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7 METHOD AND APPARATUS FOR ORAL HYGIENE 

BACKGROUND OF THE INVENTION 
Modern and efficient oral hygiene requires the 

realization of two quite different operations. On the 
one hand cleaning of the dental surfaces, interdental 
spaces and gingival surfaces through elimination of the 
food residues is required (and in case of subgingival 
margins and interproximal spaces frequently present, 
the cleaning of said margins and spaces). On the other 
hand stimulation of the gingival and periodontal tissues 
is important, in order to avoid veinous stasis and to 
promote the circulation of new arterial blood. 

In the past, these two different operations have 
. necessitated the use of two different tools, namely, the 
toothbrush for cleaning the teeth, and various tools for 
massaging the gums. However, the human being, for 
various psychological reasons, devotes very little time 
to the practice of oral hygiene, using for the most part 

I only one tool (the toothbrush) and thus neglecting the 
gingival massage. So it has appeared highly desirable ' 
to provide the human being with a single tobl capable 
of performing both functions. Thus devices'using the‘ 

~ kinetic energy of water have been developed and made 
available for home use. 

I These agate; can be classi?ed in as ea'é'gaaész' (55 Q 
devices using a continuous jet of water, and (b) devices 

_ using a pulsating jet of water. 

Devices using a continuous jet of water do not pro 
vide a very satisfactory solution because of: (l) the 
necessity of using a high water pressure for satisfactory 
cleaning, which may exceed the threshold of pain in the 
teeth and gums, these being very sensitive to high pres 
sures, and (2) the lack of massaging efficiency, which 
can be de?ned as an intermittent action of compression 
and release which cannot be realized by a continuous 
mechanical effect. 

Devices using a pulsating jet of water will perform 
both cleaning and massaging to a degree, but encounter 
a problem of frequency. Effective cleaning requires 
high frequency pulsation so as to allow the elimination 
of food residues with relatively low pressures which will 
not exceed the threshold of pain. On the other hand, 
proper massage of the gums can be effected only with 
low frequencies which allow the rebound of the gum 
tissue, this being the only valid physiological method 
which assures the elimination of veinous stasis and the 
circulation of the arterial blood. 
The gum, contrary to other surfaces of the body 

where a massage can stimulate the circulatory function, 
is a tissue with very little elasticity because of its 
anatomical and histological structure involving lack of 
subjacent muscular tissue, terminal circulation, loose 
attachment which renders it easily infectable, rigid at 
tachment which reduces its elasticity, and its position 
directly on very hard organs (teeth and bone). Those 
anatomical factors do not allow, consequently, the use 
of high frequencies for massage such as can be used on 
other surfaces of the body. The criterion for an effec 
tive massage of the gums is the rebound which becomes 
obvious by the intermittent change of its color, al 
ternately changing from pink to white and vice versa. 
The well-know devices using pulsating jets of water, 

operating at a single frequency, do not offer the possi 
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bility of realizing ef?cientlythe two desired operations. 
Since they commonly have high frequencies between 
800 and 3,000 pulsations per minute, they allow more 
or less good cleaning and a certain amount of massage 
by re?ex action. However, the high frequency does not 
allow complete rebound of the tissues and con 
sequently the full value of the massage is not obtained. 
The present invention eliminates this incompatibili 

ty. 

SUMMARY OF THE INVENTION 

In accordance with the invention a pulsating jet of 
liquid is employed, and pressure of the pulsating jet is 
modulated at a substantially lower frequency than that 
of the pulsations. The pulsation frequency can be rela 
tively high in order to clean the teeth effectively. The 
modulation frequency is relatively low in order to allow 
full rebound of the gum tissue and therefore effective 
massage. Thus, with independent choice of the two 
frequencies, both good cleaning and effective massage 
may be obtained. ' 

The actual frequencies employed may be selected to 
yield the most satisfactory cleaning and massaging 
under conditions expected to be encountered in use. 
Generally speaking, pulsating frequencies in the range 

‘ of 600-6000 pulsations per minute may be used, and it 
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is presently preferred to use frequencies of about 3000 
per minute or more. Modulating frequencies may be in 
the range of 70-600 cycles per minute, and it is 
presently preferred to use frequencies between 200 and 
300 cycles per minute. It will be understood that the 
lower limit for pulsations and'the upper limit for modu 
lation frequency are marginal, and would not be used 
simultaneously since the modulation frequency should 
be substantially lower than that of the pulsations. and in 
a ratio of about 1: l0. . 

BRIEF DESCRIPTION OF THE DRAWINGS‘ 

FIG. 1 is an elevation view of a (first embodiment of 
the invention; 

FIG. 2 is a top view with a partial cross-section of the 
embodiment of FIG. 1; 

FIG. 3 is a side view of the apparatus of FIG. 1; 
FIGS. 4, 5, 6 and 7 are graphs illustrating the charac 

teristics of a pulsated jet, with and without modulation 
according to the invention; 

FIG. 8 is a top view of a second embodiment of the 
invention; and 

FIG. 9 is a side view with a partial cross-section of 
the embodiment of FIG. 8. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

Referring to FIGS. 1-3, pump 1 is driven by motor 2 
through a coupling mechanism 3 at an adequate speed 
for 

the frequency of the jet pulsations. Pump 1 contains 
a reciprocating piston such as shown in FIG. 9, and 
mechanism 3 may be an eccentric pin and slot 
mechanism of conventional construction. Cleaning 
liquid, usually water, is supplied to the pump in any 
desired manner, here indicated as a reservoir 4. Water 
from the reservoir is supplied to inlet chamber 5 (FIG. 
2) of the pump. Outlet chamber 6 connects through 
?tting 7 with ?exible tube 8, at the end of which is noz 
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zle 9. A check valve 1 1 is slidably mounted in a support 
12 in the outlet chamber 6, and is biased by spring 13 
toward a vclosed position which restricts liquid flow 
through passage 14 from the outlet chamber to the inlet 
chamber. 
As so far described, the pump operates in a conven 

tional manner. The reciprocating piston (not shown in 
detail) communicates with the outlet chamber 6.‘ On its 
downward or suction stroke the check valve 11 opens 
(moves to the right) and water is drawn from inletv 
chamber 5 through passage 14 into outlet chamber 6.‘ 
On the upward or compression stroke, check valve 11. 
moves to the left and a pulse of liquid under pressure is ' 
delivered to the outlet tube 8 and thence to nozzle 9. 
The operation repeats to supply a pulsating streamof 
water to nozzle 9. 
Motor 2 also drives a reduction gear mechanism 

generally designated as 15, and selected to furnish vthe 
desired modulation frequency. A link 16 is driven by an 
eccentric pin 17 on the last gear of the reduction 
mechanism. The other end of link 16 is pivotally con 
nected to a crank arm 20'attached to control rod 18. 
Consequently the reduction mechanism and link 16 
causes crank arm20 .to oscillate, thereby angularly 
oscillating control rod 18. Rod 18 is threaded at 19 so 
that the angular oscillation causes rod 18 to move axi 
ally back and forth a small distance. A pin 21 mounted 
at the end of rod 18 engages the check valve 11, 
thereby controlling closure of the check valve. 
Assuming that the check valve 11 is fully closed 

when rod 18 and its attached pin 21 is in its left most 
position, pulses of maximum pressure are delivered to 
the outlet tube 8.;As rod 18 and pin 21 move toward 
the right, the check valve 11 is prevented from fully 
closing, thereby producing a by-pass or leak from out 
let chamber 6" to inlet chamber 5 and reducing the 
pulse pressure. As the control rod 18 oscillates, the clo 
sure of check valve 11 cyclically varies to modulate the 
pressure of the pulses delivered to output tube 8-and 
nozzle 9. . ~ 

Manual control of the overall pressure level is ob 
tained by a control rod 23 threaded into ?tting 24. The 
inner end of rod 23 is adjacent an aperture 25 between 
inlet and outlet chambers. This establishes a by-pass or 
leak from the outlet chamber 6 to the inlet chamber 5 
under the control of rod 23. 

FIG. 4 shows an unmodulated train of pulsations 
which would be produced in the outlet tube 8 if the 
modulation mechanism were not present. FIG. 6 shows 
the same pulses on an expanded» time scale. In general 
they risefrom a near zero pressure to a maximum pres 
sure set by control rod 23. 

FIG. 5 shows the modulated jet. Here the pulsations 
vary from a maximum value at 27 to a minimum value 
at 28 in a cyclical manner. It will be noted that they 
minimum at 28 is substantially less than one-half the 
maximum at 27. The degree of modulation may be 
determined by appropriate design of the modulating 
mechanism. FIG. 7 is similar to FIG. 5, except that the 
overall pressure level has been reduced by adjustment 
of rod 23. ’ 

Referring now to FIGS. 8 and 9, a second embodi 
ment of the invention is shown. I-Iere motor 31 directly 
drives piston 32 through an eccentric pin and slot 
mechanism 33. A second piston 34 is driven by the 
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motor through areduction gear 35 and pin and slot 
mechanism 36. Consequently piston 32 is reciprocated 
at the frequency of the pulsations and piston 34 is 
driven at the lower modulation frequency. Associated 
with piston 32 is an inlet chamber 37 and an outlet 
chamber 38 with ;a checkvalve 39 therebetween. The 
arrangement for piston 34 is similar and includes check ’ 
valve 39’ . 

Water is supplied in common to the inlet chambers 
through a supply pipe 41. The outlet chambers are con 
nected in common to an outlet tube 42 which has, at its 
other end, a nozzle (not shown). The two piston pumps 
work in parallel so that the discharge in outlet tube 42 

I is the combination of the action of the two pumps, 
namely, an addition or a subtraction of the pressure 
and the individual discharge rates. Consequently the 
output to. tube 42 is a modulated pulsating stream of 
water similar to that produced by the apparatus of 
FIGS. 1-3. By properly selecting the diameters of the 
pistons the degree of modulation may be predeter~ 
mined. Thus the modulation may be 100 percent if the 
individual discharge rates and the pressures of the 
pumps are the same. . 

Manual control of the overall pressure level is ob 
' tained by means of control rod 43 which controls flow 
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through the by-pass aperture 44 between inlet and out 
let tubes. 
The apparatus described enables an ef?cient washing 

and massaging to be. obtained.;The washing function 
uses the kinetic energy of the jet ‘pulsations to take‘ 
away the food residues wedged into the interdental 
spaces, as well as for the cleaning of the subgingival 
marginsand the other generally unreachable tissues. 
The jet can be pulsated at different overall pressure 
levels so as to comply with .treatment requirements. 
The pulsating frequency is advantageously high, for ex 
ample 3,000 pulsations per minute. Insofar as massage 
is concerned, ‘the lower modulation frequency allows 
rebound of the gum tissues between successive max 
imum pressure peaks, thereby stimulating blood circu 
lation in the gum tissues. 
From an examination of the graphs, it is easily un 

derstandable that because of the weak elasticity of the 
tissues, the pulsations which are represented in FIG. 4 
will behave like a continuous jet on these tissues,.while 
in FIG. 5 the modulating period at a lower frequency 
allows the rebound of the tissues. In addition, the sensa— 
tion is more agreeable. Pressure peaks very close to 
each other (high frequencies) produce a sensation of 
uneasiness and tickling, which on a neurological plane 
produce an effect of irritation. Pressure peaks of 
greater spacing (low frequencies) do not produce such 
an irritation, but are agreeable to the user and hence 
assure more regular use. 
The modulation frequency to obtain a massage by 

“rebound” is still more efficient if it is nearly the same 
as the heart-stroke or one of its multiples. Accordingly, 
the frequency may be selected as a multiple of the 
heart-stroke frequency: 70 - 140 - 210 — 280 - 350 - 

420 — 490 - 5 60 — etc., cycles/min. 

I claim: 
1. Apparatus for oral hygiene which comprises a 

pump unit, a jet nozzle, and a conduit connecting said 
pump unit with said jet nozzle, said pump unit including 
means for supplying a stream of spaced liquid pressure 
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pulses through said conduit to said nozzle which rise 
and fall between a low pressure and respective peak 
pressures and means for cyclically reducing the peak 
pressures of said spaced liquid pressure pulses supplied 
through said conduit to said nozzle at a frequency sub 
stantially lower than the frequency of said pulses. 

2. Apparatus in accordance with claim 1 in which 
said pump unit includes an inlet chamber for receiving 
liquid, an outlet chamber for supplying said pulsating 

' stream of liquid to said nozzle, a check valve between 
said chambers biased toward a closed position which 
restricts liquid flow from outlet to inlet chambers, a 
reciprocating piston for receiving liquid from said inlet 
chamber through said check valve and producing pul 
sations in said outlet chamber, and means for cyclically 
varying the closure of said check valve to thereby vary 
the pressure of the pulsations in said outlet chamber. 

3. Apparatus in accordance with claim 1 in which 
said pump unit includes a pair of reciprocating pistons 
and respective inlet and outlet chambers therefor, a 
pair of check valves between said inlet and outlet 
chambers respectfully, means for connecting said inlet 
chambers in common to a liquid supply, means for con 
necting said outlet chambers in common to said nozzle, 
and means for reciprocating said pistons at substan 
tially different frequencies. 

4. Apparatus in accordance with claim 1 in which 
said pump unit is designed and adapted to cyclically 
reduce said peak pressures of the spaced liquid pres 
sure pulses to a minimum pressure which is less than 
one-half the maximum pressure thereof. 

5. Apparatus in accordance with claim 4 in which the 
frequency of said spaced liquid pressure pulses is in the 
range of about 600 — 6,000 pulses per minute and the 
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frequency of said cyclical reduction in the peak pres 
sures thereof is less than about 300 cycles per minute, 

6. Apparatus in accordance with claim 4 in which the 
frequency of said spaced liquid pressure pulses is in the 
range of about 3,000 - 6,000 pulses per minute and the 
frequency of said cyclical reduction in the peak pres 
sures thereof is less than about 600 cycles per minute. 

7. In oral hygiene, the method of cleaning the teeth 
and massaging the gums which comprises forming a 
pressure-modulating pulsating jet of spaced liquid pres 
sure pulses which rise and fall between a low pressure 
and respective peak pressures and in which said peak 
pressures are cyclically reduced at a frequency substan 
tially lower than the frequency of the pulses, and 
directing said pressure-modulated pulsating jet against 
the surfaces to be treated. ' 

8. A method according to claim 7 in which the peak 
pressures of the pulses of said pulsating jet are cycli 
cally reduced to a minimum pressure which is less than 
one-half the maximum pressure thereof. 

9. A method according to claim 8 in which the 
frequency of said pulses is in the range of about 600 - 
6,000 pulses per minute and the frequency of said 
cyclical reduction in the peak pressures thereof is less 
than about 300 cycles per minute. 

10. A method according to claim 8 in which the‘ 
frequency of said pulses is in the range of about 3,000 ' 
6,000 pulses per minute and the frequency of said 
cyclical reduction in the peak pressures thereof is less 
th abo t600c cl s er minute. 

airi. Aumethoni, agcgrding to claim 8 in which the 
frequency of the pulses of said jet is about 10 times 
greater than the frequency of said cyclical reduction in 
the peak pressures thereof. 

* * * * * 


