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The cover depicts a family whose members 
represent three generations, all of whom can 
benefit from the ingestion of fluoride. Re­
search has established the beneficial efficacy 
of fluoride for adults as well as for children. 
Knowledge about the phenomenal effects of 
fluoride continues to be acquired. 
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1. Introductory comments 


Dietary fluoride supplements, drops, tablets and 
lozenges, have been commercially available for many 
years. Their use provides a good source of systemic 
fluoride for the development of teeth that are highly 
resistant to dental caries and of topical fluoride after 
teeth erupt into the mouth. They are designed for use 
in fluoride-deficient areas without central water sup­
plies or as a temporary caries-preventive method in 
areas that have central water supplies , but have not 
begun to fluoridate them. 

There are some advantages to the use of fluoride 
supplements compared with other methods of provid­
ing systemic fluoride. One is that they provide a pre­
cise dosage of fluoride to an individual. With community 
water fluoridation, children consume different amounts 
of water and, therefore, may benefit from the proce­
dure to different degrees. As long as the dosage sched­
ule for dietary fluoride supplements is followed, the 
precise amount of fluoride delivered should result in 
low variability among individuals in their level of pro­
tection. 

One of the main disadvantages of dietary fluoride 
supplements is that their use, as recommended, re­
quires a high degree of motivation on the part of profes­
sionals who must prescribe the supplements; by parents, 
who must give the supplements to their young chil­
dren; and by the children themselves as they get older, 
who must remember to take them , and not rebel at 
the nagging of their parents to continue doing so. A 
commitment to the use of dietary fluoride supplements 
entails a rigorous regimen of taking them daily for at 

Chief, Clinical Trials Section, Epidemiology & Oral Disease Pre­
vention Program, National Institute of Dental Research, National 
Institutes of Health, Bethesda, Maryland 20205. 

Herschel S. Horowitz, DDS, MPH 

least thirteen years in order to provide maximum ben­
efits . For that reason, one cannot equate the use of 
fluoride supplements to community water fluoridation 
as a public health measure. With community fluori­
dation , benefits accrue automatically, simply because 
children often drink water when they are thirsty and 
eat foods that are prepared with the fluoridated water 
when they are hungry. 

The cariostatic effects of dietary fluoride supple­
ments have been proved unequivocally. In fact, caries 
protection has been profound when the dosage sched­
ule has been followed precisely. There are still some 
questions that remain concerning the best use of di­
etary fluoride supplements. For example, what addi­
tional caries-protection is provided children whose 
mothers took dietary fluoride supplements during 
pregnancy? There is also some controversy on whether 
fluoride supplementation should begin at birth, a few 
weeks after birth or a few months after birth. 

Unless the scientific knowledge that we do have about 
the value of dietary fluoride supplements is learned 
and applied by health care providers and unless the 
public is informed about their value, then the knowl­
edge is solely academic. It is very important, therefore, 
to educate the public and the professions about their 
value. In order to educate these groups intelligently, 
we must know their current level of knowledge and 
ascertain their attitudes toward fluorides in general and, 
particularly, toward supplements. 

Today we have assembled a distinguished panel of 
experts on the use of dietary fluoride supplements to 
review the scientific basis for their use , to discuss ef­
forts that have been made to educate the public and 
the professions about them and to report on dentists' 
and physicians' attitudes , knowledge and practices with 
respect to dietary fluoride supplements. 
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2. What we know and don't know about 
dietary fluoride 	supplements­

the research basis 

EFFECTIVENESS AND 

INDICATIONS FOR USE 


Although the degree of protection has varied con­
siderably among studies, the administration of dietary 
fluoride supplements has been shown unequivocally to 
be an effective procedure for preventing dental caries. 
In what was probably the most comprehensive review 
of the subject in the past decade, a panel of scientists 
at the International Workshop on Fluorides and Dental 
Caries Reductions, held in Baltimore in 1974, con­
cluded that conscientious use of fluoride supplements 
can provide protection against dental caries in the pri­
mary and permanent teeth that approaches the protec­
tion derived from consuming optimally fluoridated 
drinking water over a similar period of time. I A few 
studies, in fact , have reported benefits even greater 
than those generally expected from the consumption 
of fluoridated water. 2.3 It should not be inferred from 
these findings, however, that fluoride supplementation 
is an unqualified substitute for community water fluor­
idation, because the latter is far more economical and 
feasible for benefiting large numbers of children. 

Prescribing fluoride supplements is facilitated if the 
concentration of natural fluoride in a child's drinking 
water is negligible. However, the procedure is still rec­
ommended for children who consume water with sig­
nificant but suboptimal concentrations of natural fluoride, 
although appropriate downward adjustments in the 
dosage of the supplement must be made. Ifwater fluor­
idation is implemented in a community, supplemen­
tation should be promptly discontinued for children 
who consume the water, to avoid the possibility of 
causing dental fluorosis in the developing teeth. Indi­
rect evidence from studies conducted in optimally 

Epidemiology and Oral Disease Prevention Program, National In­
stitute of Dental Research, National Institutes of Health, Bethesda, 
Maryland 20205 

William S. Driscoll, DDS, MPH 

fluoridated areas suggests that additional caries-pre­
ventive benefits may accrue to children who receive 
professionally-administered topical fluoride treatments 
or who use fluoride mouthrinses in conjunction with 
fluoride supplements. 4-7 However, because there is no 
direct evidence demonstrating additive effects, and be­
cause of the increased cost, it may be best to limit this 
combined therapy to those children who are highly 
susceptible to caries attack despite the use of supple­
ments. 

Studies have shown that the concentration of fluo­
ride in breast milk is very low, even when a mother 
consumes fluoridated drinking water. 8-10 Conse­
quently, infants in fluoridated communities who are 
solely breast-fed should be provided fluoride supple­
ments during that period. The prescribed dosage should 
be the same as that recommended for use by infants 
in areas having negligible amounts of fluoride in the 
water supply. Before prescribing dietary fluoride, how­
ever, it is important to establish clearly that the mother 
is not giving supplementary bottle feedings prepared 
with the fluoridated water, and that she is not giving 
drinking water to the infant between feedings. Deter­
mining whether these conditions exist is difficult when 
supplements are dispensed in public health programs, 
because close contact with the mother is frequently not 
maintained. Thus, it is probably unwise to recom­
mend, in public health settings with fluoridated drink­
ing water, that nursing mothers give fluoride 
supplements to their infants. In contrast, there is min­
imal risk in private practice, because physicians usually 
have good rapport with the mothers of newborns and 
can ascertain their breast feeding practices. 

Fluoride supplements are commercially available in 
the form of drops, solutions, lozenges and tablets . Be­
cause clinical studies have not been published on the 
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relative efficacy of these vehicles, selection of a partic­
ular form of supplement must be based primarily on 
the personal preferences of the practitioner and pa­
tient, taking into consideration the child's age and the 
relative costs of the various preparations. Drops are 
particularly convenient for use by infants because the 
fluoride can be dispensed directly into the child's mouth 
with a medicine dropper or drip bottle, or it can be 
added to certain foods, such as cereals and juices. A 
tablet or lozenge can also be used for infants , but they 
must be crushed in foods or dissolved in water, formula 
or juice, which is more time consuming for the parent. 
For older children, whose primary teeth have erupted, 
fluoride tablets are most commonly prescribed. 

The type of preparation used is probably less critical 
than the manner in which it is used. In the past, fluo­
ride supplements were frequently regarded primarily 
as systemic agents that imparted their protection prior 
to the eruption of the teeth . Thus, instructions were 
often given for the patient simply to swallow the sup­
plement directly. That belief has been disproven by 
evidence from several studies which clearly showed 
that erupted teeth can derive a significant topical ben­
efit from fluoride supplements, if the supplement is 
kept in contact with the teeth for a period of time be­
fore it is swallowed. 3. 11-14 Accordingly, tablets and loz­
enges should be chewed, dissolved or sucked in the 
mouth and efforts should be made to swish the result­
ing salivary fluoride solution forcefully between the teeth 
before swallowing. Similarly, if a solution is used by 
children with erupted teeth, it should be swished thor­
oughly in the mouth before it is swallowed. 

Dietary fluoride preparations may also be obtained 
as either neutral sodium fluoride or acidulated phos­
phate-fluoride . Although both of these agents can ef­
fectively prevent dental caries, only one study has been 
reported in which they have been directly compared. 13 

In that study, the two supplements were administered 
as solutions and produced similar reductions in the in­
cidence of dental decay. At the present time, the choice 
between neutral and acidulated preparations should be 
based upon their relative costs and taste preferences. 

Dietary fluoride supplements are also available com­
bined with vitamins. On the basis of several clinical 
studies, there is little question that fluoride-vita­
min supplements are effective in reducing dental 
caries.2.15- 19 Their degree of effectiveness is similar to 
that produced by regular use of fluoride supplements 
without vitamins . 17 The determining factor in deciding 
whether a fluoride-vitamin combination should be pre­
scribed is whether a clear need exists for a vitamin 

supplement. If vitamins are indicated, it is more con­
venient for the parent to give a combined supplement. 
Also, some parents may be highly motivated to give 
vitamins to children, and thus , combinations of fluoride 
with vitamins may enhance compliance. It should be 
kept in mind, however, that the need for fluoride usu­
ally continues well beyond the age at which vitamin 
supplementation is discontinued. This prolonged need 
for systemic fluorides should be emphasized to parents 
so that children are not deprived the benefits of long­
term exposure to fluoride. Other factors to consider in 
prescribing fluOlide-vitamin supplements are their added 
cost and the possibility that they may not be made in 
fluoride dosages required for different ages and levels 
of natural fluoride in drinking water. 

DOSAGE FOR FLUORIDE SUPPLEMENTATION 

The Council on Dental Therapeutics of the American 
Dental Association (ADA) recommends the following 
dosage schedule for fluoride supplementation:20 

Concentration of Fluoride 
in Drinking Water (ppm)Age 

in Less Greater 
Years than 0.3 0.3 to 0.7 than 0.7 

Birth to 2 0.25* 0 0 
2 to 3 0.50 0.25 0 
3 to 13 1.00 0.50 0 

*mg F per day 

The ADA schedule is easy to follow and accommodates 
both drops and 0.25, 0.5 and 1.0 mg fluoride tablets, 
all of which are available commercially. The schedule 
provides for convenient downward adjustments in dos­
age for children residing in areas that have significant, 
but suboptimal, concentrations of natural fluorides in 
their water supply (from 0.3 to 0.7 parts per million). 
Supplementation is not recommended, if the natural 
fluoride content of the water supply exceeds 0.7 ppm. 
Before a fluoride supplement is prescribed, it is essen­
tial to know the fluoride concentration of a child's 
drinking water supply, to avoid exposing the child to 
excessive amounts of fluoride that might lead to fluo­
rosis in the developing dentition . It is usually possible 
to obtain this information by contacting the local water 
company or health department. If a child consumes 
water from a private well, it may be necessary to send 
a sample of the water to a laboratory at the local or 
state health department to have the fluoride concen­
tration determined. 
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A dosage schedule almost identical to that of the 
ADA was adopted in 1979 by the American Academy 
of Pediatrics. 21 The only difference between the two 
schedules is that the Academy's schedule requires that 
supplementation be continued until age sixteen. The 
schedule endorsed by the Academy prior to 1979 spec­
ified a daily dosage of 0.5 mg of fluoride from birth to 
three years of age and 1 mg thereafter, for children 
residing in a community that had less than 0.5 ppm 
fluoride in its water supply.22 That schedule was also 
frequently recommended by the manufacturers of fluo­
ride supplements. Findings of dental fluorosis in a long­
term clinical trial in which that dosage schedule was 
used, were a major factor in the Academy's decision to 
adopt the more conservative schedule endorsed by the 
ADA.2 In that study, it was found that 67 percent of 
the participants who had consumed supplements daily 
from birth experienced dental fluorosis. Although the 
fluorosis was mainly very mild or mild, which is oflittle 
or no esthetic concern, a few of the children had un­
attractive, moderate fluorosis. The investigators felt that 
the amount of fluoride given particularly during the 
first two years of life was of borderline tolerance in 
terms of its potential for causing fluorosis. It should not 
be overlooked, however, that the study participants 
showed striking reductions in dental caries of about 80 
percent at the end of the treatment period in both their 
primary and permanent dentitions. 

The findings of several studies conducted in the mid­
to-late 1970s indicated that many commercially avail­
able infant foods and formulas contained more than 
trace amounts of fluoride. ,J,2:3-~1i The amount of fluoride 
found in the products varied considerably, depending 
in most instances on the fluoride concentration of the 
water used by the manufacturers during processing. 
The findings prompted one group of investigators to 
recommend that fluoride supplements should not be 
given to formula-fed infants until six months of age, 
because they believed the amount of fluoride ingested 
from formula and supplements would be sufficient in 
many children to produce dental fluorosis. 25 Although 
their recommendation was controversial and not widely 
followed, their concerns could not be easily dismissed. I 

Fortunately, the issue was largely resolved when the 
major manufacturers of infant formulas in the United 
States began to use water containing negligible con­
centrations of fluoride in the processing of those prod­
uctS. 27 

OPTIMAL PERIOD OF ADMINISTRATION 

An important factor to consider in determining the best 

time to begin fluoride supplementation to achieve max­
imum caries protection is how fluoride exerts its car­
iostatic effect. As I mentioned earlier, fluoride 
supplements were previously thought of as being es­
sentially systemic agents that imparted their protection 
prior to the eruption of teeth by converting enamel 
hydroxyapatite crystals to fluorapatite, which is more 
resistant to acid dissolution. Although this mechanism 
of action is still considered by many to be important, 
it is no longer recognized as the only way in which 
fluoride acts. It is currently believed that fluoride also 
acts posteruptively by eliciting a variety of antibacterial 
effects on caries-causing microorganisms, and by facil­
itating remineralization of incipient enamel lesions. 28 

The latter mechanism, remineralization of early de­
mineralized areas, is currently considered to be a pri­
mary, if not the primary, means by which fluoride exerts 
its cariostatic effect. Demineralization occurs when an 
area of tooth enamel begins to lose minerals to the oral 
environment following exposure to bactelial acids. These 
early demineralized areas appear as white spots on the 
enamel. Remineralization takes place when calcium and 
phosphate ions present in the saliva become redepos­
ited in the affected areas. This reparative process is 
greatly enhanced by the presence of fluoride. The newly­
formed fluoride-containing crystals are thought to be 
more resistant to caries attack than the original enamel. 

Because at least two of the mechanisms by which 
fluoride acts are entirely posteruptive phenomena, it 
is not surprising that some clinical studies have dem­
onstrated significant caries-preventive benefits fi'om only 
posteruptive exposure to fluoride supplements. The 
importance of fluoride exposure prior to tooth erup­
tion, however, is less clear because it is difficult to 
separate benefits derived preeruptively from those de­
rived from subsequent posteruptive exposure. There 
is also disagreement among researchers on specifically 
when during the preeruptive period fluoride should be 
introduced to impart maximum caries protection. 
Findings of some studies suggest that maximum ben­
efits can be obtained if teeth are exposed to systemic 
fluoride only during the last stages of their develop­
ment, that is, during preeruptive maturation. 29-31 How­
ever, other investigators believe that initial fluoride 
exposure during the late stages of tooth development 
can maximally benefit only the smooth smfaces of teeth, 
and that very early exposure i~ necessary to provide 
protection to pit and fissure surfaces. 32.33 This position 
is of particular interest because a number of investi­
gators have maintained that the grooves and fossae in 
occlusal surfaces of teeth exposed regularly to systemic 
fluoride early in their development are shallower and 

http:supply.22
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less sharply defined than they are in teeth deprived of 
early exposure to fluoride. An anatomic alteration of 
that nature clearly might render occlusal tooth surfaces 
less vulnerable to caries attack. 

If exposure to fluoride from an early stage of tooth 
mineralization is necessary for maximum caries protec­
tion, then prenatal fluoride administration would likely 
be important for protecting the primary teeth of chil­
dren, which have been shown to undergo significant 
mineralization during the prenatal period .34 Con­
versely, if exposure is needed only during the late r 
stages of mineralization for maximum protection, then 
prenatal fluoride administration might contribute little 
or nothing to the benefit achieved by starting supple­
mentation at birth. Because mineralization of the per­
manent teeth before birth is limited to the cusp tips of 
first molars, there is little likelihood that they could 
benefit from prenatal exposure to fluoride. 35.36 

A mandate issued by the U.S . Food and Drug 
Administration (FDA) in 1966 prohibited manufactur­
ers of fluoride supplements from making claims of ef­
ficacy for prenatal use of their products.37 The FDA 
ruling was based solely on a lack of sufficient clinical 
data to demonstrate a beneficial effect; in no way did 
it question the safety of the procedure. Additional lab­
oratory and clinical studies concerned with prenatal 
exposure to fluorides have been published subsequent 
to the FDA ruling, and the existing data on prenatal 
fluoride supplementation were discussed in detail at a 
symposium held in 1980 during the annual session of 
the American Dental Association. The proceedings of 
that symposium were published, and serve as an ex­
cellent reference on the subject. 38 

Taken collectively, the available data clearly suggest 
a possible prenatal effect in primary teeth. However, 
it is my belief that further proof of clinical effectiveness 
is needed before prenatal fluoride administration can 
be recommended as a sound caries-preventive mea­
sure. I hope such proof will be forthcoming because 
the procedure clearly would offer a simple and rela­
tively inexpensive means of providing caries protec­
tion. Also, it would provide a unique opportunity to 
create in expectant mothers an early awareness of the 
importance of dental health. The need to clarify the 
role of prenatal fluoride administration is accentuated 
by the fact that the FDA ruling did not prohibit phy­
sicians and dentists from prescribing supplements for 
pregnant women. The resurgence of interest in pre­
natal fluoride supplementation in recent years has led 

many practitioners to prescribe supplements for pre­
natal use . 

Numerous clinical studies have demonstrated that 
definite protection against caries can be attained when 
fluoride supplementation is begun at school-age and is 
given only on days of school attendance. 1.3 . 14 Caries 
reductions for permanent teeth in most of these studies 
have tended to range between 20 and 35 percent, after 
two or more years of fluoride administration. Although 
the level of protection is lower than that which occurs 
with full-time use from birth, the administration of 
fluoride supplements in school overcomes some of the 
practical disadvantages of home use . The degree of suc­
cess with home use depends upon the level of coop­
eration that can be obtained from parents and children 
in following the consistent and continuous regimen re­
quired. Although individual families may be motivated 
to comply in a private practice setting, the demands of 
the home regimen tend to restrict its usefulness as a 
wide-scale measure for caries prevention. In contrast, 
a school-based program provides an organized setting 
in which the use of fluoride tablets can be supervised 
and controlled by classroom teachers. School fluoride 
tablet programs are simple to implement, take little 
time and are relatively inexpensive. Even this method 
of administration, however, faces increasing compli­
ance problems as students become older and exert more 
independence . 

Just as there is uncertainty about the optimal time 
to initiate fluoride supplementation, the length of time 
supplementation should be continued to assure optimal 
results is unclear. For example, the American Dental 
Association and the American Academy of Pediatrics 
differ in their recommendation on when supplemen­
tation should stop. Information on the retained benefits 
following the use of supplements for various periods 
would be helpful in answering the question. Some 
studies have addressed that issue, but their findings 
are equivocal: some provide evidence that most of the 
cariostatic benefit persists after long-term use of sup­
plements, whereas others indicate that accrued bene­
fits gradually diminish after supplementation is 
stopped. 39 -44 Until more definitive information is avail­
able, consideration should be given to continuing fluo­
ride supplementation beyond age thirteen or giving 
periodic topical applications of fluoride to children who 
seem to be caries-prone. A decision on when to stop 
supplementation for an individual child after age thir­
teen should be based on the professional judgment of 
a child's dentist. 

http:products.37
http:period.34
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SAFETY ASPECTS OF FLUORIDE 
SUPPLEMENTATION 

Dosage schedules for fluoride supplementation were 
initially derived from estimates of the amount of fluo­
ride ingested each day by children who lived in opti­
mally fluoridated communities. Fluoride supplements 
differ from water fluoridation, however, because their 
use produces less frequent but higher plasma fluoride 
peaks. Consequently, it is uncertain whether fluoride 
supplementation and water fluoridation have the same 
propensity for causing dental fluorosis . Although a few 
studies have examined the relation between plasma 
fluoride concentration and fluorosis , more definitive in­
formation is needed to resolve the question. 45·48 Never­
theless, there have not been reports of dental fluorosis 
that can be attributed solely to the dosages currently 
recommended by the ADA and the American Academy 
of Pediatrics. 

Fluoride supplementation will result in obvious den­
tal fluorosis only if the procedure is misused. It is clearly 
contraindicated in communities with greater than 
0.7ppm fluoride in their water supplies. Nevertheless, 
a nation-wide survey conducted in 1980 by Margolis 
and co-workers showed that 46.3 percent of physicians 
who treated children in large fluoridated cities and 70.7 
percent of those in smaller fluoridated communities 
prescribed fluoride supplements. 49 The study focused 
on physicians rather than dentists because only a small 
percentage of U. S. children visit a dentist during the 
early years of tooth development. These disturbing 
findings strongly suggest a need to educate health 
professionals , particularly physicians, about appropri­
ately prescribing fluoride supplements. Before any 
fluoride supplement is prescribed, it is absolutely es ­
sential to verify the fluoride concentration of a child's 
drinking water supply to determine whether supple ­
ments should be given at all, or whether the dosage 
should be adjusted downward. Anyone who prescribes 
fluoride supplements, of course, must be familiar with 
the currently recommended dosage schedule. 

Although instances of accidental ingestion of toxic 
amounts of fluoride supplements are rare , precautions 
should always be taken to guard against such occur­
rences. No more than 120 mg of fluoride (264 mg of 
sodium fluoride), as recommended by the American 
Dental Association, should be dispensed at a time for 
home use. They should be dispensed in child-proof 
containers and stored in a safe place out of the reach 
of small children . The labels of containers should in­
clude appropriate cautionary statements and instruc­

tions for use should be easy to read and written in 
language that can be understood by parents. 

The ADA recommendation on total amounts of fluo­
ride for distribution at one time should also serve as a 
guide for limiting the amount of fluoride that is dis­
pensed to classroom teachers in school programs, be­
cause many classrooms do not have provisions for locked 
storage. One hundred and twenty one-milligram tab­
lets provide a week's supply for a classroom of twenty­
four participating students. Teachers should be able to 
obtain additional tablets conveniently, as needed, from 
a central, secure storage area in the school. Adminis­
trators of school programs should make certain that 
participating children are not also receiving daily fluo­
ride supplements from their private dentist or pedia­
trician. All local health practitioners and pharmacists 
should be informed of ongoing school programs. 

Shortcomings on the use of dietary fluoride supple­
ments should not discourage practitioners from pre­
scribing them for their patients , when indicated. Patients 
have a right to expect that practitioners are knowl­
edgeable and exercise due care when prescribing any 
medication , agent or procedure, and fluoride supple­
ments are no exception. Used properly, dietary fluo­
ride supplementation is a patently safe and highly 
effective measure for the prevention of dental caries. 
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3. Attitudes of dentists and physicians 

toward the use of dietary 

fluoride supplements 

Advances in caries prevention methods, over the 
past several decades , have been significant. Leverett, 
in a recent review of the changing prevalence of dental 
caries in this country, attributed the 32 percent decline 
over the past decade among children from age five to 
seventeen to communal water fluoridation and use of 
these waters in food processing_I There is little dis­
agreement with these observations _ Following com­
munity water fluoridation and dentifrices with fluoride, 
developments in other topical and systemic fluorides 
have ensured that adequate fluoride can be available 
irrespective of modality. 

The value of the fluoride therapies, in conjunction 
with the other caries prevention measures has been 
demonstrated by studies conducted during the past two 
decades. The acceptance and use of these procedures 
in the health delivery system, however, have not been 
uniform. 2-5 Dietary fluoride supplements as a caries 
prevention method are available to patients by pre­
scription from dentists and physicians, being recom­
mended almost exclusively when the patient is not 
receiving adequate systemic fluoride from other sources. 
The primary foci of dietary fluoride supplements are 
in areas without community water fluoride for children 
up to at least age thirteen-when the third molar has 
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calcified-and children without exposure to commu­
nity water fluoride as infants-breast fed . Thus, to be 
appropriately prescribed, the physician or dentist must 
have a clear understanding of when to use dietary fluo­
rides and must know the exposures of the patient to 
other fluoride. Because of the emphasis on infants (an 
age when few go to a dentist), this caries prevention 
method, more than others , is a responsibility of phy­
sicians as well as dentists. 

Fluoride, to be appropriately prescribed , must be 
understood with respect to age-dosage relationships and 
content of other dietary sources such as drinking water 
and foodstuffs. Some questions arise as to the vigor of 
both physicians and dentists in providing supplemen­
tation as required in nonfluoridated locales. Accord­
ingly, this paper reveals the results of a survey among 
dentists and physicians, nationwide, regarding knowl­
edge of and attitudes toward dietary fluorides. Also, 
the prescription-writing patterns and self-perceived roles 
in use of dietary fluorides in caries prevention of each 
profession are examined. 

RESEARCH DESIGN 

Questionnaires were mailed to 4,000 dentists selected 
as a subsample of the entire population of dentists as 
listed with the American Dental Association, and 2,000 
physicians who treat children. The analysis was based 
on a response rate of 75 percent among dentists , and 
49 percent among physicians. The questionnaire mailed 
to dentists covered all cal;es preventive procedures used 
in dentistry , while that sent to physicians focused on 
dietary fluoride supplements, diet and nutrition coun­
seling and oral health education. The methodology 



consisted of an initial mailing followed by a second 
mailing and a telephone call to nonrespondents. 

RESULTS 

Preventive orientation 

Physicians and dentists have similar general attitudes 
toward caries prevention, eighty-eight percent of the 
dentists and 94 percent of the physicians agree that 
most caries lesions can be prevented using available 
techniques (Table 1). Over four-fifths (81 percent) of 
both professions believe that the public is not suffi­
ciently aware of available methods of caries prevention. 
It is not clear whether they blame the public for any 
caries they have or whether they are pointing to the 
need of the professions to improve their education of 
the public. 

PhYSicians and dentists vary somewhat in the effec­
tiveness they perceive for specific procedures in this 
country: primarily reflecting their own involvement in 
the procedures. As seen in Table 2, the largest differ­
ences in perceived effectiveness (as measured by those 
indicating very effective) is for dietary fluorides and 
topical fluorides . Dentists give them similar levels of 
effectiveness (24 percent and 26 percent, respectively), 
while physicians are far more likely to consider dietary 
fluorides as very effective (37 percent vs 14 percent). 

Another factor that may predispose a health profes­
sional's orientation toward dietary fluoride supple­
ments is adequacy of community water fluoridation. As 
can be seen in Table 3, 75 percent-85 percent of both 
professions report that at least some of their child pa­
tients drink an adequate amount of fluoride. Thus, we 
are comparing two groups who are positive toward car­
ies prevention and who provide care to at least some 
children who get fluoride through drinking water. 

Prescription Patterns 

More physicians prescribe dietary fluorides than do 
dentists, as seen in Table 4 (79 percent vs 60 percent). 
This very possibly reflects the larger number of chil­
dren under age two in these physicians' practices. There 
are no practice characteristics of dentists associated with 
prescription. The only variable related to prescription 
by physicians is type of practice: pediatricians pre­
scribe more than family practitioners. 

Both professions were asked to indicate which of a 
list of criteria were used to evaluate a child's need for 
dietary fluoride supplements. As seen in Table 5, both 

Table 1 0 Attitudes toward caries prevention. 

Percent agree 
Dentists Physicians 

Using available techniques, it 
is possible to prevent the for­
mation of most caries le sions. 88 94 

The public is not sufficiently 
aware of available methods of 
caries prevention. 81 81 

Table 2 0 Currently, what do you think is the effectiveness of each of the 
following procedures in preventing caries in children in this country? 

Percent ven) effective 
Dentists Physicians 

Community water fluorida­ 77 66 
tion 
School water fluoridation 29 19 
Topical fluorides 26 14 
Dietary fluoride supplements 24 37 
Fluoride dentifrices 16 10 
Fluoride rinses 12 5 

Table 3 0 How many of your child patients drink water with an adequate 
amount (approximately 1 ppm) of fluoride? 

Dentists Physicians 

All 20.2% 15.4% 
Most 42.7% 37.9% 
Some 19.9% 21.1% 
None 12.5% 16.1% 
Don't know 4.7% 9.5% 

--rt'JOlJ% llllI.TI% 
(2,583) (924) 

Table 4 0 Do you prescribe dietary fluoride supplements to your child pa­
tients? 

Dentists Physicians 

Yes 60.1% 79.4% 
No 39.9% 20.6% 

--rt'JOlJ% llllI.TI% 
(2,564) (934) 

Table 5 0 Criteria considered when prescribing systemic fluorides. 

Percent Prescribing 
Dentists Physicians 

Age of the child 96 96 
Amount of fluoridated water consumed 93 91 
Likely compliance of the patients 

and parents 74 61 
Susceptibility of other family 

memhers to decay 72 36 
Adequacy of the child's diet 59 47 
Whether or not a child is 

breast-fed 55 

Table 6 0 When do you think is the best time to start taking a dietary fluoride 
supplement? 

Percent 
Dentists PhYSicians 

During the mother's 46 23 
pregnancy 

At birth 26 48 
1 to 5 months old 1 7 
At 6 months old 22 20 
1 to 3 years old 2 I 
As needed 2 1 
Never 2 1 

http:llllI.TI


Table 7 0 During what age-range do you usually discontinue pre scribing 
dietary fluoride supplements? 

De ntists Physicians 
Newborn to 3 years l. 8% 12.7% 
4 to 8 years 9.8% 22. 2% 
9 to 11 years 24 .8% 28.9% 
12 to 14 years 37.6% 25.4% 
15 years or over 25.9% 10.8% 

l\lllli% l\lllli% 
(1,435) (693) 

Table 8 0 If you do not prescribe die tary fluoride supplements to child pa­
tients, are any of the following reasons why? 

De ntists Physicians 
Other flu oride therapies 

are he ing used 82.3% 52.8% 
Proble ms with patient 

compliance 36.4% 28. 1% 
Communitv water is 

fluoridated 9l.6% 9l.5% 
Don't believe they 

are effective 12.9% 
* Not applicable to physician questionnaire . 

Table 9 0 Do you consider caries prevention activities, such as the prescription of dietary fluoride 
supplements, a primary concern of phys icians, dent is ts or both for the foll owing patien ts? 

Dentists 
PhYS ician De ntist Both 

Pregnant 
women 34 7 47 

Children 
unde r 2 years 25 19 52 

Children 
2 to 6 years 2 51 44 

Children 
7 to 18 years 69 24 

physicians and dentists emphasize age of child and ex­
posure to fluoridated water, while dentists place rela­
tively more emphasis on genetics and compliance. 

As seen in Table 6, when asked when they think is 
the best time to start taking a dietary fluoride supple­
ment, physicians, more than dentists , indicate at birth 
(48 percent vs 26 percent) In contrast, dentists are more 
likely to indicate that during the mother's pregnancy 
is the best time (46 percent vs 23 percent). These re­
sults reflect two different schools of thought, with the 
more up-to-date point of view being represented by 
the physician. 

Similarly, dentists, more than physicians, are likely 
to continue the use of dietary fluorides past the optimal 
age of effectiveness (calcification of the third molar). As 
seen in Table 7, 26 percent of the dentists indicate a 
discontinuation age of fifteen years or older, as com­
pared to 11 percent of the physicians . Overall , the re­
sults indicate that too many of both professions are 
discontinuing the supplements too early or too late, if 
the prescription was appropriate initially. 

Characteristics of dentists ' practices are not associ­
ated with these prescription practices. In contrast, pe­
diatricians , more recent graduates and physicians with 
more child patients indicate the appropriate prescrip­
tion patterns more often than others, reflecting a greater 
awareness of recent research literature. 

Both professions indicate that the primary reason for 
not prescribing dietary fluoride supplements is because 
the community water is fluoridated (92 percent). As 
seen in Table 8, dentists more than physicians indicate 
that they do not use supplements because they use 
other fluoride therapies (82 percent vs 53 percent). This 
would be expected, since dentists have other fluoride 
therapies available while physicians may not be gen­
eralizing to what the child is getting from the dentist. 
In fact , 81 percent of the dentists report that most of 
their child patients receive topical fluoride. The 13 per­

5ho\\I11 in pe rcent 
Physicians 

Neither Physician Dentist Both Neither 

12 36 8 45 12 

4 53 4 42 

3 10 12 78 

6 4 30 62 3 

cent of dentists who do not think dietary fluorides are 
effective might be noted. 

Who is considered responsible for dietary fluoride 
supplements provides an interesting perspective on 
professional roles. As seen in Table 9, neither profes­
sion gives the other predominant responsibility. Rather, 
when they recognize the need for the other profession, 
they indicate that both should share responsibility. Thus, 
more dentists indicate that both physicians and dentists 
share responsibility for the pregnant women and the 
infant (whom they do not see) (47 percent and 52 per­
cent, respectively), while indicating the dentist has pri­
mary responsibility for older children (51 percent and 
69 percent). Similarly, more physicians take primary 
responsibility for the infant (53 percent), but indicate 
a shared responsibility for pregnant women (45 per­
cent) and older children (78 percent and 63 percent). 

SUMMARY AND CONCLUSIONS 

One of the major goals of the reported research was to 
determine how consistent health practitioners' knowl­
edge, attitudes and practices are with the consensus of 
the public health and research communities regarding 
caries prevention. Both professions are aware of cur­
rent caries preventive methods , but have very mixed 
reactions toward their relative effectiveness in the United 
States, today . 

Dentists and physicians see a great deal of value in 
community water fluoridation and see some effective­
ness from fluoridating school wate r supplies. They re­
gard the prescription of dietary fluoride supplements 
as an effective caries prevention measure, but to a much 
lesser extent, and base their use of these prescriptions 
on the age of the child and the level of fluoride in the 
community's water system. Topical fluoride applica­
tions and fluoride dentifrices, as well , are thought to 
be very effective preventive measures by only a small 
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proportion of dentists and physicians, as are fluoride 
mouth rinses . 

Dentists and physicians rate systemic fluorides as 
effective more often than they do other selected meth­
ods , as would the research community; but they are 
not as solidly behind these , as evidence would suggest 
they should be. Both community water fluoridation and 
dietary fluoride supplements are known to be very ef­
fective caries prevention measures , yet only 66 percent 
of the physicians think community water fluoridation 
is very effective and only 37 percent think dietary fluo­
ride supplements are very effective. Similarly, 77 per­
cent of the dentists believe community water fluoridation 
and 24 percent of the dentists believe dietary supple­
ments are very effective. It is possible, however, that 
these professionals are considering the extent of patient 
compliance with an available regimen when comment­
ing on overall effectiveness. The physicians, as well as 
the dentists , tend to underrate fluoride therapies and 
overrate the contribution of other oral health proce ­
dures , e. g. brushing and flossing, for preventing caries, 
when considered against the consensus of the research 
and public health communities. 

Approximately one-half (47 percent) of the physi­
cians are in agreement with American Dental Associ­
ation/American Medical Association recommendations 
regarding when to start dietary fluoride supplements. 
As is recommended, most physicians consider the age 
of the child and the level of fluoride in community 
water when prescribing fluorides . Seve nty-five percent 
begin prescribing between birth and six months. They 
are less systematic in discontinuing the regimen. Over 
one-half of the physicians discontinue prescription be­
tween ages four and eleven based on these contingen­
cies , which is not within the recommendations. Eleven 
percent of the physicians prescribe beyond the age of 
calcification of the third molar (age fourteen) which is 
probably of little value to the child. 

In contrast, dentists have a broader orientation to 
fluorides, which appears to diminish their appreciation 
of dietary supplements. The most frequently used fluo­
ride therapy is topical (80 percent) , and 60 percent of 
the dentists reported prescribing dietary fluorides. The 
survey results show some inconsistencies between the 
use of dietary fluorides and the recommendations of 
the Association's Council on Dental Therapeutics. While 
research is inconclusive on the effect of prenatal fluo­

ride therapies, 46 percent of the dentists think dietary 
fluorides should be started during a mother's preg­
nancy. Research suggests that dietary fluoride is ben­
eficial at least until the third molar is calcified 
(approximately thirteen years) in areas where there is 
no community water fluoridation, yet 36 percent of the 
dentists reported that the appropriate time to discon­
tinue fluoride supplements is before the age of twelve. 
Dentists in general, however, are sensitive to the fact 
that the age of the child and the level of community 
water fluoridation determine the need for dietary fluo­
ride supplements. 

Dentists are aware that the physician should partic­
ipate in providing dietary fluoride supplements to chil­
dren with unerupted teeth , with approximately 50 
percent indicating that providing fluoride therapies for 
patients up to age two should be a shared responsibility 
between the dentist and physician . After teeth erupt 
at age two, however, the respondents think that a den­
tist should assume full responsibility. 

Physicians consider themselves to be primarily re­
sponsible for the oral health of children with unerupted 
teeth and think they should share responsibility with 
the dentists for other age-groups. This appears to rep­
resent a realistic appreciation of how children enter the 
health care system. 

In conclusion, it is clear that both professions can 
serve a distinct role in providing dietary fluoride sup­
plements as a caries prevention method given current 
health care patterns of the public. It is also evident 
that more education needs to be directed toward both 
professions, to ensure appropriate provision of these 
supplements. Also, both of the professions need to be 
encouraged to understand and complement each oth­
er's role in this process, to ensure the best care for the 
child. 
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4. Ways to improve/increase appropriate 
use of dietary fluorides 

W hen prescribed appropriately, dietary fluoride 
supplements are safe and effective in preventing dental 
caries, but they are not now being prescribed appro­
priately by health care providers. I-II Unf0l1unately, the 
American public still remains ill-informed about the 
importance of fluorides for oral health. 12-15 These fac­
tors have important implications for all children in the 
United States-both for those who live in communities 
without optimally-fluoridated water, who should re­
ceive caries protection in the form of fluoride drops or 
tablets, and for those who live in optimally fluoridated 
communities, who should not receive fluoride supple­
ments because of the risk of fluorosis. 

The failure of many health care providers to use fluo­
ride supplements is an example of the slow rate of ac­
ceptance of an effective caries preventive regimen that 
has been available for decades. The inappropriate pre­
scription of these supplements demonstrates continu­
ing confusion on the part of prescribers. However, these 
problems are unique neither to prescribing dietary 
fluorides, nor to dentistry. This paper is a review of 
the efforts, to date, to educate and inform health care 
providers and the public about fluoride supplements; 
to discuss some of the barriers inhibiting their use; and 
to suggest strategies for enhancing their acceptance and 
appropriate usage. 

CONTEMPORARY EFFORTS TO 
EDUCATE AND INFORM HEALTH CARE 
PROVIDERS AND THE PUBLIC 

Industry 

Dietary fluoride supplements have been available for 
nearly a quarter of a century, and they were first ac­
cepted by the Council on Dental Therapeutics, in 1958. 
Industry has contributed extensively to efforts which 
attempted to inform prescribers about fluoride supple-
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ments. Ever since these products have been available, 
manufacturers have placed advertisements about fluo­
ride supplements in medical and dental journals; used 
detail persons to convey the message directly to the 
practitioner; provided product information cards and 
prescription blanks; and exhibited their products at sci­
entific meetings. In addition, several industry-sup­
ported monographs on fluorides have included sections 
on supplements. 16- 17 And, more recently, two films to 
educate the public about fluorides were produced. 

Associations and foundations 

For many years, the American Dental Association 
(ADA), through the Council on Dental Therapeutics, 
has published in Accepted Dental Therapeutics an 
overview of the pertinent scientific literature, appro­
priate fluoride dosage schedules, examples of correct 
prescriptions for fluoride supplements, and a list of 
products accepted by the Council. 18 In addition , the 
ADA has produced a leaflet for the public on fluoride 
that includes fluoride supplements and has published 
a variety of reports in their Journal. Moreover, the 
ADA has sponsored several scientific sessions on the 
subject. 

The American Academy of Pediatrics, through their 
Committee on Nutrition, published their revised rec­
ommended dosage schedule and several related arti­
c1es. 19­2o 

The American Academy of Pediatric Dentistry en­
dorses the ADA's dosage schedule of dietary fluoride 
supplements and has sponsored sessions on the subject 

Chief, Health Promotion and Science Transfer Section, Office of 
Planning, Evaluation , and Communications, National Institute of 
Dental Research, Building 31 , Room 2C31, National Institutes of 
Health, U. S. Department of Health and Human Services, Bethesda, 
Maryland 20205. 
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at their scientific meetings and collaborated with in­
dustry to produce monographs that contain sections on 
fluoride supplements. 16·17 

The American Association for Dental Research 
(AADR) passed and published a policy statement rec­
ommending the use of dietary fluoride supplements in 
hopes of promoting its use. 21 In addition, the AADR 
has organized several symposia at their annual session 
that have included information on these supplements . 

The National Foundation of Dentistry for the Hand­
icapped published "A Guide to the Use of Fluorides" 
that contains comprehensive coverage of fluoride sup­
plements. This publication was developed by a com­
mittee headed by Dr. Louis W. Ripa and was funded 
by the Robert Wood Johnson Foundation and the 
American Dental Association. 22 

Several years ago, Margolis and co-workers under­
took a major educational endeavor directed at physi­
cians that was supported by the W. K. Kellogg 
Foundation . This educational program consists of an 
audiotape for physicians containing information from 
nine experts; a film that parallels the tape for use in 
medical institutions and in medical meetings; a port­
folio with slides and a variety of written information, 
as well as an exhibit which is sent to various profes­
sional meetings. The objective of the Margolis et al 
multiphasic approach is to make every physician deal­
ing with children understand his or her role in pre­
scribing fluoride supplemeDts and to motivate them to 
promote the use of fluoride, just as they promote rou­
tine immunization for children. 

Complementing these efforts, the National Institute 
of Dental Research (NIDR) staff have initiated a variety 
of activities to educate health care providers on the use 
of fluoride supplements and developing educational 
materials for providers to use in educating the public. 
In 1979, a film "Prescribing fluoride supplements in 
medical and dental practice" was produced to help teach 
health care providers the value of fluoride supple­
ments; to give the correct dosage schedule; and to en­
courage the practice. Dosage schedules have been 
printed and are available for distribution when the film 
is shown. Posters and leaflets also are available for health 
care providers which can reinforce the message to the 
public. Two new films, developed to educate the pub­
lic about fluorides, are available for the use of health 
care providers in their efforts to reach the public. The 
NIDR funded surveys of dentists' and physicians' at­
titudes and practices concerning fluoride supplements, 
which were conducted by the ADA in 1982. 5.6 In ad­

dition , the NIDR has supported several conferences 
on caries prevention, the content of which included 
the use of fluoride supplements. Despite the efforts of 
many organizations and individuals , problems with re­
spect to the use of fluoride supplements still persist. 

BARRIERS TO THE APPROPRIATE USE 
OF FLUORIDE SUPPLEMENTS 

Before a discussion is presented, therefore , of addi­
tional ways to inform and educate health care providers 
and the public about the appropriate use of fluoride 
supplements, a brief consideration of some of the bar­
riers associated with this problem may be in order. 

Complexity of the dosage schedule 

The recommended dosage schedule of dietary fluoride 
supplements depends upon the age of the child; the 
concentration of fluoride in the local drinking water; 
and, in the case of an infant, whether it is solely breast­
fed or formula-fed; and if the latter, what kind of for­
mula-ready to use , concentrated or powdered, and 
whether it is milk or soy-based. 

Determining the concentration of fluoride in the 
drinking water of a patient may be as simple as calling 
the local water department or it may require obtaining 
an analysis of a water sample, if the water is from an 
independent source. Further, some communities use 
multiple sources of water, and, therefore, the concen­
tration of fluoride may fluctuate greatly from day to 
day. These situations deter busy practitioners from 
prescribing dietary fluoride supplements, particularly 
practitioners who do not place high priority on this 
activity. 

Although the American Academy of Pediatric's re­
vised dosage schedule was published in January 1979, 
confusion about this change on the part of some pre­
scribers , especially physicians, is likely. Moreover, at 
least two firms sell a vitamin-fluoride product that yields 
.5 mg fluoride. According to the recommended dosage 
schedule, these products should be used only in non­
fluoridated communities for children between two and 
three years of age. These factors probably have con­
tributed to inappropriate prescribing practices. 

In contrast, some practitioners still believe that in­
fant formulas contain enough fluoride and, therefore, 
do not prescribe supplements, despite the fact that 
manufacturers for several years have kept the fluoride 
content in formulas at trace levels . 
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Priority of preventive regimens in educational 
institutions 

Little information is available about what schools of 
dentistry, medicine, dental hygiene, nursing, or phar­
macy teach about the appropriate use of fluoride sup­
plements. Probably, it is safe to state that they place 
little emphasis on this subject. 

The relative lack of emphasis on preventing any dis­
ease rather than treating it, undoubtedly prevails in 
both dental and medical schools and may carryover 
into practice. In dental schools, the disproportionate 
amount of time allocated to restorative dentistry and 
prosthetics versus that time spent on preventing the 
need for these procedures is well known. The amount 
of time medical schools spend on preventing dental 
caries is undoubtedly even less . Thus, one barrier may 
be lack of emphasis placed on the appropriate use of 
fluorides by faculty teaching in undergraduate and 
graduate schools. 

Economic factors 

Prescribing fluoride supplements and educating par­
ents and patients to understand the need for their use 
not only take time, but, generally, do not involve fi­
nancial compensation. It may be unrealistic, further­
more , to expect that dental practitioners will try to 
reduce further the caries rates among their patients, if 

they perceive that there are or will be few lesions to 
restore. 

Lack of public knowledge 

Little is known about the public's knowledge of dietary 
fluoride supplements. Several studies, however , have 
shown that the public does not understand that fluo­
rides effectively prevent caries, even though they ben­
efit from their use . For example: 

o In 1977, only 49 percent of a national sample of 
adults correctly identified the purpose of water 
fluoridation. 12 

o In three surveys of Minneapolis elementary school 
teachers between 1973 and 1981, "drinking fluor­
idated community water" was ranked in sixth place 
in 1973 and in seventh place in 1980 and 1981, 
out of eleven dental caries preventive methods 
listed. 1.'3 

o In a 1981 survey of adults in Portland, Oregon, 
three forms of fluoride use-professional appli­
cations, water fluoridation , and fluoride supple­
ments-were rated as least effective for preventing 

dental caries in a list of seven measures pre­
sented .14 

o A 1983 survey of dental researchers, dental prac­
titioners , and the general public found that dental 
researchers consider fluoride the most important 
factor in preventing caries, but that dental prac­
titioners and the public rank oral hygiene above 
the specific use of fluoride. 15 

These studies illustrate the lack of public knowledge 
about fluorides-clearly , a barrier to their acceptance 
and appropriate use in the form of fluoride supple­
ments. This factor is especially important because den­
tists and physicians report that the likely compliance 
by the patient (and parents) is part of the criteria con­
sidered, when prescribing fluoride drops or tablets. 1l .21 

NEW AND EXTENDED STRATEGIES TO 
EDUCATE HEALTH CARE PROVIDERS 

Several strategies for improving the prescription pat­
terns of fluoride supplements are suggested, as follows. 
Although educational activities are emphasized, that 
emphasis can be directed not only to dental students 
and dentists , but to all relevant health care providers­
physicians, dental hygienists , nurses , and pharmacists. 

Health care providers in dental schools 

Dental school faculty are the gatekeepers of informa­
tion.23 They are in a position to influence significantly 
the appropriate use of caries preventive measures, in­
cluding dietary fluoride supplements. Dental school 
faculty have a responsibility, to both their students and 
the general public, to provide appropriate information 
about dietary fluoride supplements, as well as oppor­
tunities to practice prescription writing and ways of 
educating patients to use the supplements. Ideally, each 
dental school should have the equipment to test the 
fluoride content of water samples and should provide 
patients with the containers for the water samples. 
Dental students could then be taught how to obtain 
water samples and where they can be analyzed in their 
state . This information might be provided to the dental 
student during his or her first year of dental school so 
that the information can be applied throughout the four­
year period (for both personal and patient use) , and 
this information could be reinforced at appropriate in­
tervals, such as during lectures in departments of pe­
dodontics and community or preventive dentistry. 
Finally, curricula could emphasize this important topic 
by providing opportunities to practice the skills with 

http:sented.14
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patients and their parents. For example, all pediatric 
patients could have a fluoride history taken as a routine 
part of their health history. Through this process, the 
dental student can determine the child's need for fluo­
ride supplements, obtain the water sample when ap­
propriate, educate the parent and older patient about 
the importance of fluoride in preventing tooth decay, 
and also can identifY those children taking fluoride sup­
plements who should not. These kinds of activities may 
encourage dental students to establish them , later, as 
routine and necessary procedures in their practices . 

Moreover, because the information collected from 
the NIDR-ADA survey indicates that dentists consider 
the likelihood of compliance by patients and parents 
when prescribing fluoride supplements, emphasis should 
be placed on educating dental students on how to achieve 
compliance. Health providers should learn that com­
pliance is not the sole responsibility of the patient, but 
that the prescriber plays a critical role in the process. 5·fi 

Further, gravid women-whether they are mothers 
of patients in the children's clinic or patients in an adult 
clinic-should be informed of the need for fluoride 
supplements for the forthcoming infants. 

Dental schools with departments of dental hygiene 
could provide similar educational experiences for those 
students. Although dental hygienists cannot prescribe 
fluoride supplements, they can help the dental prac­
titioner identifY patients who should receive supple­
ments, as well as those that are receiving them but 
should not. Because dental hygienists playa significant 
role in educating the public about preventive mea­
sures, they should know the correct dosage schedule, 
as well as how to obtain compliance in its use. All den­
tal hygiene students have this need, whether or not 
they receive their education in a dental school. 

Dental school faculty may also have an opportunity 
to educate medical, pharmacy, and nursing students 
regarding fluoride supplements. For those schools which 
have access to other health care professional students, 
it is important for such dental faculty to make an effort 
to reach them with relevant information. Such oppor­
tunities for outreach activities should not be missed, 
particularly in the pediatric and obstetric departments 
of each school. Special attention might be focused on 
pediatric nurse practitioners. 

Dental school administrators also can help institu­
tionalize graduate programs which place appropriate 
emphasis on fluoride supplements and to make infor­
mation on dietary fluoride supplements available, pe­
riodically, through continuing education courses. 

Health care providers in pharmacy schools 

Faculty in schools of pharmacy also could and should 
play gatekeeper roles by emphasizing the appropriate 
use of fluorides. Moreover, pharmacy schools could in­
clude the appropriateness of a fluoride prescription in 
their computer drug cross-checking program. Such 
computer programs can help, as well, to monitor pa­
tient compliance with the procedure. Pharmacies that 
have computer drug cross-checking programs should 
consider including dietary fluoride supplements . Den­
tistry can help to stimulate this activity among the prac­
ticing community of pharmacists through this and other 
relevant ways. 

Licensure of health care providers 

Licensure for all health care providers-dentists, phy­
sicians, dental hygienists, nurses, and pharmacists should 
include questions on prescribing fluoride supplements. 
Likewise, dental specialty board examinations of pe­
dodontics and dental public health and medical spe­
cialties of pediatrics and primary care physicians should 
contain questions on the subject, as well. Without this 
emphasis, the unstated message is clear: "The subject 
is not important." 

Industry 

Industry might play an even stronger role than they 
now play in encouraging the appropriate use of fluoride 
supplements by educating their detail men and women 
in greater depth on the recommended dosage schedule 
and, also, by providing even clearer patient inserts. 
Detail persons could be very helpful, if they would 
advise a prescriber where in each state water samples 
can be analyzed. Moreover, industry also might con­
sider supporting lectures on the appropriate use of 
fluoride supplements for faculty and students of schools 
of nursing and dental hygiene that are not a part of a 
medical/dental complex. Fluoride supplement adver­
tisements might be placed, periodically, in journals of 
public health , such as the Journal ofthe American Pub­
lic Health Association and the Journal of Public Health 
Dentistry, as well as in Pediatric Nurse and American 
Dental Hygiene Association Journal. Most of these ad­
veltisements are now confined to journals read by health 
care providers in private practice. Yet many patients 
who would benefit most live in rural areas, and many 
of these receive health care in public clinics from pro­
viders of public health care. 
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If industry advertised dietary fluoride supplements 
along with the correct dosage schedule in lay maga­
zines, more parents might become aware of the need 
for fluoride supplements and ask their health care pro­
vider about them, thus , providing a "patient push." 
Further, those in the formula industry should consider 
placing the fluoride content on each container, with 
appropriate caveats about fluoride supplementation. 
Patient inserts for all fluoride supplements should con­
tain similar information about formula. 

Government 

Working with the private sector, the NIDR is promot­
ing its films and other educational aids, and hopes to 
reach schools of dentistry, medicine, pharmacy, nurs­
ing, and dental hygiene, as well as the general public. 

Working within each state, it is possible to map the 
fluoride concentration of independent water sources, 
thus, making it more convenient for prescribers and 
patients to use supplements wisely. Such an activity 
might be jointly sponsored by State and Federal Gov­
ernments. 

All Federal agencies, in cooperation with state health 
departments, might join ranks to promote the appro­
priate use of fluoride supplements in Federally-spon­
sored care programs, such as the Indian Health Service; 
National Health Service Corps; Women, Infants, and 
Childrens' Food Supplement Program; Head Start; and 
migrant programs, as well as care programs of the De­
partment of Defense and the Department of State . This 
educational effort could include both health care pro­
viders and the recipients of care. 

Educating the public 

According to a recent survey, the public's major source 
of oral health information is the dentist. 15 In another 
recent survey, 99 percent of the dentists reported that 
they educate their patients about oral health. Eighty­
two percent of the respondents of this latter study in­
dicated that they included information on fluorides. 11 

Clearly, all types of health care providers must be well­
informed, if they are to supply correct information. 

Because many persons do not seek routine medical 
and dental care, other channels for informing them about 
fluoride supplements must be used. For example, health 
columns in magazines and newspapers, as well as radio 
(especially in rural areas) and television are but a few 
media examples that might effectively provide correct 
information on fluoride supplements. 

Knowing how to prevent oral (or any other) disease 
is useless unless both providers of health care and the 
general public apply the information. Everyone should 
know what fluoride is ; how it works; the methods of 
application, including dietary fluoride supplements; and 
their appropriate use. The appropriate use of dietary 
fluoride supplements is an excellent primary preven­
tive measure, well-documented by research. Because 
education must be the foundation of any effort to pre­
vent disease and promote health , the challenge is clear: 
we must educate all relevant groups. Obviously, den­
tists should be the experts in advocating dietary fluo­
ride supplements. This need is greater than ever before, 
because of the public's growing interest in promoting 
health through disease prevention. 
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Questions and answers 


Q UESTION 1, 

Was there a recent study that showed 
that children who received fluorides 
prenatally derived beneficial effects in 
terms of having a lower caries-experi­
ence? 

DR. DRISCOLL: There has been a se­
ries of reports during the last several 
years from Dr. Frances Glenn on pre­
natal fluorides . Despite deficiencies in 
design, the results of all her studies are 
very positive: they suggest or support 
the value of prenatal fluorides. We be­
lieve, however, that absolute proof that 
the procedure enhances the benefit that 
can be achieved by postnatal supple­
mentation alone can come only from 
longitudinal, long-term studies in which 
pregnant women are randomly as­
signed either to a group that receives 
fluoride supplements or to a placebo­
group, and then the offspring of both 
groups receive postnatal supplemen­
tation. The National Institute of Dental 
Research is currently supporting such 
a study, by contract. 

DR. HOROWITZ: Of course, by ne­
cessity, this must be a long-term study. 
It is necessary to wait until the children 
of the pregnant women are at least five 
years old in order to ascertain possible 
benefits to primary teeth . Unless there 
is other research in the meantime, the 
question of benefits from prenatal ex­
posure to fluoride will be unresolved 
for several years. 

supplements. J Dent Res, 60:898, 1982. 
22. 	 National Fluorides Task Force of National Foundation of Den­

tistry for the Handicapped: A guide to the use of fluorides for 
the prevention of dental caries with alternative recommenda­
tions for patients with handicaps. Funded by the Robert Wood 
Johnson Foundation and the American Dental Association. Den­
ver: National Foundation of Dentistry for the Handicapped, 1981. 

23. 	Frazier, P.J.: Public health education and promotion for caries 
prevention: The role of dental schools. J Pub Health Dent, 43:2&­
42, Winter, 1983. 

Q UESTION 2. 

Does the American Academy of Pedi­
atrics still recommend that fluoride 
supplements not be initiated until two 
weeks after birth? 

DR. DRISCOLL: Yes . They still rec­
ommend two weeks of age, although I 
don't know the reason for that recom­
mendation. It may be associated with 
the convenience of initiating the pro­
cedure during the infant's two-week 
check-up. 

Q UESTION 3. 

Would you comment on the greater risk 
of producing dental fluorosis in chil­
dren who are prescribed vitamin-fluo­
ride combinations? 

DR. DRISCOLL: I am not aware of 
data that suggest that vitamins increase 
the potential for fluorosis when taken 
in combination with fluoride. One 
problem with fluoride-vitamin combi­
nations is that they are fixed combina­
tions, and lack flexibility to fit some local 
situations and individual needs . For 
example, a fluoride dosage may not be 
produced for use in areas that have 
suboptimal, but significant natural con­
centrations of fluoride in the water sup­
ply. 

Q UESTION 4. 

You stated that school-based fluoride 
tablet programs have shown 20 to 30 
percent reductions in caries. In con­
trast, school water fluoridation has been 
shown to reduce caries prevalence by 
40 percent. Shouldn't the two proce­
dures produce similar results? 

DR. DRISCOLL: One reason that it is 
difficult to compare benefits from the 
two procedures is that most . school 
fluoridation studies have been run for 
twelve years, and the findings rep­
resent the full benefits of the proce­
dure. In contrast, studies of the use of 
fluoride supplements in schools have 
been done for shorter periods, in some 
cases only two years. We do not know 
what the effects of taking fluoride tab­
lets during all school grades would be. 
As I recall, one study in which we ad­
ministered fluoride tablets in schools 
for six years showed about a 30 or 35 
percent reduction in dental caries. 

Q UESTION 5. 

InNew ] ersey, we wish to initiate state­
wide educational programs on the value 
of community water fluoridation and 
fluorides in general. Can you tell me 
how we should start this type of mas­
sive educational program? 

MS. HOROWITZ: You must educate 
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D ecreases in caries incidence following the use of 
stannous fluoride (SnF 2) as a component in dentifrices , 
in mouth rinses and as a concentrated topical agent 
have been documented. l--tAt the present time, SnF2 
is seldom incorporated in dentifrices; but it is a fre­
quently used topical agent for children and adults gen­
erally, and is also prescribed for dental prophylaxis in 
persons requiring or having had head and neck radia­
tion therapy. 

The surface morphology of both natural and pre­
etched enamel has been studied after applying SnF2' 
using the scanning electron microscope . .5-9 The prod­
ucts formed on enamel after topical SnF2-applications 
have been characterized by using infrared internal re­
flection spectroscopy, ion probe analyses and x-ray 
photoelectron spectroscopy. LO-l2 In the studies cited, 
the application times varied from 30 sec to one week, 
the concentrations of the SnF2 solutions varied from 4 
to 10 percent and they were applied to the enamel at 
either room temperature or at 37°C. H-12 In addition, 
after the topical SnF2 applications, the enamel speci­
mens were washed in various solutions for various times, 
before analyzing the changes on the enamel surfaces. 
The step-by-step changes that occur on topically treated 
enamel are important, however, because the greatest 

This study was done in the Department ofCariology, Periodontology 
and Preventive Dentistry and Department of Oral Structural Biol­
ogy, Dental Institute, University of Zurich, Plattenstrasse 11 , CH ­
8028 Zurich, Switzerland. 

Fluoride 
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Figure 1. Appearance offlat, ground enamel specimens treated for 4 min in 8 percent aqueous SnF 2' 

a) A distinct border is present between the treated surface to the left (covered by a precipitate) and the control surface to 

the right (with deep scratch). A distinct border was also present on the natural unground enamel (Mag . 30 x 0.54). 

b) A group of crystalline structures within the predominantly amorphous appearing precipitate after immersion in the SnF2 

solution (pH 3.8) (Mag. 500x 0.54). 

c) Detail of the amorphous nature and crazed appearance of the precipitate on the enamel surface treated with SnF2 (pH 

3.8). Volcano-like artifacts were probably due to vacuum conditions (Mag. 30,000 x 0.54). 

d) Detail of the precipitate on enamel treated with SnF 2 (pH 2.3) showing accumulation of round globular structures within 

the crazed amorphous precipitate (Mag. 30,000 x 0.54). 


loss of acquired fluoride (fluoride "on the enamel" as 
opposed to "in the enamel") takes place within the first 
twenty-four hours. Practitioners should be aware, 
therefore, of the possible morphological changes on the 
enamel surface, because these changes could influence 
the enamel clinically. This type of study is conveniently 
conducted, using extracted teeth. 

The purpose of this study was to examine the changes 
of the micromorphology of flat ground human enamel 
surfaces after a 4 min application of an 8 percent aqueous 
SnF2 solution. Subsequent changes of the surface mor­
phology of the SnF2-treated enamel surfaces were re­
corded after various washing periods in water. 

MATERIALS AND METHODS 

Flat enamel surfaces were prepared by grinding the 
crowns of extracted human third molar teeth with sil­
icon carbide* discs (1'000 grit) in a water-cooled Bueh­
ler Automat 1900 AB*. The extracted teeth, collected 

* Buehler Ltd, Evanston, IL, USA 

** Sanford Corp., Bellwood, IL, USA

'* Merck Labs, Darmstadt, West Germany 


'* '* Balzers, Liechtenstein 
'* '* '* Cambridge Instruments, Cambridge, U.K. 

from different sources in the USA, were stored in 0.1 
percent thymol solution and were· divided into buccal 
and lingual halves before use. Twenty extracted teeth 
were used, providing forty halved surfaces. After the 
grinding, any loose particles on the enamel surfaces 
were washed away using air and water under pressure. 
The specimens were then left to dry at room temper­
ature. Part of the flat ground enamel surface on each 
specimen was covered with rubber cement**; and when 
dry, the specimens were chosen at random and im­
mersed in groups of four for 4 min in freshly mixed 8 
percent SnF2"= solutions (unagitated and nonbuffered) 
at room temperature. After immersion in the SnF2 so­
lution, the specimens were either a) air-dried without 
any washing or b) immersed in distilled water for either 
5 sec, 5 min, 60 min or 24 h and then air-dried. There 
were eight specimens within each group and the im­
mersion was carried out on two separate occasions: four 
specimens per group per day. The fluoride concentra­
tion of the topical solution used was 880 ppm F - and 
the pH values of the solutions were 2.3 on the first 
occasion and 3.8 on the second, respectively. After 
drying, the rubber cement was removed to expose the 
control surfaces and the enamel specimens were gold 
coated (200 - 500AO) at 15 mA in a Balzer BA 109 "= "= 
shadow caster and examined in a Cambridge Stereo­
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Figure 2. Appearance offlat, ground enamel specimens treated for 4 min in 8 percent aqueous 

SnF2 and immersed for 5 sec in water. 

a) A distinct border is present between the treated- (left) and control (right) surfaces after immer­

sion in SnF2 (pH 3.8). Round globular structures are present on and under the amorphous-ap­

pearing precipitate. Crystalline structures are also present on the precipitate. The control surface 

is finely granular, with distinct grooves (Mag. 10,000 X 0.54). 

b) Detail of the crazed appearance of the amorphous precipitate (SnF2 , pH 3.8), either covering 

round structures or with these structures on the surface of the precipitate. The appearance of the 

ground enamel rods is seen on the control surface (Right; Mag. 30,000 X 0.54). 

c) Indistinct border is seen between the enamel treated with SnF2 (pH 2.3) to the left and the 

control surface to the right. On the treated surface, the approximate relationship between the 

numbers of round globular and the crystalline structures is seen. The finely granular control sur­

face has deep grooves showing areas, particularly on the crests, where enamel was "ripped out" 

(Mag. 10,000 X 0.54). 

d) Details of the variable-sized round globular structures at times indented in the treated enamel 

surface (Mag. 30,000 X 0.54). 


scan 180 "= "= "= operating at 30 KV at magnifications be­
tween 30 and 30,000 x . Photomicrographs were taken 
of unselected areas of the treated and control surfaces, 
making minor adjustments for photographic reasons only. 

RESULTS 

The resulting photomicrographs (Figures 1 - 5), rep­
resent the changes on the enamel surface. They were 
taken at original magnifications varying between 30 and 
30,000 X, and are here reduced by 0.54. 

Specimens treated with SnF 2: not water-washed 

ure la) had precipitates on the ground surfaces, and a 
distinct border was present between the treated and 
control sides . The treated, unground, natural enamel 
smfaces also presented with precipitates and with dis­
tinct borders between the treated and control sides. 
At higher magnifications, groups of long finger-like 
crystalline structures (Figure Ib) were seen in the pre­
cipitate in isolated areas. Generally the precipitate had 
a crazed appearance at still higher magnification (Fig­
ure lc), in which densely packed globular structures 
(Figures lc, d) were seen. These were particularly noted 
in the specimens immersed in the SnF2 solution at pH 
2.3. Fewer numbers of globular structures appeared to 
be present on the enamel specimens that were im­

All the specimens immersed in the SnF2 solutions (Fig- mersed in the SnF2 solution at pH 3.8. The volcano­



282 JULY· AUGUST 1985 

JOURNAL OF DENTISTRY FOR CHILDREN 

like vents (Figure Ic) were artifacts, probably caused 
during the vacuum conditions prevailing while coating 
the specimens with gold. 

Washed specimens 

Immersing the SnF2-treated enamel specimens in dis­
tilled water produced a milky discoloration of the water. 

The appearances of the enamel surfaces after im­
mersion for 5 sec in water following the SnF2-treat­
ment are shown in Figures 2a - d. Precipitates were 
seen on the enamel specimens immersed in the SnF2 
solution at pH 3.8 and there were distinct borders be­
tween the treated and control surfaces (Figures 2a, b). 
The thickness of the precipitate on the treated surface 
appeared to be similar to that seen on the unwashed 
specimens. The precipitate had a crazed, amorphous 
appearance and covered round structures, giving a raised 
appearance to the precipitate, or round globular struc­
tures on the surface of the precipitate. In contrast, the 
enamel immersed in the SnF2 solution at pH 2.3 had 
a precipitate that appeared different, consisting of round 
globular structures (Figures 2c,d) of various sizes, pres­
ent either singularly or in groups. The border deline­
ating the control and treated surfaces in this group was 
less distinct (Figure 2c). Isolated and grouped crystal­
line structures were present on all the enamel surfaces 
immersed in the SnF2 solutions, but in fewer numbers 
numbers than the globular structures. The globular 
structures were indented in the surface enamel (Figure 
2d). The control surfaces had a fine granular appear­
ance with distinct grooves produced during the grind­
ing process (Figures 2a,c); and at higher magnification 
(Figures. 2b,d), the enamel rods had either rounded 
or flattened ends. "Traumatized" areas are seen, par­
ticularly on the crests on the control surface (right, 
Figure 2c) where the enamel had been "ripped out" 
during the grinding. 

The results of the specimens treated with SnF2 at 
pH 3.8 and 2.3 and subsequently immersed for 5 min 
in water are shown in Figures 3a-d. Generally the sur­
face appeared to be similar to those specimens that 
were immersed in water for 5 sec only. The longer 
exposure to the water appeared, however, to cause the 
crystalline (Figure 3a) and globular structures (Figure 
3c) to cluster. The crystalline structures were present 
on the precipitate (Figure 3a) but when the precipitate 
was missing, the structures contacted the enamel or 
were indented in it (Figure 3b). The round, globular 
structures were also indented in the surface enamel 
and it was difficult in some specimens to differentiate 

between the abraded enamel rods of the treated and 
control surfaces (Figure 3d). 

The results of the specimens treated with the SnF2 
solutions and immersed for 60 min in water are shown 
in Figures 4 a-f. There was no obvious precipitate on 
any of the treated enamel surfaces and distinct margins 
between the treated and the con:trol surfaces were thus 
not seen. Differences between the treated (Figures 4a,b) 
and the control surfaces (Figures 4c,d) , however, could 
be seen in several places. The enamel immersed in 
SnF2 at pH 3.8 had a rough granular appearance, prob­
ably representing the enamel rods from which the iso­
lated and coalesced globular and crystalline structures 
were removed (Figures 4a, b) . The control surface, in 
contrast, had more distinct "grooves", produced by the 
abrasives (Figure 3c). The abraded enamel rods in the 
"troughs" had a flattened appearance; while on the 
"crests", the enamel rods had rounded ends showing 
areas where the enamel was damaged or "ripped out". 
Remnants of the enamel that had been ripped out ap­
peared as smaller round globular structures on the sur­
face (Figures 4a-d). The numbers of crystalline and 
globular structures seen on the treated surfaces were 
less on these specimens than on those washed for 5 
min (Figure 3c). The "crests and troughs" were less 
obvious on the treated surfaces (Figure 4a) than on the 
control surfaces (Figure 4c). The enamel immersed in 
SnF2 at pH 2.3 appeared to have more of the crystal­
line structures present on the treated surfaces than those 
spe~imens immersed in the SnF2 at pH 3.8, although 
the numbers were reduced when compared to the 
specimens that were washed for 5 min (Figures 4e,f). 
The crystalline structures were composed of triangular­
shaped parts grouped to form star-shaped clusters. Some 
of these star-shaped clusters were indented on the sur­
face enamel (Figures 4e,f). 

The results of the specimens treated with the SnF2 
solutions and immersed for 24 hours in water are shown 
in Figures 5a-f. There was no obvious precipitate on 
any of these enamel specimens. Consequently, distinct 
margins were not seen between the treated and the 
control surfaces; but differences between these sur­
faces were noted. The treated surface (SnF 2' pH 3.8 
and 2.3) (Figure 5a) had a rough granular appearance 
compared to the less granular control surface (Figure 
5c). The round globular and crystalline structures were 
rarely found on the treated surface. The roughened 
crests produced by the "ripping" out of the enamel 
during the grinding was less distinct on the treated 
surface (Figure 5a) compared to the control surface 
(Figure 5b). The "troughs" of the treated surface (Fig­



Figure 3. Appearance of a flat, ground enamel specimen treated for 4 min in 8 percent aqueous 

SnF2 and immersed for 5 min in water. 

a) A distinct border is present between the treated (left) and control surfaces (right) after immer­

sion in SnF2 (pH 3.8). Groups of crystalline structures were present on the precipitate; the latter 

covered the round, globular structures (Mag. 10,000 x 0.54). 

b) Detail of the crystalline structure, adjacent to the border between the precipitate and the con­

trol surface of a specimen treated with SnF2 (pH 3.8) (Mag. 30,000 x 0.54). 

c) Detail of the border between enamel immersed in SnF2 (pH 2.3) to the left and the control 

surface to the right showing single- and clustered round globular structures (Mag. 10,000 x 0.54). 

d) Detail of the varying-sized round, globular structures on the enamel treated with SnF 2 (pH 

2.3). The globular structures were either isolated or coalesced and were at times indented in the 

enamel. The flat abraded enamel rods of the control surface are seen and difficult to differentiate 

from those on the treated surface. (Mag. 30,000 x 0.54). 


ure 5b) had rounded rod ends compared to the flat­
tened rod ends of the control surface (Figure 5d). The 
enamel surfaces immersed in the SnF2 at pH 2.3 were 
characterized by a granular smface with rounded enamel 
rod ends with varying degrees of granularity (Figures 
5e,f). Isolated crystalline structures present on the 
treated smface are shown in Figures 5e and f 

DISCUSSION 

In this study, the enamel specimens were not im­
mersed in the same SnF2 solution, but in two freshly 
mixed solutions, prepared on different days, several 
months apart. Variations in pH values of 4 percent SnF2 
solutions have previously been reported and vary from 
1.8 to 3.29 The difference in pH values of the two SnF2 
solutions used in this study (pH 2.3 and 3.8) was an 
unintentional variable and possibly produced some in­
teresting findings. Under the conditions of this study, 
globular, crystalline, and amorphous material was pres­
ent on the ground enamel surfaces after the 4-min im­
mersion in SnF2' This is in agreement with the findings 

of Wei and Forbes (1974) who reported that Sn3F3P04 

and CaF2 formed on enamel after an initial enamel 
surface dissolution, because of the acidic pH of the SnF2 
solution. The chemical nature of the substances pro­
ducing the milky appearance in the distilled water after 
immersion of the SnF2-treated enamel specimens has 
not yet been elucidated and will be studied in the fu­
ture. 

Earlier SEM studies have reported that SnF2 solu­
tions (pH 3 to 7) produced no detectable deposit or 
precipitate on the surface enamel after a 5-min appli­
cation. 13 Subsequently, Wei showed that the quantity 
of the reaction products on enamel increased with in­
creasing exposure time.Ii After the 4-min application of 
SnF2 only a roughened enamel surface was produced; 
but amorphous and crystalline structures were present 
after exposures to SnF2' lasting for up to seven days. 
The crystalline material has been characterized and 
consisted mainly of Sn3F 3PO4' and it increased in 
amount with increased contact time of the enamel to 
SnF2. 16 On acid-etched enamel surfaces, in contrast, 
refractile crystals were observed after 4- and 8-min ap­
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Figure 4. Appearance offlat, ground enamel specimen treated for 4 min in 8 percent aqueous SnF 2 


and immersed for 60 min in water. Borders between the treated- and control surfaces were not 

clearly defined in the specimens treated with SnF2 at either pH value. 

a) The roughened granular appearance of the treated surface (SnF2, pH 3.8) is shown and is prac­

tically devoid of the typical round globular and crystalline structures although some are seen. 

Troughs and crests produced by the grinding are less clearly defined than on the control surface 

(Figure 4c). (Mag. 10,000 x 0.54). 

b) Detail of the treated enamel surface shown in Figure 4a indicating rounded enamel rods of the 

granular surface (Mag. 30,000 x 0.54). 

c) Control surface (corresponding to Figure 4a) showing the flattened , less granular surfaces of the 

troughs of the grooves produced by the grinding and the irregular crests from which the enamel 

has been "ripped out". The round structures on the surface are remnants of the enamel "ripped" 

out during the grinding (Mag. 10,000 X 0.54). 

d) Detail of the control surface (corresponding to Fig. 4b) showing a less granular texture than 

that of the treated surface (Figure 4a). The enamel rods have a flattened appearance (Mag. 30,000 

x 0.54). 

e) Detail of an isolated group of crystalline structures composed of many triangular shaped crys­

tals after immersion in SnF2 (pH 2.3) (Mag. 30,000 x 0.54). 

f) Detail of several groups of crystalline structures composed of many triangular shaped crystals 

after immersion in SnF2 (pH 2.3) (Mag. 30,000 x 0.54). 
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Figure 5. Appearance offlat, ground enamel specimens treated for 4 min in 8 percent SnF 2 and 
immersed for 24 h in water. Borders between the treated and control surfaces were not clearly 
defined in the specimens treated with the SnF 2 at either pH value. 
a) The roughened granular appearance of the treated surface (SnF2 , pH 3.8) is shown and is prac­
tically devoid of the typical round, globular, and crystalline structures, although some are seen. 
Troughs and crests produced by the grinding are less clearly defined than on the control surface 
(Figure 5c). (Mag. 10,000 x 0.54 ). 
b) Detail of the treated enamel surface shown in Figure 5a indicating rounded enamel rods of the 
granular surface. The typical rounded, globular and crystalline structures were practically absent 
(Mag. 30,000 X 0.54 ). 
c) Control surface (corresponding to Figure 4a ) showing the flattened, less granular surfaces of the 
troughs of the grooves produced by the grinding and the irregular crests from which the enamel 
has been "ripped" out. The round structures on the surface are remnants of the enamel "ripped" 
out during the grinding (Mag. 10,000 x 0.54). 
d) Detail of a control surface (corresponding to Figure 5b) showing a less granular structure and 
the flattened enamel prisms compared to the treated surface (Figure 5b) (Mag. 30,000 x 0.54). 
e) Detail of an isolated crystalline structure composed of triangular-shaped crystals after immer­
sion in SnF2 (pH 2.3) (Mag. 30,000 X 0.54). 
f) Enamel surface treated with SnF2 (pH 2.6) with a less densely packed granular structure than in 
Figure 5e and some crystalline material indented in the surface (Mag. 30,000 x 0.54). 
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plications of 10 percent SnF2.14 Wei (1975) also re­
ported the presence of an amorphous material, which 
was difficult to resolve under high power, on pre-etched 
enamel after applying 10 percent SnF2 for 4 min. 17 No 
surface changes, however, were seen in that study after 
a 2-min SnF2 application on the pre-etched enamel. 
Dijkman et al (1983) described the presence of a thin 
layer of globular-shaped products on the enamel after 
a 5-min application of 4 percent SnF2 (pH 2-6) and 
subsequent washing for 30 sec.9 A thicker layer, how­
ever, was present when the application time was ex­
tended for 30 min. SnF2 topically applied to enamel 
following an APF application produced a thicker pre­
cipitate on the enamel than when the APF was applied 
alone, and this precipitate was not removed during a 
24 hour washing. 15 

One could speculate that in this study the ground 
enamel surface was more reactive to the acidic SnF2 

solutions than the natural enamel surface, but less re­
active than a previously acid-etched enamel surface. 
Further, one could speculate that the crystalline and 
globular structures were primarily Sn3F3PO4 and CaF2' 

respectively. The indentation of the crystalline and the 
globular structures in the enamel surface suggests that 
these products were formed from components dis­
solved from the ground enamel sUlface. The nature of 
the amorphous material, present before the water­
washing, also remains unresolved, but could have been 
composed of densely packed CaF2 globular structures. 
The amorphous material was , however, no longer pres­
ent after washing the treated specimens in water for 5 
min and longer, but the globular and crystalline ma­
terial remained on the treated abraded surfaces after 
washing for up to 60 min. After twenty-four hours of 
washing, all the above structures were removed from 
the enamel surfaces, but the treated surface differed 
in morphology from the corresponding control sur­
faces. These changes could be the result of the acid 
solution and the subsequent products which were de­
posited on the abraded enamel rods. Further, at low 
and high magnification, differences between the treated 
and control surfaces were seen. The fonner was more 
granular than the control surface. This was true be­
cause the enamel rods of the treated surface were prob­
ably changed morphologically, first by the grinding and 
then by the acidic SnF2 solutions. On the control sur­
faces, the enamel rods were only changed by the grind­
ing. 

The importance of the various structures present on 
enamel, after immersion in SnF2' on the caries process 
is not clear. Because these products can be removed 

by immersion in water, patients should be instructed 
not to rinse or eat for at least 30-60 min after a SnF2 

topical application, as is the case following other topical 
fluoridation agents. SnF2 does reduce the solubility 
rate of enamel and these products could be, at least 
partially, involved in that process. A more detailed 
analysis with many more specimens is required to show 
the differences between the SnF2 solutions at pH 2.3 
and 3.8 on ground human enamel. 
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SChool-based plaque control programs have be­
come a focus of the National Caries Program in Scan­
dinavia and of the National Caries Program in the United 
States, in the past ten years. 

Such programs have not yet been conducted in 
France . Moreover, except in Strasbourg (eastern 
France), where a school dental service was created at 
the beginning of the century, the oral health status of 
French schoolchildren is not regularly controlled; and 
the oral hygiene level is low, despite the efforts oflocal 
oral hygiene committees, which visit a number of schools 
annually, and provide oral hygiene instruction . 1 . 2 

In the fall of 1980, at the beginning of the school 
year, a controlled prevention program was started in 
two schools in the suburbs of Nantes (western France). 
The aim of the three-year investigation was to establish 
whether it would be possible to motivate a group of 
French schoolchildren to improve their oral hygiene, 
and to study the effect of improved oral hygiene in 
conjunction with the use of fluorides on the incidence 
of dental caries. 3 The purpose of this paper is to answer 
the first question and to emphasize the impact of mo­
tivation. 

Behavior 
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MATERIALS AND METHODS 

The study involved 244 children, aged eight years at 
baseline. Four co-educational elementary schools, lo­
cated in the same geographical district Nantes, a prov­
incial town in western France and with pupils of similar 
socio-economic backgrounds, were selected for the 
study. Two were used as experimental schools and two 
as control schools, in order to avoid a spillover effect 
on the control group. 

The prevention program consisted of: 
o One daily toothbrushing at school under the su­

pervision of a dental student. 
o Prophylactic treatment every two months. 
o The use of high fluoride contents in the tooth­

paste (180 mg F-) and in the gel applied to the 
teeth every two months (2 percent F-). 

o Reinforced motivation. 
Before the start of the program, the parents of the 
children in the experimental schools received printed 
information on the dental health education program. 
They were also invited to a meeting in order to discuss 
the purpose of the trial. A series of color slides was 
used to demonstrate the role of microorganisms in the 
caries process, with special emphasis on the preclinical 
stage of carious tooth destruction. 

The meeting was focused on the importance of oral 
hygiene, emphasizing the role of continuous parental 
support. The children also were invited to this meet­
ing, where the members of the dental team presented 
themselves as friends willing to help and convince, not 
to force. 

The dental team consisted of eight persons: two in 
charge of the general organization and motivation; two 
dentists who had complied with interrater and intrar­
ater reliability tests; two chairside assistants; and two 
dental students acting as dental hygienists, a profession 
not yet recognized in France. 

Just before the start of the program, the children in 
the experimental schools were given detailed instruc­
tion in toothbrushing. The children in the control schools 
did not receive instruction and no attempt was made 
to change their oral hygiene habits. Nor was an attempt 
made to change the dietary habits of either group. 

A dental truck, equipped with two dental chairs, two 
seats for the chairside assistants, water supply and ar­
tificiallight, was used for the study. 

The dental truck visited the control schools only twice 
a year, at the beginning and at the end of the school 
year, to record the presence of plaque and caries. In 
the experimental schools, five oral hygiene sessions were 
performed during the school year. 

Criteria for using the Silness-Loe plaque index and 
the def and DMF surface indices for recording dental 
caries, including incipient lesions, were those devel­
oped by Miihlemann. 4 

Oral hygiene sessions 

The children, called in small groups, received a blue 
or a green ticket indicating the dentist who would ex­
amine them. They entered the truck two at a time. 
Since the intrarater and interrater reliability tests had 
proved to be satisfactory, the children at baseline were 
assigned randomly to one of the two examiners. Each 
child, however, was always examined by the same den­
tist, in order to ensure a motivational follow-up. The 
dentists, using dental mirrors, sharp explorers and ar­
tificial light, recorded the plaque index and, after 
cleaning and polishing the teeth with a fluoride paste, 
recorded the caries index. Each child received two 
toothbrushes and two tubes of toothpaste, one for home 
and one for school. After they left the truck, a 2 percent 
fluoride gel was applied for four minutes to all of their 
teeth. 

Motivation 

Reinforcement procedures were conducted on a con­
tinual basis. 

o At school, every day, during the toothbrushing 
sessions, the dental student supervising tooth­
brushing gave repeated instruction on oral hy­
giene, on an individual basis. From time to time, 
dental plaque was demonstrated, using disclosing 
tablets. In addition, the children were advised to 
brush their teeth at home, mornings and eve­
nings. No dietary counseling was given, but the 
children were repeatedly reminded that they 
should not eat anything in the evening, after the 
last toothbrushing. 

o In the truck, during the oral hygiene sessions, 
the two dentists checked whether the caries le­
sions recorded in the course of the preceding ses­
sion had been treated. They insisted that the 
children visit their private dentists for prompt 
treatment. The plaque score for each child was 
recorded by the dentist on the toothpaste box. 
From the score, as the children left the truck, 
the two persons in charge of gel application and 
motivation judged the degree of compliance and 
proceeded to reinforce the motivation of the chil­
dren with high plaque index scores. 
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D 	Competition was encouraged throughout the year 
between the two experimental schools; and within 
each experimental school , between two teams 
(Blues and Greens) , each supported by one of the 
two dentists. Competition was encouraged also 
on an individual basis. Children who obtained a 
low plaque index score, or at least a lower score 
compared with the preceding session, were given 
"good marks" and were warmly congratulated. 
Those who obtained high or higher plaque index 
scores were questioned to learn the reasons for 
their failure. 

D 	Before every holiday, personal letters were sent 
to the children to remind them of their oral hy­
giene instruction . "Holiday for you, not for your 
toothbrush" was used as a slogan . Also, the chil­
dren received memory ticklers to be pinned on 
their clothes when they undressed at night , so 
that it would be seen when they dressed in the 
morning. In the letters , the children were given 
their personal plaque index score and the results 
of the competitions between schools and teams. 
They were also reminded of the caries lesions 
recorded during the last oral hygiene session and 
of the need to have them treated by their per­
sonal dentist as soon as possible. Letters and 
drawings in answer to the dental team letters were 
not unusual. 

D 	At the end of each school year, the parents were 
invited to an information meeting and were told 
how the prevention program was operating, the 
results already obtained and the results expected. 

Statistical study 

The statistical study was performed using an Apple lIe 
computer. The t-test was applied and, when necessary, 
adjustment of data was made to correct for the imbal­
ance. 

RESULTS 

Table 1 shows age and sex distributions within the two 
groups. Table 2 shows tooth eruption rates . It is clear 
from those tables that although the control children 
were a little older, the respective proportions of pri­
mary and permanent teeth were similar at the start of 
the trial. At the end of the trial, however, a slight delay 
in tooth eruption was recorded in the experimental 
group. 

Plaque index data 

At the beginning of the study, the oral hygiene status 
of the children was poor. In the control group, the 
mean plaque index score was 1.17, Grades 2 (Visible 
plaque) and 3 (thick deposits often extending far up the 
crown) were often recorded. In the experimental groups, 
the mean plaque index score was 0.93. Grades 2 and 
3 were not unusual. 

If we consider the general evolution curve of plaque 
index score, in both groups during the three-year trial, 
obtained by linear adjustment (Figure), it is clear that 
no change occurred in the control group with respect 
to oral hygiene habits : The mean score recorded at the 
last examination was practically the same as the one 
recorded at baseline, with similar results in grades 2 
and 3. The inclination of the curve before linear ad­
justment points out, however, the influence of a long 
summer vacation on dental care . Obviously, a holiday 
for children meant a holiday for their toothbrushes also. 

The evolution curve of the plaque index in the ex­
perimental group, obtained by linear adjustment, shows 
a statistically significant decrease , from 0.93 at baseline 
to 0.57 at the last examination , Again , the influence of 
the summer holiday is clear. Due to reinforcement of 
motivation beforehand, however, the improvement ob­
tained in oral hygiene habits was never questioned and 
the variations of plaque index score during the three­
year experiment are relative to an already decreased 
value obtained immediately following the start of the 
study, A final significant 52 percent plaque reduction 

Table 1 0 Distribution of study population by age and sex. 
Age 

Control Experimental 
96.3 :!: 7.5 94.7 :!: 8.2 

Sex 
Control Experimental 

Boys 61% 53.1% 
Girls 39% 46.9% 

Table 2 0 Tooth-e ruption rate . 

Primary teeth 
Control Experimental Difference 

(Exp.lControl) 
10/80 55.2 56.6 + 3% p> 20% 
06/83 24.0 30.0 +25% p> 3% 
Permanent teeth 

Control Experimental Difference 
(Exp.lControl) 

10/80 43.7 42.4 - 3% p> 20% 
06/83 59.2 53.8 - 9% p> 20% 
Nonerupted teeth 

Control Expe rimental Difference 
(Exp.lControl) 

10/80 26.1 25.2 - 3% p> 20% 
06/83 19.3 19.0 - 2% p> 20% 
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was obtained at the end of the three-year trial. Table 
3 shows plaque index distribution according to sex. In 
both groups the girls' scores were always better than 
the boys'. 

Care index 

In our study, care index-the ratio of F to DMF, ex­
pressed as a percentage-was a useful measure of the 
success of motivation. At the close of the experiment, 
this ratio was 44 percent (p<O.OI percent) higher in 
the experimental group compared with the control group 
with respect to primary teeth, and 31 percent (p< 1 
percent) higher with respect to permanent teeth. 

DMFS and defs indices 

Table 4 shows the evolution of the caries index during 
the three-year trial, taking into account incipient le­
sions. 

DISCUSSION 

The present study is unique in France with respect to 
the combination of preventive measures and reinforced 
motivation. Although attempts were made to obtain 
support from the parents during the trial , their low 
level of interest was revealed by the difficulty in getting 

them to attend the information meetings. Koch, in his 
most interesting trial conducted among schoolchildren 
in Malmo, was faced with the same problem .5 It was 
clear from the beginning, therefore , that the success 
of the experiment would depend upon the relationship 

Table 3 0 Plaque index according to sex. 

Total 
Control Expe rimental Control 

10/80 1.17 0.93 1.28 
06/81 1.03 0.61 1.14 
10/81 1.20 0.78 1.32 
06/82 1.12 0.63 1.15 
10/82 1.20 0.71 1.29 
06/83 1.16 0.57 1.20 

Table 4 0 DMF and defs. 

Primary teeth 


Permanent teeth 

(all included) 


Permanent tee th 

(new teeth excluded) 


New teeth 

(teeth erupted during 


the trial) 


10/80 

06/83 
10/80 

06/83 
10/80 

06/83 
10/80 

06/83 

Boys Girls 
Experimental Control Experimental 

1.02 1.06 0.84 
0.73 0.92 0.49 
0.85 1.08 0.73 
0.78 1.12 0.48 
0.95 1.14 0.47 
0.70 1.12 0.44 

Control Experimental 
9.28 ± 7.08 7.12 ± 6.14 

6.93 ± 7.04 5.00 ± 4.94 
5.39 ± 3.38 4.94 ± 3.26 

9.72 ± 5.28 6.37 ± 3.31 
6.72 ± 3.72 5.65 ± 3.55 

8.43 ± 4.46 6.07 ± 3.33 
0.13 ± 0.54 0.01 ± 0.30 

1.30 ± 1.85 0.29 ± 0.92 
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between the dental team and the children. The role 
played by the enthusiasm of the dental personnel in 
the success of prevention programs, such as the Karls­
tadt program, has been emphasized. 6. 7 

At the start of the trial, the oral hygiene status of the 
children was very low. Plaque index was around 1, 
which indicates that toothbrushing was not regularly 
or correctly performed. 

The unexpected difference recorded at baseline ex­
amination between the control and the experimental 
groups could be accounted for later: 

D 	It appeared that, following the annual visit of the 
local Oral Hygiene Committee, the headmasters 
of the two experimental schools had tried to keep 
the children concerned with their dental health, 
the importance of which was discussed at school 
regularly. No information at all had been offered 
in the two control schools. 

D 	Since the backbone of the study was the daily 
supervised toothbrushing at school, only day 
boarders were selected for the study. It so hap­
pened that the children in the control group were 
a little older, which explained their somewhat ad­
vanced tooth-eruption rate, compared with the 
experimental group. Also, the numbers of boys 
and girls were not equal, which explained the 
correlated imbalance in the initial oral hygiene 
status. It is well known that girls are more con­
cerned with their appearance than boys, and 
therefore brush their teeth significantly more 
often. H•g In our study, the fact that the number 
of girls was higher in the experimental group made 
the motivation process easier. 

The results of a number of instructional-motivational 
programs for caries prevention have been often dis­
appointing. 10-13 In a summary of the methods and means 
of motivation, Bay emphasized the necessity of active 
participation by the children in the program. l-t It is 
difficult to maintain a child's interest in an activity for 
sustained periods. In the present study, there were 
two major difficulties: 

D 	To keep the children motivated throughout the 
year. During the long summer holiday, there was 
always an increase in plaque index scores, both 
in the control and the experimental groups. Ho­
rowitz et al, who obtained a similar significant 
plaque reduction in their experimental group, re­
ported that it was not maintained during summer 
vacation. 15.16 

D 	To alleviate the boredom likely to develop in the 
course of the three-year trial. Koch noticed that 
the children's oral hygiene had worsened during 
the last part of the experimental year. 5 Thanks to 
the efforts of the dental team and to the intimate 
relationships established with the children by 
means of individual letters and personal motiva­
tion, the plaque reduction obtained at the end of 
the trial was similar to that reported in Scandi­
navian studies. 6 . 17 The project may be consid­
ered notably successful, considering the poor oral 
hygiene status and the lack of motivation at the 
start of the trial. The increase in the care index, 
furthermore, provides the best token of dental 
awareness obtained through motivation, 

The degree of caries reduction can be measured by 
referring to an evaluation of the dental health status of 
schoolchildren, aged six to fourteen years, conducted 
in the East of France. [8 At the beginning of the trial, 
the children in our study had a caries index a little 
higher than the age-matched children in Dimbert's 
study, which can be explained by the fact that incipient 
lesions were counted in our study, The caries index 
obtained at the end of our trial, however, was almost 
decreased by half compared with that of the age-matched 
children in the reference study. 

In conclusion, the results of the present study em­
phasized the essential role played by reinforced indi­
vidual motivation in the success of dental prevention 
programs, 
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USE OF SILENCE 

Silence is ,lll extremely effective listening tool. People usually find silence during 
an interaction to be somewhat unpleasant and will often begin speaking to avoid an 
"awkward" period of silence. By permitting silence to continue, patients can often 
be encouraged to provide more information. The practitioner should be certain to 
give the patient adequate time to formulate his thoughts and avoid the common 
tendency to jump in quickly and fill silences with additional questions or comments 
of his or her own. Interviewers, themselves uncomfortable with silence, will some­
times ask another question before the first one is answered completely, thus losing 
important information they might have gained had they allowed the silence to con­
tinue for a short period of time. 

Geboy, M.J.: Communication and behavior 
management in dentistry. 

Baltimore: Williams and Wilkins, 1985, p 31. 
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Hand-aver-mouth 
behavior management technique 

in a solo pedodontic practice: A study 

The hand-over-mouth technique (HOM) is widely 
accepted as an effective and positive method of man­
aging difficult behavior problems in children. Approx­
imately 90 percent of pedodontic diplomates surveyed 
indicated use of HOM in selected cases, that is, for 
children exhibiting temper tantrums, aggression, re­
sistance or hysteria, and especially for younger chil­
dren (age two to six years) . l Almost 90 percent of 
postdoctoral educational programs surveyed included 
the teaching of the technique. Alternative methods of 
child management include physical restraint, and the 
use of sedative drugs and general anesthesia. The ma­
jor therapeutic objective of HOM is to prevent avoid­
ance responses to the dental situation so that the child 
learns the disruptive avoidance response will not suc­
ceed, is inappropriate, and that the anxiety provoking 
stimuli are actually far less noxious than imagined. 2 

This paper described the frequency of the use of HOM 
in a modern one-dentist pedodontic practice and its 
relationship to the patient's age , sex, previous dental 
experience and history of a significant medical experi­
ence. 

The relationship between chronologic age and the 
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acceptance of dental treatment has been reported. 
Gotthardson et al found that three-year-old children 
refused treatment three to four times more than four­
and five-year-old children. 3 Klarman et al found that, 
in general , dental anxiety and disruptiveness were neg­
atively related to the child's age. 4 Green et al studied 
children ranging in age from two to six years of age 
and found older children were significantly more co­
operative than younger ones. 5 Taylor et al reported a 
trend that younger children, aged three to six years, 
demonstrated a wider range of behavior during the in ­
itial appointment. More extremely uncooperative be­
havior and more extremely cooperative behavior 
occurred in younger age-groups. Older children be­
haved better during injections. There were no signifi­
cant differences between three-to-six-year-old children 
and the seven-to-nine-year-old children during opera­
tive procedures.6 Herbett and Innes found, however, 
that in a group of children five to eleven years old, 
uncooperative behavior was at a maximum in ages eight 
and nine years. 7 

Published research generally confirms clinical ob­
servations that the sex of the child does not have a 
significant effect on cooperative behavior in younger 
children. In the study by Taylor et al, however, males 
exhibited less negative behavior than females in the 
seven-to-nine-year and the ten-to-thirteen-year groups. 6 

Medical experiences can be a significant source of 
uncooperative behavior in the dental setting. The num­
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bel' or frequency of prior experiences does not appear 
as critical as their emotional quality .8 Children with a 
history of positive medical experiences were found to 
be more likely to behave in a positive manner than 
those who had unpleasant medical experiences, includ­
ing trauma or physical pain, or who have a history of 
surgical significance. 9 - l2 

Once a child has experienced the first dental visit, 
many preappointment predictors of dental behavior lose 
their significance. l3 On the other hand, if the previous 
experience was unfavorable, it may have considerable 
significance. l4 . l5 Lautch reported a study of thirty-four 
adults with dental phobia; that is , a special kind of fear 
out of proportion to the demands of the situation, which 
would not respond to reason and resulted in avoidance 
of necessary dental treatment. All thirty-four members 
of the phobic group had suffered what they considered 
a traumatic experience at the hands of the dentist on 
at least one occasion during childhood. Ten of the thiIty­
four in the control group had a similar experience. Four 
of the thirty-four in the phobic group avoided dentists 
until adulthood. Of the remaining thirty , all had a sec­
ond traumatic dental experience . Twenty-one in the 
phobic group with a first traumatic experience were 
between the ages of six and ten. l6 

PROCEDURES 

The subjects of the study consisted of all patients seen 
in a modern one-dentist pedodontic practice during a 
fifty-eight month period. Clientele in the practice con­
sisted mainly of white middle-class children. A total of 
1773 patients consisted of 1009 (57 percent) males and 
764 (43 percent) females. The age range of the popu­
lation was one to nineteen years; the mean was 7.64 
years. Patients were seen for a total of 10,576 appoint­
ments. 

Patient records were examined to determine the 
number of children who received HOM. The medical/ 
dental histories were examined to determine the num­
ber who had had a dental experience, a bad dental 
experience, or a significant medical experience. The 
child was considered to have had a significant medical 
experience if the parent checked "yes" to the question 
"Has your child ever been hospitalized?" or provided 
additional information that would indicate an unpleas­
ant experience. Examples include the placement of su­
tures, injections for allergies and treatment of broken 
limbs. 

The records of the patients who had received HOM 
were further examined to determine how old the child 

was when HOM was received, the number of appoint­
ments when HOM was used and whether management 
medication or general anesthesia was utilized. These 
records were also examined to determine at which ap­
pointment HOM was used and the number of appoint­
ments without HOM, following the HOM experience. 

The purpose and technique of HOM were similar to 
that advocated by Levitas. l7 Its purpose was "to gain 
the attention of the (hysterical) child so that he can 
listen to what is being said and receive the dental care 
he needs." 

Every effort short of HOM was attempted before its 
administration. It was used only on normal children 
who were thought to be sufficiently mature and able 
to express themselves orally. It was never used in an­
ger. 

The technique involved placing the hand over the 
mouth and speaking softly in the ear, giving instruc­
tions that, first, the hands must be placed in the lap. 
Experience has show that when children take this first 
step, they become cooperative more quickly. Also, if 
they become hysterical again, reminding them to keep 
the hands in the lap is often all that is necessary to 
regain cooperation. Secondly, the child is told that when 
the crying stops, the hand will be removed. As the 
crying stops, the hand is removed and the child is praised 
for his good behavior. On some occasions, the proce­
dure was repeated until a desired response was achieved. 
The objective was to stop the hysterical crying, estab­
lish communication, gain cooperation, continue the 
dental procedure and help the child gain confidence in 
his ability to deal with the dental situation . 

RESULTS 

The number of patients who were treated with HOM 
was 172 or 9.7 percent of the population while the total 
number of HOM episodes was 193, less than 2 percent 
of the total number of appointments. 

Age and sex 

As can be seen from Table 1, patients from thirty-six 
to forty-seven months old most commonly received 
HOM. They accounted for 57 percent of all cases of 
HOM . They were , however, only 8.1 percent of the 
population studied. Eighty-seven percent of the pa­
tients receiving HOM were four years old or younger. 

Table 1 also shows that female patients (55 percent) 
received HOM more frequently than males (45 per­
cent). This is particularly revealing, since the ratio of 
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males to females in the total population was 57 percent 
male and 43 percent female. 

Previous experience 

The records were examined further to determine 
whether the child had experienced previous dental 
treatment, had had a bad dental experience, or had 
had a previous significant medical experience. These 
results for the total population and the HOM group are 
shown in Table 2. 

A test for differences between two proportions was 
applied to the data in Table 2 and no significant differ­
ences were found between non-HOM and HOM groups. 

HOM experience 

Of the group who received HOM, the majority (153 or 
89 percent) received it on a single occasion. Of these 
153, thirteen received HOM at their last appointment 
and consequently did not have the opportunity to re­
ceive HOM again. Seventeen children (10 percent) re­
ceived HOM on two occasions and two children (1 
percent) received HOM on three occasions. 

Subsequent appointments 

Of the patients who received HOM on only a single 
occasion, twenty-nine had one positive appointment 
after receiving HOM and III had two or more positive 
appointments following the HOM experience. 

Twelve of the nineteen patients who had multiple 
HOM episodes had two or more positive appointments 
following their last HOM experience while four of the 
nineteen had one positive appointment following HOM. 

Type of appointment 

One hundred and eight (63 percent) of the children 
who received HOM had it administered at an exami­
nation appointment. Of these children, sixty-nine (40 
percent)received HOM at the initial examination and 
only on that occasion. Fifty-eight (34 percent) children 
received HOM at treatment appointments and the re­
maining six (3 percent) children received HOM at ex­
amination and treatment appointments. 

Of the children who received treatment appoint­
ments, approximately 50 percent were treated with 
pharmacotherapeutic agents (nitrous oxide/oxygen and/ 
or chloral hydrate) or general anesthesia. This is in 

Table 1 D Total number of males and females receiving HOM by age. 

M&F (total 
Male Female by age-group) 

Age in months N(%) N(%) N(%) 
23-35 5 ( 3) 12 ( 7) 17 (10) 
36-47 41 (24) 56 (33) 97 (57) 
48-59 19 (11) 16 ( 9) 35 (20) 
60-71 7 ( 4) 5 ( 3) 12 ( 7) 
72+ ~ ~ ~ 

Total 78 (45) 94 (55) 172 (100) 

Table 2 D Number of subjects with prior experiences by HOM or non-HOM­
patient population. 

non-HOM 
N % 

HOM group 
N % 

Previous dental expe rience 
Previous bad de ntal 

872 54.5 90 52.3 

expe rience 
Previous significant 

medical experience 

151 

542 

9.4 

33.8 

22 

49 

12.8 

28.5 

contrast to approximately 20 percent of the non-HOM 
population. 

DISCUSSION 

Although approximately 90 percent of pedodontic di­
plomates use HOM in selected cases it has not been 
reported how often the procedure is used. 1 The au­
thors' search of the literature found no reports relative 
to this issue. In this study of a single-dentist modern 
pedodontic practice, HOM was used for almost 10 per­
cent of the population studied. It was used in less than 
2 percent of the total number of dental appointments. 

The results of this study confirm previously pub­
lished reports and indicate that younger children ex­
hibit more uncooperative behavior; it appears inversely 
proportional to age. This is especially true for the three­
year-old children . Although they comprised only 8.1 
percent of the population studied, they accounted for 
57 percent of all cases receiving HOM . 

Although published research generally confirms clin­
ical observations that the sex of the child does not have 
a significant effect on the cooperative behavior of younger 
children, the results of this study indicate that female 
patients, especially those who are three years old, are 
more uncooperative. This is similar to the findings of 
Taylor et al who reported males demonstrated less neg­
ative behavior than females in the seven-to-nine-year 
and ten-to-thirteen-year age-groups. 6 

Nothing significant was found relating the use of HOM 
to previous experiences, bad dental experiences or sig­
nificant medical experiences. The history form used in 
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the study, however, did not provide information re­
garding the emotional quality of the experiences. 

It is noteworthy that in the majority of cases (89 
percent), HOM was used on a single occasion and that 
the incident was followed by appointments of a positive 
nature. It is also noteworthy that 63 percent of the 
HOM cases received HOM at examination appoint­
ments and nearly two thirds of these children received 
HOM at the initial examination appointment and only 
on that occasion. 

Conclusions drawn from this study must be consid­
ered in light of the following factors : 

D 	The current study was limited to a single dentist 
and should be replicated using multiple offices as 
the data source. 

D 	The patient population in this case consisted of 
middle-to-upper-middle-class children and should 
be replicated in other socioeconomic groups. 

This study does confirm, however, the use of HOM 
as a safe and effective method of controlling highly un­
cooperative children . Negative consequences do not 
occur from its application and it helps to establish pos­
itive communication between the child and dentist. 
Finally, the initially disruptive patient receives the long­
term benefit of having pleasant dental treatment rather 
than continued problems leading to dental phobic re­
actions. 
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ANXIETY AND FEAR 
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REVIEW OF LITERATURE 

The uniqueness of the human dentition is well es­
tablished. This can be attributed to such factors as size, 
shape, wear rotations, diastemata, versions, restora­
tions, and accidental occurrences, such as occlusal 
trauma, which are different in each individual. H Beck­
stead et al believe that in addition to these character­
istics , each individual's dental configuration is unique. 5 

Sognnaes et al studied bite mark patterns of mon­
ozygotic twins to determine whether bite marks are 
unique to the individual. 4 The study was limited to the 
anterior portion of the dentition and the bite mark pat­
terns made by those teeth. Illustrations of computer­
ized comparisons of the dental casts demonstrated the 
uniqueness of the dentition in terms of the dental arch 
and of the positioning of the teeth. Regardless of the 
similar developmental morphology of individual teeth , 
significant variations occurred to indicate that even 
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identical twins were not dentally identical. Forensic 
dentists, arguing that the human dentition is unique, 
have demonstrated to the courts that a bite mark is 
totally consistent with a particular dentition and should 
be considered useful as evidence in a court of law. 2 

Wax is frequently described as a useful medium for 
obtaining an occlusal record of the dentition. 6 -9 Mill­
stein and Clark studied the effects of initial heating, 
intraoral withdrawal, storage environments, storage 
times, and seating forces of laminated and nonlami­
nated wax inter-occlusal wafers, half ofwhich contained 
O.OS-mm thick aluminum laminate. 6 Results of the study 
indicate that accuracy and dimensional stability were 
sensitive to treatment and handling techniques. Lam­
inated and metalized interocclusal wax wafers were found 
to be the most accurate and stable. 

In another study, Powers and Craig examined the 
material's penetration and thermal stability. 9 Bite waxes 
which are commonly used for registering the occlusal 
surfaces of teeth demonstrated low flow properties. 
Penetration at 98.6°F ranged from 2.S percent to 22 
percent. 

METHODS AND MATERIALS 

Ten patients, three to eight years of age , were selected 
from the Pediatric Dental Clinic at the New England 
Medical Center. The subjects, six male and four fe­
male, were either in the primary or mixed dentition 
stage of occlusal development. 

Four wax bite impressions were taken on each pa­
tient using four different types of wax wafers. * Each 
wafer was softened in warm (100°F) water, and inserted 
into the child's mouth . The procedure was similar to 
making a bite registration . The wafer was removed and 
chilled with cold water (40°F - SO°F) and the impres­
sion poured up in dental stone. The resulting maxillary 
and mandibular casts were then trimmed and labeled . 

All of the dental crown heights of each cast were 
measured with a Boley gauge on a line parallel to the 
long axis of the tooth. 

The resulting data were analyzed by analysis of var­
iance for a block design. The four groups were the four 
different wax wafets. The blocks were the patients 

*BL Bite Wafer-Hygienic Wax Company® 
P Wax Wafer-Artus Company® 
BR Corpwax Bite Wafer-Surgident Division of Columbus Dental 

Company® 
TP Toothprints@l Contoured Bite Impression Wafer-Tooth­

prints® 

Figure 1. Anterior (l,2,A,B,C) average. 
BL P BR TP L 

RS Cl 2.8 1.1 2.2 3.3 9.4 
JF C2 1.4 1.7 2.6 4.5 10.2 

RM C3 2.5 1.8 2.6 2.2 9.1 
KF C4 1.3 1.5 1.7 3.7 8.2 

KOS C5 2.2 1.5 1.9 2.9 8.5 
CW C6 3.0 .8 2.2 3.4 9.4 
MW C7 2.0 1.5 1.6 3.2 8.3 

JK C8 2.9 2.3 2.5 3.6 11.3 
CG C9 2.4 1.6 3.0 3.9 10.9 
JD ClO 1.1 1.0 1.0 2.5 5.6 

Sum L 21.6 14.8 21.3 33.2 90.9 

Mean x 2.2 1.5 2.1 3.3 

Figure 2. Posterior (D,E ,6) average. 
BL P BR TP L 

RS Cl 4.2 2.6 4.1 4.9 15.8 
JF C2 2.9 1.9 3.7 3.3 11.8 

RM C3 3.2 2.4 3.2 2.0 10.8 
KF C4 2.1 2.8 3.2 3.7 11.8 

KOS C5 4.0 2.6 4.0 4.6 15.2 
CW C6 4.7 1.6 4.2 5.2 15.7 
MW C7 1.6 1.0 1.5 2.4 6.5 

JK C8 3.2 3.2 2.8 3.6 12.8 
CG C9 4.4 2.2 3.7 3.6 13.9 
JD C I0 1.3 1.2 1.3 1.6 5.4 

L 31.6 21.5 31.7 34.9 119.7 

x 3.2 2.2 3.2 3.5 

Figure 3. Average oi all teeth. 
BL P BR TP L 

RS Cl 3.4 1.8 2.9 4.2 12.3 
JF C2 2.0 1.8 3.0 4.0 10.8 

RM C3 2.8 2.1 2.8 2.1 9.8 
KF C4 1.7 2.1 2.4 3.7 9.9 

KOS C5 3.1 2.1 3.0 3.7 11.9 
CW C6 3.8 1.2 3.2 4.3 12.5 
MW C7 1.8 1.2 1.6 2.7 7.3 

JK C8 3.1 2.8 2.7 3.6 12.2 
CG C9 3.2 1.8 3.4 3.7 12.1 
JD ClO 1.2 1.1 1.2 1.8 5.3 

L 26.1 18.0 26.2 33.8 104.1 

x 2.6 1.8 2.6 3.4 

(N = 10); so the effect is to compare the four wax wafers 
within each child. Three analyses were made: the av­
erage for the anterior teeth (canine, lateral incisors and 
central incisors) (Figure 1), the average for the poste­
rior teeth (molars) (Figure 2), and the average for all 
the teeth (Figure 3). The analysis of variance was fol­
lowed by Bonferroni t-tests for multiple comparisons. 
This compares each wax wafer with every other wax 
wafer (six comparisons among means). 

RESULTS 

There was a significant difference on each of the three 
analyses. The differences were most pronounced on 
the anterior teeth (Figure 1). Here, there was a statis­
tically significant difference among the four wax wafers. 
TP was significantly greater than the other three and 
P was significantly less than BL or BR (df = 3; S = 

17.S82; MS = S.861; F = 21.6; P < .001). 
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The posterior teeth showed less of a difference among 
the wafers tested. There were no significant differences 
among BL, BR and TP (df = 3; SS = 12.488; MS 
4.168; F = 15.30; P < .001) (Figure 2). 

DISCUSSION 

Few social issues have received as much local and na­
tional media attention as the issue of missing and abused 
children has recently. Because of this, not just forensic 
dentists , but also private practitioners have become 
involved in dental identification programs. 

"Although chartings have been instrumental in making 
an identification in many cases, children's dental records 
have not been able to provide adequate descriptive char­
acteristics in the absence of caries and restorations ... 

"When done properly, a wax bite impression can serve 
as 	 a verifiable record of the child's dental characteris­
tics .... clearly, in noncarious children without noteworthy 
dental characteristics, the wax bite impression would be 
essential if dental identification is to be made. "10 

Furthermore, wax bite impressions, repeated four 
or more times during the mixed dentition stage, pro­
vide a simple means of recording the child's dentition 
in a nonfrightening way. The odds against identical 
mouths occurring are computed to be 2.5 billion to 

11one. 
Clinically, the difference observed among the wax 

wafers in this study are not important, if the wafers are 
being used to establish an interocclusal relationship be­
tween working casts to be mounted on an articulator. 
If, however, the wax wafers are being used in a bite 
impression technique for identification purposes, the 
differences become important; particularly because the 
anterior teeth are the teeth most often used in bite­
mark analysis. 

Since all the wafers studied were bilaminated with 
a sheet of foil between the two layers of wax, the main 
differences among them were the thickness and con­
tour of the wafer. BR (impregnated with copper pow­
der) and BL were approximately the same thickness (= 
4 mm); P was the thinnest (= 3 mm). TP was the only 
contoured wafer studied, being thicker anteriorly (= 7 
mm) and tapering to = 4 mm posteriorly. This design 
probably accounts for the statistical differences ob­
served in the anterior teeth of the subjects. 

One patient had a lingually locked mandibular lateral 
incisor that showed a 3 mm crown height in the TP 
impression, but did not register in the others. 

Since the overall lateral and anteroposterior dimen­
sions of the TP wafer were less than the others , less 
alteration of the wafer was needed prior to insertion in 
the mouth. 

CONCLUSION 

Dental crown height in bite impressions generated from 
noncontoured and contoured wax wafers were com­
pared. The contoured wafer produced significantly 
greater crown heights in the casts which were fabri­
cated from it. The differences were most pronounced 
in the anterior teeth . The differences were in the same 
direction in the posterior teeth; therefore , the differ­
ences also held for all the teeth. 

Further studies are needed to determine the relative 
accuracy of the wax bite impression as a function of 
dental sophistication and to ascertain the best method 
of storing, collating and retrieving the dental infor­
mation stored in these wax impressions, when needed 
to identifY a missing child. 
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W eare often required to decide whether to make 
an extensive cavity preparation in a deeply grooved 
tooth with questionable caries activity. When the de­
cision concerns a young permanent tooth , the use of a 
composite restoration-sealant combination, the "sealed 
composite resin restoration" known under various names 
should be considered. 1 The alternative choice has been 
to observe, and later to restore with amalgam. Amal­
gam was our material of choice, prior to the develop­
ment of the resin systems available to us today. This is 
not to suggest that amalgam is obsolete, whereas com­
posites are the materials of the present and future. 
Silver amalgam is still an important restorative mate­
rial; we would find it difficult to fulfill our clinical re­
sponsibilities without it. 

This paper addresses the need to consider an alter­
native to traditional restorative dentistry. From a phil­
osophical point of view, it may still be difficult to consider 
the possibility of a resin material for posterior teeth. 
The literature documents the fact that resins , primarily 
the first generation of these materials, have had a se­
rious problem with anatomic wear. 2 -4 The small pit 
restorations (the areas with minimal occlusal loading), 
however, are not likely to exhibit the anticipated ana­
tomic wear. Besides, the more recent small particle, 
microfill or hybrid materials, used in non-stress bearing 
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COMPOSITE RESIN RESTORATION 

Figure 1. Susceptible occlusal sur­
face of a first permanent molar with 
early dental caries in the pits. The 
points of occlusal contact are 
marked with articulating paper be­
fore treatment. 

Figure 2. Conservative cavities pre­
pared and lined with a quick-setting 
calcium hydroxide material under 
rubber dam isolation . The tooth is 
etched, washed and dried. 

Figure 3. The cavities are filled with 
a light-curing composite which may 
or may not be cured at this stage. 

areas of posterior teeth, exhibit less anatomic wear. .5-7 

In order to test the technique, several teeth with small 
occlusal caries lesions were restored with a composite. 
Moisture was eliminated by isolating the tooth with 
rubber dam. Then the entire occlusal surface was sealed. 
These teeth were carefully evaluated at each recall visit 
and no detectable change was found in the sealed com­
posite resin restoration. 

Studies have shown that placing a sealant over a small 
caries lesion will arrest the caries process. B . 9 Consci­
entious and conservative practitioners, however, will 
not knowingly place a sealant over a caries lesion. A 
number of pits and fissures with bacterial activity, 
nevertheless, have been sealed when the pit appeared 
to be noncarious. The sealing of a carious tooth as a 
conservative procedure appears somewhat less accept­
able than the technique calling for the removal of the 
active caries, placing a lining when necessary, etching 
and restoring the tooth with a composite sealant. 

The primary challenge is selection, followed by the 
placing of the calcium hydroxide base. The frustration 
of carrying the material to the base of a small cavity 
has been experienced by most dentists. Do not expect 
this technique to save time; the meticulous technique 
usually requires more time. Resins are extremely sen­
sitive to technique. Success depends primarily upon 
attention to detail and the elimination of moisture from 
the operating field. Tooth structure is saved, however, 
due to a conservative pit and fissure preparation. 

Composite resins and pit and fissure sealant mate­
rials are generally BisGMA or urethane-based prod­

ucts. Both types of systems are acceptable and, within 
systems from the same manufacturer, composite and 
sealant are expected to bond to each other without any 
problems. The degree of bonding between various 
brands, however, warrants investigation. Combina­
tions of urethane-based composites and BisGMA-based 
pit and fissure sealants, and vice versa, are less likely 
to bond to each other; these combinations should be 
avoided. 

INDICATIONS 

The composite restoration-sealant combination should 
be considered in shallow lesions, in which the caries 
process has penetrated beyond the dentinoenamel 
junction; but is not endangering the pulp. This con­
servative approach is particularly useful in young pa­
tients with recently erupted teeth with deep pits and 
fissures. 

Pits and fissures in teeth are congenital in origin. A 
thin film of organic substance lines the deep pit or 
fissure as the enamel lobes unite during the mineral­
ization process. Bacterial and enzymatic activity in the 
oral environment can dissolve this organic film and pro­
duce a channel for the caries process to progress to the 
nearby dentin layer. When this has occurred, the oc­
clusal surface can no longer be sealed as a preventive 
measure. This carious enamel and dentin should be 
removed mechanically and the small pit preparation 
restored with an appropriate restorative material. 

Careful selection of the case and a meticulous tech­
nique can lead to a successful restoration. 



Figure 4. A light-curing sealant is Figure 5. The sealant is brushed Figure 6. The composite and sealant 
placed over the susceptible pits and into the pits and grooves. have been polymerized and the rub­
fissures. ber dam removed. The sealed com­

posites are examined for occlusal 
discrepancies. Excess sealant is re­
moved. 

SEQUENCE OF CONSERVATIVE PREPARATION 
AND RESTORATION 

o Identify the tooth with the minimal pit and fis­
sure cavity. This is accomplished by careful visual 
examination of a dry occlusal surface, using a sharp 
explorer and a reflecting mirror and light. The 
points of occlusal contact should be marked with 
articulating paper (Figure 1). 

o Anesthetize the tooth (not always necessary). 
o Isolate the tooth with rubber dam. 
o Reexamine the isolated tooth to determine the 

extent of the caries process. 
o With a number 329 pear-shaped, high-speed bur, 

gain access to the depth of the lesion. 
o A number 112 round, slow-speed bur is used to 

remove the remaining caries. 
o Wash, dry, and reexamine the preparation. 
o Place a quick-setting calcium hydroxide material 

over the exposed dentin. 
o Etch the enamel margins of the cavity and the 

remaining occlusal surface (in mandibular molars 
where the sealant will be carried over the buccal 
groove areas, and in maxillary molars where the 
sealant will be carried over the lingual groove 
area, the approximating enamel is also etched). 
Wash the tooth for at least 20 seconds and dry 
(Figure 2). 

o A composite, preferably light-curing, is carefully 
placed in the small preparation without entrap­
ping air. This may be accomplished by using a 
syringe. In general the newer composites desig­
nated for posterior restorations are more wear re­
sistant (Figure 3). 

o A pit and fissure sealant is placed over the entire 
susceptible pit and fissure area. (Figure 4). A light­
activated sealant allows more working time for 
brushing into the grooves (Figure 5). 

o If a light-activated composite and sealant have 
been used, the composite and sealant may be po­
lymerized simultaneously with a visible light sys­
tem at this time. 

o The rubber dam is removed and the occlusion is 
checked with articulating paper. Any occlusal dis­
crepancies are adjusted to reduce postoperative 
sensitivity. Particular attention should be paid to 
removal of excess filled sealant, because this will 
not wear as quickly as the unfilled sealant (Figure 
6). 

SUMMARY 

This composite restoration-sealant combination is only 
to be considered for the small pit and fissure caries 
lesion. Bitewing radiographs should indicate no smooth 
surface interproximal caries in the teeth to be restored 
in this manner. All teeth treated with the composite 
restoration-sealant combination should be carefully 
evaluated at periodic recall visits. There is no single 
perfect conservative restoration for the young patient. 
Each of us must decide, on an individual basis, the 
appropriate type of procedure we elect to use. The 
sealed composite resin restoration can be very effective 
in carefully selected cases. 
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Periapical healing after apicocurettage 
during apexification 

Calcium hydroxide apexification treatment is well 
documented and frequently performed. 1-3 Difficulties 
may occur, however, during the long course of treat­
ment: bacterial invasion because of leakage around the 
occlusal seal, occurrence of a root fracture , or apical 
non-healing for unknown reasons. In addition, there 
may be a problem with the retention of a temporary 
restoration because of a large endodontic access open­
ing. It may be difficult to schedule office recall visits 
over a long period of time and cost factors may restrict 
extended treatment. 

Shortening the treatment time with apicocurettage 
could mitigate this combination of problems and make 
treatment more convenient for some patients. The use 
of apicocurettage in association with an apexification 
procedure has already been described by Verniecks. 4 

This report deals with a case in which periapical 
curettage was done in association with an apexification 
procedure that appeared to have failed. Apexification 
continued then, after the surgery, to form a new or­
ganic stop. Subsequently, a gutta-percha root canal fill­
ing was placed via the coronal access. 5 . 6 This resulted 
in an abbreviated and successful culmination of the 
apexification procedure. 

CASE REPORT 

In 1974, a twelve-year-old male presented with a non­
vital maxillary left central incisor which was mildly sen-
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Henry L. Harbert, DMD 

sitive to occlusal percussion (Figure 1). The periodontium 
and the pulps of the adjacent teeth were normal. The 
medical history was noncontributory. 

During two visits over the next month the root canal 
of the left central incisor was cleaned and filled with 
CaOH-CMCP paste. A double seal of zinc oxide and 
eugenol and composite was placed. Five weeks later 
the patient returned with moderate pain and swelling 
labial to the apex of the central incisor. Codeine and a 
seven-day course of penicillin were prescribed. Two 
weeks later an apicocurettage was done (Figure 2). A 
biopsy of the periapical tissue was diagnosed as a re­
active periapical granuloma. 

The patient remained asymptomatic and was next 
seen eleven months later (Figure 3). At that time a dry 
hard stop was present at the apex and a root canal filling 
was placed (Figure 4). The patient remained symptom­
free over the following ten years. A ten-year posttreat­
ment radiograph showed normal periapical morphol­
ogy (Figure 5). 

DISCUSSION 

In this case apicocurettage was performed to resolve 
an acute exacerbation of a chronic lesion and to expe­
dite healing. The exacerbation occurred five weeks after 
placing the CaOH-CMCP paste. If there was an overfill 
of paste it may be that it was poorly tolerated in a 
chronic lesion that tended to become acute . 

The apicocurettage consisted of removing the peri­
apical lesion and only enough dentin to smooth uneven 
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Figure 1. Radiograph of nonvital per­
manent central incisor before endo­
dontic treatment. 

Figure 2. Radiograph of central inci­
sor immediately after apicocurettage. 

Figure 3. Radiograph eleven months 
post-apicocurettage, showing periapi­
cal healing and apical stop formation. 

Figure 4. Radiograph at time of 
endodontic filling. 

Figure 5. Radiograph at ten 
years post-filling, showing nor­

mal periapical tissue. 

edges of the foramen . The effect was to reduce the 
perimeter of the foramen and save as much root length 
as possible. The surgery allowed direct view of the apex 
and, therefore , thorough inspection for root fractures, 
bone sequestra, and the adequacy of the paste filling 
in the root canal. Furthermore, the biopsy identified 
the non healing lesion as nonneoplastic. 

There are some features of an alloy retrofilling which 
may make it less desirable, in some circumstances, than 
performing an apicocurettage. It may be difficult to 
place reliable retention into thin dentin walls deep in 
the canal. A deep alloy occupies canal space which may 

be needed later for a dowel post for a permanent res­
toration. An apical bevel to provide access reduces root 
length and elongates the alloy margin. Controlling 
bleeding during placement of an alloy may be difficult. 
Condensing alloy incisally into a short mobile root in­
troduces bleeding from the periodontal ligament as a 
factor to control. Moisture contamination can cause ir­
regular expansion of the alloy, marginal leakage, and 
root fracture. Compared to an apicocurettage, a retro­
filling requires additional surgical time for hemostasis, 
preparation of a cavity, condensation, and a removal of 
excess alloy. 
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PERIAPICAL HEALING 

Apical formation was observed radiographically, 
eleven months after the surgery. That time compared 
favorably with a frequently quoted time-range of six to 
twenty-four months, or longer, for non-surgically as­
sisted apexification. 

No antibiotics were administered during or after the 
apicocurettage procedure. One might presume that 
during the surgery, bacteria would contaminate the root 
canal via the large apical foramen and porous paste 
filling. After surgery, the periapical tissue could be­
come reinfected from the root canal. The gradual leach­
ing of the calcium hydroxide paste creates a hollow 
space in the canal which could become a haven for new 
bacterial growth. None of these considerations, how­
ever, seemed to have a detrimental effect on either 
bone healing or apical stop formation in this case. Cal­
cium hydroxide by itself lacks a discernible bacterio­
cidal effect. 7 . 8 On the other hand, when calcium 
hydroxide is mixed with CMCP, it has a demonstrable 
bacteriocidal effect. 8,9 If that effect could last for months, 
it may have been a significant factor in the success of 
this case. 
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APEXIFICATION 

Objective. Pulpal and periapical disease, associated with immature roots and diver­
gent canals, presents several problems. First, the larger apical versus smaller coronal 
canal diameter makes debridement very difficult. Second, lack of an apical stop, 
such as the apical constricture of mature root, makes obturation impossible in all 
dimensions with current techniques. Third, the thin root canal walls become prone 
to fracture. 

Surgical techniques have been used in the past to fill the canals by a retrosurgical 
approach, but the following problem, pOinted out by Frank, made surgery unpo­
pular. Retrofilling apices of immature teeth often means packing silver amalgam into 
preparations with paper-thin walls. Condensing pressure or expansion of the amal­
gam may lead to root fracture. Further, such procedures most often involve young 
children, who view surgical intervention with great anxiety. 

A more desirable method of treatment induces apical repair as a hard tissue barrier 

across the open apex. This cementum-like barrier provides a stop against which root 

canal filling material may be condensed and confined to the root canal space. This 

procedure, referred to as apexification, has received much attention in the literature. 


Ingle, J.1. and Taintor, J.F.: 

Endodontics, 3rd ed. Philadelphia: 


Lea & Febiger, 1985, p 754. 
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Management of Ludwig's angina 
in a patient with severe 

hemophilia A with factor VIII 
inhibitors: Report of case 

The management of impending airway obstruction 
because of dental infection in a medically compromised 
patient requires cooperation from many medical serv­
ices. This report describes the management of Lud­
wig's angina, a potentially fatal complication of infection, 
in a patient with hemophilia, with a high titer of in­
hibitors to factor VIII. 

Ludwig's angina is defined as an aggressive infection 
bilaterally involving the submandibular, sublingual, and 
submental fascial spaces. In a recent review of Lud­
wig's angina, a dental etiology was determined in 70 
percent of the cases. 1 The causes included infections 
of the pulp, periodontium, or postextraction sockets of 
mandibular molars. Other causes of infection were 
compound fractures of the mandible, lacerations of the 
floor of the mouth, and obstructions of salivary gland 
ducts. Nondental causes ranged from peritonsillar ab­
cess, otitis media, osteomyelitis, and other abscesses 
occurring under the thyrohyoid membrane. 

Tschiassny (1943) emphasized the anatomic relation-
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ships between the site of infection and the develop­
ment of Ludwig's angina. Infections involving the 
mandibular second or third molars may perforate the 
buccal or lingual cortical plate below the mylohyoid 
and buccinator attachments, spreading into the sub­
mandibular spaces. In children, these muscle attach­
ments are located superiorly so that the roots of all 
permanent mandibular molars project below these im­
portant muscle attachments. 2 The mylohyoid muscle 
forms the superior boundary of the submandibular space 
and the inferior boundary of the sublingual space (Fig­
ure 1).3 An invasive organism can spread the infection 
into the contiguous fascial spaces resulting in bilateral 
submandibular, sublingual, and submental swelling. 

The complications associated with Ludwig's angina 
are severe. Involvement of the sublingual space dis­
places the tongue upward and backward, resulting in 
a rapid airway obstruction. This condition is aggravated 
in the supine position, potentially leading to asphyxia­
tion. 

Infection and edema may track farther along the fas­
cial planes to involve the pharynx, retropharynx, and 
mediastinum, leading to further airway obstruction and! 
or erosion of vital structures such as the carotid vessels. 
The spread of the infection is related to the extent and 
speed of the suppurative process. Metastatic sepsis, 
aspiration pneumonia, emphysema, and lung abscesses 

Dr. Alan Cohen is Associate Hematologist, Children's Hospital of represent additional complications. In the pre-anti­
Philadelphia, and Associate Professor of Pediatrics, University of 

biotic era, the mortality rate was 54 percent; followingPennsylvania School of Medicine. 
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Figure 1, Vertical section through the sublingual space (A) and submandibular space (B), 3 

the discovery of penicillin, the mortality rate decreased 
to 4 percent. 1.4 

Of the major types of hemophilia, hemophilia A 
(classical hemophilia) is the most common, affecting 80 
percent of all hemophiliacs, and is characterized by 
decreased amounts of circulating factor VIII, also known 
as antihemophilic factor or globulin. 5 There are three 
categories of hemophilia A (mild, moderate, and se­
vere) depending upon the amount of circulating factor 
in the patient's blood. 

Severe hemophilia A patients have less than 1 per­
cent of the level of normal circulating factor VIII, and 
may suffer from spontaneous hemorrhage into the skin, 
mucosa, joints, or viscera. Repeated hemorrhage into 
the joints and muscles of the extremities can produce 
destruction and subsequent crippling. 

Hemorrhage control in patients with classical he­
mophilia may require replacement therapy with ex­
ogenous factor VIII. Five to ten percent of the patients 
who received exogenous factor VIII, however, develop 
antibodies to the replacement factor. 5 If the level of 
inhibitors is high, effective replacement therapy with 
factor VIII preparations may be prevented, making 
hemorrhagic episodes potentially life-threatening. 

CASE REPORT 

B. B. , an eighteen-year-old black male with severe fac­
tor VIII deficiency and a high titer of inhibitors pre­
sented to the emergency room at the Children's Hospital 
of Philadelphia with a chief complaint of "jaw and neck 
pain." The history revealed a toothache of several weeks 

duration localized in the mandibular left posterior 
quadrant, for which no treatment had been sought, A 
sore throat developed the evening before, and at ad­
mission, B, B. complained of difficulty in breathing and 
of changes in his voice, There was no history of recent 
trauma, 

The medical history was remarkable for severe (less 
than 1 percent) factor VIII deficient hemophilia, di­
agnosed at age eighteen months, when bleeding from 
a mouse bite could not be controlled with usual mea­
sures. Inhibitors to factor VIII were detected at age 
eight, Bleeding incidents since that time have been 
successfully controlled with factor IX concentrates, which 
have proven useful in the treatment of hemorrhage in 
patients with inhibitors to factor VIII. Since the initial 
diagnosis, there have been sixteen admissions to the 
Children's Hospital of Philadelphia for spontaneous or 
traumatic bleeding episodes. Physical growth and mat­
uration of B. B, have occurred normally, He presently 
takes ferrous sulfate, 300 mg t. i. d., for a persistent iron 
deficiency anemia, 

B,B, initially presented to the dental center of the 
Children's Hospital of Philadelphia, one year prior to 
this admission, The treatment plan included deep peri­
odontal scaling, amalgam restorations,and extractions 
of impacted third molars, Dental care had to be lim­
ited, however, to simple restorations which could be 
accomplished without local anesthesia, This limited 
treatment was a consequence of a hematology consul­
tation report which emphasized the unpredictability of 
B.B.'s response to factor VIII and factor XI replace­
ments, and hemorrhage control. 
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At this admission the physical examination revealed 
an alert, cooperative and afebrile black male with a 
bilateral swelling of the submandibular, submental and 
sublingual regions, which was especially prominent on 
the left side (Figure 2). The warm, tender, and indur­
ated swelling extended down the left lateral aspect of 
the neck. Bilateral anterior cervical and submandibular 
lymphadenopathy was present. There was a physical 
deviation of the trachea to the patient's right side. 
Breathing difficulty was marked by prolonged inspira­
tions and expirations without retractions, stridor, or 
cyanosis. The voice was "hot potato" in character. 

The admitting laboratory values are presented in Ta­
ble 1. The urinalysis was within normal limits . 

An infusion of 4800 units of ProplexH *, a prothrom­
bin complex containing activated factor IX, was given 
in the emergency room and the patient referred to the 
dental department for evaluation. The oral examination 
revealed a subcutaneous oozing of blood along the floor 
of the mouth, extending across the midline (Figure 3). 
This collection of blood along with the sublingual edema 
was severe enough to cause a 1 cm elevation of the 
tongue posteriorly and superiorly. Trismus was present 
with maximum opening of about 1 cm. The permanent 
dentition with multiple restorations was intact, without 
evidence of caries or defective restorations. Oral hy­
giene was generally poor, with accumulations of plaque 
and calculus causing generalized gingival inflamma­
tion. No fistulous tracts were observed. The mandi­
bular left first molar, which had an occlusal amalgam 
restoration, was slightly mobile and tender to percus­
sion. 

Dental radiographs (Figure 4), including panorex 
tomogram, revealed an intraradicular radiolucency of 
the left mandibular first molar, extending apically along 
the mesial and distal root surfaces to the periapical 
regions. The left mandibular third molar was noted to 
be horizontally impacted. In addition, a probable con­
densing osteitis of the mesial root apex of the mandi­
bular right first molar was apparent. The periapical 
radiograph taken in the operating room revealed a 10 
mm periodontal defect associated with the mandibular 
permanent left first molar. 

The infectious disease service was consulted and a 
joint decision was made to administer 3,000,000 units 
of aqueous penicillin G intravenously every four 
hours, and to admit the patient to the intensive care 
unit to be monitored for airway patency. If airway com­
promise occurred, a soft nasal airway would be at­

*Hyland Laboratories, Costa Mesa, CA. 

Figure 2. Extra-oral view demonstrating bilateral swelling 
of the submandibular, sublingual and submental fascial 
spaces especially prominent on the left side. 

Figure 3. Intra-oral view demonstrating edema and subcu­
taneous oozing of blood along the floor of the mouth bilat­
erally, causing an elevation of the tongue posteriorly and 
superiorly. 

Figure 4. Panorex tomogram revealing intra radicular ra­
diolucency of the left mandibular first molar. Horizontal 
impaction of the left mandibular third molar and a proba­
ble condensing osteitis of the right mandibular first molar 
are noted. 
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tempted, or if necessary, a tracheostomy under local 
anesthesia would be performed. The antibiotic regi­
men would be reevaluated pending the patient's re­
sponse. 

Since the patient was not responding to the ProplexR 

as shown by the continuation of subcutaneous oozing 
of blood, and in the anticipation of surgical interven­
tion, factor VIII concentrate was infused. An initial bolus 
of 4,000 units was delivered to provide a 170 percent 
correction level. This was followed by a continual in­
fusion of 2,400 units every four hours to maintain a 100 
percent correction. After the initial bolus, clotting time 
was recorded at eight minutes (normal is five to ten 
minutes by the Lee-White method), and the PTT was 
measured at 26 sec, which was also within normal lim­
its. Factor VIII levels were determined periodically 
and are presented in Table 2. The subcutaneous bleed­
ing and general discomfort were markedly reduced 
within several hours . Five grams of the antifibrinolysin 
AmicarR ** were administered every six hours. 

During the next twelve hours, the edema and ec­
chymosis of the floor of the mouth and the submental 
region diminished considerably. The indurated nature 
of the swelling, however, remained. 

With assurance of acceptable factor VIII levels and 
adequate hemostasis , oral surgery was now possible. 
General anesthesia was contraindicated in this patient 
due to the deviation of the trachea and the potential of 
uncontrollable hemorrhage following intubation. 

Conscious sedation using intravenous fentanyl (1 mg) 
and diazepam (5 mg) was achieved, and vital signs were 
monitored by members of the Department of Anes­
thesia. Local anesthesia was accomplished by a man­
dibular block using 3.6 cc of 2 percent lidocaine with 
epinephrine 1:100,000 with careful aspiration prior to 
injection. The left mandibular first molar was extracted 
without complications, and aerobic and anaerobic cul­
ture specimens from the socket were obtained.One 4­
o chromic gut suture was tied over the socket. 

**Lederle Laboratories, Pearl Rive r, NY. 

Table 1 D Laboratory values at time of admissions to the hospital. 

B.B. Normal 

WBC 12.1 X W 3/mm3 5.0-10.0 x 103/mm"' 

RBC 3.89 x 106/mm3 4.6-6.2 X W6/mm3 


Hgb 10.1 g/dl. 14-18 g/dl. 

Het 29.8% 40-54% 

PIt. 443 x W3/mm' 200-500 x 1Q3/mm3 


PTT 36.0 sec. 21.9-28.3 sec. 

Factor VIII level 1% 100% 

Inh. 7.2B.U. OB.U. 


Avitene R *** , a topical microfibrillar collagen hemo­
static agent, was applied to aid hemostasis. 

The postsurgical course preceeded well, with the pa­
tient resting comfortably and hemostasis occurring at 
the extraction site. The tongue descended significantly 
within four hours and the sublingual hematoma contin­
ued to diminish in size. Appetite returned and general 
malaise subsided. The patient remained afebrile , and 
the voice returned to normal, twenty-four hours post­
operatively. The edema of the lateral aspect of the neck 
and of the left submandibular space gradually de­
creased in size and induration. 

Factor VIII concentrate, to maintain a 50 percent 
correction level, and AmicarR were administered for 
three days following surgery. The clot remained stable. 
The antibiotics were switched to phenoxymethyl pen­
icillin , 500 mg q 6 h , for convenience. PTT values re­
mained normal. 

Five days following admission, with the facial swell­
ings well resolved , the patient was discharged. Factor 
VIII infusions were discontinued twelve hours before 
discharge, and no further bleeding was observed . Dis­
charge orders included AmicarR , 5 gm q 6 h for 24 hr, 
phenoxymethyl penicillin 500 mg q 6 h for five days 
(to complete a ten-day course), and ferrous sulfate, 300 
mg t.i.d. B.B. was instructed to rinse with warm saline 
rinses t. i. d . with gentle expectoration. 

Two weeks following discharge, B. B. was evaluated 
by the dental and hematology departments and ap­
peared to be in his usual state of health. 

DISCUSSION 

Effective treatment of Ludwig's angina involves airway 
maintenance, antimicrobial therapy, and surgical inci­
sion and drainage , if required. 

D Airway management. 
This poses a difficult problem, because endotra­
cheal intubation can rupture a lateral pharyngeal 

***Avicon, Inc., Fort Worth, TX. 

Table 2 D Factor VIII levels during a constant infusion. 

Factor VIII levels 
Infusion time (Percent) 

Pre-infusion 1 
1 hI'. 60 
2 hI'. 74 
4V, hI'. 62 
8 hr. 70 

13 hI'. 144 
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abscess with subsequent aspiration of purulent 
material. A tracheostomy or cricothyroidotomy 
may need to be performed. Schwartz and others 
describe a technique for endotracheal intubation, 
so general anesthesia can be induced without a 
preliminary tracheostomy. 6 

o Antibiotics. 
The selection of antibiotics should be based upon 
the type of causative organisms. In Hought's re­
view, streptococci were the predominant organ­
ism, but other organisms, alone or in combinations, 
were cultured. 1 Gross et al stressed that since the 
use of penicillin began, there has been an in­
crease in the incidence of mixed infections in­
cluding penicillin-resistant anaerobes and 
staphylococci. 7 

Most authors recommend penicillin as the an­
tibiotic of choice, pending results of culture and 
sensitivity tests, because of its effectiveness against 
oral flora. Other antibiotics , such as clindamycin 
or chloramphenicol, however, may be used alone 
or in combination with penicillin, based upon the 
clinical course of the disease as well as on sensi­
tivity tests. The dosage of the antibiotic is usually 
determined by the surgeon's judgment, with con­
sideration for the undesirable side effects of the 
medications, and the aggressive nature of this 
condition. 

o Surgical incision and drainage. 
This is the third component of management. If 
the infection remains brawny and indurated,the 
decision for surgical intervention is based upon 
clinical progress and the surgeon's discretion. Hall 
(1950) and Murray and Fischer (1946) suggested 
that early surgical intervention even without fluc­
tuance may prevent tissue necrosis and extension 
of the infection into the mediastinal spaces. ".9 
Other authors argue that effective antibiotic ther­
apy may obviate the need for surgical incision and 
drainage. If the infection becomes purulent, how­
ever, most surgeons agree that adequate drainage 
is necessary, which can be best accomplished with 
long incisions, and the placement of drains. 

In emergency situations, very large doses of concen­
trated factor VIII may be administered in an attempt 
to neutralize a mild level of inhibitors and allow clot 
formation to occur before deactivation of the exogenous 
factor. Infusion of factor VIII into a patient with inhib­
itors may stimulate a great increase in the antibody 
titer, making future transfusions more difficult or im­
possible. Sometimes hemorrhage may be controlled with 

infusions of prothrombin complexes, containing several 
activated factors. A sufficient amount of this complex 
will apparently override the factor VIII portion of the 
intrinsic pathway and initiate clotting. 10 The compli­
cations of using these prothrombin complexes, such as 
Konyne R and ProplexR , include thrombosis and dis­
seminated intravascular coagulation. 11 

In addition to factor replacement, AmicarR (epsilon 
aminocaproic acid) has proven to be a valuable adjunct . 
This agent blocks the conversion of plasminogen to 
plasmin , thus preserving the clot which is so critical in 
cases of decreased factor VIII. The drug competitively 
inhibits the activation of plasminogen by streptokinase, 
urokinase, and other tissue activators. 12 

Other hemostatic measures such as pressure, ice, 
and topical thrombin are available. Croll et al fabri­
cated a stent to apply pressure and prevent mechanical 
disruption of the clot .13 Immunosuppressants, such as 
corticosteroids, are sometimes employed to interfere 
with the production of inhibitors. 

In B. B.' s case, classic treatment considerations for 
Ludwig's angina were not initially possible, due to the 
severe hemophilia A. Surgical incision and drainage, 
and culture and sensitivity tests were contraindicated 
until hemostasis could be assured. Intravenous aqueous 
penicillin G was chosen as the antibiotic of choice, in 
light of its effectiveness against the organisms associ­
ated with most odontogenic infections. In retrospect, 
due to the life-threatening nature of this infection and 
the increased incidence of penicillin resistant organ­
isms, additional antibiotic coverage may have been in­
dicated. Fortunately, B. B. displayed a rapid favorable 
response to the penicillin, and no additional antibiotics 
were necessary. The results of the microbial culture 
specimens revealed nonspecific gram-positive anaero­
bic organisms, which are normally present in the oral 
flora . These results must be interpreted, however, re­
alizing the probability of contamination and that the 
specimen sample was obtained following a twenty-four­
hour course of intravenous penicillin. 

The horizontally impacted third molar was not the 
offending tooth due to the lack of clinical signs. This 
tooth was not extracted during this admission because 
of the potential of additional postsurgical complica­
tions . 

Mandibular block injections in hemophiliacs are con­
troversial , because of the possibility of a dissecting he­
matoma. In this case, however, block anesthesia was 
preferred to general anesthesia from a hematologic 
standpoint. 

Postsurgical local hemostasis control included use of 
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a resorbable suture and Avitene'\ a purified bovine 
collagen matrix. Ice, stents, topical thrombin and cor­
ticosteroids were not used. Analgesics were limited to 
acetaminophen with codeine sulphate, keeping in mind 
that aspirin-containing medications were contraindi­
cated, due to their alteration of platelet function. Pres­
sure was applied with gauze packs for twenty-four hours. 
AmicarR was initiated preoperatively, and continued 
for six days to stabilize the clot. 

This report illustrates the need for close cooperation 
among hospital services to manage a life-threatening 
situation of dental origin in a medically compromised 
patient. Treatment considerations of severe classical 
hemophilia with inhibitors to factor VIII and of Lud­
wig's angina were discussed. Traditional management 
of Ludwig's angina was not feasible until adequate he­
mostasis could be achieved. Once clotting was assured, 
successful treatment of the Ludwig's angina was accom­
plished. 
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LUDWIG'S ANGINA 

The serious complication of Ludwig's angina usually develops from a massive infec­
tion of the submandibular space that eventually involves the pharyngeal space. Clin­
ically the patient develops a large, firm swelling in the submandibular space. The 
floor of the mouth is elevated, and eating, swallowing, and respiration may be 
impaired. Treatment includes antibiotics and possible intubation by tracheostomy. 
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Dietary iron-chemistry 
and bioavailability 

Fergus M. Clydesdale, PhD 

DifficultieS in food iron absorption may be quan­
titative and/or qualitative in nature, depending upon 
the type of food consumed, state of iron nutriture, 
amount of food consumed, and other mediating factors. 
However, if iron is required and food intake is ade­
quate, the problem is probably related to the type of 
iron in the diet, which is ultimately dependent upon 
the type of food consumed and the physicochemical 
environment provided by that food. 1 

Iron is the fourth most abundant element in the earth's 
crust; only oxygen, silicon and aluminum are more 
common.2 Iron ranks 26th in the periodic table and has 
an atomic weight of 55.85. It has several oxidation states 
varying from Fe + (; to Fe - 2 depending upon its chem­
ical environment. The ferric form, Fe +3, and the fer­
rous form, Fe + 2, are the only states that are stable in 
an aqueous environment and thus are the only states 
that occur naturally in food. Elemental iron, Feo, is 
rarely found in biological environments but it is a com­
mon food iron fortificant with reasonable bioavailabil­
ity. 3 

FUNCTION 

The major function of iron is to transport oxygen in the 
body via two transport molecules, hemoglobin in the 
red blood cells and myoglobin in the muscle. Hemo-

Dr. Clydesdale is Professor, Food Science and Nutrition, College of 
Food and Natural Resources , Department of Food Science and Nu­
trition , University of Massachusetts, Amherst , MA 01003. 
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globin is formed from the combination of four heme 
groups with one molecule of globin, while myoglobin 
has only one-quarter the iron of hemoglobin. Hemo­
globin is responsible for oxygen transport through the 
entire body, while myoglobin serves as an oxygen re­
serve in muscle metabolism. Iron is also a component 
of cytochromes, enzymes (catalase, xanthine oxidase) 
and is involved as a cofactor of other enzyme systems, 
such as aconitase. 

Red blood cells, the major repository for iron, die 
approximately every 120 days but their iron is recycled 
very efficiently so that little iron is excreted; losses 
through the urine, endogenous fecal , and dermal iron 
loss are 0.6-1.0 mg/day. The average menstrual loss is 
0.5 mg/day. 

The Recommended Dietary Allowances (RDA) es­
tablished by the Food and Nutrition Board in 1980 is 
10 and 18 mg/day for men and women, respectively, 
decreasing to 10 mg for postmenopausal women .4 

These calculations assume an average loss of 1 mg! 
day in women of child-bearing age . They also assume 
an average absorption of 10 percent from the diet. This 
figure is higher when extra demands are placed upon 
the body, such as those occurring during growth, preg­
nancy and lactation. 

It is difficult to estimate accurately the exact amount 
of iron absorbed from the diet. Monsen et al have sug­
gested a figure of 6 mg of iron per 1000 kcal offood in 
the average American diet, but this estimate does not 
consider the increased emphasis on dietary fiber, which 
is occurring in the eighties. (j The dramatic effect of 
meal constituents may be seen in a later study that 
categorizes iron availability into low, medium and high, 
depending upon the amount of meat, poultry, fish , as­
corbic acid, total iron, heme iron and non-heme iron 
in the meal. 6 

Nevertheless, applying the estimate of 6 mg/lOOO 
kcal, it becomes obvious that men would be able to 
meet their RDA quite easily, while women would have 
great difficulty because they would have to consume 
approximately 3000 kcallday. The relationship between 
food intake and iron status is especially critical for cer­
tain segments of the population if few iron-enriched or 
iron-fortified foods are consumed or if iron supple­
ments are not used. 

FOOD CONTENT AND BIOA V AILABILITY 

In general, meats provide the greatest amount of iron 
in its most available form as heme iron . Non-meat 
sources contain non-heme iron , which is not nearly as 

readily absorbed due to the presence of inhibitors, such 
as fibers, polyphenolics, phosphates, proteins and or­
ganic acids. 6, 7 However, these generalizations must be 
made with care since environmental factors in the food, 
such as pH, reduction potential and ligands as in or­
ganic acids and amino acids , can form soluble com­
plexes with iron and act as enhancers of iron absorption. 1 

The best known and most widely accepted enhancer 
of non-heme iron is ascorbic acid, but the presence of 
small amounts of meat in the diet will also act as an 
enhancer. Concern about reported inhibition of iron 
caused by soy products prompted the International 
Nutritional Anemia Consultative Group (INACG) to is­
sue a monograph on the effects of cereals and legumes 
on iron availability. H Their general conclusions indi­
cated that although iron is poorly absorbed from cereals 
and legumes, such absorption may be increased by the 
inclusion of meat and/or ascorbic acid in the diet as 
well as by certain types of processing, Further, recent 
work has shown that any inhibition of iron absorption, 
when soy protein is substituted in beef, is partially 
offset by improved availability of the remaining heme 
iron and an increase of non-heme iron. 9 However, con­
clusions concerning cereals, legumes and soy-substi­
tuted meat products must consider added requirements 
for infants , children and women during the reproduc­
tive years. H 

HEALTH IMPLICATIONS AND STATUS 

According to dietary intake studies in the U. S., many 
young women are not consuming adequate amounts of 
iron in their diets . Half of the women, 19-50 years old, 
consume less than 66 percent of the RDA for iron; and 
93 percent consume less than 100 percent of the RDA. 
With their lower RDA, adult men and women over 
fifty years old have less difficulty meeting their rec­
ommended daily intakes, A substantial proportion of 
children and teenagers (especially females) also are not 
consuming the recommended amounts of iron. 10 

Biochemical studies determining the extent of iron­
deficiency anemia in the population demonstrate the 
effect of the low dietary intake. Researchers estimated 
the prevalence of anemia in the U. S. from the results 
of the Second National Health and Nutrition Exami­
nation Survey (NHANES II , 1976-1980) and found the 
prevalence of anemia (measured as those with hemo­
globin values below the 95 percent reference range for 
age and sex) to be highest in teenage girls (5.9 percent), 
young women (5.8 percent), infants (5.7 percent), and 
elderly men (4.4 percent). 11 



314 JULY-AUGUST 1985 

JOURNAL OF DENTISTRY FOR CHILDREN 

There are some important health implications in­
volved with anemia and iron deficiency. INACG has 
listed such problems as decreased work performance, 
increased risk of maternal and fetal morbidity and mor­
tality, increased risk of infection and immunological 
disorders, decreased gastric juice secretion, reduced 
activity of intestinal cell enzymes, subcellular struc­
tural abnormalities and possible decreased growth rate. 12 

Also, iron deficiency in the absence of anemia has 
been found to create problems. Four groups of non­
anemic, iron-deficient infants nine to twelve months of 
age who had hemoglobin greater than 11.0 g/dl were 
studied. 13 Iron sufficiency or deficiency was based on 
cellular and/or biochemical evidence. Subjects in each 
group were tested before and after iron therapy with 
the Boyley Mental Development Index. Those with 
nonanemic iron deficiency showed a significant score 
increase while those with iron sufficiency or only iron 
depletion did not. Thus anemia is not necessarily the 
only criterion for biochemical alterations . 

In rare cases of excess iron accumulation, the body 
does not excrete and/or absorb iron normally, thus re­
sulting in a build-up in the soft tissues that may cause 
cell destruction and death. Hemosiderosis is the re­
sulting condition and is called hemochromatosis when 
it reaches an advanced stage. Thalassemia and sickle 
cell anemia are also diseases in which patients suffer 
from excessive iron storage. 

Thus we have a situation where an optimum iron 
dosage must be the aim, but with the clear recognition 
that dangers from iron overload do exist. This is also 
complicated by the fact that diagnosis of anemia and 
iron deficiency is difficult and can be compounded by 
problems of variations in laboratory tests. 14 

MEASUREMENT OF IRON BIOA V AILABILITY 

Available techniques for measuring the efficiency of 
iron absorption from oral ingestion of individual foods 
or ingredients have been reviewed.15 These include 
l)nonisotopic in vivo techniques, such as chemical bal­
ance, serum iron concentration and hemoglobin reple­
tion; 2)radioisotopic in vivo methods, including extrinsic 
and intrinsic labeling, whole blood or hemoglobin in­
corporation, whole body counting, plasma labeling and 
isotope dilution and radioisotope balance; 3)stable iso­
topes; 4)in vitro methods. 

Each of these has advantages and disadvantages and, 
in general, their results are not directly interchangea­
ble. Smith has reviewed the problems presented by 
the environment in which the iron exists and other 

scientists have provided a critique of the extrinsic tag 
methodology.16.17 INACG has also discussed the ap­
plicability of certain of these methods .8 

The in vitro techniques all depend on solubility and/ 
or dialysis and often use pH specifications to simulate 
physiological conditions . However, it may be con­
cluded that in vitro methods do not quantitatively rep­
resent in vivo experiments; but often agree in a 
qualitative manner. 

All methods suffer from the fact that iron absorption 
is a function of the total meal eaten and, therefore, it 
is difficult to predict bioavailability of a particular type 
of iron from meal to meal. 

FORTIFICATION 

Clearly, fortification is one of the best answers to iron 
deficiency and iron deficiency anemia. In fact, Cook 
and Reusser have stated that "iron fortification is the 
optimal approach to reducing the high prevalence of 
iron deficiency in developing countries. "18 

In developed countries, there are also examples of 
the efficacy of fortification. For example, studies of the 
prevalence of anemia among women in Sweden de­
scribe a marked decline from 30 percent in 1965 to 7 
percent ten years later. 19 They estimated that 7 per­
cent to 8 percent of this decline was attributable to 
fortification and the rest to a combination of iron sup­
plements, ascorbic acid intake and possibly oral con­
traceptives. 

INACG (1977) has reviewed and recommended var­
ious fortification sources and vehicles for use in devel­
oping countries and others have reviewed those 
fortifican ts which are available in the U. S. 3. 12 

The choice of an iron fortification source depends 
upon several factors , including bioavailability, func­
tionality in food, reactivity (type of food to be used in) 
and its potential chemical environment, presence of 
enhancers and inhibitors, type of processing and stor­
age life. 6,7.2o 

The use of a very available, but reactive source, such 
as ferrous sulfate, does not often make sense. This is 
due to the fact that its reactivity will not only change 
the quality of the food but, in so doing, will be changed 
itself to a less reactive and perhaps less available com­
pound, such as an insoluble hydroxide. In such a case, 
it would be much better to use a stable iron source, 
such as elemental iron, that would not react with the 
food, but would solubilize at the low pH environment 
of the stomach to become available. 21 

The levels used will depend upon the product and, 

http:methodology.16.17
http:reviewed.15
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of course, the legal limits. The latter is controlled by 
federal law in foods, such as flour and bread, as de­
scribed in the Federal Register. 22 

In addition to the previous factors , there are a num­
ber of other questions that should be answered when 
considering fortification: 1) Is there a need for a bioa­
vailability standard? 2) If such a standard is developed, 
should it refer to the fortificant alone or as used in the 
processed food or in the stored processed food? 3) Should 
there be requirements for upper and lower amounts of 
absorbable iron? 4) What techniques for the measure­
ment of bioavailability are most appropriate and cost 
eH"ective?23 

It is obvious that iron nutriture is extremely impor­
tant, yet not fully understood. There are, and will be, 
controversies in the fortification and labeling of iron in 
foods. Many of these problems are not technically solv­
able at our present level of knowledge and will depend 
upon cooperation between marketers, researchers and 
regulatory agencies. 
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PLUMMER-VINSON SYNDROME 

In this syndrome (also known as the Patterson-Brown-Kelly syndrome), there is an 
association between iron deficiency anaemia and dysphagia, often associated with 
the presence of an oesophageal web. There is often atrophy of the lingual papillae 
and, as in this case, there may be areas of leukoplakia present on the tongue. These 
leukoplakias have a sinister reputation for malignant transformation. 

Tyldesley, W. R.: Oral Medicine. 
Chicago: Year Book Medical Publishers, Inc., 

1978, p 75. 
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Proceedings of a Symposium Pre­
sented at the 125th Annual Session of 
the American Dental Association (10/ 
22/84) Atlanta, GA. 
Horowitz, H.S.: Introductory com­
ments. J Dent Child, 52:258, July­
August, 1985. There are advantages 
in using fluoride supplements com­
pared with other methods of provid­
ing systemic fluoride . When the 
dosage schedule is followed, the pre­
cise amount of fluoride delivered 
should provide nearly uniform protec­
tion to children. Because children 
consume different amounts of water, 
they may receive the automatic bene­
fits of community water fluoridation 
to varying degrees. 

A primary disadvantage of dietary 
fluoride supplements is the degree of 
motivation required by all parties in­
volved: practitioners, parents, and 
children. A rigorous regimen of taking 
the supplements daily for at least 13 
years is required to obtain maximum 
benefits. Cariostatic effects have been 
proven unequivocally. 

It is very important to educate the 
public and the professions about the 
value of dietary fluoride supplements. 
A distinguished panel of experts on 
their use has been assembled, to dis­
cuss such educational efforts and to 
report on dentists ' and physicians' at­
titudes, knowledge , and practices 
with respect to these supplements. 

Driscoll, W. S. What we know and 
don't know about dietary fluoride 
supplements-the research basis. J 
Dent Child, 52: 259-264, July-August, 
1985. 
The administration of dietary fluoride 
supplements has been shown unequi­
vocally to be an effective procedure 
for preventing dental caries, ap­
proaching and sometimes exceeding 
the benefits generally expected from 
the consumption of fluoridated water. 
The latter, however, is far more eco­
nomical and feasible for benefiting 
large numbers of children. Prescrib­
ing supplements is still recommended 
for children drinking water with sub­
optimal amounts of natural fluoride. 

There is a need to clarify the role 
of prenatal fluoride administration. As 
there is uncertainty about the optimal 
time to initiate fluoride supplementa­
tion, the period during which such 
supplementation should be continued 
is also unclear. Some studies have ad­
dressed the issue , but their findings 
are equivocal. The decision on when 
to stop supplementation should be 
based on the professional judgment of 
a child's dentist. Combined therapies 
should be limited to children who are 
highly susceptible to caries attack. 

Fluoride supplementation will re­
sult in obvious dental fluorosis only if 
the procedure is misused and reliable 
dosage schedules have not been for­
mulated; if misused, it is clearly con­
traindicated in communities with 
greater than 0.7 ppm fluoride in their 
water supplies. Used properly and 
when indicated, dietary fluoride sup­
plementation is a patently safe and 
highly effective measure for the pre­
vention of dental caries. 

Gift, H.C. and Hoerman, K.C.: Atti­
tudes of dentists and physicians 
toward the use of dietary fluoride 
supplements. J Dent Child, 52:265­
268, July-August, 1985. 
The value of fluoride therapies , in 
conjunction with the other caries pre­
vention measures , has been demon­
strated by studies conducted during 
the last two decades . Acceptance, 
use, and delivery of such therapies, 
however, have not been uniform . 

The primary foci of dental fluoride 
supplements are in areas without 
fluoridated water supplies, for chil­
dren younger than 13 years old, espe­
cially for those not exposed to such 
community water as infants . Because 
of the emphasis on infants, this pre­
ventive method is a responsibility of 
physicians as well as dentists. 

This paper presents results of a na­
tionwide survey of both physicians 
and dentists regarding knowledge of 
and attitudes toward dietary fluorides. 
Prescription-writing patterns and self­
perceived roles of each profession are 
also examined. 
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More education needs to be di­
rected toward both professions, to en­
sure appropriate provision of these 
supplements and the best care for the 
child. 

Horowitz, A.M.: Ways to improve/in­
crease appropriate use of dietary 
fluorides. J Dent Child, 52:269-274, 
July-August, 1985. 
Dietary fluoride supplements are not 
now being prescribed appropriately 
by health care providers, an example 
of the slow rate of acceptance of an 
effective caries preventive regimen 
available for nearly a quarter-century. 

Industry, the American Dental As­
sociation Council of Dental Therapeu­
tics, the American Academy of 
Pediatric Dentistry, the American As­
sociation for Dental Research, the 
National Foundation of Dentistry for 
the Handicapped, the W. K. Kellogg 
Foundation, and the National Insti­
tute of Dental Research have all initi­
ated or supported a variety of 
activities to educate health care pro­
viders on the use of fluoride supple­
ments and developing educational 
materials for providers to use in edu­
cating the public. 

Barriers to appropriate use include 
the following factors: complexity of 
the dosage schedule; priority of pre­
ventive regimens in educational insti­
tutions; economic factors; and lack of 
public knowledge-clearly a barrier to 
their acceptance, appropriate use, and 
compliance. 

Dental school faculty have a re­
sponsibility, to both their students 
and the general public, to provide ap­
propriate information about dietary 
fluoride supplements and their use. 
Emphasis should be placed on edu­
cating dental students on the best 
ways of achieving compliance in their 
patients. Federal agencies might join 
the ranks as well, along with the indi­
vidual dentist, in educating all rele­
vant groups and promoting health 
through disease prevention. 

Barbakow, F.; Scherle, W.; Imfeld, 
T.: Observations of SnF2 -treated hu­

man enamel using the scanning elec­
tron microscope. J Dent Child, 
52:279-286, July-August, 1985. 
Human enamel was ground flat, 
treated for 4 min with 8 percent SnF2 

and then immersed in water for 5 sec, 
5 min, 60 min and 24 h. Products 
formed on the enamel included round 
globular and triangular-shaped crys­
talline structures which were re­
moved after the treated enamel 
specimens were immersed in water 
for 24 h. In contrast, the non-water­
washed treated enamel specimens had 
a distinct precipitate. 

SnF2-treated human enamel, 
Crystalline structures, Electron 
microscopy 

Hartmann, C.; Pruhs, R.J.; Taft, 
T.B., Jr.: Hand-over-mouth behavior 
management technique in a solo pe­
dodontic practice: A study. J Dent 
Child, 52:293-296, July-August, 1985. 
The hand-over-the-mouth technique 
(HOM) was studied in a single-dentist 
pedodontic practice. The study in­
cluded the frequency of its use rela­
tive to the patient's age, sex, previous 
dental experience and history of a sig­
nificant medical experience. Observa­
tions were also made of the nature of 
subsequent appointments. 

HOM was used for almost 10 per­
cent of the patients studied in less 
than 2 percent of the total number of 
dental appointments. It was used 
most often for three-year-old patients, 
especially female. In the majority of 
cases (89 percent), it was used on a 
single occasion and that incident was 
followed by appointments of a pos­
itive nature. 

Behavior management, Hand­
over-mouth technique, Solo 
practice 

Harbert, H.L.: Periapical healing 

after apicocurettage during apexifica­

tion. J Dent Child, 52:303-305, July­

August, 1985. 

A case is presented in which conven­

tional apexification with CaOH­

CMCP paste was not successful at 

first. A minimal apicocurettage was 


done. Subsequently, the periapical 
bone healed and a dry, hard apical 
stop formed at the apical foramen. A 
gutta percha root canal filling was 
packed from the coronal access. This 
procedure offered a surgical alterna­
tive to an alloy retrofilling, when the 
usual apexification process was not 
successful. 

ApicocureUage 

Kane, J.F.; Stack, A.; Dickerson, J. 
et al: Comparison of dental crown 
heights in bite impressions. J Dent 
Child, 52:297-299, July-August, 1985. 
A wax bite impression can serve as a 
reliable identification of missing and 
unknown children, particularly in the 
absence of caries and restorations. 

Dental crown heights in bite 
impressions made from noncontoured 
and contoured wax wafers were com­
pared in ten patients, ranging in age 
from three to eight years. The con­
toured wax wafer produced signifi­
cantly greater crown heights in the 
casts which were fabricated from it. 
The differences were most pro­
nounced in the anterior teeth; but 
generally true for all the teeth. 

Identification, personal; Wax 
wafer, contoured; Wax wafer, 
noncontoured 

Nelson, L.; Elfman, J.; Cohen, A.: 
The management of Ludwig's angina 
in a patient with severe hemophilia A 
factor VIII inhibitors: Report of case. 
J Dent Child, 52:306-311, July­
August, 1985. 
Dental treatment of a patient with 
classical hemophilia with inhibitors to 
factor VIn poses a serious manage­
ment challenge. Ludwig's angina in 
this patient is truly a dramatic life­
threatening complication of infection. 
Successful treatment requires the co­
operation of several hospital services. 
This report describes the manage­
ment of Ludwig's angina in a patient 
with severe classical hemophilia with 
a high titer of inhibitors to factor 
VIII. 

Ludwig's angina, Hemophilia A, 
Dental treatment 
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