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range of up-down oscillating motion, rotary motion and various compound motions.
Where more than one mode of motion is provided, the frequency of the different
modes of motion are typically similar. For devices operating with a rotary motion,
speeds of rotation are typically in excess of about 200 rpm, and in many cases,
thousands of rpm.

The present invention relates particularly to a subclass of tools for which the
primary motion is a longitudinal reciprocating motion, ie., along a line
corresponding to the length of the tool. One non-limiting but particularly preferred
example is the self-adjusting file described in European Patent No. EP 1708638 B1,
which is hereby incorporated by reference in its entirety.

During operation of a tool with purely longitudinal reciprocating motion, there
is a risk that uneven wear may occur to the tool and/or that a tool that is not
rotationally symmetric may result in non-uniform results in the tissue being treated.
Certain commercially available handpieces which provide reciprocating motion
allow for free rotation of the tool during use, thought to reduce stress in the tool.
However, this freedom of rotation does not ensure that rotation will occur during use.

There is therefore a need for a dental tool displacement apparatus handpiece,
or an accessory for use with an existing handpiece, which would provide slow
rotation of a tool while the tool undergoes relatively higher frequency reciprocating
motion, thereby enhancing the uniformity of operation of the tool. It would also be

particularly advantageous to provide a compact and effective transmission



Certain commercially avail abl e handpi eces which provide reciprocating
notion allow for free rotation of the tool during use, thought to reduce
stress i rwohelwsei2s However, this freedom of rotation dees/IBmi0/esrssw e t hat
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SUMMARY OF THE INVENTION

The present invention is a dental tool displacement apparatus and

corresponding method.

According to the teachings of the present invention there is provided, a dental
tool displacement apparatus for use with a motorized power handle to displace a
dental tool, the displacement apparatus comprising: (a)a tool holder having a
receptacle for receiving the dental tool, the receptacle defining a tool axis; (b) a drive
arrangement associated with the tool holder and the motorized power handle, the
drive arrangement defining a transmission from the motorized power handle to the
tool holder such that the tool holder undergoes reciprocating motion parallel to the
tool axis at a first frequency of oscillations per minute and rotates about the tool axis
at a second frequency of rotations per minute, wherein the first frequency is at least
one order of magnitude greater than the second frequency.

According to a further feature of the present invention, the drive arrangement
defines a transmission from the motorized power handle to the tool holder such that,
for each reciprocating motion of the tool holder parallel to the tool axis, the tool
holder rotates through a rotational step of no more than a fortieth of a revolution
about the tool axis.

According to a further feature of the present invention, the first frequency is at
least two orders of magnitude greater than the second frequency.

According to a further feature of the present invention, the drive arrangement
defines a transmission from the motorized power handle to the tool holder such that,
when the tool holder experiences torque greater than a threshold value opposing the
rotation about the tool axis, the rotation is interrupted while the reciprocating motion
is substantially unaffected.

According to a further feature of the present invention, for use with a

motorized power handle having a drive pin eccentrically mounted on an output drive



arrangenment which woul d allow both reciprocating and rotational notions in
any desired ratio to be derived froma single drive notor. SUMVARY OF THE
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According to a further feature of the present invention, the supplementary
transmission stage comprises a planetary gear arrangement centered on the tool axis.
There is also provided according to the teachings of the present invention, a
dental tool hand piece comprising: (a)the dental tool displacement apparatus as
described above; and (b) a motorized power handle, the dental tool displacement
apparatus being engaged with the motorized power handle so as to be driven by the
motorized power handle.
There is also provided according to the teachings of the present invention, a
method for operating a dental tool, the method comprising the steps of: (a) providing
a dental tool having a tool axis and configured for operating by axial oscillatory
motion; (b) deploying the dental tool in juxtaposition with dental tissue;
(¢) generating axial oscillatory motion at a first frequency of oscillations per minute;
and (d) during the axial oscillatory motion, generating rotation about the tool axis at

a second frequency of rotations per minute, wherein the first frequency is at least one

order of magnitude greater than the second frequency.



shaft, the drive arrangenent conprises an annular slot circunscribing the
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The invention is herein described, by way of example only, with reference to

the accompanying drawings, wherein:
FIG. 1 is a schematic block diagram of a dental tool displacement apparatus,

constructed and operative according to the teachings of the present invention;



According to a further feature of the present invention, the drive
arrangenent further conprises a supplenentary transm ssion stage

i nt er connrwotzbrigishesween the first opposing surface and Phe/Bmab/oiessdder such
that a given rotational step of the first opposing surface generates a
different rotational step of the tool hol der. According to a further

feature of theigy osignh ikenierid wBw diheh sxRRPRAE NhplehdntaliNd Stiealentdlagsl
conprises a planetary gear arrangenent centered on the tool axis. BRIEF

DESCRI PTId3yp! @renTedE appaarMNGE FIG. I;  The invention is herein described, by
way of exanpl nly, with reference to . the acconpanyin W ngs, wherein:
FIG 105 a sdibhmel & 1 GatalagRamssmbledchometiooricd $ e nisiital oof
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present I%ng%?%%ﬂ atple)gra%% ?iilg)@ﬁ'?‘i s an isonetric view of an exenplary

i pl ement at i o1p1QfS, UEAREARAre AR viIdSRIBL SARR BE adRPR Atatfzctlent hftording to

FIG 3 is a partially disassenbled isonetric view of the dental tool
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part of a drive arrangenent according to twg alternative inplenentations of
the dental todilGh. sy\-akewieni sgpgapgg%sscbqammlgwws illustrating the operation of

part of a drive arrangement from the dental tool displacement apparatus of FIG. 2;

FIG. 6 is a longitudinal cross-sectional view taken through the dental tool
displacement apparatus of FIG. 2;

FIG. 7 is an exploded isometric view of the part of the drive arrangement
shown in FIG. 4B; and

FIG. 8 is a top view of the dental tool displacement apparatus of FIG. 2 with a
cover element removed to reveal a planetary gear step-down arrangement according

to an implementation of the dental tool displacement apparatus of FIG. 2.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is a dental tool displacement apparatus and method.

The principles and operation of a dental tool displacement apparatus and
method according to the present invention may be better understood with reference to
the drawings and the accompanying description.

Referring now to the drawings, Figure 1 illustrates schematically a dental tool
displacement apparatus, generally designated 10, constructed and operative
according to the teachings of the present invention, for use with a motorized power
handle 12 to displace a dental tool 14. Generally speaking, displacement apparatus 10
includes a tool holder 16 having a receptacle for receiving dental tool 14, and a drive
arrangement 18, associated with tool holder 16 and motorized power handle 12.
Drive arrangement 18 defines a transmission from motorized power handle 12 to tool
holder 16 such that tool holder 16 undergoes reciprocating motion parallel to the tool

axis at a first frequency of oscillations per minute and rotates about the tool axis at a



FI GS. 5A-5E are a sequence of schematic views illustrating the operation of
part of a drive arrangenent fromthe dental tool displacenent apparatus of
FIG 2; WO2010A5@256 is a |ongitudinal cross-sectional wyCedBrakesrsssrough

the dental tool displacenent apparatus of FIG 2; FIG 7 is an
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a first frequency of oscillations per minute and rotates about the tool

axis at a At this point, it will be helpful to define certain terminology as used herein in
the description and claims. Firstly, reference is made to a “motorized power handle
12.” This refers to a handle, to be held by the user while operating the dental tool,
from which motive power is supplied to move the tool. The motion may be generated
by a motor located within the handle, driven for example by electricity or
compressed air, or may be provided via a mechanical linkage from a remote motor.
The motorized power handle may be a standard off-the-shelf item, such as is
commercially available in handpieces for driving reciprocating tools, or may be a
dedicated device, optionally integrated with other parts of the dental tool
displacement apparatus.

The term “receptacle” is used herein to refer to any structure for engaging a
tool. In many cases, the receptacle is a socket which receives a shank of the dental
tool, but all other structures suitable for defining effective mechanical engagement
between a dental tool and its tool holder also falls within the scope of the term
“receptacle”.

The term “dental tool” is used herein to refer generically to substantially any
tool used in dental applications. Of particular relevance to certain embodiments of
the present invention are endodontic tools such as are used for preparation of a root

canal.



second frequency of rotations per mnute. According to an enbodi nent of the
present invention, the first frequency is at | east one order of nagnitude
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reciprocating motion of tool holder 16. Drive arrangement 18 is held in a predefined
relation to motorized power handle 12 by an outer housing 60, configured to allow
the required reciprocating and rotary motion of drive arrangement 18, as seen in
FIGS. 2,3 and 6.
Slot 24 is delimited by first and second opposing surfaces 28 and 30. In the
implementation shown here, first opposing surface 28 is provided with a sequence of
axially projecting gear teeth 32 around its circumference. As a result, during a
revolution of drive shaft 20, drive pin 22 engages the gear teeth 32, generates a
rotational step of surface 28 around tool axis, and disengages from the gear teeth 32.

It should be noted that gear teeth 32 are referred to as “projecting axially” in the



Turning now to FIGS. 2-8, there is shown an exenplary inplenentation of the
device of FIG 1. As best seen in FIG 6, displacenent apparatus 10 is here
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f eat ur es lighessarpsitiqn, abutting sRdags 38 é@tfh@nsta?e, ¢ 1) Histancqibehveens thy 24

dth | ti t] f f .28 d. 30 ti cal.l
ond the ceul 140,100 o SYASCHr 2% A0k a9 3 SR ALY o o
dashed C'cg)(flltﬁuésd' E(LPQ‘[HL%?QI‘K/Q gﬁg% IPHNE §d%€eiéw % ﬁ}e PRitiORs SHowhs iy g1@kn 22

and dashed cross-hairs are wn passi ng through e center of that circle,

cor r esporgi} RadtIC.t digagkiss %@fr teethad2.orhiefmaoridw prased toRawakdd be sorfaoce 28¢d
power handle. FI'G" 5A shows an arbitrarily selected initial position
of drive therebg2alisplacing the gssentbly dommiverrds aptil itireashes its dewegmoinhas shosvn

s o TGO oVl tho SOAL LR GHHEEn 365 BOREPNAEE g MR AESSHAEVE pi
22 i L i-n. F . . i
22 oy JHSEF VBN LA B5RGEIRR InR, SBEY, g

di spl aci ngefhhs ageesdilsys dAWMMRUEDIAtRidnt Idf SuPRCHS alidutl KIL 36, RACHIngaEn
shown in FIG 5C, wth the axial distance between the horizontal cross-hair

and surf argudd stepoh@dishdrivdipen 123 clant ghe denthdRebIGf SDhe Azsotliive wh Wi ve

pin 22 engaged with teeth 32 al so causes angul ar displ acenent, ace 28
about axi¢mpletesdicmtaipmpy dagishEning @pltax%l SHPPEOB A SEQW& 1@21%19?35% feeth

2 Gl e e, OB g G AR gl LSRR IS
t her eby déreﬁgbﬂg?&@ti&ﬂ%? %osmeva}ﬁ@:ig&napcﬁ%&ﬁﬁe Th hie WRirtAop@ll diesiionon to

hO above t izontal cross-hair. I'n the horizontal direction, drive pin
22 sl i desddgaphis22 shides hgsiusf aneoldOsurfaavithdethiagthe neotratational step exf A 27
fromthe cycle, which then repeats. Thus the overall effect of each
revol ut i oo thdcyels, siagh theo regeatdr nal |y one cycle of axial reciprocating

ToLon, L1 SruAPBli e G SRR 2 AR R A SRR 2,

surf ace. 28701 §F oEPF ECtibioBatthe Bichl Wit dtCublingl (B 8 and's HIEIM AFLE 0

SL r ?ag gvgfggtd&m a&iy 26SPRAIAY of Sh@trotatidft stéP mhay beetdriedl Wit Spakesmanedind
primarily by the size of the eccentric offset of drive pin 22 as well as the diameter of
surface 28. In certain preferred embodiments, A6 is no more than a fortieth of a

revolution, corresponding to at least forty teeth 32 disposed around surface 28.



Anot her val uabl e feature of certain enbodi nents of the present invention
exenplified by this assenbly is the interruption of rotation when

si gni fi cawD 20\iisst2ance i s encountered. Specifically, it pairiiB2o@oszssed that
drive pin 22 is disengaged fromteeth 32 during a significant part of each
cycle (see FIGS. 5D and 5E). In the event that the tool encounters torque
greater than aAmghémaivaluhblee$hming vhlcesamppodiodgments avfi drg présenbssession wi | |
tend to recoil as drive pin 22 disengages teeth 32, thereby redyci.ng or
cancel i ngxemelifigdaby othist assemblofist He prissaging ef cokatiny Ve gty ficant
application of passibl amagi i rotati,pnal torqu t hrou t ent al
tool . At "PHEAENHES Pw‘{m?q{ggpﬁ]p%gﬂly%ﬂy, di Wélgin’?ﬁ ol}:();‘?‘?n%%ﬁv&{“g%%clgn??n%es,

t her eby & i i 0 j f t t ay

erbodi ot AL Rdt BRI LRHE SIARENAL b SR a8t bEBIh eycle (Gearasti on Y
drive pi sFA2Intelevehpthalhe ®ohpicapnédtterquepredtehthaasesertain tatsloif oaiurey

surface 28 is preferably nechanically integrated with tool holder 16, as
i |1 ust r atopgosingewtationathy assemiip witbieaddatrgeoidbms olrivel @n Y disengegnsstestise,

t he overall tjon of .the tool holder (and tool,, no hown) .during use wll
bot he 2, thgobi redues arvioaloy dharpRipe S A of S Pasedie spde L ",
axi al recgj i i RY-TA ¥ : : i 1 i

Shout  t navBIAEE R OF psity dabibleind RAASIEHGRTRIGEE, Hirbliek BIAULA
revol uti qofl oAt BMLEIMEAIRE, BXCHEMadf akREieEPeaddting MtivANcontinues, theretartain
enbodi ments it may be desirabl'e to obtain an overall ratio between

f r equenciadlowifig thetisxddadpaysiton hath the tamld t he rotati on outside the range of

what can be achieved, directly b¥/ ta{eﬂ af orenent i oned aﬁ)proach. |‘§I UCan
cases, drive dfr &Btaivefmh@lipicaiser 819 \alarementioued 80N esgErts eEYd (or

urface. dNEERE SbATHEPdeR 2o LR SR B BngeRrreE 3FshE e Srar R ¢ o1
Opposi Ng JHEaoY eg&%ﬁfaianggy ﬁle@haﬁi@mrtim@gfa@éd QNBl t¢d1gl8ér 1head Anlsthedder .
An exanpl e of suc n e diment w |

now be described with reference to
FI GS. 4B sehemétially in the Hhgleatontation ef BRE. 4And itlois cabe,dhe weverdt oticenvfl8 of
FIG 4B will be best understood by referring in_ parallel to FIGS 6 and 7,
wher e t héhexpoloeider (ang wolAna sipvenoheing B3 Wl thsethstsema ay thadrdeserdbed

et e e EoTbAE R B Flteehr h Ffy”spr EE ORABh HOR 8Tum
een. et ! . FT ace
provide %qu;engg éo%;{g& ggitggﬁogﬁﬁ;ﬁ éﬁo&n&lepgﬁg%ng et aﬁéﬂ@ﬁ%‘%ﬁ’%ﬂ?’ .

provi ded ar ri I's nechanically I ntegrat

exanpl e, difrdd &&(ﬁn%itébhegevcﬁﬁﬁ@ﬁ foeveedn030) Ewiles olieeipratatidgsmotiper end in
a hollow shaft 40 to which is attached a sun gear 42 which forns the center
of a pl anet ar yingeatairaeméndaments it may|eadasirable, toaptdaisr af evesllyratinrhsevesn
nore, plapet gears 44 are rotatably nted .on posts 46 of a fixed s ort
b1 ook 15 HeticaRies o Jhe Aered Ry TR AAhaEs GEoD UGS Mk sigs ol ich o Dog

power hand 12. .:An I K S 1Rl t ars: rall
Gep! oymort il R RSl M a e o FRBGRET 1 R0 cadBT U brrahBEmRHE
connect i ' ehAR} CRlskbYorl s RPLaded (Wrtd Mrafshgisgear st and
with an 2% S)IQM?%&;?% ASIEO grﬁoj ecti ngS u?owar%? from 0t@(gol e%(;h?ge{ 16 tShr ou%ﬁé)e

hol | ow shafdrcdhectng mtween ehddast ogpasingd aurfs& ané thatteolpbsiddr ethwiimat 4 ool
hol der 16 and rotating body 36 so as .to majintain conceptric alignnent of
t he conpaziser sotatipnal sign elitheglirsb Rppesing seHasesaioTyEs ASHHETHA reATORY| SR der

6 d [ 36 he 1 npl ' il h . .
corpr essi thinegophBods” aapiPatride s ausH B ahbaulsal Bl RL beofEiiods wiry
rotating hedy,36id cps 98s 1L @ebtas the tool holder to its |owered position

when not in nbtion, and to naintain a well defined frictional contact

bet ween the varh®uygusmyd agd cluapame wfsdrive mechamsopes aifi BIG. 4Biw#l dbafdst 20
conveys rotational notion to rotating body 36 by notion of drive pin 22

within slwtdezstoad byesfeiredimporxadlehite FIGSE &r and &, tvohere dbe expl@led Ggw gbar
42 rotate ogether with rotating body 36, causing rotation af planet gears
44 about Te: T Shwecseass ik St p! el cominsht wilsee Sshiord TG gBar
50 to turgy~t i i n .
The overa G'r(gg% té’(iﬂzé ﬁﬁg{ll&{a@gﬂqﬁegﬁgéﬁﬁiéG&rg%@EeRs{%t%%\%ﬁ%&&ﬂ%&gg’%lgﬁ%‘é:}gt a
frequency, related to those of rotating body 36 by the ratio of the nunber
of teeth between sun gear 42 and outer ring gear 50. In the case
illustrated here, the secondary transm &si on provi ded by the planetary gear
arrangenent provides an addition step-down ratio of about 4:1. This all ows
i npl enentation of a drive arrangenent 18 with an overall difference of at

| east two orders of nagnitude between the frequency of reciprocating notion
and that of rotation. By way of exanple, certain enbodinents of the

oy . - N 1 . o Y



As nentioned earlier, certain enbodinents of the present invention are of
particul ar val ue when used with endodontic files, and particularly with
files opewatzorgisprzsnmarily with an axial reciprocating mpeensng/032a84 whi ch
have an open structure (for exanple, at |east 50% open), or which is
otherwi se significantly asymetric under rotation about the axis. In such
cases, adbifinedrbyosurfacecdtprovided bytd bnlla\b'amtatirt@bad(y 36midpsppasimen sunface
uni f or m gper tion of the tool. A part]cul y preferr d exanplde of a_jool

for use 4% wOHb WaTosKied Bhagsar 5ing M{r@c fmi@ priegiied thevewithon i s

170860 £ bl b i pllle JROGRRENAERRE CHRRRERC AL TG e o

transm sgjoPw ahif ook deseh i ieftabBRESiaNsdD gTeE'Le 490\%@@ fnsCae éérﬁeﬁéﬁ@' ary
enbodi ments with increased step-down ratios, it will be noted that e

pl anet ar ylaedaryagaad ageogament At keasti two, laadr;&afardﬁgaﬂrdeoorpmm gdamet PYeaps up
gear ratio, thereby for exarrpl e reducing the overall ratio between the

r eci procaH ?&iﬁ rofeéailE megurded on pestsstbael dRXed suprait PlaskudS, enish drpreferahly y

I th 50 t to t.he,d t,
bnd i n odReCEELe 1 rﬁaenﬁ%”i‘aéﬁf ne«%prla%l S0 i 4R, SRpE BB r g Rl ™"
desi r ed f
cach o valeabls fightikotte be e BT RER, ARER LY %@F%F%@%’eh?ﬁ%efﬂﬁ%fe. o

as will &Qsﬁé@ﬁrmtmaorseApceﬁmwmgwos& $2 fsdnledihztd’l@algf integrated with b ghg
particul ar enbodi ments of the present invention have been described to

i1l ust rat@aa S0i ansl withgan exiaf etenuy 6éspr0jctctiggatpvmﬂd& fran gdol hakder Hé thmu@lm i on
i's not ted t e ecific i e tions. For exa ul d be
ot ed ¢ haollew siaf P ORe PEEIoFHRE Gala Hotrs HIGBMPIIREETR PO I

sur faces ! 4 r.i.al [

surf ace kG BRnELER FPRPL ROuRLHaR Alacehle Alkathdft JIHELDDRPnaRE sffile

friction a@i@@v;ﬁ@%wffrfo@ibﬁtrbmw rb@Miohr éfClobP ﬁoldeh%eﬁw ﬁﬁﬁmﬁg/ bbagy 36 iz e al
di spl acenent as pin 22 noves in contact with one surface but not wth the

ot her . Fumphenemtation i Hestiatakheriepa cosprossidn sprtneS8 spplss abink forot betveesh
drive handles with an eccentric drive pin_as the qutput interface, and may

equal |y @elpp%wéﬁ%é%@ndﬁ@wéi%aquyo% pre%ﬁr tpdanhy t@@I Beldst t &ts Jewerated by

h f f b
Wt be digsiBE ssn BRE D ORGriaRo gt dbs B Sl Wel FfREn dERBanel comath s ve
as exanpl&gwe&pgletmfougqﬂé(wﬁ% f%fn ﬁa@l ments are possible within the scope
efi

of the present 1nvention as in the appended clains. WHAT IS

CLAIMED | S 1.JA apepitédn, tdeple shiasip2®cemesyts reppivhal usotfonr toustatig body B6tor i zed
power

motion of drive pin 22 within slot 24 as described above with reference to FIGS. 5A-
5E. Sun gear 42 rotates together with rotating body 36, causing rotation of planet
gears 44 about their fixed axes (posts 46). This in turn causes outer ring gear 50 to
turn, thereby also turning connecting cover 52 and tool holder 16. The overall result
is that tool holder 16 moves in angular steps, and at a frequency, related to those of
rotating body 36 by the ratio of the number of teeth between sun gear 42 and outer
ring gear 50. In the case illustrated here, the secondary transmission provided by the
planetary gear arrangement provides an addition step-down ratio of about 4:1. This
allows implementation of a drive arrangement 18 with an overall difference of at
least two orders of magnitude between the frequency of reciprocating motion and

that of rotation.
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handl e to di splace a dental tool, the displacenent apparatus conpri sing:
(a) a tool holder having a receptacle for receiving the dental tool, said
recept aclwodefo/msreg a tool axis; (b) a drive arrangenmenPCagBuai/oi2egh wit h
said tool holder and the notorized power handl e, said drive arrangenent
defining a transm ssion fromthe notorized power handle to said tool hol der
such that sai Bxt owhy hoff dzamphdecgtrs embbgdimes i ofy thot preserpaimiehébnt eresai d
tool axis at a first frequency of oscillations per mnute and rotates about
sai d t oolintgriled primardg fonuse weludenty) toplsreteatadonsaspdPwiibsed e, ofited e ds i d

1 equencys opertingsperi oy UpPLAn A0 o ipuPRrRe SieP LGRS mipiEin? Retlafig "
dri 3 def t 1.95] ; t ' t
A b

hol der pajrefetsly tig thakshgeast 3,680-5,00pbpint dwkhdodeext 6his prefeded vgipeaof
rotational step of no nore than a fortieth of a revolution about said tool
axis. 3,008 5,000 eontn sthicasdrghe ritageppaplamestasioncd i gy B A prefeeibly segudtsfiprast
frequency is at |east fwo orders of ni tude, greater than said _second

f r equencyfolary motio b BeaieayaRaimer Sap Gt 2Bl ik WieR AMA Sk

drive art ﬁgtiggfgsngg?@pf\%gé@%ﬁi P@OQB]C i’ﬁ%{i‘lﬁ?}' TELRA 20 RN gﬁﬂ Bt & 10

sai d t ool Hol'dér "such™t eh sal dt ool er- experi ences rque

greater thajiedcy b5 RSN JRIPIS, SRPOPIdAMySAitHe FolRIIID-3Pauh. sai d tool axis,
said rotation i's interrupted while said reciprocating notion is

subst anti al | y Amafdrsinmed. earlier, ceBtaimllesntdidipbaiseo the apsantinmentibncirai off 1
for use with a notorized power, handl e having a drive pin eccentricall

mount ed drirglauYHue vehenvised gt en £ If%ia&dd?am@%ﬁl)’%é‘éﬁgﬁt@@ ses

o0 20 S, SCHTRER) PO e Rl R P USRI )RR,
P i h L S B L manedld §°
t ool hol deider rotation about the axis. In such cases, addition of a rotational motion about the
axis helps to ensure uniform operation of the tool. A particularly preferred example
of a tool for use in combination with certain embodiments of the present invention is
the self-adjusting file of the aforementioned European Patent No. EP 1708638 B1.
Parenthetically, with regard to the secondary transmission, although described
herein in the context of certain exemplary embodiments with increased step-down
ratios, it will be noted that the planetary gear arrangement can readily be rearranged
to provide a step-up gear ratio, thereby for example reducing the overall ratio
between the reciprocation frequency and the rotation frequency down to significantly
less than the 40-50 ratio native to the drive pin transmission arrangement, and in
some cases, to an overall ratio less than 10:1. The particular desired output ratio will
be determined according to the considerations for each given application based on
the structural principles described herein, as will be clear to one ordinarily skilled in
the art.
Although particular embodiments of the present invention have been
described to illustrate a wide range of features, it should be noted that the invention is

not limited to these specific implementations. For example, it should be noted that a
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and wherein said first opposing surface is provided with a sequence of
axially projecting gear teeth arrayed around said axis such that, during a
revol ut i omoabiovise126ut put shaft, the drive pin engages saCu/1gEa/0i26st h,
generates a rotational step of said first opposing surface and di sengages
fromsaid gear teeth. 6. The displacenment apparatus of claimb5, wherein said
first oppawilag eflect avy bes obtinahic abing ¢astteglpwap1®did/ing rsustacds tZSOan(hBGd:eT

7. The di spl acerrent apparatus of claij ere iddrive a genent
further é@@@?iﬂge% € gﬁﬁat %ﬁéﬂﬂhﬁ}ﬁtﬁ{rf ﬁé?ﬁl)gg ) a%? 8 aplgHIsHED I, é@li’lﬁ)&* ©

bet ween sald n jven

ot att onaest i of APATHPY g ARG nd A BP Bl oo bl yePe

rotationgl mﬂ?év‘?&%%n%@hﬁl tRoladdpledeas pin 22 mBvEe CbARLAGEIROhe RFAcAbYS Of

claim7, erein said supp emsnt ary transm ssion stage conprises a

pl anet ar yhogeeith ahe atigenEottheendrer g orveation is mot liaxital tdugde satit alotddrdd hand

pi ece con:iprl sing: (a) the dental tool_ displacenent a?par atus of claiml,;

and rive handles wzth an eccentric drive pin as the output interface, and may equally be
implemented where part or all of the motive power is provided by some other form

of interface, such as by a rotating gear wheel.
It will be appreciated that the above descriptions are intended only to serve as

examples, and that many other embodiments are possible within the scope of the

present invention as defined in the appended claims.
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(b) a notorized power handle, said dental tool displacenment apparatus being
engaged with said notorized power handle so as to be driven by said

not or i zeawpawsrisheadl e. 10. A net hod for operating a dentall/iBmwab/ps258we et hod
conprising the steps of: (a) providing a dental tool having a tool axis and

confi gur | ~axial oscillatory notion; (b) deploying the
dent aIg tg\g/ﬁ‘ﬁ; Iﬁﬁ‘gw E%n with dental tissue; (c) generating axial
oscillatory moLion Aldefdiihsl dfspRALARRY aBbarBfs! fok dlsk APt REoMTHIEpoRad ()

during said axial oscillatory tion, genherating rotation about said tool
axi s at aapdbordlifplace edeytadiool othetdigyiscaeentmippaitatus odiapdsingsai d first

frequency is at | east one order of nagnitude greater than said second
frequency. 11.{A)derkt mOltl’miﬂeldh@}ﬁimgc@rfémptéfﬂpaf%atrﬁgeiﬁmg thee dentah teolpsast i zed
power receptacle defining a tool axis;

(b)  adrive arrangement associated with said tool holder and the motorized
power handle, said drive arrangement defining a transmission from the
motorized power handle to said tool holder such that said tool holder
undergoes reciprocating motion parallel to said tool axis at a first
frequency of oscillations per minute and rotates about said tool axis at a
second frequency of rotations per minute,

wherein said first frequency is at least one order of magnitude greater than said
second frequency.

2. The displacement apparatus of claim 1, wherein said drive arrangement
defines a transmission from the motorized power handle to said tool holder such that,
for each reciprocating motion of said tool holder parallel to said tool axis, said tool
holder rotates through a rotational step of no more than a fortieth of a revolution
about said tool axis.

3. The displacement apparatus of claim 1, wherein said first frequency is
at least two orders of magnitude greater than said second frequency.

4. The displacement apparatus of claim 1, wherein said drive arrangement
defines a transmission from the motorized power handle to said tool holder such that,
when said tool holder experiences torque greater than a threshold value opposing said
rotation about said tool axis, said rotation is interrupted while said reciprocating
motion is substantially unaffected.

5. The displacement apparatus of claim 1 for use with a motorized power
handle having a drive pin eccentrically mounted on an output drive shaft, wherein
said drive arrangement comprises an annular slot circumscribing said tool axis, said
annular slot being formed between a first and a second opposing surfaces, said

annular slot recetving the eccentrically mounted drive pin so that motion of the drive

pin within said annular slot generates said reciprocating motion of said tool holder,
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handl e having a drive pin eccentrically nounted on an output drive shaft to
di spl ace a dental tool, the displacenent apparatus conprising:. WO

2010/ 1506RCIV1EB2810/ 052584 (a) a tool hol der havi ng aPCEaBpie032884 or
receiving the dental tool, said receptacle defining a tool axis; (b) a

drive arr epent. associtated with sai.d tool hol.der d_ the notorized power
nandi e, 1o TR SOE oGt maniod S 5 e GuRE e iRt MBhg
sai d tool ' ' I ' [

opposi ng Faals aag Il AR ArARCR RbyRFIN Gl TR MR 8RNk 4 Reoior e
drive pi rowtputtdiaft, thd ddove pin tingagds isuiel gian tedthhienesaticsl aaonitional steptof said
generates_reciprocating notion of said tool holder parallel to said tool
axi s at dimt pRosingsuéaneyensk disengageafiopnsaiggeaniegtit.e, and wherein said

first ' f ' rovided with a ence pof axiall rojectin
gear teeth sudh t hathc QIRPHESRIENt APBRTALID & HaTThes DGR SRSk Hrst pRPQSIS, o
[ I : r ; ijgnal step of said first
glpgoging3gsglﬁt;aégéscej{ngg%gugiﬁgeﬁg%%g{s&f‘?%ﬁ?%%tg%lggélgg{]eeth, 'Itohereby generati ng

rotation of said toe @i@bﬁeém@bpgippa%@mﬂ of eRlimeX i wh@tirbs € dPiNe abiapgeesy of
rotations per m nute. 12. The di spl acenent apparatus of clarm 11,

wher ei n sartiief comprisgpasiupplemerftayetransonssibarstagd infeicnneentaigebetwieth sad d
)" e e ool ol T R e st ot ™
bR R R N v N
a different rqgationgl dispeRefient dipPat®@ oPUIARL 7, wherein said supplementary
transmission stage comprises a planetary gear arrangement centered on said tool axis.
9. A dental tool hand piece comprising:
(a)  the dental tool displacement apparatus of claim 1; and
(b) a motorized power handle, said dental tool displacement apparatus
being engaged with said motorized power handle so as to be driven by
said motorized power handle.
10. A method for operating a dental tool, the method comprising the steps
of:
(a)  providing a dental tool having a tool axis and configured for operating
by axial oscillatory motion;
(b)  deploying the dental tool in juxtaposition with dental tissue;
(¢)  generating axial oscillatory motion at a first frequency of oscillations
per minute; and
(d)  during said axial oscillatory motion, generating rotation about said tool
axis at a second frequency of rotations per minute,
wherein said first frequency is at least one order of magnitude greater than said
second frequency.
11. A dental tool displacement apparatus for use with a motorized power
handle having a drive pin eccentrically mounted on an output drive shaft to displace a

dental tool, the displacement apparatus comprising:
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14. The di spl acenent apparatus of claim 13, wherein said supplenentary
transm ssion stage conprises a planetary gear arrangenent centered on said
t ool axi sSWO 2010/150125 PCT/IB2010/052584

(a) a tool holder having a receptacle for receiving the dental tool, said
receptacle defining a tool axis;

(b)  a drive arrangement associated with said tool holder and the motorized
power handle, said drive arrangement comprising an annular slot
circumscribing said tool axis, said annular slot being formed between
first and second opposing surfaces, said annular slot receiving the
eccentrically mounted drive pin so that motion of the drive pin within
said annular slot generates reciprocating motion of said tool holder
parallel to said tool axis at a first frequency of oscillations per minute,
and wherein said first opposing surface is provided with a sequence of
axially projecting gear teeth such that, during a revolution of the output
shaft, the drive pin engages said gear teeth, generates a rotational step
of said first opposing surface, and disengages from said gear teeth,
thereby generating rotation of said tool holder about said tool axis at a
second frequency of rotations per minute.

12.  The displacement apparatus of claim 11, wherein said first opposing

surface is mechanically integrated with said tool holder.

13.  The displacement apparatus of claim 11, wherein said drive
arrangement further comprises a supplementary transmission stage interconnecting
between said first opposing surface and said tool holder such that a given rotational
step of said first opposing surface generates a different rotational step of said tool
holder.

14.  The displacement apparatus of claim 13, wherein said supplementary

transmission stage comprises a planetary gear arrangement centered on said tool axis.
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