCl. 545 187 3.0, 6.0

H20 --- --- 2.5, 7.0

-V
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Table 3: Initial study of intermittent exposures (1 min./12 hrs. tor
48 hrs.) of tin and/or fluoride solutions on acid production,
plaque formation, and tin accumulation of wire adherent S.
mutans NCTC 10449. Deionized water (pH 2.5 and 7.0) was-used
as a control. Fluoride solutions at 250 ppm F-; cations in
SnCl 2 equal to SnF 2.

Acid Plaque Sn/mg
Agent Production Plaque Weight Plaque
pH (A pH) Scorea (mg) G)

2.5 2.8 4 11.0 + 0.2 N.D.a

H .20
,207.0 2.7 4 10.7 + 0.5 N.D.

2.5 2.5 4 12.5 + 0.5 N.D.
NaF

7.0 2.7 4 11.2 + 0.9 N.D.

2.5 2.7 4 12.3 + 0.6 1.4 + 0.6
" SnCl 2

7.0 2.7 4 11.1 + 0.7 0.3 + 0.1

1 2.5 1.7 2 7.2 + 2.0 13.6 + 4.1
, SnF 2 7.0 2.6 4 13.0 + 0.5 0.5 + 0.1

a Scored by McCabe method

a None detected

N = 3; i + S.D.

I'
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Table 4: Effect of intermittent exposures (1 min./12 hrs. for 48 hrs.) of
NaF (pil 2.0 and 6.0) and SnF2 (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-.

,9,

Acid Plaque Sn/mg
Agent Production Plaque Weight Plaque
pH (A pH) Scorea (mg) (g)

2.0 1.8 4 6.4 + 0.9 N.D.a
NaF

6.0 2.4 4 6.5 + 0.3 N.D.

SnF 2.0 0.2 <1 1.8 + 0.1 X

3.0 0.2 <1 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

i None detected

x Laboratory accident

N 3; R + 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 PbC12 equal to PbF2.

Acid Plaque Pb/mg

Agent Production Plaque Weight Plaque
pH (A pH) Scorea g GO

3.0 1.9 3 5.7 + 0.2 N.D.S

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 + 0.5
PbF 2 6.0 2.0 3 5.5 + 0.1 2.4 + 0.7

Scored by McCabe method

d lone detected •

N = 3; i + S.D.

S.e

iIJ*'
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Table 6: Effect of intermittent exposures (I min./12 hr. for 48 hrs.)
of NaF, SnF2, SnF 4 , ZnF2 and ZnC12 on acid production, plaque
formation, and metal accumulation of wire adherent S. mutans
NCTC 10449. Natural pH for all test solutions, except SnF4
which was adjusted to pH 5.0. Fluoride solutions at 250 ppm
F-; cations in ZnCl2 equal to ZnF 2 .

Acid Plaque Sn/mg
Agent Production Plaque Weight Plaque

LpH (A pH) Scorea (mg) _(PC

NaF 5.5 2.7 3 9.8 + 0.6 N.D.a

SnF 2  3.5 0.4 <1 1.3 + 0.4 39.1 + 1.4

SnF 4  2.3 2.6 3 10.9 + 0.2 8.9 + 2.0

SnF 4  5.0 2.6 3 10.4 + 0.3 6.1 + 0.3

ZnF4  5.2 2.8 3 10.0 + 0.5 0.05+ 0.01

ZnCl 2  4.9 2.9 3 9.0 + 0.2 0.12+ 0.07

a Scored by McCabe Method

s None detected

N 3; x + S.D.

10
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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-
-- .. +p.- nvn rIreS.fQ .he-wires continued for 3 more days,
once a day for 2 min. Each wire was scored for plaque,
then collected, dried, weighed and analyzed for tin.
Fluoride solutions at 250 ppm F; cations in SnCl2 equal
to SpF 2.

Acid Plaque Sn/mg
Production Plaque Weight Plaque

pH) Scoreo (mg) iGO

H20 3.2 4 18.9 + 0.2 N.D.

SnCl2  3.2 4 22.6 + 4.7 -3.2 + 0.8

SnF2  2.4 4 15.7 + 0.8 >8

S.,

-- ; a Scored by McCabe method

N.D. None detected

N=3; x + S.D.

nN
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Figure 3: Intermittent exposure of SnF2 (I min./12 hrs. for 48 hrs.) at
pH 2.0-6.0 on growth (plaque weight) and metal uptake (Sn/mg
plaque). Reduction of bacterial growth by SnF2 I inversely

related to mr-tal present in the bacteria at varying pH's.
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Slow Release Mechanisms

Phase A: Dental Materials Investigation and Testing

(See Appendix C - Antiplaque Properties of Sustained Release SnF 2:

Pilot Studies)

Phase B: Measurement of Slow Release of Fluoride

(See Appendix C - Antiplaque Properties of Sustained Release SnF 2:

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 SnF 2 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 3); 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 arimals 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 SnF2 , and not manipulative techniques

of the cement in tiny restorations, it was decided to first perform an experi-

ment with controlling the exposures of SnF 2 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 SnF 2 group are currently under-

way.

13
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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 SnF 2. 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).
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Pilot Study to Examine the Effectiveness of Irrigating SnF 2

into Periodontally Diseased Pockets

As a pilot study, we have explored the possibility of reducing dental

emergencies for spldiers in field situations by lavaging periodontal pockets

with 1% SnF 2.

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% SnF 2 and on the contralateral side, we irrigated the gingival

U,-,. pocket with normal saline. One week later, in the pockets of both subjects

which had been irrigated with SnF 2, no B. melaninogenicus could be detected.

The sites that had been irrigated with saline, however, had 3.26 x l05 and

2.29 x 10 B. melaninogenicus, respectively, for each subject.

•After2 weeks, samples revealed that the experimental sites (SnF 2
After 2 wes

.*.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.

-'C,."
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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 (SnF2) 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 2 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 2 on specific
microorganisms and on gingivitis when this agent is irrigated between the
tooth and the gum tissues.

Procedure:

Bacterial accumulation, plaque, 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 2 under minimal pressure. No further treatment, just scoring,
will be done during the test period.

"/A. 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 SnF 2 . The possible stains can be easily removed.

Benefits:

The gingival inflammation may be decreased by this treatment. This me!ansI' 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 clearings, and fluoride treatments) at the end of the study

at no expense, up to5~.~adAtV~X ~ ~ e ~ -'~'~

Figure 5: Human consent form for irrigating SnF2 into periodontflly diseased

pockets.

18
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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 'IHE 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

.j ' 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

DATE

'19
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The Microbiologic and Clinical Effect of SnF 2 Mouthrinse

on a Group of Rampant Caries Adults

IVY- 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 SnF 2 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.

N The present study was conducted to examine the effect of SnF 2 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/ml 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 monthly 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. Aftzr the measurements, each subject was assigned to the

- - SnF 2 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

i 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 plaque-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 SnF 2 (Figure 7), the increase in

plaque-free sites can be attributed to increased oral hygiene. Comparing

the SnF 2 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 SnF 2 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 Lde and Silness 0 and 1 scores by the total number of sites per

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

6 months among subjects rinsing with acidulated sodium fluoride (Figure 8).
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Most subjects in this group showed little change; one subject showed a great

. 'increase in gingival health; others showed a decline in gingival health.

The subjects rinsing with SnF 2, 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

I and 3 months showed that 8 of 9 subjects rinsing with SnF 2 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 SnF 2 in the early phase of

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

'2v 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-

lated 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 SnF 2 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 SnF 2.

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).'S.

' The SnF 2 groups also showed a reduction in total colony forming units,

which was most evident at the 3 month exam (Figure 11). At three months,
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there was a 66% reduction in total bacteria from baseline. Between APF and

SnF 2 groups, there was 2.4 x fewer bacteria/ml saliva at 3 months in the

group rinsing with SnF 2 (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 low concentrations

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

or fluoride could inhibit the general plaque flora allowing reservoirs of

S. mutans in carious lesions to grow out and recolonize the surface.

The SnF 2 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 1O
6

at 3 months and .3 x 1O6 at 6 months. Preliminary analysis of the 1 year

results show no increase in S. mutans from that found at 6 months.

Comparison of the 2 rinse groups with regard to S. mutans shows dramatic

differences throughout the 6 months. Because the APF group increased

slightly and the SnF 2 group decreased dramatically, the difference between

groups during these 6 months is over 20 x (Table 10). This corresponds to

approximately a 95% difference in S. mutans between groups over the 6 months.

Preliminary analysis of the one year results shows an 18 x difference between

groups.

SThe number of lactobacillus in the acidulated sodium fluoride group

showed large variability among subjects and within each subject at different
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examination points. No pattern of change was evident (Figure 13).

The number of lactobacillus in the SnF 2 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 SnF 2 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 7: Percentage of plaque-free sites in those subjects rinsing with
SnF 2 in the first 6 months of the trial.

,,-



A a

*APF

100 112

._ . . 305

90- '\603
602

. 80-
• -. ::-r

J 70-
< 504
W 704

-, 60-
- 503

-- 402' v:. ('9 50 -

z/

W

W 30-
0-

20-

10-

0-

0 I 3 6

MONTHS

Figure 8: The percentage of gingival healthy sites (G.I. scores of I or 2)
per subject rinsing with acidulated sodium fluoride over the 6
months trial
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Figure 9: The percentage of gingival healthy sites per subject rinsing with
*,. SnF 2 over the 6 month trial.
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"Figure 10: The number of total colony forming bacteria/mil saliva in those
subjects rinsing with acidulated sodium fluoride over the 6
month trial.
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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

C.F.U. APF 9 23.2 ± 24.9 11.0 ± 6.1 16.3 ± 20.1 10.0 ± 6.6

Sx106 SnF 2  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

Percent 32% 58% 29%

Significance 2.1

Table 9: Comparison of the CFU/inl saliva in subjects rinsing with APF vs.
SnF2.
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Figure 11: The number of S. mutans/ml saliva in those subjects rinsing with
4.. acidulated sodium f -luoride over the 6 month trial.
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Figure 12: The number of S. mutanF/l saliva in those subjects rinsing

*with SnF, the 6 mo~nth trial.
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Change in S. mutansjml Saliva in Mouthrinse Groups Over 6 Months

Agent N Baseline 1 Month 3 Months 6 Months

C.F.U. APF 9 3.2 ± 3.5 7.2 ± 6.3 5.2 ± 7.8 7.7 ± 7.5

x10 6  SnF 2  9 3.7 ± 2.3 0.4 ± 0.7 0.2 ± 0.5 0.3 ± 0.5 0.3

Reduction Times 18x 26x 26x

Percent 94% 96% 96%

Significance >.05 >.05 >.05

Table 10: Comparison of S. mutans/ml saliva in those subjects rinsing with
APF vs. SnF2 over the 6 months.
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~OCR

APF

Compliant

Initial New Recurrent Root
Subject White Spots D M F (S) Lesions Decay Caries

104 8 13- 24- 31 11

112 6 7- 4- 0 7 (5 occ)-

305 4 19- 25- 6 4 4

503 10 21- 29- 40 2 2

504 8 12- 0- 85 3 (1occ) 4 7

x 4.2

Non-Compliant

203 15 24- 15- 9 7 7

316 3 11- 50- 4 1 1

Total x 4.1

Table 11: Initial caries and new caries after I year in those subjects
rinsing with acidulated sodium fluoride.
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SnF2

Compliant

Initial New Recurrent Root
Subject White Spots D M F (S) Lesions Decay Caries E

102 11 5- 0- 28 2 2

106 5 4- 35- 34 2 1 3

107 2 24- 22- 29 2 2

114 12 13- 15- 32 0

118 14 7- 0- 69 5 5

701 12 36- 39- 10 0

704 12 25- 14- 51 4 (1 occ) 4

.- ,. 'x" 2'3

Non-compliant

103 6 6- 15- 59 5 5

303 5 2- 15-86 1 2

307 2 16- 35- 40 1 1 2

401 12 5- 42- 31 1 1

404 1 9- 30- 34 3 1 4

Total x2.5

Table 12: Initial caries and new caries after 1 year in those subjects
rinsing ',ith SnF 2.
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Appendix A

List of Publications and Presentations Supported by

U.S. Army Contract DAMD 17-81-C-I075

Papers in press:,

fl. 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 SnF 2. Journal of Oral Rehabilitation

Papers in preparation:

1. Camosci, D. A. and Tinanoff, N. Antiplaque Determinants of SnF 2: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 Periodontolggy

4. Tinanoff, N., Manwell, M. A., Camosci, D. A. Effect of NaF vs.
SnF 2 Mouthrinses on the Salivary Flora. Journal of Dental Research

-5. Klock, B. and Tinanoff, N. Effect of NaF vs. SnF Mouthrinses on
Caries Progression. Scandinavian Journal of Dintal Research

Published Abstracts:

*1. Camosci, D. A. and Tinanoff, N. Effect of pH on SnF2 Stability and
Antiplaque Properties. Proc. Int. Assoc. Dent. Res., New Orleans,
March, 1982.

*2. Serling, J. M., Clive, J. M., Manwell, M. A., Tinanoff, N. Effect

of NaF vs. SnF2 Mouthrinse on Gingivitis and Plaque - 6 Months
Results. Proc. Int. Assoc. Dent. Res., New Orleans, March,
1982.

*3. Tinanoff, N., Manwell, M. A., Camosci, D.A., Klock, B. The Micro-
biologic Effect of SnF2 vs NaF Mouthrinse After 6 Months. Proc.
Int. Assoc. Dent. Res., New Orleans, March, 1982.

*Paper attached in appendix.
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Presentations:

1. Tinanoff, N. Antiplaque Properties of SnF 2 Mouthrinse. Research
Program, Annual Meeting of American Academy of Pedodontics,
May 26, 1981.

2. The Antiplaque Effects of SnF2 . National Naval Dental Center
course in Preventive Dentistry and Patient Motivation, Washington,
D.C., December 7-10, 1981.

3. Antiplaque Effects of SnF2. American Society of Dentistry for
Children, Maryland Component, Baltimore, December 10, 1981.
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listing all co-authors.

1. DEADLINE FOR SUBMISSION: OCTOBER 12,1981

2. CITY OF MEETING: NEW ORLEANS. LA
3. DATES OF MEETING: MARCH 18-21. 1982
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INTERNATIONAL ASSOCIA iION FOR DENTAL RESEARCH

ABSTRACT FORM
P

Complete: Items 1-8 below and type abstract for: (Check one)
within box, following instructions on the
reverse side. [ IADP MEETING

Submit: Abstract form-Original and 3 Xerox [I AADR MEETING
copies Complete presenter card (white) U DIVISION MEETING
listing all co-authors.

1. DEADLINE FOR SUBMISSION: OCTOBER 12, 1981

2. CITY OF MEETING: NEW ORLEANS, LA

3. DATES OF MEETING: MARCH 18-21, 1982

TYPE PERFECT ORIGINAL OF ABSTRACT HERE
"A_' (Do not type beyond out~lie ol box.)

The Microbiologic Effect of SnF2 vs. NaF
SC e n iMouthrinse After 6 Months. N. TINANOFF,*

M A. MANWELL, D.A. CAMOSCI, B. KLOCK. UCon
." the PRESENTERteRSNTRSchool of Dental Medicine, Farmington, Cr.

I.._NO TINANFFID--S. Numerous short-term studies have shown reduction
_IE OFP T r- Y-- plaque formation by SnF2 mouthrinse, yet alteratio

- .OCNN. T1FAT.r1 rrn. in numnbers of potential cariogenic organisms due t

-FA*IU TDA__1 N. 0O32 this agent has not been done. Different sodium
fluoride mouthrinses, on the other hand have not

IADR member? (1) [- yes (2) U no been reported to have any antiplaque effects at
mouthrinse concentrations. One of the purposes of

this 2 year mouthrinse study is to compare the

5. Mode of presentation: effect of SnF 2 and NaF of comparable pH's on sali-

(check only one) vary-total colony forming units (CFU), S. mutans
(1) 'x' oral presentation only and lactobacilli.

". (2) i poster presentation only Adults exhibiting high caries experience and
(3) oral of poster acceptable having over 2x105 S. mutans/ml saliva were distri-
_buted into 2 groups that rinsed unsupervised, 2

times per day with either SnF2 or APF (200 ppm F-)

6. Do you wish to withdraw your paperi f it is Salivary samples were collected at baseline, 1, 3,
placed in a mode not of your choosing? and 6 months for bacteral quantitation by the meth
(1) ;x yes (2) Li no of Westergren and Krasse (1978).

There was a small reduction (2x) in total CFU
in both the SnF2 and APF groups at 1, 3, and 6 mo.

7. Would you accept "read by title" as an no reduction in lactobacillus in either group; how
alternative to withdrawal? ever, S mutans reduction in the SnF 2 group was 5 x
(1) 1x yes (2) [ no at 1 mo., 9 x at 3 mo. and 5 x at 6 mo. from base-

"-'_ _ _line. When the SnF2 group was compared to the APF

'" group the reductions were 9. ;12 x, and 10 x for 1,
P,. "8. Group Classification: (check one) 3, and 6 mo., respectively.

(a) Behavioral Science The results support that rinsing with SnF2
-I (b) Cariology sel cctively affects S. mutans on a long term basis

*. (Cl Craniolacral Biology Cead2ya aiseaswl eemn hte
(d) Dental Materials

. (PI Experimental Pathology the reduction in S. mutans is correlated to the
"4' I) Microbiology immunology Increment of caries.

(9) Mineralized Tissue
(h) Neuroscience
(li Oral&MaaxltofacialSurgery Supported by U.S. Army Contract #DA D 17-81-C-1075 4

* ' (1) Periodontal Research

I.0 X Phumacclogy, Therapeut-cs & Ttcnctj
I) Pro:,thocontics Research

(rn1  Pulp OoiorJy
J 111 Salivary Research

( (s Other _ 9 Revewer s Ratr.s: 10 Dspsition
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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 SnF 2 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

I- 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 SnF 2-polycarboxylate

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

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

Z"-, of fluoride in plaque, saliva and urine, but had no effect on plaque or

- #gingival parameters (Mirth et al., 1981).
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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

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 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 SnF2 was an

intracoronal (tooth) preparation where the SnF 2 was mixed with a dental

cement and used as a temporary restoration.

The purpose of these pilot studies was to develop a SnF 2 intraoral

sustained release delivery system; and to evaluate the delivery system

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

I.
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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 (IRE1, 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

SnF 2 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 2 powder were mixed by

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

K' 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

f ie- 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

50
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specimens which underwent a 30 day fluoride leaching trial were also tested
,K: f1r tbi-t-ieathi-q compressive strefgtn --.

.- , , w

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
J.

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 2 in this cement).

Each sample was separately incubated at 370 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 CDTA;

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 resial-occlusal-distal amalgam was removed from a

lower right 2nd molar and an orthodontic band was cemented and the tooth

restored with the 70 percEnt SnF 2-polycarboxylate cement.

51
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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 disclosing 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 I month experimental period, the temporary

containing SnF 2 was removed and replaced with polycarboxylate cement with-

out SnF 2.

Plaque Scores

The 4 slides taken on each of the 26 experimental periods were used to

determine the extent of visual deposits on the teeth. Plaque scoring was

performed according to the method described by Martens & Mpqkin (1972)

using only the buccal surfaces of 20 teeth (from 2nd premolars to 2nd pre-

molars of both maxillary and mandibular arches). The intra-oral slides were

. examined using a 7x magnifier and a radiographic viewbox. After calibration

of 2 examiners (N.T. & T.S.), scoring was performed independently and the

* mean of the 2 scores was obtained. Both "total deposits" as well as "globu-

lar deposits" were recorded. Globular deposits were defined as those de-

posits that appeared to have thickness and texture. Scores were reduced to

mean score per tooth, and a mean score of 5 represents deposits on all

..c '- surfaces.

52
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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 I 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 SnF 2-polycarboxylate 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.

.53
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RESULTS

In Vitro

Compressive Strength

The control lamples of polycarboxylate, zinc phosphate, IR14 and zinc

oxide eugenol, i.e., those without addition of SnF 2, showed compressive

strengths of 23.0 + 1.3, 14.1 + 2.7, 5.3 + 1.5, and 0.7 Klbs/in 2 , respec-

tively. The compressive strengths of the cements were decreased linearly

with addition of SnF 2 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 SnF 2 than polycarboxylate

cement. IRM and zinc oxide eugenol had initial low compressive strengths

and the addition of SnF 2 inhibited the setting reaction to the extent that

these materials were made unsuitable for further preparation.

In the "post-leaching" compressive strength test, SnF2 -polycarboxylate

cement, again, was least affected by additions of SnF2. For example, 60%

SnF 2 in polycarboxylate versus 60% SnF 2 in zinc phosphate cement produced

2
post-leaching compressive strengths of 6.2 vs 0.4 Klbs/in , respectively.

The one month leaching did, however, affect the strength of the fluoride-

polycarboxylate cement. While the unleached 70% SnF 2 in polycarboxylate

cement was found to have 10.5 + 1.5, the post-leached 70% SnF 2 in polycar-

boxylate cement samples had a compressive strength of 5.9 Klbs/in
2

Release of Fluoride from Cement

Release of fluoride from the SnF 2-cement mixtures showed that 70Z 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

• r.." polycarboxylate and zinc phosphate cements was rather consistent each day.
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4- In all cases, greater fluoride release was found in polycarboxylate cement

versus zinc phosphate concentrations of SnF (Fig. 2). The mnean fluoride
. >~>2

release from the IRM and zinc oxide eugenol cements was low, ranging from

0.1 to 0.4 ppm F/day.
4'-.'

'-". In Vivo

Anti-Plague Effects

The baseline scoring, i.e., no oral hygiene for 2 days without SnF 2

temporary in place, showed a "total" plaque score of 3.5 + 0.08 and a globu-

lar plaque score of 2.28 + 0.535. 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

.4. 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

IN- after the first week (Fig. 4). The relationship between the elevation in

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

4, nonlinear as evidenced by the weak correlation coefficient (r = -.3).

0-I SEM and Percent F in Removed Temporary Restoration

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 (Fig. .)
,. r
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Fluoride analysis of a 20 mg sample removed from the tooth after in vivo

testing revealed that 8.3 mg SnF 2 remained or 41.5% of the restoration's

weight was SnF 2. By subtracting the fluoride remaining in the restoration

at the end of the trial from the approximate fluoride initially placed in

Athe restoration, we calculate that no more than 57 mg of fluoride was

leached during the month.

Clinical Observations

The marginal adaptation and wear of the 70% SnF 2-polycarboxylate was

not substantial during the experi!'.,cntal 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.

,'25
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Total Plaque Globular Plaque

Baseline Period 3.5 ± .08 2.28 ± .58

Experimental Period 2.9 ± .43 0.96 ± .25

Month Following
Experimental Period 3.5 .13 2.08 ± .29

A".

Table 1: Total and globular plaque scores (mean + S.D.) prior to, during,
and after the 30 day experimental period'in one subject.

.55
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4-~ (A-A Total Plaque.

(-)Globular Plaque £

3 5-

3 - Afh

0
.4V)

WK0 S 12 16 20 24 28 30 641H84

P771 Days

N 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. 6: Condition of the SnF -polycarboxylate temporary restoration at
the end of the 30 da experimental period.
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DISCUSSION

These preliminary sustained release experiments designed to evaluate

an intracoronal (within the tooth) SnF 2 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 compatability

of large additions of pulverized SnF 2 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, 1978).

Even though we found 70% SnF 2 in polycarboxylate cement reduced the com-

pressive strength by about one-half, clinically 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 from the

various cements demonstrated that fluoride leached from these materials in

a consistent pattern. 1 release of fluoride was elevated in the first

few days for all cements and the release levels were related to the percent

SnF 2 in the cements. Due to the favorable release patterns and compressive

strength of polycarboxylate cement with 70% SnF 2, we obtained human use

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

coronal restoration.

The 30 day, one subject trial of the 70% SnF 2 -polycarboxylate temporary

M(4
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restorations showed an initial peak release of fluoride followed by a longer

sustained release comparable to that which was similar to the in vitro trial.

, In the first day, the fluoride content of the saliva reached 15 ppm F and

the level declined over the one month. The lowest recorded fluoride level

in saliva, 0.1 ppmF on day 28, was still higher than the 0.05 ppm F baseline.

The mean salivary fluoride level for the month of 1.86 ppm F was similar to

the 30 day mean of 1.45 ppm F reported by Mirth et al., 1981, from their

trial with the trilaminate fluoride-release device cemented to the buccal

surface of maxillary molars.

Even though the fluoride levels in saliva were initially high and re-

mained elevated during the experimental month, the urinary fluoride levels

were only notably elevated during the first 2 days. By comparing the

weight and fluoride content of the initially placed restoration to that

removed after 30 days, the total fluoride ingestion was estimated to be no

more than 57 mg fluoride. (The actual amount was less due to loss of cement

with mixing and occlusal adjustment.) The brief elevation of urinary fluoride

and systemic fluoride ingestion was found to be inconsequential in one subject.

Yet since the threshold levels (peak and/or duration) for inorganic fluoride-

nephrotoxicity are still debated, it may be prudent at this time to continue

fluoride release trials in subjects without renal disease or acid-base

disorders (Mazze et al., 1977; Taves et al., 1970).

In contrast to other studies (Mirth et al., 1981), antiplaque proper-

ties were noted in this 30 day trial, probably as a result of using SnF 2

instead of NaF. Besides the antiplaque properties at mouthrinse concentra-

tions (Tinanoff et al., 1980), SnF 2 at levels compatible with slow intra-

oral release, 10 ppm F, have been shown to reduce the number of S. mutans

that can adhere to wires yet increase this organism's producticn of

....
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extracellular polysaccharides (Ferretti, Tanzer and Tinanoff, 1981). The

increase in extracellular polysaccharide formation and the clinical observa-

tion of increased pellicle-like deposits in those subjects rinsing with

SnF 2 (Tinanoff and Weeks, 1980) made us discriminate between total plaque

and globular plaque. (We have previously noted by phase contrast microscopy

that deposits on teeth that appear flat and textureless have few bacteria

among amorphous matrix.) The marked reduction in globular plaque in the

experimental period infers that there may be fewer bacteria present in the

deposits on the tooth surfaces due to the presence of SF 2 . Further clinical

trials using bacteria per milligram plaque parameter are necessary to con-

firm the finding of less bacteria on teeth of subjects exposed to sustained

release SnF 2.

The observed "carry over" antiplaque effect after the one month trial

with the SnF 2-polycarboxylate restoration cannot be attributed to the non-

fluoride polycarboxylate cement plced in the tooth after day 30, since

polycarbcxylate cements, per se, exhibit no antimicrobial activity

(Schwartzman et al., 1980). A "carry over" effect of SnF 2 has not been

noted when this agent has been used as a mouthrinse (Tinanoff et al., 1980),

which suggests that sustained delivery of this agent may have more potent

or long term antimicrobial effects.

Clinically, the SnF 2-p6olycarboxylate 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

release allowed for good retention while not being bulkly. The disadvan-

tage of the location is that a patient must have a carious lesion or defec-

tive restoration in a tooth that can be used for the site prior to place-

ment of a permanent restoration. Bascd on the favorable release of flocride,

66
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mechanical properties, and putative antiplaque properties of the SnF 2 -

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 periodontal disease.

',
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The Effect of Fluoride and Stannous Ions on Streptococcus mutans
Viability, Growth, Acid, Glucan Production, and Adherence

G. A. Ferretti, J. M. Tanzer, N. Tinanoji

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

Key Words. Streptococcus mutans. Metabolism. Antiplaque • SnF.

Abstract. The effects of various salts of fluoride and tin were assessed on Streptococcus
mulanh NCTC 10449S viability, growth, acid production, glucan, DNA formation, and tin

. .- *..accumulation. SnF# had more potent bacteriostatic and bactericidal effects than SnCi,, NaF,
NaSnF, or TiFP. SnFs, SnCl,, NasSnF. and NaF (at 10 ppm F or CI) 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 over the controls. Greater tin uptake was noted by
cells exposed to SnFO, than by those exposed to Sna,.

Introduction Stannous fluoride (100-1,000 ppm) applica-
- tions reduce plaque in experimental animals

In addition to its physicochemical inter- (Kdnig, 1959; Hock and Tinanof , 1979) and
actions with tooth enamel, fluoride may in- humans (Svatun et al., 1977; Yankell et at.,
fluence plaque acid production, growth and 1980; Tinanolf et al., 1980). The more
attachment. Evidence of fluoride inhibition pronounced effect of SnF, than NaF on
of acid production, even at 1 ppm, is well plaque formation may possibly be due to the
established (Bibby and Van Kesteren, 1940; effect of the former on bacterial at-
Hamnilton, 1977). Higher concentrations of tachmcnt (Tinanoll et al., 1976) and/or tin
fluoride may affect bacterial growth or via- accumulation within bacterial cells (Tinan-
bility, and clinical evidence suggests that off and Camosci, 1980).
daily topical application of 1.23% (12.300 Because most studies of fluoride or stan-
ppm) fluoride as NaF (pH 3.0) reduces nous ions have been performcd at concen-

S"human plaque scores (Loesche et al., 1975). trations that could have been bactericidal or

,) Effect of Fluoride and Stannous Ions on S. matans Metabolism
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bacteriostatic, it appears valuable to exam- (TSB; BBL). For all other experiments, stock cul-eins their antiplaque properties at low levels tures were adapted to and grown in complex me-

(10 ppm) in order to differentiate between dium (Jordan et al., 19601 supplemented with 561s( p od o en e esucrose and 50mgal NaaCOa. All experiments
posbea.ilqemehnss were performed at 37 °C under microaerophyllic

conditions.

Fresh aqueous solutions of several fluoride

Materials and Methods compounds were first prepared at 100ppm with
respect to F, i.e., NaF (0.0220/9 w/v, pH 5.3), SnFa

Enamel Specimen Preparation (0.0416/t, pH 3.8), NazSnFe (0.0240/a, pH 3.5), and
E S mnTiF., (0.0160/9, pH 2.9), and then added to theEnamel sections approximately 180 am werecue from smooth surfaces of bovine incisors s complex medium supplemented to produce fluo-ut' rdmamo th ae oolant Anole s ride concentrations of 10 ppm. SnClh (0.050/e, pH;. . ~~~a diamond drill with water coolant. A hole was 29,eumlrwt epc oteS nS~

2.9), cquimolar with respect to the Sn in SnFsplaced in each specimen so that a 0.030 inch di-
ameter stainless steel wire could be used to sus- the gd. as an Free nfrce to
pend it in a culture tube. Specimens were cleaned the growth medium. As an F-free, Sn-free control,pn taacutrtu.Spcmnweecendand equal volume of deionized water was added to
with as surry of pumice to remove organic materi- ahe vlum e f pof te sppedto
al, washed with deionized water in an ultrasonic the medium. The final pH of the supplemented
cleaner, and autoclaved. Inlay casting wax (Kerr media in all cases was 7.6.

t ETo insure the accuracy of calculated nominalrdcmy .o"auetcefluoride levels, free fluoride was determined by
.. ., the cut inner aspects of specimens leaving only the fluoride electrode (Orion 90-09A. Orion Research

intact surface enamel exposed. The specimens Laboratories, Cambridge, Mass.) immediately af.
were dieinsccted in 70%e ethyl alcohol for 15 mincer addition of the fluoride agent to the media andand then rinsed in sterile deionized water for after incubation of inoculated or uninoculated me-
lt a.ia for 24 h at 37 m.C.

The surface area of the enamel slabs was esti-
mated by making 1:1 photographic negatives of MIC/MLC Determination ol Test Agenii
specimens and placing them over mm' blocked To determine the concentration of the various
graph paper, the number of mmt blocks contained fluoride or stannous solutions that could either
within the outline of the enamel specimen being kill or completely inhibit growth of S. mutans, the
approximately equivalent to the exposed enamel minimum inhibitory concentration (MIC) and
surface area of the specimen. This surface area minimum letory concentration (MC) and
exposed to test agents and bacteria was used for minimum lethal concentration (MLC) of these

subsequent calculations. agents [Barry, 19761 %kci determined. TSB cul-
ture tubes containing senial dilutions of the pre-

Microorganisms and Agents sumptive antimicrobials were inoculated such thatStrptoocans man s 10449Sthere were 5.0 X 10' CFU/m! of strain 10449S.
'. treptococcus mutans NCTC 149S (Tanner After incubation at 37 °C for 16-18 h, they were

e al., 1976J was selected as the test organism evaluattd f turbidity. Because some test agents
since this organism attaches to enamel in a similar precipitated, uninocufated controls were used to,' wa prciintd vinovote controlf etr al.. 198;cusscreN.way in viva Tnano eta., 19781; causes caries establish baseline turbidity due to apparent chemi-
, I~anzer etal., 1976; Tanner, 19791; and is repre- cal changes of the test agents in broth. The MIC
s, tentative of the most frequently found S. nutans was defined as the lowest concentration of an
serotype in human populations (Brathall, 1972 . a resing in tud oeatertan of
K'e, et al., 19771. Stock cultures were main- agent resulting in turbidity no greater than that of

tained by monthly transfer in fluid thioglycolate the corresponding uninoculated tube. The MLC
N myedium (ifco) supplemented with meat exstract was defined as the lowest concentration of agent

(20% v/v) and excess CaCOY. For minimum inhi- resulting in failure to recover viable microorgan-hitory concentration (MIC) and minimum lethal isms from inoculated culture tubes at the end of
1 concentration (MLC) determinations, cultures 16-18 h. Viability was tested by plating culturesconcntrtion(ML deermiatins. ultreson blood and Afiti salivariut agars.%cre adapted to and grown in trypticase soy broth

. %, .
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Bacterial Growth and Acid Production standards (SnCha, Alfa Chemical, Danvers, Mass.)
To awsses growth, the optical density of com- was measured in triplicate using a Model 403 at-

plex medium cultures containing the various omic absorption spectrophotometer (Pcrkin-EI-
agents at 10ppm F (or 10ppm Cl in the case of mcr, Stamford, Conn.) equipped with an AGA-74
SnClh) was monitored at hourly intervals after in- graphite furnace.
oculation by cultures adapted to the same medium
without the test agents. Optical density was mca-
sured with a Spectronic 20 Spectrophotomcter Results
(Bausch & Lomb, Rochester, N.Y.) at 600 nm. Si-
mulancously, the pH of the cultures was mca-
uwred. Fluoride Levels in Growth Media

SAnalsisThe NaF-, NaSnFs-, and SnF,-
DNA/Glucan Analysis supplemented media exhibited, by fluoride
NaF-, SnFa-, NasSnF,-, and TiFd-supplemented

media were placed into culture tubes containing ppm
the wire-suspended enamel cylinders and were ter preparation, consistent with their nomi-
inoculated with 0.1 ml of an S. mutans culture nal concentrations computed at the weigh-
adapted to the same medium without the test ing of the compounds. After 24 h incuba-
agents. The enamel specimens were transferred tiOn, however, all three showed a decrease
serially every 24 h to fresh media. After 3 days'ot i ca

growth, the wax was removed from each enamel of approximately 1 ppm F in both inoculat-

slab leaving bacteria attached only to the surface ed and uninoculated media, possibly due to

enamel. The enamel specimens were then sonified organic binding of fluoride to constituents
(Bronson Model W 185, Heat Systems Ultrasonics, of the growth medium. Only TiF, did not
Plainview, N.Y.) with a microprobe tip in deionized have measured fluoride concentrations
water for 30s at 50W with the output at 4.
directing the probe tip such as to remove all equal to their nominal levels; nominal

bacterial deposits from the enamel surface, as 10 ppm solutions had measured levels of
judged microscopically. The dislodged bacteria only 2.3 ppm F both in fresh medium and
were centrifuged (9,000 g, 10 mn, OC) and resus- after 24 h incubation of inoculated or uni-
pended in deionized water three times. A sample noculated media.

,.. of the suspended cells and of the spent culture
liquor of the third day's incubation was retained
for glucan *analysis according to the procedure MIC/MLC

' of Frceetman and Tanzer [19741. The remainder SnF, had the lowest MIC and MLC of
of the previously adherent cells and the spent the fluoride compounds, 60 and 125 ppm F,
culture fluid of the third day's incubation was respectively, when compared according to
analyzed for DNA after hot perchloric acid fluoride ion concentration (table I). TiF,
extraction (Ogur and Rosen, 1950; Burton, 1956; unlike the other agents, had variable MICTanzer el al., 1969).

and MLC. The MIC for NaF was 300 ppm
Atomic Absorption Spectrophotometry and its MLC was 10-fold higher; SnCl, had
After 3 days' growth, the bacteria on wires of a MIC of 200 ppm Cl and MLC of

each treatment group were pooled into a pre- 225 ppm CI. With respect to tin concentra-
weighed glass centrifuge tube, pelleted by centrifu-
gation, nnd the supernatant fluid removed. Sam. tion, SnF, had the lowest MIC and MLC,
pies were dried for 3 days at 70 OC and the tubes being about 3- and 2-fold morc potent in
re-weighed. After the dry weights of the harvested MIC and MLC, respectively, than the other
colls were thus calculated, the samples were sus- Sn-containing compounds.
pended In 3.6 At lI. Tin in the samples and in
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Bacterial Acid Production and Growth Comparison of 'total DNA' at the end of
at Low Fluoride Levels 3 days' growth, i.e., enamel-adherent bac-
There were slight effects of the various terial DNA and culture liquor DNA from

F- agents or SnCI2 at 10 ppm on the rate of the third day's culture fluid, revealed less
culture pH fall and generation time (fig. 1, DNA:ml medium in the prescnce of the var-
2). Slowing of the generation time was most ious fluoride salts and SnCl, than in their
notable in the presence of SnF,, SnCi,, and absence (table ill). The SnF4-supplemented
NaSnF,, and differences in growth rate cultures had the least DNA. However, there

.4 from the fluoride-free and tin-free control were statistically higher ratios of total
. could not be observed for TiF and NaF. ASG/DNA (table I11) for SnF, Na,SnF,,

However, the growth yield in the presence and NaF than for TiF, SnCl, and the wa-
of all of the compounds, except TiF4, was ter control groups. ASG derived from ad-
clearly lower than in their absence. Similar- herent and nonadherent organisms, ex-
ly, NaF, SnF,, and NaSnF, slightly re- pressed per milliliter of culture medium in-
tarded the rate of culture pH fall but SnCl. creased in the presence of these agents but
as well as TiF, had no appreciable effect. not in the presence of SnCI,, TiF, and wa-

.- .. The terminal pH was not as low for cultures ter controls. Thus, SnF, Na,SnF and
incubated with SnF,, NaF, or Na,SnF , as NaF fostered apparent glucan synthesis
for those with SnCi1, TiF, or without addi- while inhibiting bacterial growth. The most
tive. potent agent in this regard was SnF, as

D .. .. , shown by the ratios of ASG!DNA and
DNA and Glucan Analyses WSG/DNA.
Table II presents the ranking of treat-

ment effects for various test agents and wa- Tin Content of Bacteria Adherent to
ter controls with respect to the amount of Stainless Steel Wire
DNA and alkali soluble glucan (ASG) per As expected, no tin was detected in the
unit enamel surface area, as well as the 3-day, wire-adherent bacteria in the control,
amount of ASG per DNA. TiF,, and NaF treatment groups, while the

Less enamel-adherent DNA and alkali bacteria grown in the presence of SnF,
soluble glucan (ASG) were found.in the SnCI,, and Na2SnF, contained tin. The
presence of SnF, Na1SnF, and NaF com- plaque incubated in SnF,-supplemented
pared to other compounds tested, with SnF, media had more tin/mg plaque than in those
showing the least. However, there was no specimens cultured in SnCI,- or NaSnFr.
significant difference in the ratio pg supplemented media (table IV).
ASG/,ig DNA among these samples. This
suggests that the lower ASG found in the
fluoride test groups was due to the presence Discussion

PS.; of fewer bacteria on the enamel in these
groups and that these agents, especially SnF,, The relatively high bacteriostatic and
interfered with growth or adhesion of bacteria bactericidal activity observed for SnF, at
to the enamel. No water-soluble glucan was low concentrations cannot be explained by

. .detected in the enamel-adherent cell mass. the separate action of stannous or fluoride
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ions alone, since neither SnC 1, nor NaF had carbohydrate metabolism of S. mutans in

MIC or MLC values nearly as low as SnF5. the presence of fluoride, as is suggested by

The greater potency of SnF. than NaF and the increased apparent total culture glucan

SnCI, has been previously observed [Tinan- in its presence. Furthermore, heavy metals,

off et al., 1976; Tinanoff and Camosci, such as tin, are known to have a 'germici-

1980]. The mechanism(s) for" these differ- dal' effect because of their ability to precipi-

ences is suggested byother findings in this late proteins [Salle, 1968]. Therefore, tin

study. may be metabolically disruptive, accounting

4 Although several experiments showed an for the detectably decreased growth in its

effect of stannous ions on S. mutans, the al- presence, compared with the growth in the

teration of acid production seems to be due presence of NaF at the sam, low concentra-

primarily to fluoride because SnC1, at the tion.
levels tested had no detectable effect on the There was a decrease in bacterial DNA

rate of culture pH fall. Inhibition of acid and glucan attached to enamel specimens

production by salivary and plaque bacteria exposed to NaF, SnF, or NaSnF,, with

* by less than 1 ppm F has been known for SnF, having the greatest effect. No differ-

sonic time [Bibby and Van Kesteren, 1940; ences were noted in the amount of enamel-

Wright and Jenkins, 1954]. Furthermore, adherent ASG among groups when these

plaque collected from subjects living in filuo- data were normalized for the variations in
ridated areas exhibits less acid production bacterial quantity. Consequently, the de-

on exposure to sucrose than plaque from creased enamel-adherent alkali soluble glu-
subjects living in nonfluoridated areas cans (ASG/min) in media supplemented

j)enkins and Edgar, 1969]. These findings with fluorides may be explained as resulting
may be at least partially explained by the from either reduction of bacterial adherence
observation that fluoride interferes with en- to the enamel or reduction in bacterial
olase, essential for glycolysis and the ener- growth.

9. getics supporting membrane transport of Although no differences in enamel-at-
glucose and sucrose [Ifamilton, 1977; Slee tached glucans due to fluoride or tin were

and Tanzer, 19791. found, an overall increase in 'total' water
While insoluble cell-associated glucan and alkali-soluble glucan for those test

synthesis probably contributes to the optical groups exposed to NaF, SnF. and NaSnF,
density of cultures of S. mutans grown in the was observed. The total glucan calculation
presence of sucrose, it is well established represents the enamel-attached and unat-
that there is a high correlation between opti- tached cell-associated glucans (alkali-solu-

-'cal density and culture DNA [Tanzer et al., ble glucan) and WSG component in the me-
1969, 1973; Robrish et al., 1971]. It is thus dia. This increase in both alkali- and water-
notable that bacterial growth yields were soluble glucan components was most cvi-
lower in all media supplemented with either dent in the SnF, treatment groups, with 4
fluoride or tin compounds except for TiF, times more alkali-soluble aad 10 times more

(recall that the level of TiF4 tested was low- water-soluble glucan being produccd in the
cr than 10 ppm). The decreased growth rate SnF, group as compared to the control.
and yield may be due in part to the altered A problem in this experimental design is

%,..
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the calculation of total DNA because bac- et al., 19621. (It should be noted that SnC 2
teria adherent to the wire were removed for and SnF, solutions were formulated for
tin analysis. Yet, since the bacterial dry equimolar Sn concentrations. SnF, and
weight used for tin analysis was similar for NatSnF, were adjusted for equimolar F
each group, there was no significant effect concentrations, not Sn concentrations. This
on the glucan/DNA ratios computed. may account for the lower tin uptake from

Most studies that have evaluated the ef- Na:SnF. compared to SnF,.)
fect of fluoride on bacterial extracellular po- SnFI appears to have the most signifi-
lysaccharide (EPS) production have report- cant antiplaque properties against S. mutans
ed decreases under the influence of fluoride of those fluoride compounds tested at a con-
concentrations ranging from 10 to 70 ppm centration of 10 ppm F. The increased
F (Loesche et al., 1973, 1975; Bowen effectiveness of SnF, appears related to in-
and Hewit, 19741. Recently, Treasure and creased cellular tin accimulation.
Handelman [1980] verbally reported extra-
cellular polysaccharide synthesis/bacterial
protein data for several strains of S. mutans Acknowledgement

% incubated under the influence of 25 or 50
ppm F. In contrast to the earlier studies, This study was supported by US Army Con-
they found increased amounts under the tract DAMD 17-77-C-8066.

t -, . . influence of fluoride, consistent with the
present data. Whether the increased extra-
cellular glucan yields found in the presence References
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S.Fig. I. Acid production by S. mutany NCTC
10449S in medium supplemented with 509/ sucrose
and various fluoride compounds (10ppm F) or

SnCh (10 ppm Cl).

Fig. 2. Growth of S. nutans NCTC 10449S in

medium supplemented with 5/. sucrose and var-
ious fluoride compounds (10ppm F, or SnCh2

,, (10 ppm CI).
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" 41 Table I. Minimum inhibitory concentration (MIC) and minimum lethal concentration (M LC) of various
fluoride compounds and SnC 1, agailst S. mulans N CTC I 049S

Test compound ? MIC MLC

ppm F ppm Sn ppm F ppm Sn

o, SnF. 60 180 125 375
o,9 SnCI, (200 ppm Cl-) 600 (225 ppi CI-) 675
. Na,SnF, 600 600 675 675
i , NaF 300 3.000

TiF. 550±25 575125

10. Caries Ferretti 646

Table II. Amount of bacterial DNA and alkali-soluble gklcan (ASG) adherent to enamel after 3 days' incu-
bation of S. mutans NCTC 10449S in medium supplcmei:ed with various fluoride compounds (10 ppm F).
SnC I.. (10 ppm Cl) or HO (control)

pg sDNA/mml enamel Subsets pBASG/mmlenan'el Subsets Vg ASG/4& [DN A Subsets

1, Control 0.1710.02 TiF, 1.35±0.43 TiF, 9.02±1.24
am SnCl, 0.1510.00 SnCl1 1.19±0.05 SnCI2  7.42±0.85
aw TiF, 0.14±0.03 Control 1.l0±0.(6 NzF 7.18±0.70
on, NaSnF, 0.122±0.*02 NaF 0.83±0.19 j Sn F, 6.7211.28

- o, NaF 0.11±0.12 NaSnF ,  0.62±0.04 Control 6.39±0.59

am SnF: 0.05±0.00 SnF, 0.3210.09 NaSnF. 5.37±0.95

.", Mean of 3 samples i SD.
Homogeneous subsets using analysis of variance with SchefTe procedure (p -0.01).

I N
. . . ... . .



" .a. Ili Total bacterial DNA. alkali-soluble glucan (ASG). and water-soluble glucan (WSG) adherent to

i a awl and present in the culture fluid ofthe third day's incubation or S. muans NCTC 10449S: growth mcdi.

- .... , , upptemented with either fluoride compounds (10 ppm F), SnCI2 (10 ppm Cl). or HO (control)

, rTot-i DNA/ml Subsets Total jig ASG/mi Subsets Total jig ASG/jig DNA Subsets

control 3.56:10.41 Na:SnF. 59.1± 12.0 SnF, 33.2± 3.6
NaF 2.87±0.86 NaF 55.2± 2.2 Na:SnF, 23.3±10.7

,, Na.SnF, 2.72±0.75 SnF1 55.1±13.0 NaF 20.2±t 5.3
* .,, TiF, 2.66:0.57 TiF, 33.0± 7.9 TiF, 12.4t 0.45

,w SnCl: 2.5210.20 Control 32.9± 3.8 Control 9.3± 1.3
SnF: 1.27±0.11 SnCl: 21.7t 2.6 SnC'l 8.6± 0.8 1

,m Total jig WSG/ml Subsets Total pg WSG/pg Subsets
DNA

,,S NaF 57.5t 7.3 SnF1 45.0± 11.3
SnF. 56.6110.5 NaF 21.4± 7.2

,a Na.SnF, 47.21 8.3 NaSnF, 14.11 3.9
, TiF4  17.7± 4.8 i TiF, 6.7±t 1.6
x Control 15.5± 0.9 SnCl2  4.2± t1.3

x- SnCl, 10.9± 4.0 Control 4.0± 0.46

aa Mean of 3 samples i SD.
Homogeneous subsets using analysis of variance with Schefe procedure (p Z 0.01).

'-4 am Caries Ferrettl 646

Table IV. Tin content of bacteria harvested from
" :the wires suspending enamel specimens of various F.

Sn- or control groups

Plaque dry Sn'/total Sn'/mg
weight. mg sample, ppm plaque, ig

i%

i,. .
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2t

., Control 1.S ND ND
c Na:SnF.l 4
= TiP4  3.0 ND ND

0,3 SnCII 2.4 1 43 20
air NaF 1.7 ND ND
w SnFj 1.4 47 34

m Samples were pooled, dried, and analyzed for tin
using atomic absorption spectrophotometry. The li-
mit of detection of total SN using this method is
< I ppm. ND - Non detected.
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i ': Appendix D
Proposal to the Food and Drug Administration to obtain "Investigational

Exemption for a New Drug" to allow for human clinical trials with controlled

release SnF2.

83



THE UNIVERSITY OF CONNECTICUT PEDIATRIC DENTISTRY

HEALTH CENTER

PNJ. ..

February 4, 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. SnF 2 has been
used since the 1950's, and is generally regarded as safe when used as a
treatment to prevent dental caries. Sodium fluoride is used topically,
systematically, and has also been investigated as a controlled release
agent. %

Because of the potential antiplaque properties of SnF 2 , SnF 2 may be superior
to NaF in a controlled release system. Since this is a new way of delivery
of SnF 2 , the U.S. Army Institute of Dental Research, my sponsor, has asked
me to request an "exemption for a new drug" so that I can conduct the enclosed
human clinical trials.

Sincerely,

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

NT:jdb

'-:-

.o

SCHOOL OF DENTAL' )ICItr'

FARflINGTON. C .y- ,

.4 'bA & 4'f' ~ .4.~ .~.~ .4



DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

*, ,. Food and Drug Administration
,, . Rockville MD 20857

Norman Tinanoff, D.D.S., M.S.
Department of Pediatric Dentistry
School of Dental Medicine 11 %96?

University of Connecticut Health Center
Farmington, CT 06032

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
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. All 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 c&ll Mrs. Regina D. Joyce, Consumer Safety
Officer, at (301) 443-3500.

Sincerely yours,

'James P. Mann, M.D.
Director
Division of Surgical-Dental

Drug Products

Enralosure iu of Drugs



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 system1. SnF2 has
been used since the 1950's, and is generally regarded as safe when used as
a treatment to prevent dental caries. Sodium fluoride is used topically,
systematically, and has also been investigated as a controlled release
agent.

* Because of the potential antiplaque properties of SnF 2 , SnF2 may be
superior to NaF in a controlled release system. Since this is a new way
of delivery of SnF2, the U.S. Army Institute of Dental Research, my sponsor,
has asked me to request an "exemption for a new drug" so that I can conduct
the enclosed human clinical trials.

Sincerely,

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

NT: I

Enclosure

SCHOOL OF DENTAL MEDICINr

FARIMINGTON, CON''"rICUT 86



DEPARTMENT Of HEALTH4 AND hUMAN SERVICES SAT ETOFI ES GTR 1'rArrv.

FOOD AND DRUG ADMINISTRAT ION !Cfinical Phiarmicologyi L r j *hi fin;. ;.,4,__ _ _ _ _ t_

HOTE: No drug trasy be shipped or study initiated unless a completed Strn hos bee~n .-,Iei21C'R;

TO: SUPPLIER OF THE DRUG rNAff* ond acd"..a, ineh*a i- I o, NAmZ OF 1NVE5T1c.&TQ~(ru .

Ozark-Mahoning iNoniian TinAioffD.. S.1±U MS.
1870 South Boulder DAT

Tulsa, Oklahoma 74119 J~rh2, 18

Dear Sir:

The undersigned, Norman Tinanoff ___ __

submits this statement as required by section 505ki of the Federal Food, Drug, and Cosmetic Act and 312.1 ot
Title 21 of the Code of Federal Regulations as a cc'nditicon for receiving asnd condurtint clinicalphr-td y
with a new drug limited by Federal (or United Statcs) law to investigational use.

1. A STATEMENT OF THE EDUCATION ANO TRAINING THAT QUALIFIES ME FOR CLINICAL PHARN"ACOLOGY

See C..

2 THEI NAME A ND ADDR4ESS OF T HE MEDI CAL SCHOOL, HOSITAL. 0 n OTH ER RESE ARCti IACI L T Ylo WHE FIE THE C L1NICAL
PHARMACOLOGY WILL BE CONDUCTED

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

I1 If the ex.perimnental project is to be conducted on inhtitution- Committee are to inclade tie nanies and quafificalios uf
dlized subjects or is conducted by an individual affiliated with an committee members. records of information oiovide t-3 s,.b~ti

rnsiOutii5 which agrees to assume fiesponsiblity for the studr., in obtaining informed consent. co~rnmitter discussion on %..bstin-

assurince must be given that an institutional review committee is tive issues and their resolution. Con-mittete rcommendatrurrs and
rsp*~onsible lo. initial and continuing review and approval of t dated reports of succmsivte reviews as they are performed. ue
proposed clinical study. The membership must be composred o I of 3ll documents are to be retained for a period of 3 years past the

4 sufficiirnt members of varying background, that is, l~wyers completion or discontinuance of the stiudy and are to be mjdre
ccr,oirnen, or layman as well as scientislts, to assure ceimpiete and evaitable upon request to duty .suthOii2ed represeintii. Of Ill c
.jiii~iuate review of the rrrsaarcti project. The membership must Food and Drug Adinistration. (Favorable recommendationls by
possess not only broad competence to comprehend the naiture of the committee are subject to further appropriate revievi jnd
the piciect, but also other competencies necessary to judge the rejections by institution officials. Unfavorable recommenvdtio,.

-xceptdbinty Of the project or activity in terms of institutional restrictions, or conditions may not be overruted by the nswtjolu~7
re~tilutions. relevant law, standards of professional practice, end officials.1 P'rocedures for the organization and operalon of
community acceptance, Assurance must be presented that tim institutional review committees ere contained in guidelines isucd
inverIpiator has not participated in the selection of committee pursuant so Chapter 1-40 of the Grant% Administration Mlanual of
members; that the review committee does not allow participation Ithe U.S. Department of Health, Education, and Welfare, isvaitaule
in its review and conclusions by any individual involved in the I from the U.S. Government PrmtnngOffice. It is recommvsended that
conduct of the research activity under review (except to provide these guidelines be followed in establishing institutional review
information to the committee); that the investigator will report to committees and that the comittees function according to the
the cimmittee for review any emergent problems, serious adverse procedures described therein. A %.gning of the Form FODt!b72 tvll
reao.utons. or proposed procedural changes which may affect the be regarded as providing the above necessary assurance; thowever,

sttus of the investigation and that no such change will be made if the institution has on file with the Department of Hetalthi.
without committee approval except where necessary to eliminate Education, and Welfare, Division of Research Grants. N,,nnrjil

appirent immediate hazards; that reviews of the study will he Institutes of Health, an "acco.pted crneial assurance," id :rie
conducted by the review committee as intervals appropriate to tie same committee is to review the prooosi'd study uiin-, thre sae

tli',jfee of risk, but not exceeding 1 year. to assure that the Procedures, this is acc'tiaale in lieui of mne ot.iive a~iirifdLt ,J01 a
resi-aicfs proC.t is being conducted in compliance with the statement to this ietect slutld be piiided with xhi -..4iivi

cominittee understanding and recommendations; that the rr-- t: 0.15~72 (in iddti on to si~tosr's coniunwn 1. r-%vAr isiniitv~) ei~iiiiiiiittee is ,rovided all thne infor mation on Ithe researrh ;)ro e ir murritor *.he study, thre Foilj aist Drug Adm~t~hi/
neciessary for its complete review of the project, and sirs: to nrlolrse investoitirns in rnsaii,wo'rt i~crfcaoiv 0iti i

4/f ~ , . rev-. committee maintains adequate documentation 'i -is whiother 0-i0 cornmitio-es are )ioidtiO -n accord t-.

ictivities and develops adequate procedures for rer-vrttq itS 1 assurlincss given bv the %oon%

lindiri to the institution. The documents manta,ed b,, t

FOR:s PDA 131 (C/rei plicvtc. QE Uito UNT -r"6<y -'AUS7L.0

or o A". W. -o~ii *j



4. THE ESTIMATED DURATION OF THE PROJECT AND THE MAXIMUM NUMBER OF SUSJLCTS "HAT V.%LL BE %NVOLVEO

See Protocol.

5. A GENERAL OUTLINE OF THE PROJECT TO 13E UNDEP.TAKEN IA~odillcirdn it permitted on the tiatts ulexperiencecrf.Ined ithut
advance submfusln ofaenendlinenti to the general outline, but with the approval of the review comm ritteer and upon notilkilrion ol role
sponsor. J

See Protocol.

6. THE UNDERSIGNED UNDERSTANDS THAT THE FOLLOWING CONDITIONS GENER~ALLY APPLICABLE TO NEW DRUGS FOR~
it.. INVESTIGATIONAL USE GOVERN HIS RECEIPT AND USE OF THIS INVESTIGATIONAL DRUG

a. The sponsor is required to supply the Investigator with lull Food and Drug Adminstration so notified. Upon the equst
information concerning the preclinical investigation that luist. of a scientifically trained and specifically asithOrized ernulosee
ties clinical pharmacology of the Department. a- reasonable times. the inve'stigator .vIli

b. The investigator is required to maintain adequate recordt of made such records available for inspection and conying. The
names of the 2subiects need not ho divulged unless tthi rocord%

the disposition of all receipts of ithe drug, lncludiuvg daie., o h atua ujcsrqieamr aaldsuyn ~
quasntity, and use by suibjects, and if the clinical pharmnrilorw ftepr~ua ujcsrqieamr ealdsuyo t,

is suspended, tormineted., discontinued. or complatorl., 10 caes or unless there is reason to believe that the recortis rio
return to the sponsorsarry unused supoly Of the drug, It th I not rooresont actual studies or do not represent ,eLtxia ...... Ii

I nvestgoatIuona drug it uhiect to the comprehensive Drug1 obtained.
Abuse Prevention ana Control Act of 1S7O, ariouato pro. f. The investijator certifies 'hat the druig will be admrin stter,
cautions must be taken, including storage of the invirstigisticrinal only to subje'cts under is personal supervision or unlrer The
drug in a securely locked, substantially constructed cabinw. or sup irviuion of the followving investigators responsible to htitt
other securely locked, substantially constructed enclosure

access to which Is limited, to prevent theft or diversion c' thee
substance Into illegal channels of distribution.

C. The investigator Is required to prepare and maintain adeiquate

% .1cse* histories designed to record all observations and other dlaim
dpertinent to the clinical pharmacology. and that the drug will not te supplied to any other .ieesIuga!,r

%d. The investigator Is required to furnish his reports to the or to any clinic for administration to subjects.
Zsponsor who is responsible for collecting and *valuer ... ls the gL The inveetigator cartilies that he will inform any r'atents or

results, and presenting progress reporte to the food and Ocrugi any persons usedi as controls, or their rarveie st Ia
Administration at appropriate Intervals, not exceedinp 1 -o'r. dlr'js &ae being used for invostigatioiai purposes1 3-d V-It
Any adverse effect which may reasonably he regordstil " obtain the content of the subiecti, or their reuresertasies
caused by, or is probably caused by, the new drug $hall he except where this is not feasible or, in the investigator',

*reported to the sponsor promptly; and I1 the adlvert,. elfrt is prolesisional judgment, is contrary to the beat irterrsts of The
4alarming it shelf be rteported immedisaely. An adequate reorot subjects.

of the clinical pharniscotogy should be furnished to trithtoo
sosrshortly after completion. h. The investigator to required to assure the sponsorthtr

sposorinvestigationii involving institutionalized subjects ihe stjc4
a. The Investigator shall maintain the records of disposition of the will not be initiated until the Institutional review committee

drug and the cse rePorts described above for a portild oft 2 has reviewed and approved theo study. (The organizatinri and
0Iyears following the data the new-drug application is splirovedf procedure requirements for such a committee hlou,l f,#

fer the drug, or if no application Is to be filed or is sliProvrei exiplained to the invest~gator by the soonsor as set fothl in
until 2 veers after the Investigaion Is discrlntinuixt ai'j the Form FD-1571. division 10. unit c.)

Vety truly ynurii

N3sMeC nvk : t[rgat- -

Norman Tinanoff, D.D.S., M.S.
Department of PcdrL3tric Dentistry

University of Conriecticult Health Cerntcr

Farmington, CT 06032
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Form Ar; 
PUBLIC HEALTH SERVICE (JWU N,.
FOOD AND DRUG ADMINISTRATION STATEMENT OF INVESTIGATOR Lo, d,.v f..vrhl.,

5600 FISHERS LANE
14 ROCKviLLE. MARYLAND 20857

Ole NOTE: No drug may be shipped or study initiated unless a completed statement has b,.en rcceiv i 21 Ct1 '12.1() '12)).

TO: SUPPLIER OF DRUG (Nam. and addtess, inclhir' 7 p C.,ie) NAME OF INVESTIGATCR 'PI,,Io - Ts',,

_ -Norman- Tinanof~f+
Ozark - Mahoning DATE

1870 South Boulder March 25,j1a -? -
N Tulsa, Oklahoma 74119 NA Sn__________________________SnF2

Dear Sir:
The undersigned, Normlninaoff_ I

submits this statement as required by section b)03(i) of the Federal Food, Drug, and Cosmrtic Act and *312.1 ol
Title 21 of the Code of Federal Regulations as a condition for receiving and conducting clinical investIgations
with a new drug limited by Federal (or Unfitc Si:it,) law to investiratiom! use.

I. STATeMENT OF EDUCATION AND EXPERIENCE

A. C:)LLkiOES. uNIvERSITIES, AN!" MEDICAL OR :,~ 7P -FROFCSSIONAL CHI-CLS A t TEtNDF:'. V.1 CA T1 T CF A - TfD,..C C
OEGFIEES. AND DATES DEGREES WERE AAARC i-.

See C. V.

b. POSTGRADUATE MEDICAL OR OTHIEN PROI- ECSIuNAL TF4AININ,; (Indicate d,.res, ram r)n ;n.,I. irtutrons, a iqitJirv .1 nr,,,i

See C. V.

1. TEACHING OR RESEARCH E-XPEPHIF.PCE (Iravaot' d,,ten. Inr t1uvt on8.n4 brte( deRcriptfon o( xpt,-ri-ne,

-. See C. V.

d. E PEIENCE IN MEDICAL PRACTICE ORtOTH[7- 00( r s'55ICNAL E xPE-.i',CE ...irit. .,,t..i, h, ,ur ,,. Ii U.. .....
ot praiflce, or other ptoloealOao. experlence)

<. 'See C. V.

rll
w I ' I l l '  

.~. 04P rf.$1N TATIVIE LIST Of PlENTINEN T 4E DI,[ AL Cr O-F 0 H CIF. N TIFI (r- 'J ILIC A I I, t ( l- fcnfl"t, ,I .r ~ ~ + b ;

-is

See C. V.*1 "

* FORM FDA 1373 (4 L79) P"L C', O -. F t C " S tI- ',+.i, (",,.I.. , - , . . , .LrtT!CN -. 91,

, " , ', h"" e' .t' o v, - vi # um,' p' ,%., % ,,---



.t. If* the investigation is to be conducted on institutio!,.tt- cussion oil skihst.Aitive isstics anrd !licir rcsohIiot ciwiriil-
iedi Skbjec is or is coniduc.ted by anl inidividu al uaffilJiLI tee rceriiti file lid;! 6011iS, .i d (!tied f-': pr tS if vIiCLCYc .. e re -
\xith anl institution which agrees to assume rcspoiuhih!-. ieWS as th0' arC 11orf Iiiii. (ip,. 5 ilOf all dk)ciii'i;:rilit-'

~. -~. for the situdy. assurance must bc given that an instizii- to be retained for a period of 3 ,,cars it tl the urto
tioitai review comittee is responsible for initial and of- or discontir'.ijace of die stud, ind arc it h~e iraidi asuli-

~~ .:.,%d ~ tilling review and approval of ie propoised cltiiiicl able Upoit reqtielet to dt0ly Miiniofiled crtilrcsl
study. The membership must be comprised of' sufficicot ie Food aind Drug Admiiiistration. ( Iavorah!e reoin-
MeMbers of varying background, that is, laVyers, clergy-- tuendalioris by the coimi 8cc afie mibject ti) fiir0!ii cr .)i

mni or laymen as wvell as scientists, to assure comlplte propriate review xid( relecti li ins inuitin it Th i
* . a dCdeat review of' the reseaich project. The nicnihcr- favorable recoimiendatinjis. frcstrtclIuIs. or tutildtlr.,h

sh 1i must possess not only broad comnpetence to coniprc- may not be overruled by thie iwstitution ofti,wal\ i
li * etd the nature of the project, but ailso other conIlptr. ceduires for the organization and opclation (it inlitintil
lenicies ficcessary to judge thle acceptability of the projct review committoes are conwmiied inl guidelines is.Niied 1-ur
or activitv fin terms nf institti onal regulations, reletvaiu stunt to Chapter 1-40 of' the Giaints Adttiri !raiti; -
lawk, standards of professional practicc~and commtuntity ic- nal of [lie U.S. Depirtinitcii of HeIalth, Edncatioit. inid
ceptance. Assurance muist be presented that the inivestl:- Welfare. available Crom ilt: U.S. Goverirnm-ii l'rirti-,

lt iha not participated in thle selectiotn of' comiti -te ttlcfli'. It is recomtittckiu i li 1csC gilidilli c loi
ticlltiol II tsreview and conclusions by any itrdis din~ thtat the comnitices lulletkii j, 1rdimy to thfe rocirces
ti ovd i tecoitduc t of dile research ac tivlt nt er descrihed thereiti. A sign irt, of Ilic Form 1-) 157 in i e
iticw(e~epttoprovideinomtototecfIlittlt rgd 1,povigll-
thiteinvestigatolr will eottthcomtefo v overitth l1tRt1: lIICthN D)If-

\ic\% .tny CI C IprOblem, Serious Averse reaictioits, ot Inlit of, lealth, Fdticatnin, ;itlI WcII,irc., Dt"'ot oIf C
pioji)Scd procedural changes which may affect tsaoi, owacht Granits, Nationail ln ;tsic-, of! Health, an -ac, ptcd
Of thle ittvestivatiott and that no %tich change will he iade getteral asstiraltcc." and the, '_11l1C titttlttttCC V I, t'vv
witiiiitoillttntilittec approval except where tieccs,'ar\ !o tile proposed sitidy uisinig -,he satime piehti. sII eliminiate aipparelit illlniediate lia/ards: that reviews ofit, - ceptahle- in ]feeu of thec ibove as',illIicc-, and I :onictt0
.,tuld\- will be conducted hy tile review coil] iltIee atI ill; this effect shoulhd he providcd \Aitli the smited 1-1) 1 ' T,.

tear, to assure that the research project is beingci itiir the stlidt,, tlie Food *td Druig Adiriati l %k ill

dtiited inl cimpliance with the collnittce's tdceistimitdig tindeitakein-tgtos ii tiii p iilvih-I and rc:ommnniidations: that the review commnittee is i. telillil sntt e cotnivrnilccs .ire ipcrantlie fi -:o

fir irfts comiple te review of tite project: and di at thle icvy, ve
%%Cotiiiriitte.e mnaintlains adequate docutmentatioti of its activ- b. A descrian ot ally, clliical lahoratory tJLIhi ties dhi

IIIitt, and des elops adequate procedures for reportig its will be used. (If jlils t11-011o 01 muon hS been sIIiIhWmie 11i
findings to the Itnstittution. The documtets ntaintained by die sponsor %nd reported by himot ) ot [ 'in h) 1571.-
fite: comtit te are to inllude tile nlam)S and LI~lhticti0I-1' crence to tile pyeviltis stils\i- v. Ill be i ut

g-. ot of ttinitc incinlers. records of" nitortitiioii proid-
ito sliihjcct% inI obtitu ii iftitted t.onscrit, colttiiltoc: dis-

3 Te invliig~iJopial1 dirlg tvill he used hi' the o ,ih'rcr'nc! ,r uider his .S1)Tiplii or S tt .rat 011 . 11 ttCra ilt liiii lul

atisklnat~ ndecoribed at flho's- (OLdfine thtn, ,r/ot, U/ .1' 'Sligtltiin intchlng ofipr)onax i . ,to o] the ?-Ptber oif , wc I,
tI bc treated withr the dnig' and ile P'uther to be emiln'cd (is controls ,f , av clial uns to heil eigWd

%Jk ., . caracttristiis of subjects by'I age, sex and cimdtitv. then kuld rif clinical obscrins a5 nd laboratorty te' IX to lv'
unidcrt'aA'et prior to, during, and after adrninis Ira tion 4J the dig,- lte esti'alrud duirat'iont of theV icvstigatll, and a
Jn-scriptin or copies of report Jo)nns to he used to maintain anl adequate record of tire t'bseriati ifs and test resi!ts
oiijte lis ilai n ay include reasonable al,,crna'ws and) i-C nations anrd tou/I hec supp/emncnwid or aned vwn an I,
sigttifurant change in direction or scalre of thle uj'siou.ris undertaken ,

see Attached P -otoccc
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4. THE UNDERSIGNED UNDERSTANDS THAT THlE [OLLOWING, CONDION10'S, GfiNERALLY tUTPLICABL
TO NEW DRUGS FOR INVLSTIGATIONAI UM-I~ GOVERIN IS RIEtl'l S AN'D USE OF ;111S INVI:S rIG,
TIONAL DRUG:

V %t a.ire sp)onsor is reqIuired to supply tire invesri,*.AorA wi d c. Tic irivestipt or hi r: im tin tire (it dip
fulinformation concerning the prciinical inv(7ri'ron~ls sition of the drug ind die casC histories describecd abo

that justify clinical trials, toge ther with fulls inforritive for a period of' 2 years followtr-I~ the date ,new-dri
material describing any prior invest iga tions anid e~C-%riencc application is approved 'r ,ic drug, Or if t:i z a)'liCatuk
arnd any possible Ira.ards, contraindicatins, sid*efioc:ts, is nrot apprwoed, miitil -2 .cars atfter thre investiation
and precautions to be taken in to account ti thie coure oif discntinned. Upon thle request oit a sci. ntll illy traini
die in vestigat ion, and] properly autlii'n/d emploYee of tile fDcljrtmnt,

reasonable times, the investigator will mrake stich recur,
b. The investigator is required to maintain adequiate rec- available f'r inspection and copying. The subjLcc s' nam

ords of ie disposition of all receipts oif die diiug, irn ud- need riot h)-- LIivI-i cd UIIICS thre records of pairtictular
jug dates, quantities, and use by subjects, and it' tlw invcs- dividrials require a riore detailed stUdy oIf thle caWs,I

Stli ga tion is termrinated. suspcnded, disco inr ed. hr ile.is there is rca.on to helieve that tire rcoi d do no
comripleted, to return to the sponsor airy iiorsd !ipply of' reprt-erri actual cxses snijdicd, or do not rellrcsent reint
the drug. It' thie investigational dnig is subject to thie Comr- results obtained.
preitensive Drug Abuse Prevenrtion anid Couirt oI A[ (iof
19'70, adequate precautions irust be takcriirIldirng stu- 1' Tile irivestigat.,r cern ic, that tie drug i he adriini

aige of tile investigational d~rug in a securely lo c ke d, sub- Itee orri\ to wihe ii ider his pcrsi~ srq1c rvisrirn
si~tannrly constructed c~rbinet, or other SCcrIreAls 1jckd turid' the 'IrpeiVisiorI of tic t'it~wtqi rigr
suibstanially consructed crnciosure, acesto koslrrct is poibeto, h111),

N l~~~~~~~IrIited[CL, to prevent theft or divcro it.ol" tire s.ib1:-me rIrto ___________________________ _________

rdlegal chtanrnels of distribution.

.. Thre irrvestipatrr is required to prepaie anrJ 'rwr rai r i :iarc druig oi01 ruot he supied to att\ nocrrrc,t
adequ~Ae anid accuraite casc histories dcsigrred to, cc'ulal r'irt rycncto.rrrusrtori A.
obuseivatrors aid other diam pertinlent to tlie ruisrcor11) liicfriutdrmtrt

-. 01 Ctin ha inidividuat treated with thle drug orr crr 1 ' :iis a g. It]I,: irrvcstig.mur' oCerit thait tic 'AIlIl ( -!1, i in'. 'at
COn trol In tire investigation, je-ts iricudirig srrir.'ctIS IVisCd is L~or-r. or -I.crr reprt

d.Tr0rv1ialri euie ofrih i eot oyertairves, that drag.s are beiing used for'sucrri
dTire nsoftitrduh is re sp~ onsible t or i r ingt purpruses, arid oouil obta;n tire consent oif tic ric

tilesposo!of he dug ho s rspowibl 1 , I ."l"Clllf their rejreserrl tat ives, except whrere this is nor :,Isihle (I
arid evaluating tire results obtaied by vainm' hIrIri',esrIga- illr tire irves~it'Ir s prote ssiorr.1 ludgiircrit. is coritrar\-
trurs. Tle sponsor is reqluired to prresen t priigre.s:. reports to tie t'st in tce sts 0t thre sti bjeclts.
die Food arid Drig Admnristration at appropi:.rte inter.
V,11, rot1 cxLCedig I year. Any adverse ettect ihat iris ii [lire rnlve"Irrrio is reirrirdJ to .'arrc [I p<oir 0Pr
rcasorriblv be cegarded as caused by, ii rai caiised for iisUltil: rsst'ustit r.W:isiic'
by, tire new% drug shall be repo,-rted to the p isor str(ides will not Ito mritiatc'd until thre in t I'r'::rall revie'
llrorriply, arid if thre adverse effect is. azI~Irrrir:z., it ;:IrlJ comri tec has rev~cwed arid ap ~r',ved t: (I. ll
he repirted Immunediately. Ani adequate repotto it l eii cs- iigpiio'tiin aird ;:r~kedtrr rL'nqireinicrit, r :oli l
tigalim shrould be furnished to tire sponir,o: drll :i-er ;orirtcc shoruid leitlira ti tire in11t,, rh fi
0111TIltiOll (It' tire uiVesti1uJ1Jiun. shrri'or as set urrfh Il i I Io m -) 15-1 1. dr ii l~n10 ;mrt

V ty ruly yoiri. /~Vi.-

~Qrfl~T~di~ffD.. D..S.. M. D -.

Department of Pediatric Dentistr-y

* -. Farmington, CT. 06032

(P/ia fo~rn shr old ,o r i. *': e -1, -,;- ',,- roeI r'. o,'v .

cr1 *rii prt i v- acIa

N . . . - - - - - - -- ..- K - -- - - - --.. '.1.~~~~ . .' .-..-... ~ N v .
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DEPARTMENT OF HEALTH AND HUMAN SERVICIFS %,,f5 _/l tiiiiil'7ja('jo/

PU13LIC HEALTH SERVICE Uef/ti m spiiwe le ,0A

FOOD AND DRUG ADMINISTRATION
NYOTE: No druq may be shipped or sIitly initi~aal unless

NOTICE OF CLAIMED INVESTIGATIONAL CXEMPTION a complete statement has boen receivedt 121 CFR 312 ilax
FOR A NEW DRUG

Naime of Sponsor Norman Tinanoff, D.D.S., M.S.

'I' Address Department of Pediatric Dentistry, School of Dental Medicine, University of
Conneeticut ne&Iti C~titer, FdmintOrn, CT 06032

Dae March 25, 1982

Name of Investigational D~rug SnF2

I o the Secretary of Health. Educaijon and Welfare
* For the Commissioner of Food and Drugs

BuLrcau of lrugs (HFI- -06) -

5611M) Fishers. Lane
Rockiii~c. Mats land 20857

*.i. lt Sil-:
The sponsor. Norman Ti nano ff s_____________h____________

this noitxe olclainied investigational cxcm ption for a tic% diu~g uinder the plan Itons of cection 5050 it the fecderal 1-a,(,J, DI g.
Costmetic Act and §312.1 of litic 21 of the Code oft IcdiaI R ,.gtlalions.

Attachecd hiieto in triplicate arc:

1 1 lie hcsa maialei dcseraptitt: flume ol the drtia;. including toi the extent comarplete prcclinecal dlatia andi III -.salihosld clinical triots unlil the aessel
klko%%na tise clicrtsc~al nai., fu and strucitutre i1 anm ne%-drtig uahsaian.c, .arri a tiimplctcd arad the fso~nsor notlhd ic I-iaad and Di )rg \Vsrinnitralsi

1 s.Zt11110 hi a oss it as ill hc administered. Ill' the drug has onl% a carles moric. he prepared tia cowler -Aii h the spirsaor coincerning this action
vi isaig Iildo iat . shiourld he sipplael ita adent at the di tap.) h If th ititg 1.Isis i 'CS11.11 kot! (1 stier caa IN o r ttsti,(1.itd I

- irpcelast of cooniaents if lht adraag. including ant aeta~oc .. l aalsite I' teaitt r, i c, . compete!I i i til -aitiin aihiist i st i ii ti hati ii
aliteir e 11.11 I t aclAtc ciompoanents ail t t t 'lls s1.ill he stlhllittihl. almia. %kith .i Lil litc I ailiil u

* - ~~~3 ('0ilarilc te li s 4taiqantattas comlpositionr ofi dirug. intShirii pihicairir at .. ar the durias

acass m.hle S di at los t hat may he cxrpeife during the timtest isa nuq c If the drugi is a Loonbisation of l'.c%1iilsl\ in".etaig.acd i5 n-ark
4..." ~~4 I )csea aptan s' soutrce and pieparaiton of. an ness-drug dlt-~isitrig. an .adecqta;iI %iawar tit flicc,,islinp oulif iltai Is i Oiical

itsedf as coniriiarnax. ancluding Ihe name arid .address of each supslter sit clieal imet~tigatiiins at5,! cxlcrliocc utit,~ ti e nnruN,.includang
n iccssia oic trhan rithe spoia. or each ness -drup substaIince repoartIs is l.a hlc it tiwesi rom saalsgut-ig sittei cIt1 cmt raindicat

5 A statemnII I the mcthaKJs. facilaties. anad cointrolis ti,,;! im the and sslclaseaaescnc in ait ,Ii such cimli .. iclli Suiss vnliii I shoulad ins]
owiii.stt taring. psracicsng. .and packing taf the tic%* draig toi ea s ida tin :,tteccaaatc haissgraph\ tit puhlicarait abouit he t sirl;poicrua srad I

-~~~ r~~ain taian a ppraipriate standa rds or identity. stre ngthI. 4106~t. ands pwo a's5 jn~or poi. c his rcet Cice al- in nia n irs ti rnoe ,ich comosrtn
arccdi d [ ot salct% aord tsi gas e significa nce to clinical ins est gat 1o11 aias]ch- pit'. olust'. subtte ald hi t he sponio fsis tI I d arld fi li Admrilps s ati
I he diaig traelutc it stuatemsent sit the expected rhaama&as~ogi;,l elecits tat

I,. A stlatcieat caneaig tall infotrm~ationt a'aiahis: to the %riinwis siic sea aihinatsirt
hiran preclanacal insustigatisris and any clmniczal studies araij csperaeas 'Aih & If the draag is a tadaaacaise dtrug. suficieent data msust ht. .is'hic Ir
Ilit i tap as ltitltiss. anatrial studics iir pres siul hiamaa stIdts iailaiw.1 raar-liiaht li'ta aam

a1. Aiilqaialt. atlitmatio ab iout t he preclrnica I invvsistpaltin, a rat inrg radiation . Isairhtid dosei tron .admnnslratiotaint a flaitiao ii CI i
~~~ st~~%udics msade tin aha rat or) aimals. ainIlt h basif orshah the p-iio ha~:s 7 A tsotal Ilown in CiaLlhi of thc three -I ies tat1 tac fli Ici. lit0 i mhir niat l

concrluaded that at is rcastifahi) sask in initiatre clinical invecstigaationri s'.,: i-: material. including label ard labeling. wshach is to he supp~iwd to c

driag Statcl informiatioan shoutld include identirication ort the r'vssoar -Alia ins.isimtiir. Ithis shalt inctidc ail .accurate ilis cfijl!son i.1 lh praioimatest
earaitrdu each~ unsestiguation; identification and quaanlicatioin, ot the init .d- tisiti and experierace aind tiaeit tiults pertinent Ito thisi!a ;:nd r0-s.
ials % tao is aiuawtethe results and cietaadcd that it is rcamiauashI .ale ti' uscI alncss oil tse druag oniter rte ctind :iis 0i ils. is' I Arsiait'a
iltault tinical an'.estigpations, with the drug and a statemaent iii %Athter the reprts~trt that tsc -alc,\ Sir tascluhic sts r the traig lia' he~i *r.,hI.'hk losr

* * a~~n~tcsigirtions vert ct'ndied and A hcre tic rccaird, arc mas .,hi7 tor niurross iti be inlslivalts]. It hsillt dcscrthc alt r,:le .it coos~,il al
'Niticlion , and enough detailst about thec insesr igat ions to rpernart seacatalie indicaataons. sidc-ctIccis. andl picauttalns slaggcstcd h\ liriair ansesttall

rcatv. he preelatrieal srciguin halt not he consadered *ldclat ta arid ex'perienice with th,' drug tindler insestliatian .and rcdreltnips fir

% jstats clanacal testing unless they gise rroper attention inl the sonsitiaons III atiiar T115.ltifi s clirica rctli pors
iv ~h, ptro w sd t tnis.a I testIng. ~A hen this nl or matlin. t he out lane at lte i. in X, I tic -aet i.1c at ainm s l( ag a rid cerle nec I . prl " alet its

iti ..aicsal phiarnsaiaolsg . or anN progress report on thi anieaal 50 iiPattt tasit tlailat the aniseslgatl ass illah~esi t 1l, 5:51 :Ic 1 Ii a
- ~ .-. j-mV ag iasditates a needl frt full ret the I b prtccitsl (I.ita befosre ai t!nicil Aul IN- JtI . 0s arwas irn inda ssIfl hnaass kiw .hsat th. lis'; ciisiali.,col.

.4'I trial ii. undertaken, tie D~epartmaent wi noray the sponsoir tar \ihrni t,: the 
t
ra imaod the iliease it the hat gas ltpr Kani~iI o ursa,i[rAk

FORM FDA 1571 14/80) PtEiCtr 1: tCl!IONS ARE OBSOIE TF
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_.9. ihc name%. anrd ;a summary rrf the training and exlscpsintc 11i %.th terfms oft i,imls~ii itin i,., r lLi. *rirIi,! C-. pr..cs ill

intestigtator and tit' the indriviiduasl charged *ith mnitoring the pres ic 4 Practice. ;and rosiirimstl .5' rpr. Assisante nwit Ix pis-griti c th
the inLmsigatin anrd evul isateng tire eidenre of- srslt 5rdc etters - IK neil h,- Ihe 'p. rissir nosr ~iv i esitin .51lds pait r.o .d it ,st iiuilsri

drug as iis icteckid hrn the insestigurstr. togetheir iti ha slalcrirsiftl 1.1 1'., coiiiililiC liith-, s. thatl 11Lk ret1C iC.-Ittrsitifit,.,'us . li.t prsratp.r1

sponsor has brsained froim each in~ti tt facompleted andi signead I urnl .1s mil ic ci eanrdtoncrid isi ir ' hi am iniix idua it.. I tf o ~ il I I cisis I i 11

pros ired it uhruiragraph 1 12) or 113) I1 nihis paragraiph. la id that f ile. reserih ar.titittiI% singes i.i' It %tk. p10 pi i iki slik: .If 5 Il LheCi

'' . itsigaiiir i% 4uialil red hy. scieritille training and pxwcrni a% ant irpiisr. -liticO. that tift st~is a l tP: r teerui4~~cli ~ t5

., .- at Ic pr-rti lit unriidiake tile phase of the ir~seliigiii otrrlirr.-r ill setlll Illn '11 ss rinir.'eii prishir ii'. sr.11 i's iii r s L .1,11i11sii .I p ... p- l pil J144111111

s the -Noicse it' (huried Ins tipatisinal rxemrrpiion l iar is New I iti." l' c irthangeis w hrch nrias ci. r r i i %ig irsis ti iis ci galin ..rid thlat fiis 511

crucialI situaiosn,. phase 3 ins sigit irs nray hrc addeil aind tint, loin cr hanrge awill hi. tirirc a irh o iv its ir fie a pirms .11 o C rCp s i.rCr-a~I% I
supplemnted h%~ rapid esimminica r on maethirds. anrd the sigrredrl ;r'r ciiira ic a pparenrii initimei Ira ,ar. f ile retc% es *in Ire , li(IN aill

- 1-1)-I-D 573 %hll he ihiained primnptl t>hereafter.) ertiduted h% file ret ic a coirnnim a t iirr Is rsr i t c I, Ill devic 4~.s

10t. An iiuttene sit ;any phase: or phases% of the planrned it~istirirn% anrd a risk. hrsl no~t vxie.'ding I %scar. rir asssrrc that th. reseaich pio.icci is herl
* ~~dcseriptiiir of tire rrstittiiirtii retc% cet rms ittee. as (frlit)ra%: conrdticitrl rn knptrttrce: Aih thre crsinwtie'\ ttricsrttlt airo, minre

* ~a. (Clinical phrmacrlogy. "'bis is ordinarily ditedcd ito taio phases: dritions: that ihe ret sea crirnitict is pros ided .slt tire inlinrntitsn sin I

t'hasse I starl igahcti the new drug i% firsi introiduced ito man smut rtrrinir1i reschL pi isiert n4ieeess;sr% hnis irroli~i ciw41It, ;l ht
arid fit %trt data arc anisibile wish the purpirse t.1 deieirmining hMinrims pci- oimccmili% e lie ricitinatiren trjit %.1:10,111t ta

tsr 'icit%. nietaloi trui . ahssospi isn. r.-tiiaritiri. ;ind otiher phitrriaoes.irrtu Ide drclps adrcapic pirt rieri flrsi tr w ps riir its I irdiris I.t file irisi it i I I
actorun. retcerred rouste tit' ad manistrat son. ;s rd safe rhrsnge tranrge: 1,11.rse 2 drietimitsi ia inrta rcd bh% ilic imii icc are tsi ini hde Ili, rid lits air
crr-.ers rthe initial trials sin a limited gratinihekr sif ritients for specific diseaise iiirialiflrrisiri is ciumittc rrihets. reesids ti iuilssiratrirt prsst idedI
contril oir prrrph * %Ia is putrpors. A genecral itl lists- (it' these phasse% shall its suhiecis in otutaining itlin il cisrie ii coisriil ce discsissisiin s s~sit llit

,ut'rnitlcd. idcnisIttf the iniestlpatr its inse stigasirs. the hinspitris iof issues aiid Ttet iC"i.tritio. coitttiit tmitw tiLud~t~rs mid sl w rlel qsss
reseaich lacilifics ahere the cliniecat pharhiacrlsug fiil he uirdertaket. an 1 otsirccsise ret se-As .s [tic' ate per Ii- firled Cirpics tit all lsitissirti
cxpci: esinilmces ort panels tor he utihiued. the massimnln numher sit sirhIeis retained lot a priri ill 1 .%cat, past the corn~itin t thisssrrttirsic iii t1
rri he tin ted,. ani the cit iniasted d uraitiomn sir* I hew en r plr.s'es ofi %laid% an %it Ii ertse.taiai itnrrgii-tIinI itlisri tl rejicra
iritestigaiirt. Misdtiinitr oif the eapfi.-rimcntis design tin the tuii ofi tatites ii the foo and inliirigil'ritsrsirr.(a sal rceisirttieiititmts

5i*~ Cs pcr cixeperiitied ireil hie i o prireh i I iepoi teltlre prril r lifepisros un t restte i i Ishese IC. ess hnit teecareisiiecer t tihltct st1- ieriapp'a*ipsor-s r eL*\-i ic itflittn s cicet ishi

pha.sss.sr in the des etpme nt rthe plan r for t he clinical irial . phase I thers instilnt iitrsr Ijirss.ia ri Unat srhl tie cimniila t irs. iest-*cItis. .if cisnri
lust lass, inlast's is%ilrp and, lienr Inticated. mi% reqinre alillsr'I ditrns null. notr he ossr rirtei h\ fle inisiittin ol itial, ) Ii'sl-Iftis, N.1 tit

asinimal daita irir the~se phase% can he completed or phase t1 Lans he sirgarnsitnisn rint] trpi.attisn sit irisititnsn,si Fv~ic-A cosriiltl, - .tic isitititlt

utii ikeu Sits .strittai tests %hisi hae destgiied iitieirtririirit tak noacmn ie Itt gtnrdeinie issued pisisiratli tsr ( 'irci 1-401 ofl ie (air, \riiiirs-1.11.itis

e tpeeled d uration iiadl eitnst rat inn it the drug in human Keings. the ape Ma nut tt' the U.S. Ikpa rinmert tot H ealthi- I steal sn. ani iii We i c. a alahI

giiups -ss1d pitsuai stritri. us lair exainpli. inlisrt%. pregnnti usslics. f'rsot he 1.S (irterrinvoill iritrt itt Iir It is estri ni letd hlio ilit
/s. premenoparisa t nmen. of those humanr imings to %tarvom the drug thu% he gurimclne he fllorwed fin estahlishiig istilstissnal Ic' les% tinitres tin

aisninsi cit. unless Itis has alread% heecn done in the oiriginaarr isni flI ithes. t tit the esrmmit ices futnct ionr accotrdting fi the pioreerlit't d~ fsr i t rrin
1 It ad rug isa. radroactis e drusg. the clinircal ptarmascrstig) phase mu ist itie rile A sagring oif the I srrni 1 D)-1571 %itarit he rt-ga rtd as% pimsiii r-s s he a his
owestiisa Ahich a ill ittain sutticientl daita for dariosir calculiiuis. I he%-. neessrn atslitrces. I1 life luintiiis hoitra r. tris oni lile 'A it thu
stutds" %stirld es nIuate: the excretionr. awhole hody rcient~ion. ;i rd its r D~ ert ri nieit Ott I tealth. I itticai.'tt. ; Idt Wrs'llirre. IM)rto si sit rI esere
triTuIi0I1 o1 %lhe rtadionilciCe rr~l1. Grrants. \'rstIisal InttsI I vilie, alsh. ut "aeccpted pecrt .%rsiriie. .ini

5 ls h: CIinical trial. I. his phase 3 prits ides the tsss%%esmnt (if the itr tg'% s;lilt]t the same ernitmit ic. is it tet ivu shie pi nipsisd %[ftill\ usinrg r lie a ilcs pi "ci

ansIetcirs id ;Intrinmurn dstsge schedules in the dirtgtrrisi irreiioil. dUtrvs. this is .icepltnhle in lteti tit tlte atus c ;s'raitee anid .i Atil 11 :sti tsr tIni
i prmph , Iisis iof glr tt u hiects iritstrg a gitNcr disease srr ciititissr A effect hlid hr. pro in tcd aith tilt% signedt 1 1)-IS 71 I11 ti ai1trlti in1 spisrisi

tcint~hepiotisel is deseltiped (in the l'rmsi (if the taett aeccumulatied Itt Ox. Coiuitng respinsrhtt :in moinitoir tie sitirtfthe I rrtsrl ain Di ij-! Ailmnui
eair iphrase\. tuetuttlinp completed rind suhniriicd annial studies. 'I his phse~is iratitir still tiiids-rtik iititgatiN in intlitisiisn psiitittl Ii determne
is eiritrierl h% separate ;rotups followring the same: prolix"- !with reasonr- whether tile contritttes re ipferatirg ttife aiccord afill Ili,. asstimsrccs gisen
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SPONSOR jPER

Norman Tinanoff, D.D.S., M.S. I Norman Tinanoff, D.D.S., M.S.
INDICATE AUTHORITY

I Principal Investigator

'Sc.
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ALL NOTICES AND CORRESPONDENCE SHOULD BE SUBMITTED IN TRIPLICATE
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Attachment 1

THE UNIVERSITY OF CONNECrlCUT

4 HEALTH CENTER

March 30, 1982

Director of Research
Ozark-Mahoni ng
1870 South Boulder
Tulsa, OK 74116

Dear Sir:

I am subm itting 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 to

-' 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 ol compoini of the drug. including an5 rcasonahk
alternate%. for inaegise e nikrlitn t'.

3. Complete %tatenien I'll 4izantilttis compositiiin oif drug. including
reasonatile variations thait may be expected during the insestigpitionait la~gc

4. lWeseription of %ourc iid preparation of. any newt-dr ul %uh~t,,nees
used a% components. incloidinrr thc name .gnd .eddress (if each slipplief or

% ~pro~c..sor. oither thagn the sponsur. or each new-drug suhstamncc.
S. A ltatcirent of the mcthuids. facilities. and controls used t'r the

mitnulicituring. protcessing. ,#Wi packing of the new drug to establish and
maintain appropriate %taindiril. of identity. strength. kluality, and ptirat ias
needed for satiety ard to Vii itgnficantici: to clinical in,.cstigaitimn made %kith
t he drug.I6. A statement coieruog ;.ll information avaitahic to the sponsor dcrisedl
from preclinical initcstigatioo, and any clinical studies and experience wtith
the; drug u-. fol lows:

0 a. Adequate information ahoutit the preelinical inttliations. including
%tudies mtdc oin lihoraitory nimals. on the bas.is of -Ahich the sponsor has
concluded that il is, rcasonahl) bide to initiate clinical iniestigations with the
drugl: Such information shi)uld include identification of the person whit
conducted each inscstugeiiiti: identification and qualifications of the: indiuid-
uats whoi c~alteatcd the results and concluded that it i% reasonably safe to
initiate clinical ime~ustagiouifls ith the drug and a statement of where the
in~cstigation% were cond-octod and %here the records arc available for
inspction; and enough dctailN about the investigations lo permit scicnttulue
tesicw. Thec prechinicail in%%-%tugatuons shaoll not he considered adequiate to
justif) clinical testing ujnless% thes oi proper attention to the conditions of
the proposed clinicail tcstint; When this information. the outline f the plan
of elinical pharmaeolog . oi isns progress report on the clinical pharmacol-
otty. indicates a need for (01 resc teo 01 he preclinical data befort: a clinical
trial iti undertiaken, the Ifipartnint will notif> the sponsor to submit the

complete prcclinical dat an its ssithhold clinical trials until thc rcsiew us
sonmpleted and the spinsor P'-tawil t he F-ond and lDrult Adminisration -AicP.. he preparied to conier %%fth Itip. rnur concerning this action

~ h. It the drug h, 'rn m.,i1kced commcrcill) or i5c~t4 ited fec
outside the United '%tate,), C-rnwivt untoirmutton Aouitich dith~ion or
iflwi%tilition shall he suhmirtsd. ,no .u..iuth a complete hihtio1'riph% it ams
publicaltins ahiiut the dr uy

SCHOOL OF DENTAL MEDIC",'
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Director of Research
Page 2
March 30, 1982

c. I. the drug i% a combination of .in.c%6gipd or mar.et-d
W drug., an adequate %unsmar if prcc.%iing informatmn from prechnial and

cliical inve, igtioiifln and e' lfri'ne: Aith it% componcnt.n, including all
repsort. available it) the %.pon.,r ,uggcling ,idc-effect,. contraindicatitnm,.
and ind l ccli~cncs in uav. of ,txh cLvmpovncnt: Such %ummary .hould include
an adequalc bibliograh) of publicalion, about the compon nit and rna)

incorporate hy referecc an% information concerning ..uch compontiil
prrviousl) .uhminted h% the pon or its the Food and l)rup Administration
Include a m nit'icni tit the expcted pharmaicological e fect. o1 the
combination.

d. If the drug i. a radi ' cike drug. .uflicient data must he a~ailahk fr(m
animal .ludic% or pre% iisu% human %tudic% to alow; a rva..onabie cal:tlation tit

-4 radiatfion ab,orhed do',c upon administratinn to a humaneu. hem.

16. A ..tatemnrt that al~l nmiiLA el hihraiti.di,s ha%%e been. ,i aill

he. conducted in complia'o. %%ith the good lahioraior. p lacticc rq'ul.i n,
..et forth in Pa.rt 5N it fii% h ic. tr. or., it Niiel ..tudie. haw 11. ii bco

conducted in compiainc th %ui.Ji fteliitaton... a i..tmmni dhat dc'er he. in
detail all dillcrence.. het acen the rliact ice. iwed in et' ohnvij tllhi iih and"

tho.. required in the re:gukLi;ons.

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,

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

NT/i
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Attachment II

Copy of labeling that will be used on the drug:

STANNOUS FLUORIDE IN POLYCARBOXYLATE CEMENT

Contents: 70% SnF 2 in polycarboxylate powder (W/W)
I

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

Directions: To be mixed with polycarboxylate liquid and placed into a
tooth cavity preparation by a dentist as per protocol,
"Clinical Trial with Controlled Release SnF2 ".

@2

J
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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 sold.

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,

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 SnF2

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

Principal Investigator

for
U.S. Army Institute of Dental Research

99

. 99

4.f-



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 duce 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, G~dalia, 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

.2 sodium fluoride-releasing device cemrented 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 wel as reacting physicocheinically 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 is an intra-

coronal (tooth) preparation where the SnF 2 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. Plaque scores decreased during the experimental period

suggesting that the released SnF 2 affected bacterial growth or attachment.

The SnF 2-polycarboxylate 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, clinica.l effects, and safety of the slow

released SnF 2-delivery system.

I

-.
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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. SnF 2 had more potent bacteriostatic and bacteri-

cidal effects than SnC1 2, NaF, Na2SnF 6, or TiF 4. SnF2, SnC12, Na2SnF 6, and

NaF (at 10 ppm F or Cl) 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 SnF2 having the greatest effect, increasing the

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

.. over the controls. Greater tin uptake was noted by cells exposed to SnF 2

than by those exposed to SnCl2.

In Vitro Physical Properties of SnF -Polycarboxylate Cement

Control samples of polycarboxylate, zinc phosphate, IRM and zinc

oxide eugenol, i.e., those without addition of SnF 2, showed compressive

strengths of 23.0 + 1.3, 14.1 + 2.7, 5.3 + 1.5, and 0.7 Klbs/in 2, respec-

tively. The compressive strengths of the cements were decreased linearly

with addition of SnF 2 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 SnF 2 than polycarboxylate

cement. IRM and zinc oxide eugenol had initial low compressive strengths

and the addition of SnF2 inhibikt . the setting reaction to the extent that

these materials were made unsuitable for further preparation.
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Figure 1: Ultimate compressive strength (mean + S.D.) of 4 dental cements
containing from 0 to 70'1, SnF 2 .

Release of fluoride from the SnF2- cement mixtures showed that 70 percent

SnF 2 in polycarboxylate cement had the highest release of fluoride over 30

days with a mean of 3.7 + 2%8 ppiq 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 SnF 2 (Figure 2). The mean fluoride

release from the IRM and zinc oxide eugenol cements was low, ranging from

'. ' O. 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% SnF 2.

In Vivo Trial on One Subject

The baseline scoring, i.e., no oral hygiene for 2 days without SnF 2

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 glubular 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 (Figure'3).
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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 from subject,
in the 2 day baseline period and in the 30 day period with the
sustained release fluoride restoration in place.

Clinically, the SnF2-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 ard

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. Rased on the favorable release of fluoride, mech-

anical properties, and putative antiplaque properties of the SnF 2-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

W 'e Subjects

For the purposes of examining the short term clinical effect and length

of efficacy of controlled release SnF2 , 20 dental students will first be

used in a cross-over-design trial of 2 week experimental 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 defective 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 hature 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% SnF2-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

(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

Y ( 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-

'- 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 hunan. subjects

l1OC
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due to the injestion of SnF2 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 "experimental" periods, each of 7 days, and an interim recovery

period of 14 days between experimental periods 1 and 2. At the start of the

.4 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 coetrol 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, Lb'e & Silness 1963) will be recorded on the teeth

* (16, 21, 24, 36, 41, 44) identified as representative of the whole 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 2 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. All cavity preparation will have the pulpal floor lincd

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 ], clinical data (GI, PS) will be recorded

a saliva sample will be obtained,ard 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 collected 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 will

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 mitis salivarius bacitracin agar, for S. mutans

4. 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%

SnF 2 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 carr,-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 into the time series will be thewithintrducion f avarible(SnF2) it h iesre ilb h

approach used to study: (1) the effect of slow released SnF 2 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

I 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 quantitition of each subjects total aerobic

and S. mutans levels. (Klock & Krasse, 1977) On day 7 each subject will have

-w.,,. .. "-$ li,' O S~ /~ ,
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the SnF2 - 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 SnF2 -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 SnF2 containing restoration would then be removed at

this point and a baseline I 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 SnF 2 on oral

microbiology over time can be analyzed for each individual as well as for

the group. Correlations of salivary aerobft 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.

J,
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