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% Studios with dry bumas sasdibles have Jomansiratod (e supcriority
AL of subtraction radiography i1a detecting 1nduced 1osions over
v conventional side:-by-side comparisos of two radiographs .
;N The purpose of this study was to corroboraste these fiadings
a ina live animal wodel. s 8 adult dogs, lesions wote Induced

wader anesthesia 1» sandibular alveolar bone ot 14 predetemined
sites. The overall probability of a lesion presesce ot o
particular site was 1/2. Pre- and post:operative radiographs
were takewn with the 2)d of 2 custonized occlusal tomplate
holding the file, and allowing a rigid mechanical asttachment

to the z-fay source. Pre: and post:-operative rodiogrighs were
sounted i pairs and presested to 1] dentists for esamination.

A conpeter randoniled the order of presestation and prompted
the chserver to examine an indicated site, soliciting » $:level
graded response, runking frem lesion definitely preseat to
lesion definitely absent. Neat, sudtraction radiographs eete
presented on o video tven and possible lesion sites asrded

by citcles ome ot 2 tine in & rondon sequence. Cxadinet responses
and decision times wete teconied by conputer. Disgmostic
sccutecy was seesuted by feceiver Operating Ostractetristic

(ROC) smelysis. Individuw) snd pooled tesults demonstrated
improved disgnostic performence for the sebtraction techique

(P < .001). Respowte tines were 2150 improved by the sebtraction
techmique (P < .0001). Ferthetwote, WOC snalysis showed that
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the Jiagmastiy volur of radioge sphix «an bl s lantiatlly iactcased
by Jigital sublration focMiger fossllitg in xa ool imatad
30N reduction of cquivacael) Jlaguostic dev isions whon sublraction

mages are used.
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A SigmIficant 1ImITSE1om Ia FREIOEN wpilidc comMiMal il 1>
the dentification of sudtie ossrdus Madiges IRdicatine of

”‘“‘mr.. :0 ‘

investigations Riwry jRfcttcd Thet the
Iimitat ions of cOnvont 100a! radIograpy In detecling whwil
bony lesions are largely dwe 10 1N Prvsonce of sl P tuied

noise. Such soise consiste of 411 Wt ohic (oulutws other Thah

these of d1agnostic Isterest. Sablraction cadiogrephy 4> o
A0tRod By wRICh STractinred WOlse 15 todnuwd, Thetuly initcusing
the detectability of rudiogrophic 1mege (Menger Scowtting oved
o preicd of time. TRiIe AEENOd hos beed derctined in deteil Wy
Crondah), ¢t al. and hds deRonstrated 1t: potentisl in o study
whing éry hamae -atmf ™he parpose of this investigetion
was o enploy swbtraction tadiography fot the Jiaghosis of
ioduted alveoliar Done lesions in & live sinsl dodel id otdet

to detemmine whether diagnostic petformmie cwld be implovad

over that obtained Uy o comvent ional tex'wmigwe .
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MTERIALS AND MR TIDFS

Cight abell misnd Brved dogr® wete promedic stod sith
AMrePping and WeSINGt I tod (lim Pl hal Jhduc tion, helothane
and RiItrows acide maintonente). Seuerdl spitwticel Yadiapague
NATNETS wore conenled 10 MRl Citivt proparnd in the Thied
and fourth sandibwlar promslars 10 provide Fiind rodiogrophic
reforence points locatod *itRIe (he mandibie. C(wolal eold ouiv
Aarylic®® ecclusal registration/fiin:Nalder devicws wetv fadticotad
o ot slie 2 tadak oltrdspend Jontal CLIN®® canld bs teiotnd
e cach dog's atony I8 & toprodexivie aannet . The (1 in Woldet
was rigidly attached (o the +:foy sonice sl the Fiin wes
orposed for 0.4 seconds ot 90 Kop and IS milliows.

Cach Filn pachet contalnnd tuo Films., ove wis Jevelopnd
immediately for ov:site evaluntion of gronettic twprwdaction,
the second (1o ie exth pachet s stoted is o 1igt - phesd
container at ¢° C il the ol of the in vio- portion of this
Ivestigation. At thet tine oll steted Film orte procersad

simplitaveves iy to Jimit Jemsitonettic varistion.

* “Ia condutting the teseateh desctibed in this tepolt the
investigetors adiered te the "Cuide for Mminel Yxcilities
ol Core’ o8 premuigeted by the Comittee of the Guide for
Leburetery Anian) Fecilities and Cove of the imtitute of
Labwrstery Anian) Resswrces, Wations! Acadony of Hciences,
Ntione! Resewtreh Coumcil. ™

** Orthe Plestic; L 0. Cawil Co., Nedford, BE (9953

2% Eustawn Reoded Co., Rechester, SV 15540




in the musdibular promoler afces Jatceprosimal and Bucdad

Jearmer wete e wd w3ER o 2w spmed Fo dound il oeded ettt
salling. Mo Mesioms wete JIrtaabulad Bilalcd Al aang The

13 predetetmincd porraiBlic dilley (Figute S uw » Badehood,
T ek Sev i g i reopltad dm 37 dorvioms (labie 3

and 42 matehed comirol sifes JisiFibmtad st that The priot
Probub ity of + ledimm Being presemt of & pertiowiar sjte

wike 122, 18 wier el imeted Il Fram 1) ta M oubic Ml imctens
of bone wote remuved (rom saih lesian.  On the el Jerions,
the cortical plote wae lware pomsitited The dogs wefe ol iownd
10 Folnin o it ABee SN wte Foturmnd To the shidel cote
Facitity (or pwet - Growtmwet cafe. Mslgericr woiv provided (o
W te twe Aoyt o ¢ wfE dist el Prwsidad For aeeved deyr

AlY duge wete Fvlly teconetnd oy The ol af The Mt JQut jon

e wbritoct ian ITgee st Al aived Fron the pleapet st ive

tadiograle by Jigital «albltoction se Jee: tibed iy Coondend

of 4t % Beietie. the Intiogrophe cete comerted ta B1Z 0 317 4 8
hit Jigital magee I 9 NN canere Interfaced with o compuie
cO to) el et lag - te:digital :ometter, ond wibsoguent iy stodad
i® aegretic Jisk Files. The precision of wpstisl tegististion
of cotrepunding pte: o poctopetst 1ve radingtaphe oo Monjt aped
B meleg sighel «wditoction vis Bicing of the sppraptiste
clectionie sipmis.  To thet ond, the previawsly Sigitired
prevperative tadiogtoph ess Jiwplayed 2t o pritive oh 9 video
MnGler, o which wns st itpwend the teel .t ile Beget jve

inege predeced From o videw corets Focwned or the puciapetet sve
todiogrph. ™ic reswited id tel-tile sl toction of the two
heges e the ctcreen. By adjwcting the poweition of the poct
petstive trdiogralh wnder she IV comeys ittt the 2id of »
Sictomunipwister. the ottt ior iNage or the MMniter ey
Srought 23 cloce 2¢ possible ta woll. Wivtrived iv thic
position. the pectapetstive tadiontaph wae ttew Jigitired
ol ctored in gratier File  The veunlt of 1% Jigite] syt .
tion of the teon arges wye ctaved is & thitd file. P sdding
3 comstant grav-icvel valwe af 120 (o the M ra i jmegs

relative bowe Tocc ol grve woyth teupert ta e preapetative
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Fadlograph spprsrcd sy Rathet oF BRighlcr alfcas, Toypectiaciy,
AgAIME IR B b g Fomund .

Elovem Praclining fedlizly Pt ipatend i the oaaluat ian
tesl  They asry infomed abowt Che papore of The Javcstigation,
el LAt Berions wefe presant e ahast Relfl of tihe passiblc
sitee. INe pre- il postoperetively o sinend Tadiographs werc
MRed Heordingly Wl Mgt cd I8 PRIty ol cafdihasnd (romes .

The (ramwe wste Civewm w Llewi 1 Ficot jon numes for Jeter

retrivval during the tfueding wssioms. 3 Jight Gad was Wicidod
e copt e Framwr wad plavd G o tukie, Wik sloo providad
space for the heyhaerd of e conpuist Torminel ond four Mk
W RIIE videow Momitata. & caAMPal st progranm  ondamiied sopeteticiy
for edch toader ol o h Mdefify Tl atdiey of Prosentof ok

of e Fdiograghs @ i tact 1om iBages The taom Jights

wote G1amed d + Mg i Vs ing gloke wir provided.  Fach pasticipent
teod DOUR Aol itive ix Tuw Jiflerent corsions, WAich ewte
SOPRrated By v intethiceion of 2O Mimvies. Nhout el of the
toudere interproted the coment ioal tadiagrophs First, (he ofhet
Matl started with the cabiraction idnges. Gk teodet oo
premitied to woe enmiibited Fine (0 Mote exch Jirgnestic decision,
Bt the Line satlls Loken wos Mesunted By (he compoted

is tesnited in taminel teading sresions I Inding troining

tiee tasting ¥ te 13 Aittes fot the comentisnel tadiogrephs,
and 1S te 20 Rivwter Fot the slttnction imagrs. &1 the heginning
of euch cession written ond 22l Nt rwt iohs ety given,
EPloining the legittic: of the Lot rracedute ond the mohipuis.
tions togsited from the teadets. 8 (oot adRinictdster initivted
0 LPial to avd Vet the tendert P tice the tewvited Menipo]stions,
Mrer sofficiont FWRilostitatvah, the wctadl tendihg SEecion

s statted. avd the tect sdRinictretar tompined phesent Juting
the teading of the Fitcr few ¢ ives.

e resding testian oith the cwment jonsl + ndiogtahs
proceeded s follwes. Tl compoter progt ob Jicrlvyed the identydy-
cation aumbey of *he Frimpait te b Awurted or the Tight hor.
When ready. the remdey preceed 3 bey, itrtisting the diaplns
of the presperative valiogtaph oo the vrde0 torvtor. The
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‘A ' 3 Ccirdle ovef camh possIble lorioi >ufc, proamplid: the teader
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2N o camine the ndicated 3ilc o e Rouwntcod Tala-pair.

{20)

) X

Y The observer resposded by Lyping 2 musber fron | 1o b on
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& site 2 lesiom wae:
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. (1) defimitely, of slmost defimitcoly proscnt

(2) probably presest

t3) poscibly presest

{4) probably absowm:

(%) Jdefimitely, of slmast defimitcly abaont .
The rocponce 18iE1416d Ihe Progran 1o supetifpose cilhict shother
circte, or, after Interragation of 417 possibic jics, o
roquest SN0tNEr (LI paif. The compulsr teotdod the (hajcen
and the tine Inteteals foguited 10 tench The Jisghart. o decivions,
™e lotter wotfe seacted Feon Ehe Eile & citcle spcstod on
the Mnitor (o the tine oot e tespoder war onteted on the
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e rtending s@22ion wilh Phe el 2 oc Lion ¢ adyogt upihe
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- vorresponding times required an making the decisions were
X recorded asutomativally.
N,
X . ,
‘: immediate fecdbach on cach decision was provided in order
» . .
o to sustain the readers' interest and to help thems achieve and
N maintain stable performance. The computer program responded
&,
\ 3
2’,; to each entry as follows:
]
o,
e decision rating response
lesion present lesion absent
N ! “you are correct" “there 1s no lesion”
: 3 “you are corroct”™ “there 1s no lesion”
; 3 “there is a losion” “there 15 no lesion'
4 “there is a losion” “you arc correct”
S “there is a lesion™ “you arc correct'
4
4
¢
S
N DATA ANALYSIS '
The diagnostic performance of the readers using both
&
‘I of the two radiographic modalities vas evaluated by ROC (receiver
;I operating characteristic) analysis. ROC analysis provides an y
index of diagnostic accuracy that is independent of extra-image
s
v, decision factors and prior probadbility of lesion occurrence. |
&
“‘: Specifically, for a diagnostic system with given discriminatory
) capacity, the ROC curve shows the trading relationship between
V'
}5 the propottions of true-positive (TP) and falsc-positive (FP)
:,*, responses, as the Jdecic«ion criteria to call the findings positive
- of negative is varied systematically. 1In our particular
&,
;: application, this graph can be asscs«ed from the loci or points
’,
::; describing the relative TP and FP Jdecisions that would be madce
f by comsidering each howndary between the five evaminer choices i
'Y q
: 2 different decision critertion. The above procedurc provided ¢




four possible points that are located on a conceptually smooth
curve characterizing the discrimination capacity of a particular
sodiality. A commercially available computer program (RSCORE)8
was used to fit an ROC curve through the four cmpiricaily
obtained data points. The theoretical curve is based on the
assumption that the distributions of the psychologically perceived
signal strengths in the presence or absence of a lesion are

uorlal.7' 8

Consistent with this assumption, the data points
<an be plotted on double probability (binormal) coordinates****
and fitted by a straight line. The computer program provided
measures of goodness-of-fit of that line and a maximum-1ikelihood
estimate of an ROC index of diagnostic accuracy, Az , as well
#s ity corresponding sampling variance. The index Az reflects
the location of the entire ROC curve rather than any particular
opetrating point thereon. Az is defined by the area beneath
the fitted ROC curve, and ranges from a minimum of 0.5 for chance
petformance to a maximum of 1.0 for perfect discrimination
capability.

In order to summarize the performances achieved with each
wdality, the accuracy indices, Az , estimated from each of
the evaminers' responses were either pooled or averaged.
e a2ssociated standard errors were obtained from the sampling
vatiances of the maximum-likelihood estimates given by the

cwmputer program. The statistical significance of the observed

—

sess Chart Y4231, Codex Book Company, Norwood, MA 02062




s @ W A d Qg ¥V T T, ¥ - LA S b AL RSN Sal St iy Jiatpancity S A4 e At D Pl dien Sl

44 4
x

T
e et
?

o

i differcence in A between the two modalities, and between groups
L ¢ of lesion sites with comparable anatomic obscuration was
-"'S-
'33{ tested by a paired comparison. This was possible because each
-.:_\ i
\ "a - . . - . 3

Y reader participated in the evaluation of both modalities.
'E}* A non-parametric test (sign test) was preferred in view of
'Cak

e

Tt . .
f;f the limited range of Az and the small number of readers which

renders the normality assumption questionable.
The time intervals required in making decisions were
averaged over all readers and all lesion sites, or groups of
lesion sites with presumed similar detection difficulty.
The observed averages were compared by the t-test for statistically

significant differences.

RESULTS
Figure 2 shows a representative example of corresponding

pre- and postoperative radiographs, and the ensuing subtraction

.-..‘

image. The superimposed circles appeared one at a time in

a2
X

a random sequence over each potential lesion site. While it

"S“

is nearly impossible to detect all lesions by comparing the

!

ve
"ol

P
+
AT P

postoperative (upper right) versus the preoperative (upper

left) radiograph, the lesions are easily detected in the

XX

subtraction image (below) as dark blotchy areas. In this
particular example from a right mandible, lesions were induced
at sites 1, 3, 4, and_S. The bright disk-shaped artifacts

in the radiographs are projections of spherical radiopaque

markers serving as reference points to monitor the reproducibility
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of the radiographic projection geometry.

The diagnostic performance attained with cach modality
is shown in Table 2. A clear superiority of the subtraction
technique over the conventional method of comparing radiographs
is evident. At the outset of the investigation, lesion sites
were grouped as shown in Table 1 based upon the presumption
that members of each group would be subject to comparable
obscuration due to anatomic overlay. For the conventional
technique, the results indicate a definite decrease of Az
for the detection of interproximal lesions as compared to the
interradicular and radicular groups (P < .01). No significant
differences existed between groups for the subtraction technique,
consistent with the premise that the source of anatomical
obscuration is cancelled by subtraction.

The data also show that pooling the 11 readers' raw data,
i.e., treating them as one reader by merging their rating responses,
leads to a small depression of the accuracy index as compared
to the average taken over the individual's indices. This is
to be expected theoretically,8 however, the small difference
observed between the two summary measures attests to the relative
uniformity of the decision criteria used among the different
readers.

Figure 3 shows the detection performance evaluated for
the total set of lesion sites. Every rcader achieved a higher
accuracy using subtraction images (P - .001). Also evident
is the more uniform performance among the readers for the

subtraction as compared to the conventional technique.
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( < Figure 3 displays the R data pogpt. obtained by pooling

s the responses of cach reader.  Also shown are the best-fitted

X2

\g- lines for cach modality plotted on double probability coordinates.
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X The ROC for the subtraction technique is scen to be consistently
\Ki above that for the conventional technique, with respective

A values of Az of 0.98 and 0.83.

A comparison of the timc intervals required to decide

whether at an indicated site a lesion was present or absent

A
v .

is shown in Table 3. In general, for each of the groupings,

-

as well as the total pool of lesion sites, the time differences
between the two modalities were highly significant (P < .001).
The average response times observed for the conventional technique
were almost four times longer and displayed approximately twice
the standard errors as compared to the subtraction technique.
Furthermore, the relative difficulty of detecting lesions

at different sites was somewhat reflected in the times recorded
for the conventional technique. The average response time for
lesion sites 3 and 6, where presumably the least amount of
obscuration existed, was the shortest, and was statistically
different (P < ,02) from that obtained for sites 1 and 2.

In contrast, the times required in making thc decisions using
the subtraction technique were homogeneous among the lesion

sites (analysis of variance, P > .75).
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DISCUSSION

Previous studies with skull phantoms have indicated that
subtraction radiography can improve diagnostic accuracy when
compared with the conventional radiographic tochnlque.s
This investigation has confirmed these results in a live
animal model. The clear superiority of the subtraction technique,
as demonstrated in this and other studies, is critically
dependent on the ability to limit geometric and densitometric
variation between radiographs to be compared. However, despite
the authors' best efforts these variations were, at times, quite
evident and dictated the two-film packet technique. The two-
film packet technique allowed the authors to continue making
radiographs until an empirical on-site visual confirmation
of geometric standardization could be made. Two radiographs per
site at each observation interval was usually sufficient.
The amount of empirically observed geometric variation over
the eight week period during which radiographs were gathered
appeared constant. Even a rigid registration method may,
over times longer than those used in this investigation,
present geometric variation problems due to normal minute

changes in tooth position which may occur over time in some

animals, Other researchers have used a non-rigid occlusal
registration with some success,9 although in any subject
under general anesthesia, as well as any animal, the use

of 8 non-rigid occlusal registration would likely add additional

undesirable geometric variation. The method utilized in this
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:'." investigation to limit densitometric variation fell short of
;. the authors' goal of virtuil elimination. Indeed, frequentl)y

;‘.E the films procossed in a hand developer immodiately following

:: exposure showed less densitometric variation than did the

o duplicate films stored and processed under sore carcfully
\:’E controlled conditions. Fortunately the program used for subtrac-
? tion radiography can compensate for densitometric variation.'?

by The choice of 90 Kvp exposures was made in order to parallel

23 clinical practice in our area. 60-70 Kvp would have producod

E: more contrast in the radiographic films used for the conventional
. technique, but likely would have had little effect on the

-:.f results produced after subtraction because the contrast under
:::- the latter conditions can be manipulated electronically.

2y The third and fourth mandibular premolar ares was selected
E.z for this investigation because, in the dog, this region has

™ sufficient lingual vestibule depth for parallel fila placement

and there is no interproxiasal contact or overlap of the third

:‘ presolar with the adjacent teeth. Potential lesion sites were
x chosen to reflect incipient interproximal periodontal lesions

$.: without cortical plate penetration (Figure 1, Lesions 1 and 2),
3 as well as a variety of overlaying anatomical structures for

.‘ those lesions designed to penetrate the cortical plate (Figure
1, Lesions 3, 4, S, 6, and 7). The results shown in Table 2

:; indicate that the diagnostic accuracy in detecting interproximal
.." lesions (sites 1 and 2) by the conventional technique was
substantially reduced as compared to the other lesion sites

;N (A' s ,77 versus A. = ,87). This finding is in agrcement

o

. ( (~.‘ f‘f‘f \d’\-;.'-’...~\' . ~.-"-_..- WA AL N \'\' .\. ", ....,‘. ‘-( \'\; Y v...s. _.;.\.'\.‘\:r\;’\..



with other research suggesting that lcosions not 1avelving the
cortical plate are more Jifficult to detect (i1n conventionad
radiographs) than those lesions with cortical plate involvcnmn!.s
Contrasting with this, the corresponding data from subtraction
radiography do not show a specific association of accuracy with
lesion type. Such a result of coastant detection perforwmance
irrespective of anatomical context should be expectoed from a
technique that is effective in suppressing structured noise.

In 8 clinisl situation, a diagnostician frequently must
make a decision utilizing less than conclusive evidence. In
these situations a clinician is likely to skev his decision
towards a diagnosis, which once sade, imposes the least hars
to the patient if the diagnosis is later determined to be in-
correct. In an investigation as this, there was no danger
to a patient in the case of an incorrect diagnosis, and the
decisions were presumadly based solely on the knowledge of
the prior probability of lesion occurrence and the information
derived from the imsges. The diagnostician was not restricted
by clinical pressures and thus was free to express his confidence
in each diagnosis by the rating scale provided. Hence, this
technique permitted estimating selective points on the ROC
curve from the proportion of TP anf FP decisions that would
be made by choosing, in turn, each of the possible rating

levels as decsision thresholds between accepting or rejecting

the presence of a lesion.

13
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Under clinical conditions, the decision thresh.ids oy
eperating points on the ROC curve chosen by 2 diagmosticiam
ave wouslly mot knowm becauwse they vary with the particular
Mczm.mmm“mwcyu
finencisl impect, and estimates of disease prevalence for s
particular patient. Nowever, the estimeted grephs showm in

e ) > L,

Pigure 4 still apply is the clinical context becswse they

b describe the possible trade-offs thet can be ssde between

3 correct and incorrect decisions. Rxpressed differently,

g every opersting point thet may be sdopted by s diagrosticias
must lie en the sppropriste ROC curve for a gives radiogrsphic

E tecihnique. Fer example, if s false-positive (PP) rate of .10

E i3 clinically scceptable in s particular situstion, subtraction

X rediogrephy would sttaia s trwe-positive (TP) proportion of

\ 0.95, as compared to the comventions]l technique with & TP

” proportion of 0.60. Or, if for some resson the false-aegative

P, (PW) decision rate must be kept small, say below 0.01, it

E con be sesn from the scsles to the left and at the top of the

s diagras thet subtraction rediography could provide a true-

X aegative (TN) decision rate of sbowt 0.60, compared to &

% corresponding rate of 0.06 sttainsble with the comveatiomal

g techaique.

: In practical setting, disgnosticisas msy siaply withhold

P a definite respomse in equivocal situstion and request further
diagnostic evidence. Usually it is desiradle to maintain
both the probabdilities of FP and PN vesponses below a certaia

€t b

e
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sccoptable lovel. The proportien of equivecal decisions (EV)
vesulting under theee constraints can be ostinmated from the
apprepriste ROC curves. This follows fres the fact that the
prebabilitics of the possidle responses that may be givea to
sites with & lesion muet odd wp to 1.0; i.e., P(PW) « P(BY) -
P(IP) = 1.0. Camversely, it alse fellews that the prebabilities
of the pessible respenses thet asy be given te sites withowt 2
lesion sust odd uwp to 1.0 as well; 1.0., P(PP) « P(BY) « P(TH) = |.0.
With the aid of Pigure $ it can be seen from Pigure ¢ that the
subtrection technique could maintaia both P(PP) and P(MW)
Jess than er oqual to 0.06, while definitely sorting all lesion
sites ime positive or negative. Whereas to maintain P(PP) »
P(M) < 0.10, the conventional technique would produce P(TP) »
0.60 and P (TN) = 0.43, and fail to diagnose 300 of the sites
having lesiens and 430 of the sites withowt lesieas. fence,
for oqual prebabilities of lesien presence or sbsence, the
conventicnsl technique would remsin equivecal on sbowmt 1/3
of the lesion sites presented. This enalysis makes it clear
that the cbeerved difference of 0.15 in A between the two
rediographic sodelities is a subetantisl practicsl difference,
which appears large encugh te cutweigh eny valuwe judgnents
thet may be assigned te correct and incorrect disgnostic decisions.
The tine iatervals required ia msking the diagnostic
docisions provided smother indopendent assessment of the
relstive diagnestic wtility of the two techniques. Por all
lesien types, these istervals were sigaificantly shorter and
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sove wnifors using the subtrectios inages as conpared (o the g
conventions) sethed. While the practical iapact of this vresuit
say net bo as ispertant, it indicstes thet 2 less of diagnestic
perfornsnce due to cboorver futigee is less lidely to socwr
. with the interpretation of subtrection images than with cenventiena)
rediogrephs. .
Wen the sbility of exsminers te identify isterprecims)
Jesiens wsing conventicns) vediegrephs was cempered to subtrectien
insges, the sdvantage of this technique becams oven Sore appareat. S
o (Teble 2 ) Such an cbosrvetion supports the large bedy of >
dental literature and adds weight te Pritchard’s ebservation
that such lesiens may be ¢ifficult er impessible te detect,
dependest upen leca) snstemical facters.!? The subtrectien
; inage is set affected by sush esastant, unchanging amstemical
' fasters.
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| CONCLySION
p Conputer sultrestion images were shown to be far swperier

to conventional rediegraphic images for lesien detection in 2
live aniss] sedel. Diagnsstic accursey was significastly
iaproved with subtrestion rediegraphy (P < .001), and the
““tine required for diagnesis wes significantly reduced as well
(P < .001). RAerthormsre, ROC snalysis showed that the diagnestic
value of rediegraphs can be substantially iacressed by digital
subtrection resuiting in ea cstimsted 308 reduction of equivecsl
diagnsstic decisions when subtraction inages are weed. This
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technique holds great premise as a3 ses-Javasive seans for
. sccurste detection aad documentation of 05500us ChaRge eccurring
v i the pericdentium.
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Table 1: Distribution of Lesions
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Site (from Figure 1) Type n

), 2 interproximal 15
3. 6 interradicular 18 X
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4, 5,7 radicular 22

total S2
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faple I Asrained Measures of Performance A,
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e Cawont%oml Subtraction

.. & posled .76 .98
weraged 77 (L13)ee .98 (.03)

s ponied .88 .98
;eovaged .88 (.10) .99 (.02)

* 3.7 pesld .86 .98
weraged .86 (.07) .98 (.02)

L)) sonled .43 . .98
noreged .84 (.05) .98 (.02)

¢ i ficantly different (P < .01) from either site groups (3, 6)or (4, 5, 7).

oS NEbevs v parentheses represent standard error of the mean.
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Table 3: Time Required to Perform Lesion Detection Task (sec.)

Site Conventional Subtraction
1, 2 10.19 (.40)** 2.78 (.17)
3, 6 8.69* (.37) 2.41 (.14)
4, 5, 7 9.91 (.46) 2.80 (.19)
all 9.21 (.46) 2.66 (.20)

* Significantly different (P < .02) from sites 1 and 2.
** Numbers in parentheses represent standard error of the mean.
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