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Effectiveness of Urea and of Synthetic Detergents in Reducing Activity of
Human Dental Caries.*

RoBERT M. STEPHAN AND BENJAMIN F. MILLER.

From the Walter G. Zoller Memorial Dental Clinic, and the Department of Medicine, University
of Chicago.

It is generally accepted that dental caries is
initiated by the decalcifying action of acids
which are produced locally on tooth surfaces
by plaques of bacteria. Several methods pro-
posed for the control of caries have been
directed toward decreasing this acidity by
means of the local application of chemical
agents which either reduce production of the
acids or neutralize them. It has been shown
by one of us that experimental dental caries
in the rat can be markedly reduced by adding
small quantities of fluoride or iodoacetate to
the food.! These compounds probably pro-
duce this effect by inhibiting the activity of
enzymes involved in the production of acid
by the bacteria on the teeth. Since both of
these substances appeared to us too toxic for
prolonged use in the prophylaxis of human
dental caries, a search was made for less toxic
compounds with similar local action.

Certain synthetic detergents have been
shown to be powerful inhibitors of glycolysis
in suspensions of oral bacteria.®* In suitable
concentrations, they inhibit partially the pro-
duction of acid in intact dental plaques.*?®
It has also been shown that concentrated solu-
tions of urea exert a double effect on the
dental plaques. Urea reacts with the bacterial

#* This investigation was aided in part by a grant
from the Squibb Institute for Medical Research.
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urease to release sufficient ammonium car-
bonate to render the plaque alkaline;” also in
40% to 50% solution, urea markedly inhibits
the production of acid by the micro-organisms
in the plaques.®® This paper presents the
results of observations made to evaluate the
effectiveness of a cationic synthetic detergent,
and of urea in the control of human dental
caries.

Procedure. Young individuals with marked
caries activity were selected from patients who
had been examined and treated in the Zoller
Memorial Dental Clinic. These individnals
had been taught the proper use of the tooth
brush for home care of the mouth. They were
observed during a control period -of about 18
months, Full mouth and bite-wing X-rays, as
well as complete clinical mouth examinations
were obtained several times during this period.

A group of these patients was given a
flavored solution of 1:1000 alkyldimethylben-
zyl ammonium chloride (Zephiran).t Another
group was given a flavored, saturated solution
of urea.t The patients were instructed to

7 Stephan, R. M., Science, 1940, 92, 578.
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t We have referred in the title of this paper to
the use of ‘“synthetic detergents’’ to stress our
belief that a number of cationie detergents would
be as satisfactory as Zephiran. At the present
time we have a number of subjects using other
cationic detergents as well as Zephiran.

Zephiran solution :

Zephiran (Alba Pharmaceutical Co.)
10 e of 10% aqueous solution
0il of wintergreen 0.5 7’
Distilled water
to 1000
1 Urea solution:
Urea (DuPont)
Distilled water
Aleohol (959% cthyl)
Menthol
Saccharin
Gomagel (thickening agent made by Glyeo
Produets Co.. 230 King Street, Brook-
lyn, N.Y.)
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UREA AND SYNTHETIC DETERGENTS ON HUMAN DENTAL CARIES

TABLE 1.
Effect of Urea and Zephiran on Dental Caries Activity,
No. new

i No. intact No. new carious surfaces

Case and Months of surfaces carious per 100 intaet

age* Period observation at startt surfuces surfaces per yr

Urea Cases.
E.B. Control 19 97 20 13.0
15 Urea 24 8 4 2.6
0.B. Control 19 115 16 8.8
14 Urea 21 107 1 0.5
R.D. Control 16 i 29 29.0
15 Urea 16 43 0 0.0
J.J. Control 34 63 44 25.0
25 Urea 26 26 J 0.0
AM. Control 18 118 16 9.0
16 Urea 25 90 0 0.0
E.T. Control 24 118 27 11.0
14 Urea 27 92 3 1.4
Zephivan Cases.
C.B. Control 16 90 18 15.0
2 Zephiran 21 90 b 5.1
R.B. Control 24 102 15 7.3
20 Zephiran 18 91 1 0.7
T.C. Control 13 93 12 12.0
13 Zephiran 17 02 7 3.3
G.H. Control 18 07 9 6.1
16 Zephiran 16 88 1 0.8
C.H. Control 19 106 14 8.3
13 Zephiran 24 96 [} 3.1
ER Control 24 101 36 18.0
13 Zephiran 25 90 6 3.2
Duplicate Control Cases (No change in dentrifice).

W.G. Control 21 108 14 74
14 Duplicate 21 102 11 6.2
AH. Control 19 122 16 8.3
15 Duplicate 20 99 14 8.5
R.M. Control 14 116 9 6.7
13 Duplicate 16 104 10 7.2
J.B. Control 19 93 6 4.1
12 Duplicate 19 95 6 4.0
D.A. Control 18 114 12 7.0
16 Duplicate 19 102 15 8.4
M.B. Control 18 81 12 9.8
20 Duplicate 19 66 10 9.6

* Age in years at start of test period.

t Based on counting the mesial, buceal, distal, and lingual surfaces for anterior teeth, and

the ocelusal surface in addition to these for posterior teeth.

not counted.

apply these solutions with a toothbrush to all
accessible tooth surfaces for a period of 4
minutes either before or immediately after
breakfast and supper. They were told to
make no changes in their dietary habits.
Clinical and roentgenological mouth examina-
tions were made at 3 to 4 month intervals
during the experimental period and a careful
search was made for the development of new
carious lesions. The numbers of intact tooth
surfaces which became carious during the
period in which the solutions were used was
compared with the numbers which became

Carious and filled tooth surfaces

carious during the preceding control period.

Results. In this paper observations on
patients who had used the urea or Zephiran
solutions for a period of 16 months or longer
and who had had an equivalent control period
are reported. It is felt that as long a period of
time as this is essential in comparing caries
activity rates. In order to secure a quantita-
tive expression of caries rates, we have calcu-
lated for each individual the number of new
carious lesions which develop per 100 intact
tooth surfaces per year.

The degree of caries susceptibility of indi-
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vidual tooth surfaces is variable; therefore we
have sought to determine whether in young
individuals as selected for this study the caries
rate would tend to be the same in 2 consecu-
tive periods of observation when no changes
were made in the agent used in home care of
the teeth. For this purpose we have inciuded
a group of patients who after the control
period continued the use of their regular
dentifrice. The results from 6 patients who
used urea, 6 patients who used Zephiran, and
6 patients who continued use of their regular
dentifrice are listed in the Table I.

In the first group of 6 subjects the number
of new carious lesions appearing during use
of the urea solution was only 8 whereas in the
preceding control periods 152 new lesions had
developed. Individually there was a reduc-
tion of from 80 to 100% in the original caries
rates which resulted from the use of urea.
This represents a great decrease in caries
activity.

In the second group of 6 subjects 29 new
carious lesions developed while Zephiran solu-
tion was being used, whereas in their control
periods they had developed 104 new carious
lesions. Individually there was a reduction
of from 56 to 90% in the original caries rates
which resulted from use of the Zephiran solu-
tion. This indicates a considerable decrease
in caries activity.

In the third group of 6 subjects 71 new
carious lesions appeared during the second
period (duplicate control) in which no change
was made in the dentrifice, and in the preced-
ing contro] period 69 new lesions had formed.
It is apparent that no significant reduction in
the caries rate for these individuals occurred
during the second period of study when the
other subjects were using urea or Zephiran.

An attempt was made to determine the
effect of the urea and Zephiran on the progress
of carious lesions. A comparison was made
of the size of individual lesions as seen in
X-rays taken at the beginning, during, and
at the end of the study periods. In the urea
cases a significant number of the lesions ap-
peared arrested while progress in most of the
others was slower than in the control period.
In 2 of the Zephiran cases progress in carious
lesions appeared to be reduced but in the
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other 4 cases progress of lesions was about the
same as in the control period. However, due
to the placing of fillings, and also to inequali-
ties of density and angulation of the X-rays,
no exact quantitative expression of caries
arrest could be obtained.

Discussion. These findings indicate that
the rate of formation of new carious lesions
can be decreased by the use of certain solu-
tions applied repeatedly to the teeth. Pre-
sumably these solutions produce their bene-
ficial effects by reducing the acidity of the
dental plaques.*3%7%8 It is interesting that
urea, though less effective in vitro as an in-
hibitor of acid production by suspensions of
bacteria than Zephiran, is more effective in
these clinical tests. This relationship corre-
lates well with our previous studies showing
the greater ability of urea to diffuse into thick
dental plaques and inhibit acid formation.®8
In addition, the neutralizing power of urea by
production of ammonium carbonate probably
contributes to its effectiveness.

There were no serious difficulties in getting
patients to use the solutions in brushing their
teeth. Some subjects using Zephiran devel-
oped a thin layer of brown material on the
teeth. This could be largely removed by
daily brushing with an ordinary dental paste
or powder which contains abrasive material.
Some patients when first employing the urea
solution produced an abrasion of the gingive
by scrubbing with the tooth brush. This
gingival abrasion disappeared when these pa-
tients brushed their teeth with the correct
“sweeping” technic. The chief difficulty has
been in securing daily applications of the solu-
tions for the prescribed length of time. The
possibility of lessened caries incidence has not
always proved an adequate incentive for this,
even though the tastes of the solutions have
been generally satisfactory’ and the times for
tooth brushing have been arranged for con-
venience.

The number of cases presented here is small

§ The reaction to the taste of the urea or
Zephiran solutions appears to be highly individu-
alized. Some persons find the taste quite pleasant
from the beginning, others become accustomed to
the taste in a few days, and a few find that the
taste is disagreeable.
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because of difficulties encountered in main-
taining adequate contact with patients over a
period of 3 to 4 years. However, we feel that
the cases reported have been sufficiently well
controlled to indicate that the regular use of
the concentrated solution of urea can be very
useful in the prophylaxis of dental caries.

Summary. Solutions of urea and of syn-
thetic detergents have been employed as den-
tifrices for approximately 2 years in a small

VACCINATION AGAINST INDUCED INFLUENZA A

group of patients suffering from severe dental
caries. The use of these compounds, espe-
cially the urea, resulted in a marked decrease
in the incidence of new lesions, and the urea
solution also retarded the progress of caries
in lesions already present.

The autliors wish to express their appreciation
to the members of the Walter G. Zoller Memorial
Dental Clinie staff for their cooperation in this
study.
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Protective Effect of Vaccination Against Induced Influenza A.*
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During the past vear from December, 1942,
to May, 1943, rather extensive studies were
conducted for the purpose of determining the
value of subcutaneous vaccination with inac-
tivated influenza virus against the natural
disease in man. The anticipated outbreak of
influenza did not occur but the opportunity
to test the resistance of certain of the vac-
cinated individuals to induced infection pre-
sented itself.

The vaccine represented the allantoic fluid
of fertile hen’s eggs infected 48 hours pre-
viously with either the PR3 strain of influenza
virus, Type A, or the Lee strain, Type B. The
virus was concentrated by the procedure of
Francis and Salk,! inactivated with formalin
1:2000, and bottled and tested for sterility by
the approved procedures for biological prod-

* These investigations were aided through the
Commission on Influenzi, Board for the Investiga-
tion and Control of Influenza and Other Epidemic
Diseases in the Army, Preventive Medicine Service,
Office of the Surgeon General, United States Army.

This study was also aided by a grant from the
International Health Division of the Rockefeller
Foundation.

t Fellow in the Medical Sciences of the National
Research Couneil.

1 Franeis, T., Jr., and Salk, J. E,, Science, 1942,
96, 499.

ucts. Phenyl mercuric nitrate, 1:100,000 was
added for bacteriostatic purposes. The final
vaccine was of such strength that 1.0 cc repre-
sented 5.0 cc of the original Type A fluid and
5.0 cc of Type B fluid.

The subjects were 102 physically active
male residents of one ward of the Ypsilanti
State Hospital, Ypsilanti, Michigan. On De-
cember 21, 1942, 45 received 1.0 cc of the
vaccine subcutaneously, On April 21, 1943,
17 of these men again received 1.0 cc of the
vaccine as did 21 men not previously vac-
cinated. There remained 28 men who had
been vaccinated 4 months earlier and 36 indi-
viduals who had not been vaccinated at any
time.

On May 4, 1943, 13 days after the last
administration of vaccine, the entire group
received an intranasal spray of the Baum?
strain of Type A virus in allantoic fluid. The
material was sprayed into the nostrils from a
nebulizer with such fineness that approxi-
mately 0.5 cc was delivered in 4 minutes.
The subjects were then strictly segregated
from the rest of the institution. Oral tempera-

{ The Baum strain was recovered from a patient
during the outbreak of 1940-41. Although it is
clearly a strain of Type A it is not antigenically
identical with the PR8 strain used in the vaeccine.





