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(57) Abstract: An x-ray imaging system and a method for retrofitting existing x-ray generators to allow those generators to be con-
trolled by a digital x-ray imaging system are disclosed. The x-ray imaging system includes an imaging array and an image controller.
The imaging array is configured to be positioned within a patient's mouth, the imaging array acquiring an image ot the patient's teeth
when the patient's head is illuminated with x-rays. The imaging array includes an x-ray dosimeter that provides an x-ray exposure
signal indicative of an x-ray exposure received by the imaging array. The image controller is coupled to the imaging array and re -
ceives the x-ray exposure signal, the image controller includes a first wireless link that controls an x-ray generator by initiating a pre -
programmed x-ray exposure. The wireless controllable switch can be used to replace an existing manually controlled switch in an ex-
isting x-ray generator.
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SYSTEMAND METHOD FOR AaDIUSTING DENTAL X-RAY EXPOSURE

[O00LT Xoray bmaging is conmmonly used as a diagnostic ool in dental settings.
Traditionally, film was used as the x-ray detector. The fibm s inserted intes the patient’s
mouth behind the teeth and the outside of the patient's jaw s exposed to a pulse of x- £3Y5,
The terth absorb the vrays, snd hesee, vreate contact fmages of the testh on the filnt which

arg then used by the dentist to dagnoss the state of the teath

100021 This system had a number of problems that have been overcome 10 some
degree by replacing the film with a digital fmage sensor, fnsoch systoms, a scintiflasor is
used to convert the Xrays o visible Hght, The light is collimated by # fiber nptic bundie, and
5 CMOS image sensor of substantially the same type as ssed in digital photography is ased to

detect the generated Hght that leaves the collimator,

\

G003} The time and cost of processing the {ilm wre substantal in 2 flm-based svstem.

(”,n

Copverting the film fmages to digital form for storage in s modern record Keeping system
further increases the cost of such systeras both in terms of &quzpmen and operator e,
Ihgital image sensors avoid the film processing and provide o final image that is in 2 form

conpatible with digite] record stovage systoms.

{00047 Determuining the ciyrect exponwe presents problonss with film which are
partiaily solved by the use of digiial sensors. The fiym;m o range of the film s typrcally less
than a factor of 100, That ts, the ratio of the highest light lovel that can be recorded withow

saturating the Bl o the lowest level that can be detected s of the order of 166, This

dynantic vange ix sufficient to provide useable tnages i the sxposure fs corrently set.
However, setting the exposure prosents chatlenges. W too short of an x-ray exposare is used,

the image will lack detail b the darker aveas. If the xoray xposure {s f hig y, part of the
image will be overexprsed and insafficient detail will be present. The correct exposae, in
general, depends to some degres on the structure of the patient’s face, as the patient's face

absorba part of the x-ray before the x-rays reach the tecth,
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{O003] Digital senors have substantially igher dynamis 1 vanges than filin, Henes,
sven if the expasure is above or below the optimum level neaded to place the fmags in the
hinear range of the sensor rasponse function, & useable image can be obtainsd v digtally

provessing the image. However, providing an optimal exposure is still advanta KOOUS,

{0006} Dgital sensors also require substantially less xworay exposre o fome & asable
vage. In general, it is advantageous to reducs the x-ray exposure o whach the patiom ig
subjected to ax low a level as possible. Hence, dighal seasors hold the pramise of reducing
ihis exposure. However, this promise has only partially been achieved by current digital x-ray
systoms,

~

{7 In geveral, the xeray generating system i independent from the naging

g
sensor. For example, a dentist who desires w switeh from flm so a digital sensor, typicatly
uses the dentist’s exizting x-vay system and mersly reduces the exposure i a lovel that
provides satisfactory images. The technivian places the digital sensor in the 1 patients wouth
and then triggers the x-ray system 1o provide a pulse of x-rava that is sufficient to provide the
desired image. The dighial seasor sends the fmage 1o 4 < computer that processes the image and

stores the data in the electronie patient information Sysieny

(OO0 Bystoms i which the digital sensor deteots the start of the x-ray pulse and
begins its exposure when the palse is detected have been sugpested.  Such systerns can alse

£

el the exposure when sufficient z-rave have been detected | by the same Sensor rocchaniurs

However, these systems do not have any mechanism for murning off the x-ray 1 generater when

there is sulfictent data to form an image, and hence, the patiest is subiected Yo additional x-

ray expasure that provides no therapsutic benefit

{O009] Schemws In which o madiation detector associated with the unagng aray
measwres the y-ray dose during the expasure and then turts off the high-volta sge supply to the
X-ray generatnr havis also been suggested. Thuse systoms require an x-ray generstor in which
the high-voltage can be controlled by the electronics that monitor the exposure HICISUNING
device andfor the imaging system, Howsver, most dental nffices atilize o Tay systens that
were designed for filra-based woray imaging and do not provide the remnte contred » aysiem

reguired by such autonwatic exposure systems. Tn these legacy systems, the operaior intiaes
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an expostre of @ predetermuned length by presaing o button, To protect the operstor from
repeated exposures, the gtion is placed at a remote location relative to the patient and x-tay
head. I addition, the electronies that control the x-ray exposure do not present a vemstity

aceessible Jocation thet can be vesd to fashion 4 remote contrnl interface that can be used by

autonatic exposure control systems.

Swmmary
{0018] The present fuvention includes an K-ray imaging svdem and a method for

retrofiting existing x-ray generators to allow those gensrators to he controled by a digital x-
riy fnaging systest. The ray imaging systent inclades an imaging arrsy snd ao image
controller, The baging array s configured to he positioned within a pationt's mendh, the
imaging array acguiting an inage of the patient’s teeth when the patient’s head is Huminated

¥

with xorays, The imaging array Tecludes an xray dosimeter that provides an R-FHY OXPOSIHG
signal indivative of an x-ray exposure received by the hnaging wray, The fnage cordroilsr is
couplud to the fmaging array and recetves the x-ray exposurs signal, the mage controtier

T
1
$2E

includes a Gt wireless ok that controls an s-ray gensrator by initiating a Pre-programmes

L0811 T o sspect of the nvention, the pre-progranuned xoray oxposare is Jess than
the minbman X-ray exposure needed to provide a satisfactory image of the patient's teoth,
The wnage controller repeatedly jnitiates the pra-programmed xeray sxposure witil the

expasures taken ogether provide 3 satisfactory tmage of the patient's testh,

HRHZT I another aspeot of the nvention, the image controller inchudes g second
wircless link that interrupts the pre-progranmned x-may sxposurs. The mage controler
inferrupting the pre-programyned X-ray exposure fn response to the x-ray exposare signal

X

fdhicating that an exposere sufficiont to provide a satisfactary image of the patient’s toeth had

{O013] In & still fuether aspect of the Invention, the tmage controlier s manufactured
by g Hest vommescial entity and the system includes an X-1ay generator mavasfactured by a

serond commercial entity that is different from the frst commercial entity, the soray generator
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J

b

i sokd separately as & stand alone undt for ray hosging. The first wiveless Hak
coanmranioates with 8 wireless vontrolied switeh in the x-ray generator, the wireloss contealled
switch replacing s manually contrelied switeh in the stand alone unit that initistes x-ray

generation,

_{{BOH} Inanother aspect of the invention, the ssoonst wireless Hud comtroly a wireless
controlled switch that interrupts the goneration of xvays by the xoray generator. The second
wireless link infermupls a power Hoe that supplies power 1o sn xeray generating tabe in the

FaY goncralay,

Brief Besoription of the Drawings

PO015] Figure | iltustrstes the arrangement of the various comprnenty in a dental x-

ray anadvsis of 8 patieny's teeth.

{001 6) Figure 2 illustrates vue emboditaent of an x-ray exposure systeny according o

A

{0017} Pigues 3 Hlostoaies another embodinuent of a dighal xoray system according o

the prosent fnveation,

Peatgiled Pescription

AL

FOGTS] The manner in which the presenat invention provides its advantages can he

p

more easily understood with reference to Figure 1, which iflustrates the arrangement of the

Various vomponents in a dental xeray analysis of a patients teath, Typically, an nHEIng

w Aot

sensor 21 19 placed m the patie

s

Us mouth so that Xevays from an x-ray source 22 will pass

through the pationt’s teeth 23 and be detected by the Imaging seray. The imaging mvay is
controlied by fmage controller 24 that processes the data from imaging sensor 21 o provide

an imags of the patient’s teeth that 3 stoved in an slestronic e aasociated with the patient

A-ray sowrce 238 controlied from a separmte Xeray controller 25 that inchudes a bigh veltage

A

power sapply that applics an sceeleration potential that cause electrons 1o strike a metal target

,.

0 genorto the Xrays. In many dental settings, the x-ray sourcs was purchased by the demist
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tr be gsed i a film-based disguostiy systerm. The digital nuaging vwdem is typically
prrchased as 1 replacament for the film coraponent of the old x-ray system and is comprictely

independent of the older XYY SR

FO019] In thi film replacement wode, the old xeray system is opevated by manually

va

g aswiteh 27 that inttiates & bigh voltage pulse of the appropriate longth to pravide the
desired x-ray exposive. Prior ast systers In whick fmaging sensor 21 is contralied in
response to the generation of R-rays are known, In such systams, the inagin g sray v placed
i & ready state prior to awiteh 27 belng closed by an operstor entering the Approptiate
command to image controlier 24, o these systems, inaging semsor 21 includes a dose
measuring sub-aystem that deteots the start of the xoray pulse. Systems hased nn mMeasuring
cwrrents generiod in the traging sensor iiself or a seoondary sersor associated with imaging
semsor 21 ave known to the art. In these systoms, the tmaging artey 18 reset at the start of the
xeray pulse. The muage is scoumuduted wat] the x-ray source is turned off, The © UBAaging arrsy
can either detect the cessation of the x-ray exposure using the same system that detected the
start of the pulss of Xerays or merely walt a predetermined longth of time. In either case, the

unage is readowt and processed after the x-ray exposure has heen completed,

[OU26] In thus type of system, the xray exposure I3 determined by the settings on the

s-ray controller. The settings are typloally not varted 10 account for different patients’ fucial

abetrption of the Xerays, ett. As a rosult, the settings are typleally set 10 somme safe settin 1@ that
ensures a sufficient exposure for all patients. Accordingly, many patients receive a farger

EXposure thag necessary.

[O021} The present invention pvereomes these problems by retrofifting the
conventional x-ray system with a irigger switch that can be controlled by the controller that
wesmitors the imaging srray and by executing an oxposure that consists of 1 ge seguignee of short
pulises of X-rays rather than one loug pulse. Refer now 1o Flgure 2, which lhustrates ons
embodiment of an X-ray exposurs system according w0 the present invention. 1 i dightal Xeray
systern 40, the trigger switch that initated an s-vay burst from xeray boad 41 has heen
eplaved by a remote controllable switeh 420 Since the lovation of remote comtroliable switch

42 is not necessarily closg to bmags vontroller 31 that controls imaging array 52, revwte

x

coriroliable switch 42 profevably vomsnusicaies with image eoutroller S1 via & wirsless
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commancstion Hok 33 sach that & cable 18 not needed between ravnote controlable switeh 42
ard fmage controlier 51, Remote controllable switeh 42 allows imsage vontrolier §1 o trigger

& pulse of X-mays.

{00221 Imaging army 32 includes an xeray dose detector that msasures the dose of x-
vays recetved o imaging array 82, Any of a munber of systems for measuring the x-ray dose

can be wtihized. For example, x-rayys striking the imaging array ars known o give dse to
currents that can be measuved. For example, In nog o puand ring that is noomally used 1o
ahvield the imaging array from transionts generated by other sreutiry ina CMOS maging
aray is used as an v-ray detector by nivasuring the current that flows betwean that guard ring
aned 2 power rail In another pxample. the imaging array is readowt afier sach pulse of x-rays
and the total sub-exposure determined by examining the sums of the signals fron

predeformined setof piyels

>
fos

{00231 As noted above, the woray snurce is opsrated 1o 2 series of shot pulses, &
general, the expostirs of cach pulse fs sot by controls on the x-ray source, In the presud
mvention, these controls ave set such that the pulse delivered in rasponse 1o each trigger pudss
fa 2 steall fraction of the reguired dose to provide an fmage of the desired guality, For
exatmple, cuch pulse could be st t one-tenth of the exproted dove, 30 that a teial of shoat ten
tisex ure needed to provide the exposure. In embodiments i which a sepacate dosimeter ia
used, wnage controller 31 injtiatizes fnaging sreay 52 and sends the fivst pulse of x-rays.
fmage controller 51 ther reads sut the dostimeter and determines the mumber of puilees that

w1t be needed 1o movide the correct exposurs, Image controlier 81 then pulses the -ray
source for the deterruined nanaber of pulses. o one aspect of the invention, imags contmiler
51 veads out the dostmeter a8 one of more intermediate pobs in the exposure 1o verify that
the mitlal cetimate of desired exposurs time wos correst.

00247 Inanother embodient, the soray doon s set to 2 small fsction of the
estimated coreect duse and the dosirocter s readout. Imuage controllsr 31 then instructs the

operatny 0 set the Xeray exposure 1o o value deterndned by that dose. The Fnaging srray i

foae

then reset and the x-ray systeyn triggered fiv the caloudated exposure time, This enthodiment
eliranates the dead time between x-ray pulses; however,  roquires more skill and Gime on she

part of the operstor,
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{O02S] The remeste oonsrollable trigger switch of the prosent fnvention provides &
sinple method for upgrading a conventional x-rav source for ase with the di tpstal xeray
systean, The switch typioally makes & connection between two contacts that are held at
potental relative 10 one goother. This potential differonce can be tapped o powsr the radin

fink between the remote controliably switch and the contreller of the digital xovay systom, If

the power available frovn this source i Insuificient, o battery that is charged Hom the source

Hnk,

aver & long period of time cme be alifived & power the wireless

{0267 1o the above-desoribed embodiments, the radio vontroliable switch that
provides the Hak betwesn the timage controBler and the x-ray controller is inserted into the -
vay conteolier by replacing the weay trigger switch that is vommondy wsed in gxisting Xeray
genorating systevus. Sinee the tigger switch does not set the length of the x-r v pulse, some
other strategy is seeded to turn off the xray generator when the patient has received the
desired fovel of exposure. I oue aspect of the invention, 2 second radio vontrolied switeh is

st voltage to the x-ray head,

&
o Laed

wserted within the x-ray generation system to intarrapt the hi

Ths second wwitch allows the fmaging controfler to terminate the exposwe ai the appwpiane
timse without significantly altering the underlving electronivs of the x-ray genertion system,
Refor now o Figure 3, which Hlustraies snother smbosiment of & digital Keray systam

according o the pressat invention. To simphify the following discussion, those elements of

digttal x-ray systern 60 that serve functions snalpgous to clements of divital x TRy Nystem 40
disvussed above have boen given the same numerical designations as the clements of digital

s-ray gvstemn 40 and will ot be diseussed i detail here.

027} Dngital xoray aystem 60 s based on the observation that x-ray hesd 41 ¢ typicaily
includes an x-ray genorating hube that is powered by a signal source that causes clectrons &
e sovelerated into a metal target. The signal sowece tymcally includes a Bagh voltage powaer

supply Hoe that provides the potential for the socelevation. Henee, the x-tay output can he

4

ermpted by interrupting this high voltage power Hne sing 4 sccond radies remote controlied

P

{

switeh 67 that s operated by a second wireless ok 64, In this embodinent, image controlier
51 controde the x-ray provess and provides the user tnterfhes for the control of that process.
The x-oay controller 25 iy set to provvide an exponere that is suffciont to snsure that all

patients can receive at least the desived x-ray Homination if the entire exposare is allowed to
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procesd. When the S-ray maging process is triggered by a user inpulting an appropriate

command teomage contralior 81 via user interface 6, image controller 61 uaes the wirelsss
interfave bebwenn antennas 63 and 63 to trigger the xoray gensrator with wircloss link 64
closed, After inage controller 81 detects that the desired x- vay exposure has been elvained,

image controlier 81 apens radio remote controfled switeh 87 using the wireless Hnk between

wirelose Hode 64 and antenns 65, The romabnder of the progranuned exposase in - £
controller 25 does aot generate x-rays.

b

D028 The above-deseribed embodiments of the present invention can Be

sdvantagesuesly used in demtal settings having existing x-1ay generaions. Typieally, these x-

ray geverators sve made by a different manufacturer ov commersis! entity than the
mavatfacturer of the digital fmage contraller. The present nvention provides 3 method for

¥

staving the z-rav gonerator o the Sgital bmaging svstem that reguires onlv miinimal chan )
E Y& A S 5 3 &

1o the x-ray generator. These changes can be provided ow siso in » dewtal office that alven ady

+

e Xeray generalor o by the manufachusr of digital x-ray buaging systom that then sells a

oS
o n

1A%

.

complete system to the dentisy,

{ERe T

fur above-tuseribed embodiments of the present frvention have been
provided to lustvate various aspects of the mvention. However, it is to be understond tha
ditferent aspeets of the prosont invention that are showrin different specific embodinests
can be combined o provide other embodiments of the prosent invention. In addiion, various
modifivations to the present invention will become spparent from the foregoing desoription

and avcompanying drswings. Accordingly, the prosent fnvention is 1o be Nmited solaly by the

scope of the following olaims.
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WHAT I8 CLAIMED 18

Ang- HEER iﬁ}d}'?t‘l(’ 8¥ stem L(\i‘}?"‘!‘% ESFIN

an imsging array eonfigured o be positioned within a patient’s mouth, said i imaging
array Arng an image of said patient’s toeth when said patient’s hoad is iHaminated with x-

.

rays, said tuaging arey comprising an xoray dosimeter that provides sy g-ray sxposure signal

incheats v exposure recotved by amd imaging array; and
an tmage controlter that I8 soupled to said imaging arrey and recetves said xoray
crposirs signal; said image controller comprising a first wireless Hnk that controls an ray

generaior by tutiating & pre-progranvaed x-cay exposure.

2. The xeray imaging system of Cladm 1 wherein said pro-programmed x-ray SRPESUNG
1 Jess than the minimom x-ray exposurs needed 0 provide # satisfactory imags of said
patient’s weth and wherein sald tmage covtroller repestodly initiates said prosprograntmed x-
ray exposurs watl said exposures taken fogether provide @ satisfactory fmage of said patient’s

festh

3. The x-vay imaging sysiom of Clatm | wheveln said image controller further
comprises 1 senovrd wiveless Hok that interrupts cald pro-programmed x-ray exposare, said
fmage contrailer nterrapting said pras f@gramnwd R-FHY CXPOSUrE I reapouse 1o sabd xoray

exposure signal indicating that an exposure sufficient o provide 1 satiefactory wmage of gaid

paticnt’s toeth had been recetved.

The x-my bmaging system of Clatny | whereln said oage congroller is
mfaciured by @ first commeraial entity and sald system inclodes an xrsy genersior
manuinctured fcz:\s"i ccond oomunercisl entity that is Hfferent from said first commercial

ontity, said X-ray generator being sold seprrately as s stand alone wnit for wevay imaging,

'

The x-vay imaging system of Clabm 4, whoersin ssid fest wiraisss Bk

comnungates with a wireless contredied switeh i said xevay senerator, said wireless

fod)
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comirolied switch replacing @ manuaily comtrolied switch in said stand alove unit thay initiates

X~y ‘Y‘"“it??\“&f 20

The x-ray wnaging aystem of Clabm 4 whereln sald second wirsless Hok controls &

wireless controdled swieh that imerropts said x-ray generator,

. The x-ray boaging system of Claim & wherain said wireless controlled switch

nterrugpts a power line that supplies power to-an x-tay gensrating twbe in said x-ray generator.

A method for retrofitting an existing x-ray generator having u first sywitch that is

manuatly controlled to itiate a hurst of x-rays, said method comprising:

providing a digital x-ray controdivr that controls an boaging sveay configured 1o be
posiioned within a patient’s mouth, seid bnaging sreay acaguiring an image of said patient’s
toeth when said patient’s head ix ithaninated with x-rays, said imaging arvay comprising ag a-
vay dosirooter that provides an xevay exposure signal indicative of an xaray exposire received
by satd onaging &vay; and

s A contrailer that is coupled to sald imaging array and receives said x-ray
exposure sigaal, said image comroller romprising & fimd wiveless Hink that contrels an xoray

genevaior by intiahing a pre-prograsumed x-ray exposirs and

replacing smid et swdtch with a fiest wiveless controllable switeh that is actuated by

said image controlier

N

The method of Tl § further comprising introdusing o sscond wiveless
controllable switch jnto aaid x-ray generator at & Jocstion that bterrapts the goneration of x-

rays by said x-ray generstor,

Hi The method of Clabny © wherein said second wireless vontvolabls switech

imtemngits 2 power line that suppliss power to an s-ray generating tube v said xeray gensrator
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