——r -

L

s

s

L~

= Clinical Update

Naval Postgraduate Dental School
National Naval Medical Center
8901 Wisconsin Ave
Bethesda, Maryland 20889-5600

Vol. 28, No. 2

February 2006

Fluoride varnish as a caries remineralization and preventive agent
Lieutenant Commander Jonathan Stahl, DC, USN, Captain Kim E. Diefenderfer, DC, USN,
and Captain N. Blaine Cook, DC, USN

Rationale for remineralization

Dental caries is a dynamic disease process involving the cyclic
demineralization and remineralization of tooth structure. A
state of health exists when net mineral loss (demineralization)
and net mineral gain (remineralization) remain in equilibri-
um.! Fluoride plays a key role in the remineralization of both
enamel and dentin caries lesions. Remineralization occurs
when calcium and phosphate from saliva, together with fluo-
ride, enter the subsurface region of the lesion and form a new
veneer on the existing crystalline remnants in the lesion.? The
remineralized surface is more stable and more resistant to fur-
ther acidic attack. Subsequent acid challenges must be quite
strong and prolonged to dissolve the remineralized enamel.
Because initial demineralization occurs below the enamel sur-
face, the outer layer of enamel generally remains intact during
the early stages of caries development. In fact, a substantial
amount of subsurface demineralization can occur without de-
stroying the outer enamel structural integrity. Using both ra-
diographic and direct visual examination, Pitts and Rimmer®
assessed the caries status of 1468 permanent posterior approx-
imal surfaces in 211 children. For caries lesions located radi-
ographically in the outer half of enamel, none of the enamel
surfaces exhibited cavitation; for lesions in the inner half of
enamel, only 10.5% were cavitated; for lesions in the outer
half of dentin, 40.9% were cavitated. Only when caries ex-
tended radiographically to the inner half of dentin was cavita-
tion evident in all affected enamel surfaces. Similarly, other
studies have reported that only an approximate 50% of caries
lesions in the outer half of dentin exhibited clinical enamel
cavitation.*®

It is crucial to remember that, prior to cavitation of the outer
enamel surface, caries remineralization is possible. Therefore,
all caries lesions that do not exhibit frank cavitation of the
enamel surface (i.e., all lesions in enamel, as well as most le-
sions in the outer 1/3 to 1/2 of dentin) are potential candidates
for remineralization therapy.® By arresting a lesion prior to
cavitation, restoration of the tooth can often be avoided. The
primary goal of the modern restorative dentist should be to
reduce disease activity and place restorations only when all
other therapeutic options have been exhausted.

Remineralization therapy

Remineralization therapy is accomplished primarily via appli-
cation of topical fluoride. Accepted agents include sodium
fluoride (NaF), stannous fluoride (SnF,), and acidulated phos-
phate fluoride (APF). They may be applied professionally (in-
office gels, foams, rinses, and varnishes) or at home (pastes,
gels, and rinses). Concentrations range from 230 to 22,600
ppm F. Efficacy depends on the concentration of fluoride
used, the frequency and duration of application, and, to a less-
er extent, the specific compound utilized.” Clinicians must
also consider other factors, including ease of use, cost, and

patient compliance when determining specific treatment regimens.

Fluoride varnish

Over the past few decades in Europe, fluoride varnishes have re-
placed topical gels and foams as the standard of practice for pro-
fessionally applied fluoride treatments. Among the reasons cited
for their popularity are that the application procedure is safe, easy,
convenient, and well accepted by patients, and that varnish actual-
ly requires less chair time than gels and foams to apply.® ° In ad-
dition, fluoride varnish sets in contact with moisture, which elimi-
nates the need for constant suction during application. Finally,
since no tray is required, varnishes are advantageous for patients
with a strong gag reflex.

In the United States, fluoride varnishes are approved by the Food
and Drug Administration (FDA) as cavity liners and for the treat-
ment of hypersensitive teeth. Employing them in caries preven-
tion and remineralization is considered “off-label” use.”’ Off-
label use is very common, entirely legal, and accepted by FDA,
providing that the off-label use is generally recognized as ac-
ceptable in the scientific community and does not constitute “ex-
perimentation.”™ In fact, FDA “recognizes that off-label use...is
often appropriate and may represent the standard of practice.”

TABLE 1. Fluoride varnishes available in the US.*

Product Agent/Concentration Packaging
Duraphatm 5% NaF Tube (10 ml)
(Colgate Oral Pharmaceuticals) | (22,600 ppm F)
Duraflorm 5% NaF Tube (10 ml);
(Pharmascience Inc.) (22,600 ppm F) Unit Dose
CavityShieldm 5% NaF Unit Dose
(Omnii Oral Pharmaceuticals) (22,600 ppm F)
ALLSolutions (Dentsply) 5% NaF Unit Dose

(22,600 ppm F)

Fluor Protector (lvoclar Viva- | 1% difluorosilane Unit Dose
dent) (1000 ppm F)

Effectiveness of fluoride varnish

Many studies have evaluated the efficacy of fluoride varnishes.
Meta-analyses of 15 clinical studies have reported that Du-
raphat™ reduced caries development in permanent teeth by 38%*
to 46%."° One recent study determined that fluoride varnish is
effective in arresting and reversing active enamel lesions in the
primary dentition.*®

Seppa et al.!” found semi-annual applications of Duraphat™ and
1.23% APF gel to be equally effective in preventing caries among
254 children over three years. In contrast, Tewari et al.”® reported
that, among 1251 children receiving semi-annual in-office fluo-
ride treatments over 2.5 years, Duraphat™ reduced caries experi-
ence by 74%, compared to 28% for 2% NaF and 37% for 1.23%
APF. Seppa et al.” reported that semi-annual applications of Du-
raphat™ reduced two-year caries increments by 21%, while nei-
ther a similar regimen of Fluor Protector™ nor bi-weekly 0.2%
NaF rinses reduced caries increment. Similarly, Koch et al.? re-
ported that children receiving semi-annual Duraphat™ applica-



tions developed 30% fewer caries lesions over two years than
children receiving weekly 0.2% NaF rinses.

Application technique

A dental prophylaxis is not required prior to varnish applica-
tion.?! Isolate the teeth with cotton rolls; drying is not critical.
Apply the varnish using a bonding agent brush, cotton tip ap-
plicator, or syringe type applicator. Usually 0.5-1.0 ml will be
enough to coat the entire dentition; therefore, a 10-ml tube of
varnish should deliver 10-20 applications; the cost is approxi-
mately $1.00 to $2.00 per application, with unit dose applica-
tion costing slightly more. Unit dose systems offer conven-
ience, as well as an assurance of measured dosage, minimizing
the risk of acute fluoride toxicity. Fluoride exposure should
be limited to less than 1 mg fluoride ion per kilogram of body
weight. Currently available unit dose products typically con-
tain 0.50 ml NaF. Based on molecular weight, one ml of 5%
NaF contains 22.6 mg fluoride ion, a safely tolerated dose for
adults and most children over age 6.

Varnish should be applied to the entire tooth surface. Floss
has been suggested as an aid to ensure that the varnish is
placed in contact with the interproximal surfaces. This may be
beneficial when attempting to remineralize interproximal le-
sions; however, there is no evidence demonstrating the effica-
cy of such an approach. Application time ranges from 1-4
minutes, depending on the number of teeth to receive treat-
ment. The varnish will set within a few seconds after place-
ment. Advise the patient to avoid eating for two hours and
avoid brushing for the remainder of the day so as not to re-
move the varnish prior to normal salivary dilution.

Application frequency

To be effective in the treatment of non-cavitated lesions, reap-
plication of varnish is required. Seppa and Tolonen found no
significant differences in two-year caries increment among
300 at-risk children receiving varnish applications either two
or four times per year.?? Two studies compared an intensive
application regimen (fluoride applied every other day for a
total of three applications in one week once per year) to either
annual (three-year study) or semi-annual applications (four-
year study).??* The intensive treatment group had signifi-
cantly greater caries reduction in both studies.

There is no single protocol that can be applied to all patients.
Clinical recommendations should be based on a thorough as-
sessment of individual caries risk. The American Dental As-
sociation recommends two to four topical fluoride applications
annually, depending on caries risk status.”® The US Navy Oral
Disease Risk Management Guidelines recommend four appli-
cations over 2-4 weeks for all moderate- and high-caries risk
patients.?

Summary

The purpose of caries remineralization therapy is to retard,
arrest, or reverse the caries process. Periodic topical applica-
tion of high-concentration fluoride varnish, combined with
daily low-dose fluoride exposure (via dentifrice and fluoridat-
ed water), is effective in significantly reducing caries experi-
ence and should be utilized as a preventive agent for caries-
active and high caries-risk patients.

References

1. Silverstone LM. Remineralization phenomena. Caries Res. 1977;11 Suppl
1:59-84.

2. Ten Cate JM, Featherstone JD. Mechanistic aspects of the interactions between
fluoride and dental enamel. Crit Rev Oral Biol Med. 1991;2(3):283-96.

3. Pitts NB, Rimmer PA. An in vivo comparison of radiographic and directly
assessed clinical caries status of posterior approximal surfaces in primary and
permanent teeth. Caries Res. 1992;26(2):146-152.

4. Thylstrup A, Bille J, Qvist V. Radiographic and observed tissue changes in
approximal carious lesions at the time of operative intervention. Caries Res.
1986;20(1):75-84.

5. Bille J, Thylstrup A. Radiographic diagnosis and clinical tissue changes in
relation to treatment of approximal carious lesions. Caries Res. 1982;16(1):1-6.

6. Anusavice KJ. Efficacy of nonsurgical management of the initial caries lesion.
J Dent Educ. 1997 Nov;6(11):895-905.

7. Newbrun E. The evolution of professionally applied topical fluoride therapies.
Comp Contin Educ Dent. 1999;20(1 suppl):5-9.

8. Donly KJ. Fluoride varnishes. J Calif Dent Assoc. 2003 Mar;31(3):217-19.

9. Seppa L. Efficacy and safety of fluoride varnishes. Compend Contin Educ
Dent. 1999;20(1 suppl):18-26.

10. Beltran-Aguilar ED, Goldstein JW, Lockwood SA. Fluoride varnishes. A
review of their clinical use, cariostatic mechanism, efficacy and safety. J Am Dent
Assoc. 2000 May;131(5):589-96.

11. Vivian JC. Off-label use of prescription drugs. U.S. Pharmacist. 2003;28(5),
posted 13 May 2003.
(http://www.uspharmacist.com/index.asp?show=article&page=8_1078.htm).
Accessed 7 Feb 2006.

12. Food & Drug Administration. FDA policies on off-label use.
(http:/lwww.fda.gov/cder/present/diamontreal/regappr/tsld005.htm).  Accessed 7
Feb 2006.

13. Weintraub JA. Fluoride varnish for caries prevention: comparisons with other
preventive agents and recommendations for a community based protocol. Spec
Care Dentist. 2003 Sep-Oct;23(5):180-6.

14. Helfenstein U, Steiner M. Fluoride varnishes (Duraphat): A meta-analysis.
Community Dent Oral Epidemiol. 1994 Feb;22(1):1-5.

15. Marinho VC, Higgins JP, Logan S, Sheiham A. Fluoride varnishes for pre-
venting dental caries in children and adolescents. Cochrane Database Syst Rev.
2002(3):CD002279.

16. Autio-Gold JT, Courts F. Assessing the effect of fluoride varnish on early
enamel carious lesions in the primary dentition. J Am Dent Assoc. 2001
Sep;132(9):1247-53.

17. Seppa L, Leppanen T, Hausen H. Fluoride varnish versus acidulated phos-
phate fluoride gel: a 3-year clinical trial. Caries Res. 1995;29(5):327-30.

18. Tewari A, Chawla HS, Utreja A. Comparitive evaluation of the role of NaF,
APF, and Duraphat topical fluoride applications in the prevention of dental caries-
a 2 1/2 years study. J Indian Soc Pedod Prev Dent. 1991 Mar;8(1):28-35.

19. Seppa L, Pollanen L. Caries preventive effect of two fluoride varnishes and a
fluoride mouthrinse. Caries Res. 1987(4);21:375-9.

20. Koch G, Petersson LG, Ryden H. Effect of fluoride varnish (Duraphat™)
treatment every 6-months compared with weekly mouthrinses with 0.2 per cent
NaF solution on dental caries. Swed Dent J. 1979;3(2):39-44.

21. Vaikuntam J. Fluoride varnishes: should we use them? Pediatr. Dent 2000
Nov-Dec;22(6):513-6.

22. Seppa L. Tolonen T. Caries preventive effect of fluoride varnish applications
performed two or four times a year. Scand J Dent. 1990 Apr;98(2):102-5.

23. Petersson LG, Arthursson L, Ostberg C, Jonsson G, Gleerup A. Caries inhibit-
ing effect of different modes of Duraphat™ varnish reapplication: a 3-year radio-
graphic study. Caries Res. 1991;25(1):70-73.

24. Skold L, Sundquist B, Eriksson B, Edeland C. Four year study of caries inhi-
bition of intensive Duraphat application in 11-15 year old children. Community
Dent Oral Epidemiol. 1994 Feb;22(1):8-12.

25. American Dental Association Council on Access, Prevention and Interprofes-
sional Relations (1995). Caries diagnosis and risk assessment: a review of preven-
tive strategies and management. J Am Dent Assoc. 1995 126(6 suppl):1S-24S.

26. Chief, U.S. Navy Dental Corps. Oral Disease Risk Management Protocol.
U.S. Navy Bureau of Medicine and Surgery, Washington, DC, Weekly Dental
Update, 2 July 1999.

Dr. Stahl is a resident in Operative and Preventive dentistry at Indiana University.
Dr. Diefenderfer is BUMED Specialty Leader for Preventive Dentistry, and a
member of the Operative Dentistry staff, Fisher Healthcare Clinic, Naval Hospital,
Great Lakes, IL. Dr. Cook is chairman of the NPDS Operative Dentistry Depart-
ment and BUMED Specialty Leader for Operative Dentistry.

Note: The mention of any brand names in this Clinical Update does not imply
recommendation or endorsement by the Department of the Navy, Department of
Defense, or the US Government.

The opinions or assertions contained in this article are the private ones of the
authors and are not to be construed as official or reflecting the views of the
Department of the Navy



Note: Please submit suggestions for clinical update topics to kdbrumberg-
er@bethesda.med.navy.mil



