In vivo Accuracy of CCD-based
Radiography for the Estimation of
Periapical Lesion Dimensions
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Summary

Objectives: This clinical study was performed to compare the ac-
curacy of endodontists’ assessment of the sizes of periapical radiolu-
cencies using electronic imaging with the RVG® 32000 intraoral radi-
ographic system and Ektaspeed film.

Methods: Following Institutions Review Board approval and infor-
med consent, presurgical images were made both with the RVG® 32000
and Ektaspeed film for periapical lesions in 12 consecutive patients re-
quiring endodontic surgery. Actual lesion size was determined by ma-
king impressions with Ethicon® bone wax at the time of surgery. A pa-
nel of five endodontists reached consensus in estimation of the superi-
or-inferior and mesio-distal dimensions of the periapical radiolucen-
cies from the presurgical images, separately and independently for two
modalities.

Results: Lesion dimension estimates were significantly different bet-
ween images made with the RVG® 32000 Ektaspeed film. There was a
much greater deviation from the measured actual values for estimates
using film radiographs than for those for the RVG® 32000 images. Ge-
nerally, there was an over-estimation of lesion size with film, and a slig-
ht under-estimation with RVG® 32000 images.

Conclusions: Digital intraoral imaging with the RVG® 32000 of-
fers potential advantages over conventional radiography in permitting
endodontists on average to more accurately estimate the size of peri-
apical radiolucencies.

Key words: apicoectomy, dental radiography, dental granuloma, di-
gital imaging, periapical cyst

Conventional intraoral radiography with direct-
-exposure emulsion silver halide film is used exten- (D).
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cesses as the periapical abscess, granuloma or cyst

sively by endodontists for the assessment of peri-
radicular pathoses. There is a perception, however,
that radiographic findings do not always reflect the
actual destructive borders of such inflammatory pro-

As early as 1961, Bender and Seltzer found that
mechanically induced medullary defects in cadaver
mandibles were not evident on traditional film ra-
diographs when the defects were entirely within can-
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cellous bone. The “lesions” only became evident ra-
diographically when cortical bone was lost (2). Re-
gan and Mitchell corroborated these findings with
a radiographic survey of 57 human cadaver man-
dibles followed by careful dissection of 18 radio-
graphically detected periapical radiolucencies (3),
Other researchers have found similar results (4-7).
Shwartz and Foster created defects in dried human
skulls using burs and curettes (8). They concluded
that even extensive destruction of cancellous bone
was not seen on radiographs unless cortical bone
was also involved.

Irrespective of involvement of cortical bone, an-
gulation of the X-ray beam can either increase, de-
crease, or completely obscure dental periapical le-
sions (9-11). An increase in vertical angulation fo-
reshortens the image of the tooth and decreases the
apparent size of any periapical lesions (12). Wen-
graf demonstrated that a change in horizontal angu-
lation of a little as 15° can completely obscure a pe-
riapical lesion (13). Radiographic evaluation of pe-
riapical lesions has also been reported to be unpre-
dictable due to the large variations in perceptions
and diagnostic abilities among observers. Goldman
et al. found inter-observer agreement when viewing
areas of rarefaction to be less than 50% (14). It was
also found that intra-observer agreement over time
was only 72-88% (15). In a similar study, Brynolf
re-interpreted radiographs she had previously exa-
mined and agreed with herself only 70% of the ti-
me (16).

The purpose of this was to compare observer ac-
curacy in the estimation of the size of periapical ra-
diolucencies with E-speed direct emulsion intraoral
radiographic film (Ektaspeed: Eastman Kodak, Roc-
hester, NY) and thermal prints from images acqui-
red with a CCD-based intraoral radiographic sensor
(RVG® 32000: Trophy Radiologie, Vincennes, Fran-
ce). The null hypothesis was that the RVG® 32000
and Ektaspeed® film (Eastman Kodak, Rochester,
NY) are equal in accuracy for determining the di-
mensions or periapical lesions.

Material and Methods
Population: Patients attending the postgraduate

endodontic clinic at the University of Louisville Sc-
hool of Dentistry were invited to participate in the

study if they possessed a tooth that required apical
surgery (i.e. that had a symptomatic tooth with an
area of rerefaction, a large periapical radiolucency,
or post-treatment enlargement of an apical lesion).
Approval for the study was obtained from the Hu-
man Subjects Committee, University of Louisville.
Two consent forms were obtained form all partici-
pants; a written surgical informed consent, and a se-
cond informed consent to participate in the investi-
gation as required by our Institutional Review Bo-
ard. Twelve consecutive patients required rootend
surgery participated in the investigation.

Imaging Techniques: All images were taken us-
ing a paralleling technique with a modified Precisi-
on® film holder (Masel, Philadelphia, PA) to stabili-
ze either the film of the intraoral sensor (17,18). To
ensure identical geometric projection angles for both
imaging modalities, a bite registration was taken with
Blue-Mousse® (Parkell, Farmington, NY) (19).

Figure 1. Ektaspeed® film intraoral radiograph of tooth with
associated periapical radiolucency. Dimensions we-
re estimated by direct measurement with the film pla-
ced on a vievbox in a room with subdued ambient lig-
hting

Slika 1. Intraoralna radiografija zuba filmom Ektaspeed® s
odgovarajucim periapikalnim prosvjetljenjem. Di-
menzije su bile procijenjene izravnim mjerenjem uz
film stavljen u okvir za promatranje, u prostoriji s pri-
guSenom rasvjetom
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Ektaspeed® was used as the radiographic film.
The X-ray unit used was an Acuray® 017A (Bel-
mont, Somerset, NJ), with a focal spot of 0.5 mm?,
2.5 mm Al equivalence filtration, and a source-to-
-cone tip distance of § inches, operating at 70 kVp,
10 mA, with exposures of 15-24 impulses. An AT
2000® processor (Air Techniques, Inc, Hicksville,
NY) set on a 5 minute cycle was used to process
the films. A representative Ektaspeed radiograph
from one of the cases is shown (Figure 1).

For CCD- based digital intraoral radiography, the
RVG® 32000 was used. The X-ray unit was a Trop-
hy Irix® with electronic timer (Trophy Radiologie,
Vincennes, France) with a nominal focal spot size
of 0.49 mm?, 1.5 mm Al equivalence filtration, and
a source-to-cone tip distance of 8 inches, operating
at 70 kVp, 8 mA using the manufacturer’s recom-
mended exposure sequences for standard mode. A
reprecentative RVG® image form one of the cases
is shown (Figure 2).

CEX

Figure 2. RVG® 32000 thermal print image of tooth with asso-
ciated periapical radiolucency. Dimensions of the le-
sions were estimated using direct measurements made
from the small images to the left of the print

Slika 2. Slika zuba dobivena toplinskim tiskom od sustava
RVG® 32000 s odgovarajucim periapikalnim prosv-
Jjetljenjem. Dimenzije ostecenja bile su procijenjene
izravnim mjerenjem na malim slikama lijevo od oti-
ska

Surgical Phase: A bone was (Ethicon®, Somer-
set, NJ) impression of the bony defect was taken du-
ring the periapical surgery after the buccal window
of bone was removed and direct access to the de-
fect without undercuts was established (Figures 3

Figure 3. Surgical access to the periapical lesion was achie-
ved by removal of buccal plate to create a window
in the bone

Slika 3.  Kirurski pristup periapikalnom ostecenju bio je os-
tvaren skidanjem bukalnoga kortikalisa, da se izradi
prozor u kosti

and 4). The bone wax was rolled into a small ball
and placed in ice cold water prior to placement in
the bony defect. This procedure helped facilitate a
good wax impression and prevented the wax from
softening and adhering to the bone. The wax was
inserted into the defect with pressure so that it con-
formed to the shape of the defect. After removal, the
greatest superior-inferior and mesio-distal measure-
ments of the wax impression were recorded with a
millimeter caliper gauge (Figure 5). The accuracy
of the caliper gauge was +.1 mm.

Figure 4. Impressions using bone wax were used to establish
to true morphology of the lesions

Slika 4. Stvarna morfologija ostecenja ustanovljena je utiski-
vanjem koStanoga voska
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Figure 5. Dimensions were measured form the bone wax using
a vernier calliper. Orientation was established using
a diagram carefully drawn at the time of surgery

Slika 5. Dimenzije su mjerene na vostanom otisku s pomocu
prilagodljiva kalipera. Orijentacija je ustanovljena
pozornim crtanjem dijagrama tijekom operacije

Evaluation of Diagnostic Images: All dimensi-
onal estimates were made by a panel of five endo-
dontists using a measurement guide (Figure 6) and
standardized reading conditions. All radiographs we-

Figure 6. Standard measurements made in estimation of supe-
rior-inferior and mesio-distal dimensions

Slika 6. Standardna mjerenja ucinjena u procjeni superiornih
- inferiornih i mezio-distalnih dimenzija

re placed on a lighted viewbox in a dimly lit room.
The mesio-distal and superior-inferior dimensions of
the periapical radiolucencies were measured using
a clear plastic mm ruler. RVG® images were viewed
on thermal prints under reflected fluorescent light
in a brightly lit room. The RVG® 32000 images were
measured using the smaller images from the ther-
mal prints (Figure 2) to avoid magnification varia-
bles and problems associated with the convexity of
the monitor screen. Prior testing and calibration with
an object of known length ensured that the smaller
images on the thermal prints were dimensionally
consistent and accurate to within .5 mm.

Data Analysis: A paired t-test of the scores was
employed so that each subject served as their con-
trol and reduce the effects of extraneous indepen-
dent variables were reduced (20). The matched pair
design of the experiment allowed for a greater re-
duction of total variability among replications, pro-
viding sufficient power with comparatively few su-
bjects. The values for the image size differences we-
re derived by subtracting the actual bone wax mea-
surements from the RVG® measurements and film
measurements, respectively. An f-fest and regressi-
on analysis were also performed. The a priori o was
set at 0.05.

Results

A summary of the actual measurements of the
wax impressions and the estimated mean values
from both the RVG® 32000 images and Ektaspeed®
film images is shown in Table 1. Measurements
using Ektaspeed® film were generally above the ac-
tual dimensions, whereas those using RVG 32000®
thermal print images were slightly less than the ac-
tual dimensions and showed less variation in the de-
gree of dimensional distortion.

Differences between the RVG® and film measu-
rements were clearly demonstrated by linear regre-
ssion for both modalities. The linear regression (Fi-
gure 7) for the actual superior-inferior dimensions
and those estimated from the RVG® 32000 images
resulted in a slope of y=-.132+.924x with a Pear-
son R value of .971, suggesting a very strong linear
association between the RVG estimates and actual
values. The R? of .943 for the RVG® accounted for
94% of the variance in the actual values in the su-
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Table 1. Actual vs estimated superior-inferior and mesio-distal di-
mension of the periapical lesions included in the study

Tablica 1. Stvarne dimenzije prema procijenjenim superiornim - infe-
riornim i mezio-distalnim dimenzijama periapikalnih oste-
Cenja obuhvacenih studijom

SRk | detalsize ((‘;‘:1% RVG 32000 (mm) | Ektaspeed (m)

Sup-Inf dimension

Sup-Inf dimenzija
1 14 15 2.0
2 4.5 4.0 3.6
3 2.6 2.0 1.0
4 3.0 2.0 2.0
5 5.0 5.0 5.0
6 2.0 1.5 2.6
7 2.0 2.0 1.3
8 5.7 5.0 9.0
9 2.3 2.0 3.0
10 2.0 1.5 2.5
11 1.8 1.5 4.0
12 2.0 2.0 2.7

Mes-Dist dimension

Mes-Dist dimenzija
1 2.0 2.0 4.0
2 6.3 6.0 5.5
3 3.8 2.0 2.0
4 3.5 2.0 3.0
5 6.5 5.5 8.0
6 42 4.0 5.6
7 1.5 1.5 2.0
8 9.9 10.0 16.0
9 3.0 3.0 2.0
10 3.8 4.0 6.0
11 2.5 2.0 6.0
12 2.0 2.0 2.3

perior-inferior dimension. The linear regression (Fi-
gure 7) for Ektaspeed® radiographs versus the me-
asured reality resulted in a slope of y=-.068 +1.156x.
with a Pearson R valued of .767 suggesting a mo-
derately strong linear association between the Ek-
taspeed estimates and actual values. The R? of .589
for Ektaspeed® radiographs acdounted for 59% of
the variance in the actual values in the superior-in-
ferior dimension.

Superior-Inferior
RVG (R) and Film (F) vs Actual
10 mm {actual)
8 A
6

14 18 2 2 £ 2 23 26 3 45 5 57

mm (measured)
=R mfF

Figure 7. Actual vs estimated superior-inferior dimensions of
periapical radiolucencies for RVG® 32000 and Ek-
taspeed® radiographic images

Slika 7.  Stvarne dimenzije u odnosu prema procijenjenim su-
periornim - inferiornim dimenzijama periapikalnih
prosvjetljenja za slike prikupljene sustavom RVG®
32000 i radiografijom filmom Ektaspeed

The linear regression (Figure 8) for the actual
mesio-distal dimensions and those estimated from
the RVG® 32000 images produced a slope of y=-
.391+.994x, with a Pearson R value of .964, sug-
gesting a very strong linear association between the
RVG?® estimates and actual values. The R? of .929

Mesio-Distal
RVG (R) and Film (F) vs Actual

mm (actual)
15
10
-
5 . -/Q/T/
o A A I
mn A L]
0

15 2 2 25 3 35 38 38 42 63 65 99
mm (measured)
amR @mF

Figure 8. Actual vs estimated mesio-distal dimensions of peri-
apical radiolucencies for RVG® 32000 and Ektaspe-
ed® radiographic images

Slika 8. Stvarne dimenzije prema odnosu na procijenjenim
mezio-distalnim dimenzijama periapikalnih prosvjet-
ljenja za slike prikupljene sustavom RVG® 32000 i ra-
diografijom filmom Ektaspeed
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for the RVG® values accounted for 93% of the vari-
ance in the actual values for error in estimation of the
mesio-distal dimension. The linear regression for Ek-
taspeed® film images produced a slope of y=-
.622+1.425. The Pearson R value was 0.871, sugge-
sting a strong linear association between the RVG®
estimates and actual values. The Ektaspeed® R? ac-
counted for 76% of the variance in the values for er-
ror in estimation of the mesio-distal dimension.

While the dimensional estimations made with the
RVG® 32000 appeared more accurate than those ma-
de with Ektaspeed® radiographs, the paired r-test
provided insufficient evidence to reject the null
hypothesis when evaluating differences in the supe-
rior-inferior (p=.100) dimensional estimates betwe-
en RVG® 32000 images and Ektaspeed® radiograp-
hs. The disparity, however, between the mesio-di-
stal estimates was significant (p=.022). The mean
RVG?® superior- inferior measurement was 2.50 mm
+1.35 mm, while the actual mean value was 2.85
mm +1.42 mm. Mesio-distal measurements avera-
ged 3.67 mm +2.49 mm with the RVG® 32000, whe-
reas the actual mean value was 4.08 mm +2.41 mm.
For radiographic assessment with film, the mean
mesio-distal and superior-inferior measurements we-
re 5.20 mm +3.95 mm and 3.22 mm =* 2.14 mm re-
spectively. _

An f-test of variability was performed to test
sample differences between RVG® and Ektaspeed®
film estimates minus actual values. For superior-in-
ferior dimension, the estimate variance for the
RVG® 32000 and film were .12 and 1.92, respecti-
vely. This difference was significant (p<.05). In the
mesio-distal dimension, the RVG® 32000 estimate
variance was 0.44, while that for film was 4.83
(p<.05). Estimated from the two modalities were
therefore, significantly different.

Discussion

Any technology which complements the infor-
mation gathered through conventional radiography
has potential for use in endodontics. The instant ima-
ge acquisition inherent with CCD-based imaging
obviously provides a potential savings in time, in ad-
dition to obviating the need for a darkroom, proce-
ssors, film and processing chemistry, and for the wa-
ste management of spent solutions high in silver

content. Furthermore, CCD-based technology per-
mits a dose savings over conventional intraoral film
radiography (21,22). The major question, therefore,
is whether CCD-based images are diagnostic. This
study found that RVG® 32000 images were at least
equal to Ektaspeed® film radiographs in estimation
of the size of periapical lesions. It does not, howe-
ver, provide any information about whether such le-
sions would be seen more readly by either moda-
lity, since the presence of a radiolucency was a se-
lection criteria for the subjects included in the study.

Further investigations are needed to determine
how the effectiveness CCD-based imaging and asso-
ciated software packages compare with conventio-
nal film in the detection of subtle early density and
contrast changes in bone resulting form periapical
pathoses.
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Toc¢nost in vivo radiografije
temeljene na CCD (*), koja se
koristila za procjenu dimenzija
periapikalnog oStecenja

Sazetak

Ciljevi: Ova je klinicka studija provedena da bi se usporedile toc-
nosti procjena stomatologa o dimenzijama periapikalnih prosvjetljenja
temeljenih na primjeni elektronickoga slikanja uporabom sustava za in-
traoralnu radiografiju tipa RVG® 32000, te filma tipa Ektaspeed.

Metode: Drieci se dozvole Nadzornoga tijela Institucije i informa-
cija o uvjetima, napravijene su bile predoperacijske slike periapikal-
nih ostecenja 12 redom pridoslih pacijenata kojima je bio potreban ki-
rurski zahvat. Slike su napravljene na oba nacina: sustavom RVG®
32000, i filmom Ektaspeed. Stvarna velicina oStecenja bila je ustanov-

ljena izradom otisaka od koStanoga voska tipa Ethicon®, tijekom same

operacije. Skupina od pet stomatologa postigla je konsenzus u procje-
ni superiornih - inferiornih i mezio-distalnih dimenzija periapikalnih
prosvjetljenja ustanovljenih iz predoperacijskih slika, odvojeno i neo-
visno za dva modaliteta.

Rezultati: Procjene dimenzija ostecenja izradene sustavom RVG®
32000 i filmom Ektaspeed znatno su se medu se razlikovale. Odstupa-
nje od stvarnih izmjerenih vrijednosti bilo je znatno vece za procjene
temeljene na filmskim radiografijama od odstupanja procjena na te-
melju slika sustava RVG® 32000. Opcenito uzevsi, dimenzije ostecenja
bile su na osnovi filmskih slika precijenjene, a malo podcijenjene na
osnovi slika snimljenih sustavom RVG® 32000.

Zakljuéci: Digitalno intraoralno slikanje sustavom RVG® 32000 daje
moguce prednosti pred konvencionalnom radiografijom time §to sto-
matolozima omogucuje u prosjeku tocnije procjene velicina periapikal-
nih prosvjetljenja.

Kljuéne rijeci: apikoektomija, dentalna radiografija, dentalni gra-
nulom, digitalno slikanje, periapikalna cista.

(*) Opticki pretvornik vrste CCD (Charge-cupled Device) za pretvorbu slike u naboj.
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RVG® toénost mjerenja

Konvencionalnu intraoralnu radiografiju s pomo-
¢u neposredno eksponiranih filmova s emulzijom od
srebrnog halida stomatolozi rasprostranjeno upotreb-
ljavaju za procjene periradikularnih patoloskih pro-
mjena. No postoje spoznaje da radiografski nalazi
ne pokazuju uvijek stvarne granice o$tecenja takvih
upalnih procesa kao §to su difuzna ili ogranicena pe-
riapikalna upala ili cista (1).

Vec su godine 1961. Bender i Seltzer otkrili da
su mehanicki inducirani medularni defekti u donjim
¢eljustima mrtvaca bili potpuno unutar porozne ko-
sti. “Ozljede” su postale radiografski vidljive samo
nakon gubitka kortikalisa kosti (2). Regan i Mitchell
potkrijepili su te nalaze radiografskim pregledom 57
donjih ¢eljusti mrtvih ljudi i popratili paZljivim is-
trazivanjem 18 radiograficki otkrivenih periapikal-
nih prosvjetljenja (3). Drugi istraZivaci dosli su do
sli¢énih rezultata (4-7). Schwartz i Foster kreirali su
defekte u osusenim ljudskim lubanjama upotreblja-
vajudi busilice i kirurske strugalice (8). Oni su zak-
ljucili da na rendgenskim snimkama nisu bila vid-
ljiva ¢ak znatna oStecenja porozne kosti, ako nije bio
zahvacen 1 kortikalis kosti.

Bez obzira na zahvacdenost kortikalisa kosti, kut
snopa X-zraka moZe povecati, smanjiti ili potpuno
prikriti dentalna periapikalna oStecenja (9-11). Po-
vecanje okomite angulacije uzrokuje perspektivni
prikaz, dakle skracenje slike zuba, i smanjuje pri-
vidnu veli¢inu nekog periapikalnog ostecenja (12).
Wengraf je demonstrirao da promjene u vodoravnoj
angulaciji od samo 15° mogu potpuno sakriti peri-
apikalno o$tecenje (13). Takoder je bilo izvijesce-
no da radiografsko vrjednovanje periapikalnih oSte-
éenja moze biti nepouzdano zbog velikih varijacija
u sposobnostima zapazanja i dijagnosticiranja raznih
promatraca. Goldman i suradnici ustanovili su da je
medusobno slaganje promatraca prigodom proma-
tranja podrucja sa smanjenom gustocom manje od
50% (14). Takoder je ustanovljeno da su se proma-
traci slozili u samo 72 - 88% slucajeva (15). U slic¢-
noj studiji, Brynolf je reinterpretirala svoje prijaSnje
radiografije i sloZila se s vlastitim zaklju¢cima u sa-
mo 70% slucajeva (16).

Svrha ove studije bila je usporediti to¢nost pro-
matraca u procjeni veli¢ina periapikalnih prosvjet-
ljenje s pomocu neposredne intraoralne radiografi-
je emulzijskim filmom tipa “E-speed” (Ektaspeed:
Eastman Kodak, Rochester, NY) i s pomocu toplin-
ski iscrtanih slika prikupljenih intraoralnim radio-

grafskim osjetilom temeljenom na nacelu CCD
(RVG® 32000: Trophy Radiologie, Vincennes, Fran-
ce). Polazna hipoteza bila je da su sustav RVG®
32000 i film Ektaspeed® (Eastman Kodak, Roche-
ster, NY) jednako to¢ni kod odredivanja dimenzija
periapikalnih oS$tecenja.

Materijali i postupci

Populacija: Pacijenti lije¢eni u postdiplomskoj
endodontickoj klinici Stomatoloskog fakulteta Sve-
ucilista grada Louisvillea bili su pozvani da sudje-
luju u studiji, ako imaju zub kojemu je potrebna api-
kotomija (tj. imaju simptomati¢an zub s podruc¢jem
smanjene gustoce, veliku periapikalnu radiolucen-
ciju ili povecanje apikalnog oStecenja nakon lije-
¢enja). Dozvolu za studiju izdao je Odbor za ljud-
ska pitanja, Sveuciliste grada Louisvillea. Od svih
sudionika dobili smo dva pristanka: pismenu izjavu
da su obavijesteni o kirurSkome zahvatu, i drugi pri-
stanak da sudjeluju u istrazivanju, kao §to zahtijeva
Nadzorno tijelo nase institucije. U istraZivanju je su-
djelovalo dvanaest pridoslih pacijenata kojima je bio
potreban kirurski zahvat u podrucju korijena.

Tehnike snimanja: Sve su slike snimljene teh-
nikom koja osigurava usporednost. Za to je upotreb-
ljen modificirani drza¢ filma Precisio® (Masel, Phi-
ladelphia, PA) za stabiliziranje filma ili intraoralnog
osjetila (17,18). Da se osiguraju identi¢ni geometrij-
ski projekcijski kutovi za oba nacina snimanja, uzeta
je registracija ¢estice s pomocu Blue-Mousse® (Par-
kell, Farmington, NY) (19).

Za rendgensko snimanje bio je upotrijebljen film
Ektaspeed®. Naprava za generiranje X-zraka bila je
Acuray® 017A (Belmont, Somerset, NJ), s fokusnom
to¢kom od 0,5 mm?, 2,5 mm Al ekvivalentnim fil-
triranjem i razmakom izvor - vrh konusa od 8 pala-
ca, radila je uz 70 kVp, 10 mA, s ekspozicijama od
15 do 24 impulsa. Za razvijanje filmova upotrebljen
je procesor AT 2000°® (Air Techniques, Inc, Hic-
ksville, NY), postavljen na ciklus od 5 minuta. Re-
prezentativna snimka jednog od sluc¢ajeva, snimlje-
na filmom Ektaspeed, prikazana je na Slici 1.

Za digitalno intraoralno radiografiranje temelje-
no na nacelu CCD upotrebljen je sustav RVG®
32000. Naprava za generiranje X-zraka bila je Trop-
hy Irix® s elektroni¢kim vremenskim sklopom
(Trophy Radiologie, Vincennes, France) s nazivnhom
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veli¢inom to¢ke fokusa od 0,49 mm? 1,5 mm Al
ekvivalentnim filtriranjem i razmakom izvor - vrh
konusa od 8 palaca, radila je uz 70 kVp, 8 mA, a
prema proizvodacevim preporukama o sekvencama
eksponiranja za standardni nacin rada. Reprezenta-
tivna slika jednog od slu¢ajeva, snimljena sustavom
RVG®, prikazana je na Slici 2.

Kirurska faza: U tijeku periapikalne operacije,
posto je uklonjen bukalni kortikalis i bez podreziva-
nja uspostavljen neposredni pristup defektu, utisnut
je kostani vosak (Ethicon®, Somerset, NJ) u kostani
defekt (Slike 3, 4). Kostani je vosak bio prije toga
izvaljan u kuglicu i stavljen u ledom ohladenu vo-
du. Taj je postupak pomogao da se vosak dobro uti-
skuje i sprijecio je da se omeksa i lijepi na kost. Vo-
sak se je utiskivao u defekt pritiskom prsta, tako da
se prilagodavao obliku defekta. Posto je vosak izva-
den i premjeren milimetarskim kaliperom (mjerna
sprava s krakovima, Slika 5), biljeZene su najvece
superiorne - inferiorne i mezio-distalne izmjere vo-
Stanog otiska. To¢nost kalipera bila je +£0,1 mm.

Vrjednovanje dijagnostickih slika: Sve dimenzi-
onalne procjena ucinila je skupina od pet stomato-
loga sluZeci se pritom vodi¢em za mjerenje (Slika
6) i standardiziranim uvjetima citanja. Sve snimke
bile su stavljene na osvijetljeni okvir za promatra-
nje u prostoriji s prigusenim svjetlom. Mezio-distalne
i superiorne - inferiorne dimenzije periapikalnih pro-
svjetljenja mjerile su se prozirnim plasticnim mili-
metarskim ravnalom. RVG® slike promatrale su se
na toplinskim snimkama pod reflektiranom fluore-
scentnom rasvjetom u svjetloj prostoriji. Slike snim-
ljene sustavom RVG® 32000 mjerile su se s pomo-
¢u manjih slika toplinskih snimaka (Slika 2) da se
izbjegnu varijable povecavanja i poteskoce u svezi
s konveksno§cu ekrana monitora. Prethodno testira-
nje i kalibracija s objektom poznate duZine osigura-
li su da manje slike toplinskih snimaka budu dimen-
zionalno konzistentne i to¢ne unutar 0,5 mm.

Rasc¢lamba podataka: Upotrebljen je sparen t-te-
st rezultata, tako da je svaki subjekt posluZio kao
vlastita kontrolna vrijednost pa su u¢inci stranih ne-
ovisnih varijabla bili reducirani (20). Konstrukcija
pokusa od prilagodenih parova omogucila je vecu
redukciju ukupne promjerljivosti u replikacijama,
pruZajuci dovoljnu moc¢ uz poredbeno malo subje-
kata. Vrijednosti razlika dimenzija slika izvedene su
odbijanjem stvarnih izmjera na vo§tanom otisku, od
izmjera na RVG?® slikama i na filmskim snimkama.

Takoder je provedena ra§¢lamba regresije i f-test.
Vrijednost a priori o bila je postavljena na 0,05.

Rezultati

Zbirni podatci rezultata mjerenja stvarnih dimen-
zija voS$tanih otisaka i procijenjene prosjecne vrijed-
nosti na temelju obaju snimanja, slika sustava RVG®
32000 i slika filmova Ektaspeed®, prikazani su u Ta-
blici 1. Mjerenja obavljena uporabom filmova Ek-
taspeed® dala su rezultate opcenito veée od stvar-
nih dimenzija, a mjerenja temeljena na slikama to-
plinskoga snimanja sustavom RVG 32000® dala su
rezultate neSto manje od stvarnih dimenzija i poka-
zala su manje varijacija u stupnju dimenzionalnog
izobli¢enja.

Razlike izmedu mjerenja temeljenih na RVG® i
na filmu bile su jasno demonstrirane primjenom li-
nearne regresije za oba modaliteta. Linearna regre-
sija (Slika 7) za stvarne superiorne - inferiorne di-
menzije i one procijenjene na osnovi slika od sustava
RVG® 32000 rezultira kosinom od y = - .132 +
.924x, uz vrijednost Pearson R od .971, sugeriraju-
¢i vrlo snaZnu linearnu asocijaciju izmedu RVG pro-
cjena i stvarnih vrijednosti. Vrijednost R? od .943
za RVG® uracunata je za 94% neslaganja stvarnih
vrijednosti superiornih - inferiornih dimenzija. Li-
nearna regresija (Slika 7) za radiografije Ektaspe-
ed® nasuprot izmjerenom realitetu, rezultira kosi-
nom od y = - .068 + 1,156x, uz vrijednost Pearson
R od 0,767, sugerirajuci umjereno snaznu asocija-
ciju izmedu procjena na osnovi uporabe Ektaspeed
filma i stvarnih vrijednosti. Vrijednost R? od .589
za Ektaspeed® radiografije ura¢unata je za 59% ne-
slaganja stvarnih vrijednosti superiornih - inferior-
nih dimenzija.

Linearna regresija (Slika 8) za stvarne mezio-
distalne dimenzije i one procijenjene na osnovi sli-
ka od sustava RVG® 32000, rezultira kosinom od y
=-.391 + .994x, uz vrijednost Pearson R od .964,
sugerirajuci vrlo snaznu linearnu asocijaciju izme-
du RVG® procjena i stvarnih vrijednosti. Vrijedno-
st R? od .929 za RVG® veli¢ine uracunata je za 93%
neslaganja stvarnih vrijednosti srednjih dimenzija.
Linearna regresija za slike filma Ektaspeed®, proi-
zvela je kosinu od y = - .622 + 1,425. Vrijednost
Pearson R bila je .871, sugerirajuci snaznu linear-
nu asocijaciju izmedu procjena na osnovi uporabe
RVG® i stvarnih vrijednosti. Vrijednost R2 za Ek-
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taspeed® uraCunata je za 76% neslaganja stvarnih
vrijednosti u procjeni srednjih dimenzija.

Dok procjene dimenzija temeljene na RVG®
32000 izgledaju to¢nijima od procjena temeljenih na
Ektaspeed® radiografijama, spareni #-fest nije dao ta-
kve rezultate koji bi ponistili po¢etnu pretpostavku,
kad se radi o vrjednovanju razlika u procjenama su-
periornih - inferiornih dimenzija (p = 0,100) teme-
ljenih na slikama RVG® 32000 i radiografijama Ek-
taspeed®. No disparitet procjena mezio-distalnih di-
menzija bio je znacajan (p = 0,022). Srednja vrijed-
nost superiornih - inferiornih dimenzija izmjerena s
pomocu RVG® bila je 2,50 mm * 1,35 mm, a stvar-
na je vrijednost bila 2,85 mm * 1,42 mm. Prosjek
mezio-distalnih dimenzija bio je 3,67 mm + 2,49 mm
ustanovljen s pomocu RVG® 32000, a stvarna sred-
nja vrijednost bila je 4,08 mm + 2,41 mm. Prosjek
dimenzija izmjerena s pomocu radiografija filmom
bio je 5,20 mm * 3,95 mm u slu¢aju mezio-distalnih
dimenzija i 3,22 mm =+ 2,14 mm u sluc¢aju superior-
nih - inferiornih.

Da bi se ispitale razlike uzoraka procjena teme-
ljenih na RVG® i na filmu Ektaspeed®, minus stvar-
ne vrijednosti, izvrSen je f-fest neslaganja. Neslaga-
nje procjena superiornih - inferiornih dimenzija za
RVG® 32000 bilo je 0,12, a za film 1,92. To je ve-
lika razlika (p < 0,05). Kod mezio-distalnih dimen-
zija neslaganje procjene bilo je 0,44, a za film je bilo
4,83 (p < 0,05). Proizlazi da su procjene spomenu-
tih dimenzija temeljenih na dva modaliteta znatno
razlicite.

Rasprava

Bilo koja tehnologija koja upotpunjuje informa-
cije dobivene konvencionalnom radiografijom, ima
potencijal za primjenu u stomatologiji. Prikupljanje
slika bez kasnjenja, svojstveno slikanju na osnovi
CCD, ocito pruza potencijalnu ustedu vremena i do-
datno uklanja potrebu za tamnom komorom, ureda-
jima za razvijanje, kemikalijama za film i razvija-
nje te rukovanje otpadom iskoristenih rastopina s vi-
sokim sadrzajem srebra. Osim toga, tehnologija te-
meljena na CCD omogucduje da se smanje doze zra-
¢enja u usporedbi s konvencionalnom intraoralnom
radiografijom (21,22). Zbog toga je glavno pitanje:
jesuli slike temeljene na CCD, dijagnosticke. Ova
je studija otkrila da su slike snimljene sustavom
RVG® 32000 najmanje ravnopravne radiografijama
filmom Ektaspeed®, kad se radi o procjeni dimen-
zija periapikalnih o$tecenja. Studija, medutim, nije
dala nikakvu informaciju o tome bi li se takva oSte-
éenja otkrivala pouzdanije kojim od dvaju nacina,
jer je radiolucencija bila kriterij za subjekte uklju-
¢ene u studiju.

Da bi se odredilo kako se u¢inkovitost slikanja
temeljenog na tehnologiji CCD i pripadajucih paketa
programske podrske usporeduje s konvencionalnim
filmom u ranom otkrivanju malih prosvjetljenja i
promjena kontrasta kosti, koje su posljedica peria-
pikalnih patoloskih promjena, potrebna su daljnja is-
trazivanja.
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