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Comparison of a second with a first generation digital
subtraction radiography system in the detection of subtle
alveolar bone changes: An in vitro study
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TMEPINAHWH: Zkomdg g epyaoiag: (1) H olykpion
NG diayvwaotikAg akpiBeiag otnv avixveuon Hikpou pe-
y€Boug TePIOSOVTIKWY OOTIKWV PETABOADY €VOG Ou-
OTAMATOG PNQIAKNG APAIPETIKAG AKTIVOYPapiag 2ng
YEVIAG pe autr evog ouotipatog Ing yevidg, kai (2) n
oUykpIlon NG ameikOVIonG Twv PeTaBoAwv ootol otig
APAIPETIKES EIKOVEG TwV SUO OUCTNUATWY.
YAk6-MéBobog: Ze éva kpavio mpokABnkav epiodo-
VTIKEG PAABec Slapdpwv Siaotdoewv. ‘Eyive Ajyn
ouykpiolpwy  omoBoEAtVIaKWy  akTivoypa@iwv Kdl
SnuioupynOnkav apaipeTikeG eIKOVES e TO NG kai 2ng
yevidg agaipetikd olvotnua. ‘E§ mapatnentég agloho-
YyNoav TG AQAIPETIKEG EIKOVEG WG TIPOG TG OIAQOPEG
TIAPAPETPOUG.

ArroteAéopuara: O1 dlapopég Tou Bpébnkav oe A TG
Tiapapgrpous diayvwotikig akpiBeiag petall twv duo
ouotnpdtwy fTav otatotkd onuavikes. Aev Bpébnke
OTauoTkd onpavkr diagopd otnv euaicbnoia Toug.
2upurgpdouara: To olotnua YneiaknG apaipeTikig a-
KTIVoypagiag 2nG yevidg Ppébnke va €xel IKavortoinTikn
Siayvwotiki akpiBeia, dtav ol 0oTIKEG PETAPBOAEG eival
™G tdgng Tou I.6mm.

AEZEIX KAEIAIA: Ynoiakr) aeaipetiky aktivoypdeia,
OOTIKEG HETABOAEG TTEPIOSOVTIOU, avaKATAoKeUr| €IKO-
vag.

SUMMARY: Objectives: () To compare the diagnos-
tic validity of a 2nd and a |st generation DSR system in
the detection of periodontal bone changes (2) to com-
pare the shape and size of corresponding alveolar bone
changes in the subtraction images from the two DSR
systems.

Methods: Periodontal lesions of varying sizes were cre-
ated on a human dry skull. Standardized and non-stan-
dardized radiographs were acquired and subtracted
with a Ist and a 2nd generation DSR system. Six oral
radiologists evaluated the subtraction images.

Results: The differences in all values of diagnostic accu-
racy between the two generations DSR systems were
found to be statistically significant. No difference in the
sensitivity of the two DSR systems was found when the
largest lesions (1.6 mm) were studied. Median values
for differences in shape and size were | and |I.5] re-
spectively. The correlation coefficient (r) between the
differences in the two parameters was 0.84.
Conclusions: The 2nd generation DSR system has
shown to have a satisfactory diagnostic accuracy only
when bone changes of at least |.6 mm in diameter are
studied.

KEY WORDS: digital subtraction radiography; image
registration; periodontal bone changes
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EIZAITQrH

H yneiakd apaipetikry aktvoypagia (WAA) mou ava-
mUxBnke kar meplypdegnke and toug Webber, Rutti-
mann kai Grondahl (Groendahl kar ouv. 1983) éxel
anodeixBel du au&dver T diayvwotkr ikavétnta avi-
XVEUONG OOTIKWY HETABOAWY, 0 oUyKPION HE TO OUl-
Paukd akuvoypdenua (Parsell kai ouv. 1998).

Ma v epappoyn TG aQAaIPETIKAG TEXVIKAG TIPETE! va
ekmmAnpouvtal duo mpoimobéoeig: (1) ta mpog apaipe-
On aKTIVoYPa@ruata va €xouv TV 51 mukvetnta Kai
avtiBeon, kai (2) va mapoucidlouv TV S1a yewpeTpia
TPOPOAAG kal ameikdviong (ouykpiolpa aktivoypagrjua-
10). [1a Tv eopoiwon Twv aKTvoypapIwv ot TUKVOTH-
Ta kar avtiBeon xpnoiporololvtarl eidikol aAydpiBpol
e€opoiwong Twv emmédwv TOU VYKpI - ahyopIBuog
Rattimann, aAyopiBpog Ohki — (Rattimann kar ouv.
1986, Ohki kai ouv. 1988). MNMpokeiévou ta mpog apai-
PEON AKTIVOYPaQruata va mapousidlouy v 151a yew-
petpia mpofBoArg pmopolv va xpnoipomoinfolv
ouotrjpata diatjpnong otabeprig oxéong TMyng — ava-
Kelpgévou — @Ay, evbootopatikd (Potter kai ouv. 1995)
kal e€wotopatkd (Allen kar ouv. 1994), pe ta omoia
yivetar duvatr n Afyn andAuta ouykpioIpwy aktivoypa-
@IV (yewpetpikr e€opoiwon katd T Ajyn) 1 aAyopib-
HOI YEWHETPIKAG avaKaTaokeunG TG ekdvag Petd
My oxi andAuta ouykpioIuwy aktivoypaenudtwy ot
e18IKO NOYIOIKO NAEKTPOVIKOU UTTOAOYIOTH] -YEWHETPIKN
e€opoiwon petd ™ Myn- (Dunn kai ouv. 1993, Ostuni
kai ouv. 1993, Lehmann kai ouv. 1998, Likar and Pernus,
1999, Zacharaki kai ouv. 2004). Exel anodeixBef oe in-
VIVO Kal in-vitro €peuveg ot n diayvwotikr akpiBeia ka
gykupdtnta twv ouotnudtwvy WAA Ing yevidg (ta
oroia otnpiCovtal otn XPron amokAEIoTKG amdAuta
OUYKPIoIJWV  aktivoypagnudtwy) otnv  avixveuon
HIKPWV OOTIKWY PETaBoAwv eival uPnAr, epdoov n amo-
KANion petagu g mnyig aktivoPoAiag Kar Tou avTKelpE-
vou aktivoBéAnong dev Eemepvd tig 3° (Grondahl et al.
1984, Davis et al. 1994). AvtiBeta ta ouotijuata WAA
2nG yevidg, TTOU TTAPOUCIAoTNKAV Otd TEAN TG SeKae-
tiag Tou 1980, xapaktnpifovtal amd tn Xprion TEXVIKOV
YEWHETPIKAG €E0POIWONG TwV AKTIVOYPAQIWV HETA TN
MUYIN Twv aktivoypa@idv Kar Tapéxouv tn duvatdtnta
EQAPHOYNG TNG AQAIPETIKAG TEXVIKAG OE aKTIVOYPAPIES
TIou €xouv An@Bel pdvo pe tn Xprion anwv cuotnud-
Twv MapaMnAiopou.

‘Exouv xpnoipomoinBel apKeTEG TEXVIKEG YEWHETPIKAG
QVAKATAOKEUNG EIKOVWY, XPNOIHOTIOIVTAG TPEIG KU-
piwg alyopiBuoug petaoxnuatiopoy: diodidotato
nipooruikd (Ellwood kai ouv. 1997, Byrd kar ouv. 1998,
Likar and Permnus, 1999), mpoPoAikéd (Dunn kai ouv.
1993, Ostuni kai ouv. 1993, Lehmann kai ouv. 1998,
Zacharaki kai ouv. 2004) kar Siypappikd HeTaoxnuat-
opd (Ettinger kar ouv. 1994). v evdootouatkr
WAA o katdMnhog Bewpeital o mpoBoAikdg peta-

Tqoutdoukoc I1. kai ouv./Tzoutzoukos P. et al.

INTRODUCTION

Digital subtraction radiography (DSR), introduced by
Webber, Ruttimann and Grondahl (Groendahl et al.
1983) has been shown to increase the ability in the
detection of hard tissue changes, compared to that
achieved with observation of pairs of conventional radi-
ographs (Parsell et al. 1998). However there are two
critical requirements that must be met, when applying
the subtraction technique: (1) Contrast and density in
the radiographs to be subtracted must be identical
prior to subtraction (2) The radiographs to be sub-
tracted must have the same projection geometry. The
first requirement can be satisfied by applying certain
contrast correction algorithms (contrast registration)
after the digitization of the radiographs and before sub-
traction like Ruttimann's or Ohki's algorithm (Rutti-
mann et al. 1986, Ohki et al. 1988). The latter problem,
e.g. stabilizing projection geometry, can be addressed
either with the use of intraoral (Potter et al. 1995) or
extraoral devices (Allen et al. 1994), which mechanical-
ly stabilize the alignment of film, object and source (a-
priori geometrical registration) or with the application
of geometric transformation algorithms that correct for
projective distortions of non — standardized radiographs
after their acquisition by means of computer software -
a posteriori geometrical registration- (Dunn et al. 1993,
Ostuni et al. 1993, Lehmann et al. 1998, Likar and
Pemus, 1999, Zacharaki et al. 2004). It has been well
demonstrated that the diagnostic accuracy of Ist gen-
eration DSR-systems (which rely solely on the use of
standardized radiographs) in the detection of small
osseous changes is high, provided the angular disparity
between the x-ray source and the object is kept with-
in 3 degrees (Grondahl et al. 1984, Dauvis et al. 1994).
On the other hand 2nd generation DSR systems, intro-
duced in the late 1980s, are characterized by the use of
a posteriori geometrical registration procedures and
were designed to allow the clinical practitioner to apply
the subtraction technique on non — standardized radi-
ographs, that have been acquired under clinical condi-
tions, e.g. only with the use of plain, commercially avail-
able film holding devices.

To date, several techniques for geometric registration
of images have been introduced, using mainly three
kinds of transformation algorithms: affine (Ellwood et al.
1997, Byrd et al. 1998, Likar and Pernus, 1999), projec-
tive (Dunn et al. 1993, Ostuni et al. 1993, Lehmann et
al. 1998, Zacharaki et al. 2004) and bilinear (Ettinger et
al. 1994). The transformation model of projective
geometry is the most suitable to be used in subtraction
radiography with dental intraoral images (Lehmann et
al. 2000). Such a projective transformation model is
used in a commercial DSR-system with the brand name
EMAGO® / Advanced v. 3.43 (Oral Diagnostic Systems,
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oxnuatopds (Lehmann kar ouv. 2000). ‘Evag tétoiog
TUTTOG VEWHETPIKOU PETAOXNPATIOHOU XPNOIUOTIOIETal
kai oto ovotnua WAA EMAGO® / Advanced v. 343
(Oral Diagnostic Systems, Amsterdam, The Nethe-
rlands), pe xeipokivntn emAoyr] teoodpwv OpoEmTTe-
Swv onpeiwv otig aktivoypapieg mou TTPOKetal va e€o-
polwBoUv yewpetpikd (Dunn and Van der Stelt, 1992,
Dunn kai ouv. 1993).

2Komég NG mapoucag epydoiag eivar (i) Na a&loho-
yroel T Sdiayvwotikr) akpiBeia evog ouotiuatog WAA
2nc yevidg (EMAGO®- Oral Diagnostic Systems,
Amsterdam, The Netherlands) otnv avixveuon pikpou
peyEBoug petaPolwv meplodovtikwy BAaPwy kai va
ouykpivel pe autr evog ouotipatog WAA Ing yevidg,
kai (i) va ouykpivel v amekdvion twv PETapoAwv
00ToU OTIG APAIPETIKEG EIKOVEG Twv SUO ouUoTNUATWY
(Ing kai 2ng vevidg) oe SUo TMTAPAPETPOUG: OTO OXMud
Kkal oto péyedog.

YAIKA-ME©OAOZ

Anpioupyia BAaBwv — Afjgn aktvoypagiav

Ma ™ peAétn xpnoipomoiBnke kpavio, ota téooepa
TETAPTNPOPIA TOU OTTIOIoU TIPOKABNKAV HE OTEOYYUAR
eyyAugida pikpég BAGPeg Siapétpou 0.7, 0.9, 1.2 kai
[.bmm oto @atviakd xeihog, Kal OUyKekpipéva ota
pecodovtia diaotipata peta&l tou lou kal 2ou mpo-
yopepiou, 20U Tpoyopgiou kai lou yopeiou, lou ka
20U you@iou, KaBwe Kal OTIG TIAPEIAKES KAl YAWOOIKEG
(UTIEPWIEG) ETTIPAVEIEG TOU PATVIAKOU OOTOU QVTIOTOIXA
He Tov 20 Tpoyou@io kal tov o yoppio. ‘Eyive Aqyn
anmdAUTa  OUYKPIOIPWY  aKTIVOYPd@Iwy OTtd TEooEpa
TETAPTNPOPIA ToU Kpaviou TG00 TpIv 600 Kal PETd N
Snuioupyia twv PAaBwv, Pe T Xprjon evog oUCTHATOS
mapaMnAiopoU tng Rinn-XCP (Rinn Corporation, Elgin,
llinois) kar ev Yuxpw MoAupEePICOPEVOU aKPUAIKOU OTO
OUYKPATNTAPA TOU aKTIVOYPA®IKoU @IAY KAl petagy Tou
KOVOU Kal Tou Oaktuhou, TTPOKeIpéVoU va emteuxOel
otaBepr| kai emavalapPavopevn oxéon TNyrG-avtikel-
pévou- aktivoypagikou mhakidiou (Eik. 1). To péyeBog
Twv PAaBV au€avdtav otadiakd pe peyaliTepo péve-
Bog eyyAupidag kar og k&Be al€non tou peyéBoug twv
BAaBwv yivoTav Ayn anméAuta ouyKpioIpwy aktivoypa-
enudtwv. Metd tn dnuioupyia twv peyaitepwy o€
Sidpetpo PraBav (1.6mm), éyive emmpdobeta Afyn
Kal PN OUYKEIOIHWY aKTivoypa@npdtwy He T Xprion pn
TPOTIOTIOINYEVOU  CUOTANATOS TIAPdAnAIopoU g
Rinn-XCP. H Myn dAwv twv aktvoypagiav yive pe
xprion Tou idlou aktivoypagikoU punxaviuatog (Philips
Oralix 65 KVp — Koninklijke Philips Electronics N.V.) ka
TV Glwv evOOOTONATIKWY AKTIVOYPAPIKWY TAAKISIwY
(Kodak Ekta-Speed — Eastman Kodak Company,
Rochester, NY). OAeg ol mapdpetpol Myng, peavi-
onG kal a§loAdynong Twv aktvoypagiwy diatneronkav
otabepéc.
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Amsterdam, The Netherlands), with the manual place-
ment of four reference points corresponding to four
invariant landmarks on both images to be registered
(Dunn and Van der Stelt, 1992, Dunn et al. 1993).

The aim of the current study was: (i) To evaluate the
diagnostic validity of a 2nd generation DSR system
(EMAGQO® - Oral Diagnostic Systems, Amsterdam, The
Netherlands) in the detection of subtle changes in the
size of artificially made small periodontal bone lesions
and to compare it with the diagnostic validity of a Ist
generation DSR system, and (i) to compare the
appearance of alveolar bone changes in corresponding
subtraction images produced by each DSR system (Ist
and 2nd generation) in two parameters: size and shape.

MATERIALS & METHODS

Creation of defects — Acquisition of radiographs

One dried human skull was used for this study. Artificial
bone lesions were created in all four quadrants of the
skull at the alveolar crest interdentally from the first
premolars to the second molars and at buccal or lingual
areas of the marginal alveolar bone adjacent to the sec-
ond premolars and first molars. The alveolar bone
defects, measuring 0.7, 0.9, 1.2 and 1.6 mm in diameter,
were produced by slow-speed burs. Standardized peri-
apical radiographs at the premolar and molar region in
each quadrant of the skull were obtained before and
after defects were prepared, using acrylic bite blocks
and a modification of the Rinn-XCP film holding device
(Rinn corporation, Elgin, llinois) in order to stabilize the
alignment of X-Ray source, object and film (Fig.|). The
lesion sizes were increased progressively and standard-
ized radiographs were taken from each quadrant. After
the creation of the largest bone defects (1.6 mm in
diameter) non-standardized periapical radiographs
from each quadrant were also acquired, using an

Eic. I: Afyn andéAuta ouykpioipwy aktivoypaiov e T Xprion
ouotfjpatog mapaMniiopou Rinn-XCP (Rinn Corporation, Elgin,
linois) kai ev Puxpw ToAUpEPIOpEVOU AKPUNIKOU WOTE va
SiatnpenBel otabepr| kal emavalapBavopevn n oxéon TNyng
aktivoPBoNag, aviikelpévou Kar aktivoypagikou mAakidiou.

Fig. 1: Acquisition of standardized radiographs with the use of a
modified Rinn-XCP film holding device (Rinn corporation, Elgin,
llinois) and acrylic bite blocks, in order to stabilize the alignment of
X-Ray source, object and film.
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Anpioupyia agaipeTikwy €IKOVWV amd ouykpioipa
aKtivoypagrpata

Zelyn OUyKpIoIpwy  aktivoypdgnudtwy  emAéxOnkav
TIPOKEIYEVOU Va Yivel Yn@Iakr) agaipeor| Toug e N
xprion tou ouotipatog WAA Ing yevidg. 2UyKekpipé-
va, €yIVE aQaipes CUYKPIOINWY aKTvVOypaQIdy HE TIG
peyahUitepou peyeBoug PAdPeg (1.6mm) and ouykpiol-
HEG AKTIVOYPAPIEG PE TIG PIKPOTEPOU HeyeBoug BAGPeG
(1.2mm, 0.9mm, 0.7mm ) kabwg kai and ouykpioIuesg
akTivoypagieg xwpig BAGPN. Emfong dnuioupynBnkav
PNPIKES APAIPETIKEG EIKOVEG aMd APaipea CUyKpIol-
HWV  aktvoypaeiwv pe To B0 péyebog PAGPNG
(1.6mm).

Ma kdBe Celyog OUYKPIOIMWY AKTIVOYPAPIWV aKOAOU-
Bribnke n d1a diadikacia Pneiaxrg apaipeong xpnoi-
pomoiwvag to ototnua WAA Ing yevidg:

2 € TPWTN @don Eyive Yn@IoTioinan Twv aktvoypaQiwy
Xpnaolgotolovtag pia aonpdpaupn CCD kdpepa avd-
Auong 734x582 pixels (Hitachi model Ci-20PM, Hitachi
Ltd). Ev ouvexeia o1 dUo akuvoypagieg eubuypappiCo-
vtal pe I PorPeia pikpoxeipiotnpiou, wote ol duo
eIKOVEG va aMnhooupmAnpwvovtal 600 to duvatdv
kahNitepa. Metd v euBuypdppion kar amobrikeuon
TV eKOVWY TwV OUO aKTvoypa@Idv €yive eEopoinon
TV EMMESWY TOU YKOI HE TIPOOAPHOYT TwV I0TOYPaK-
pdTwV TOuG Xpnoidomoloveag tn péBodo d16pBwong
tou Ruttimann kai ouv. (1986). Metd kai tnv egopoiw-
on og TukvoTtnta kai avtiBeon), o dUo eikdveg apaipg-
Bnkav Yneiakd mpokeiévou va AneBel n apaipetikn

eikdva.

Anpioupyia a@aipeTIk)V EIKOVWY amd un ouykpicipa
aKtivoypagrpata

[Mpokelpévou va dnuioupynBouv or avtioToIXeg Yneia-
KEG AQAIPETIKEG €IKOVEG pe TO TPoypappa WAA 2ng
yevidg EMAGQO?®, éyivav Celyn peta&l twv pn ouykpi-
OlHWV aKTIVOYPA@IWy, TTOU arelkovi(av TG PeyaAUte-
pou peyéBoug PAdBeg (1.6mm) kal Twv ouykpioipwy
aKTIVOYPAPIWY HE TIG HIKPOTEPEG Ot Péyebog PAAPES
(1.2mm, 0.9mm kai 0.7mm), kabwg kai and ouykpiol-
HEG aktivoypapieg xwpig PAAPN. Emfong dnpioupynon-
Kav kai Celyn OUYKPIoIHWV-PN OUYKPIOIHWY aKTivoypa-
@IV e TIG peyallitepng Siapgtpou BAGPeg (1.6mm).
Anpioupyronkav emopévwg (elyn akuvoypaQiov He
Siagopetikr yewpetpia Afyng. O1 akuvoypagieg
yneromoiiBnkav pe tn xprion evog scanner pe avau-
on 300dpi kai 256 enimeda tou ykpr (8 bit), amobnkeu-
TnKav oto okAnpd dioko evog HIY kal eiorjxBnoav oto
npodypappa EMAGOE®. Ta kdbe (elyog aktivoypagiwy
TPOG agaipeon akoroubr|onke n idia diadikaoia apai-
peong Tou TepIAapPdvel Tpia otddia (éva mapddelypa
napouoidletal oty eikova 2):

2e TpWwTn @don éyive eopoiwon avtiBeong twv duo
aKTIVOYPaPIwy Kai og SeUTePn Aon EyIVE N YEWHETPI-
Kr) QVaKATAOKEUr TNG TIPWING EIKOVAG TIPOKEIPEVOU Va

Tqoutdoukoc I1. kai ouv./Tzoutzoukos P. et al.

unmodified Rinn-XCP film holding instrument. All radi-
ographs were taken using the same X-Ray machine
(Philips Oralix 65 KVp — Koninklijke Philips Electronics
N.V.) and the same intraoral films (Kodak Ekta-Speed —
Eastman Kodak Company, Rochester, NY). All expo-
sure conditions, film processing and evaluation proce-
dures were identical.

Subtraction images from standardized radiographs
Pairs of standardized radiographs were selected for
subtraction with the |st generation DSR system. In par-
ticular, standardized radiographs showing the largest
bone defects (1.6 mm) were subtracted from stan-
dardized radiographs taken after the creation of the
smaller defects (1.2mm, 0.9 mm, 0.7 mm) and from
standardized radiographs taken before any defects
were created. In addition standardized radiographs with
bone lesions of the same size (1.6 mm) were also sub-
tracted.

For each pair of standardized radiographs the exact
same subtraction procedure was followed using a st
generation subtraction system: From a pair of stan-
dardized radiographs digitized pictures were taken with
a commercial black-and-white charge-coupled device
camera (Hitachi model Ci-20PM;735X582 pixels) in a
microcomputer. Each follow-up radiograph was aligned
to the stored base-line image. The follow-up radi-
ograph was then shifted and rotated with the use of
micrometer screws for translateral and rotational align-
ment until the two images were superimposed. To cor-
rect for any changes in density caused by different
exposure and/or developing conditions, the gray-level
histograms of the two images were compared and
adjusted with the non-parametric contrast correction
method of Ruttimann et al. (1986). After the gray level
adaptation, subtraction was performed.

Subtraction images from non-standardized radi-
ographs

For the acquisition of the corresponding subtraction
images with the 2nd generation DSR system
(EMAGQO® - Oral Diagnostic Systems, Amsterdam, The
Netherlands) non-standardized radiographs showing
the largest defects (1.6 mm) were paired with the stan-
dardized radiographs presenting the smaller defects
(0.7 mm, 0.9 mm, 1.2 mm) and standardized radi-
ographs taken before any defects were created. Pairs of
standardized and non-standardized radiographs show-
ing defects of the same size (1.6 mm) were also includ-
ed for subtraction. Hence, each pair consisted of one
standardized and one non-standardized radiograph and
consequently image geometry in the two radiographs
of the pair was not identical. All radiographs were digi-
tized using a flatbed-scanner with a resolution of 300
dpi and were then stored as 8-bit BMP images on a
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A

Eix. 2: H diadikacia agaipeong oto EMAGO: O1 apxikég pn ouykpiolueg
axktvoypagieg (A kai B), C: H akuvoypagia B petd v Sidpbwon twv
emmédwv Tou ykpl, D: H akuvoypagia C petd tov yewpetpikod
petaoxnuatioud g eikévag, kai B H apaipetikr eikdva mou mpokUrer petd
and Yneiakr agaipeon TG aktivoypagiag A armd v JETAoXNUATIOUEVN
axkuvoypagia D.

Fig. 2: The subtraction procedure in EMAGO: The initial non-standardized
radiographs (A and B), C: Radiograph B after gamma correction, D:
Radiograph C after the reconstruction, and E: subtraction image produced by
subtracting the initial radiograph A from the reconstructed radiograph D.

eEopoiwBel n yewpetpia g pe aut G deltepng
€IKOVAg, TIOU XPNOIKOTIoINBNKE WG €IKGVA avagopdg.
To ouykekpipévo mpdypappa WAA xpnaiporolel yia
v e§opoinon YEWUETPIKAG TTPOBOARG Twv SUo TPOG
apaipeon eikévwy €vav alyopiBuo mpofolikol peta-
oXnPaticpou, o omoiog éxel Teplypagel avaiutikd amd
tov Dunn kar ouv. (1993). H diadikacia yewpetpIkAg
efopolwong Eexivd Pe TV €mAoyr] TG aktivoypapiag
NG oroiag n yewpetpia Ba xpnoiporoinbel wg mpdtu-
TTO YIQ TN YEWHETPIKI) avakataokeur tng Seltepng akt-
voypagiag. 2tn ouvéxela emAéyovtal Kai papkdpovral
Téooepa elkoAa avayvwpiola uPnAng avtiBeong ava-
ToWIKG onpeia otnv eikdva avagopds (mx. n adapav-
VO-OOTEIVIKI] évwan, Ta akpopidia Sovtiwy, 1 KOTTTKN
ywvia guAdv dovtiwv k). Ta avtiotoxa onueia ava-
yvwpiCovtal kal papkdpovidl kai otn Seltepn eikdva.
Ta onpeia autd Ba mpénel va Bpiokovtar oe andotaon
HETAEU ToUG Kal eKTOC TG Tepioxnig TS PAARNG. Me tn
XPAoN TV TE00dPWV AUTWY (EUyWV AVATOMIKWV Onpef-
WV 0 aAyOPIBPOG TOU TTPOYPAPHATOG avakataokeudlel
T Seltepn ekdva Kai Vv eEOHOINVEI YEWHETPIKA UE
v MewTn. H moidtnta g yewpetpikig e€opoinong
etaptdrar and tn owoty emioyr Twv Tecodpwy ava-
TOWIKOV ONPEiwV OTnV €IkGva ava@opdc Kar Ty akpiPn
avelpeor] Toug Kkai otnv deltepn eikdva.

2N TPftn Kai teheutaia @don €yive YPappIKr) Pneiakr
agaipeon g eIkévag avapopdq Kai TnG avaKaTaoKeu-
aopévng Seltepng eIkdvag e ) xpron g emAoyng
ypappikAg apaipeong (linear subtraction) mou diabEtel
10 MPAYPAPpA.

Mapatripnon-AvdAucn a@aipeTtikOV IKOVWY

O1 YneIakég apalpetikég eikdveg amd ta dUo ouoth-
pata WAA mou mpoéxuav 6éBnkav oe &1 rapatnpn-
TEC, OMOUG €EEEIBIKEUPEVOUG aKTIVOAOYOUG OTOPATOC,
Xwpi¢ dpwg 1diaftepn epmeipia otnv aglohdynon aga-
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personal computer (Pentium V). In this format they
were then imported into the EMAGO® software.

For each pair of standardized radiographs the exact
same subtraction procedure consisting of three stages
was followed (an example is shown in Fig. 2):

In stage | (Gamma Correction), contrast and density of
the two images were matched and in stage 2
(Geometric reconstruction) the projection geometry of
the first image was transformed in order to fit as close
as possible to the geometry of the second, which
served as the reference image. The reconstruction pro-
gram in EMAGO uses a projective transformation algo-
rithm described by Dunn et al. (1993). The reconstruc-
tion process began with the selection of the image
whose projection geometry would serve as the refer-
ence for the geometric transformation of the other
image. Then, four features (recognizable anatomical
landmarks such as the cemento-enamel junction, root
apices, typical irregularities of the root canal or the
approximo-incisal angle of a tooth) were pointed with
a mouse in the reference image. The corresponding
features were then located and were pointed in the
second image as well. These landmarks should be
pointed clockwise and in the same order in both
images. In addition they must be located outside the
area of interest and as far from each other as possible.
With the use of the four pairs of landmarks the second
image was then reconstructed and its projection geom-
etry was matched to the geometry of the reference
image. The quality of the reconstruction depends
strongly on proper and careful selection of the four
landmarks in the reference image and the precision in
detecting the corresponding landmarks in the image to
be reconstructed.

In stage 3 (Linear subtraction) the reference image and
the reconstructed image were subtracted using the lin-
ear subtraction feature of the program.
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petkwv ekdvwv. H diadikaoia mapatipnong €yive oe
SUo ouvedplieg:

In ouvedpia: Apaipetikég eikdveg kal and ta duo
ouotjuata 6éBnkav otoug TIapanPENTEG KAl TOug
{ntibnke va agiohoyrjoouv av urmpxe ootk PetaBo-
N} otg B€oeig ou efxav mpokAnBel oI BAdBeC. Toug
mapatnentég Odbnkav mévie Suvatég Siayvwoelg
(ofyoupn au&non ootou, mbavry avgnon ootou, Kapia
petaPolr), olyoupn anwheia ootou kai mbavr] anwAeia
ootoU). Or mapatnentég yvwpidav t 8éon twv PAaBwv
kabwg kal du eixav oupmePIANGBEl kal aQaIPETIKES
EIKOVEG XWPIG Kapia ootk HETABOAY.

2n ouvedpla: 2e qutr ol TTAPATNPENTEG ekABnoav va
OUYKPIVOUV TIG OOTIKEG WETAPOAEG OTG APAIPETIKEG
elkdveg Tou ouotripatog WAA Ing yevidg pe autég otig
QVTIOTOIXEG APAIPETIKEG EIKOVEG TOU OUOTAHATOG 2NG
yevide. ‘Eyive tautdxpovn mpoBoAr Twv eikdvwy armd ta
SUo ouoTuata Kkal ol TIapatNENTEG CUVEKPIVAV TIG
OOTIKEG PETAPBOAEG Oe SUO TIAPAUETPOUG: OXMua KAl
péyebog. Na tn olykpion xpnoiyomoirfnke n KAiuaka
tou Likert kal wg eikdveg avapopds oI APAIPETIKES
EIKOVEG OTOU OUOTANATOG | NG yevidg. Zuykekpipéva yia
TNV TIapdpeTpo Tou PeyeBoug n Kkhiaka kupavotav
and -5 €wg +5 pe Vv Tpr Pndév va avumpoowrelel
TNV andAUTn oPoIOTNTA, TIG APVNTIKES TIMEG TO HIKPOTE-
PO péyeBoG Kal TG OETIKEG TIPEG TO PEYANUTEPO [éye-
Boc twv PAaPwv oTIC aQaIPETIKEG EIKOVEG TO OUOTHHa-
TOG 2nG VevidG O€ OX€0n HE QUTEG OTIG EIKOVEG TOU
ouotiuatos Ing yevide. MNa v mapduetpo tou oxn-
patog n kApaka kupaivétav and pndév €ng TeVTe, e
v Tpn pndév (0) va avuiotoixel otnv andAutn opoiod-
Tnta kai v T mévte (5) o oAU peydin Siagopd.
Kai otig dUo ouvedpieg mapatripnong OAeg ol eIkOveg
TpoPArBnkav atnv idia 06dvn, o1 cuvBrikeg Tapatripn-
ongG rtav otabepég Kal ol TapatnENTES Oev emMTPENd-
Tav va kdvouv kapia aMayry otnv 08évn mpoBoAig.

2TATIZTIKH ANAAYZH

Ma tn otauotkr avaAuon Twv EUPNPATWY XPNOIJOTION-
rBnke to mpdypappa Statistica 6/2001. Eyive mpoodio-
PIOPOG Sektwy SIayVwoTIKrG eYKUPATNTAG YId TIG apal-
PETIKEG €IKOVEG Kal Twv dUo ouatnudtwy WAA yia kébe
napatent exwpiotd. Ymohoylotnkav n péon euar-
0bnofa, eidikdétnta, o Betkdg Selktng TMEOBAEYNG -
Positive Predictive Value (PPV) kai o apvnukdg deiictng
mpoPAednG- Negative Predictive Value (NPV) yia kdBe
gvav amd Ttoug €€ TapatnEntéG. 2xedIdoTnKav ol
kapmiheg ROC (Receiver Operating Characteristic) ka
urtohoyioBnke n mepioxr) kdtw and autég (Area under
the ROC-Curve). Emmpdobeta umoloyioBnke n péon
euaioBnolia tou kdbe cuotripatog WAA via kéBe oot-
k| petapory (04mm, 0.7mm, 0.9mm kai |.6mm).
‘Eyive éheyxog umobBéoewv diapopd TOCOOTWV e
Sokipaoia X2 katd Celyn mpokelévou va eAexBolv

Tqoutdoukoc I1. kai ouv./Tzoutzoukos P. et al.

Subtraction Image Analysis

The resulting subtraction images from both DSR sys-
tems were randomly mounted and six oral radiologists
were recruited for the evaluation. The examiners had
no special experience in subtraction radiography. Two
viewing sessions were arranged:

Session |: Subtraction images from both DSR systems
were given to the examiners and they were asked to
decide whether a change in alveolar bone was present
at each of the five possible locations. Five different diag-
nostic decisions were available (definite or possible loss
in density, no change in density, definite or possible
increase in density). The interpreters were aware that
lesions were created and that pairs of radiographs
showing no change were included in the material.
Session 2: In this session the observers were asked to
compare bone changes appearing in corresponding
subtraction images from the two DSR systems in two
parameters: size and shape. Both subtraction images
(from each DSR system) were simultaneously shown
on the monitor and the Likert-type scale was used for
the comparison. The subtraction images produced
from standardized radiographs (Ist generation DSR
system) were used as the reference for comparison.
The Likert-type scale used ranged from O to 5 and from
-5 to +5 for differences in shape and size respectively.
In both cases O represented no difference in the
appearance of bone changes in the two subtraction
images (Ist and 2nd generation DSR). In the Likert
scale for differences in size the examiners should give
positive values, if bone changes in the subtraction
images from the 2nd generation DSR system appeared
bigger than those in the corresponding subtraction
images from the |st generation DSR system and vice
versa.

In both sessions, all subtraction images were displayed
on the same monitor, which was adjusted by the inves-
tigator. All viewing conditions were standardized and
the viewers were not allowed to make any adjustments
to the display.

STATISTICAL ANALYSIS

Statistical analysis was carried out using the Statistica
6/2001 software package. Measures of diagnostic valid-
ity (sensitivity, specificity, positive and negative predic-
tive value) for both DSR systems were calculated for
each viewer. Mean sensitivity, specificity, positive (PPV)
and negative (NPV) predictive values for the six view-
ers were also calculated. Receiver Operating Cha-
racteristic (ROC) analysis was performed for both DSR
systems and the area under the ROC-curve was com-
puted. In addition, mean sensitivity of both DSR sys-
tems for each lesion size (0.4 mm, 0.7 mm, 0.9 mm, 1.6
mm) was also calculated. The paired chi-square test
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OTAUOTKA ONPAVTIKEG OIAPOPEG OTIG TTAPAPETPOUG
Siayvwotikis akpiBeiag petal twv dUo ouotnudtwy.
To enimedo otatioTikAG oNUAVTIKATNTAG OPIOTNKE OTO
5%.

Ma ug mapatneroeic Tou agopouoav TG dIaQOPES
OTO OXNHa Kal oto peyedog Twv OOTKWY PETABOAWY
€yIve UTToAoyIopOG TNG SIdpeong TIAG Kal oxedidotn-
kav ta dlaypdppata Box and Whisker yia kdbe mapd-
petpo. Téhog oxedidotnke to Sidypappa okeddoewg
yIa T ouoxEtion Twv SUo TTAPAPETPWY.

AMOTEAEXMATA

MNa kdBe pia amd TG opddeg apaipetkwy ekdvwv (Ing
ka 2ng vevidg WAA), ol mapatnentég e&gtaoav 80
TepIox€g (ZUvoro 160), or 60 mapoucialav ootk
aténon kai or 20 kapia ootk HeTABOAY.

MNa ug apaipetikég eikdveg amd to ovotnua WAA Ing
yevidg o ahnBuwg Betikég amavtroelg kupaivoval anod
41 éwg 54 (oe olvoro 271) kal ol aAnBwG apvnukég
ané 10 éwg 20 (og olvoro 96). a TG apaipeTKES
eikéveg and to ototnua WAA 2ng yevidg ol aAnbwg
Betikég kupaivovtal amd 26 éwg 38 (oe olvoro 204)
kal ol aAnBwg apvnuikég amod 8 €wg 14 (o€ olvoro 66).
O Mivakag | deixvel v euaiobnoia kar v eidikdTNta
Twv €8 Tapatentwy yid kabe oudda apaipetikwv
eikévwv (NG kar 2nG vevidq). 2TIG APaIPETIKEG EIKOVEG
Tou ouoTpatog Ing vevidg n euaiobnoia kupaiveta
amné 68,33% éwg 90% (uéon T 75,28%) kai n e1dikd-
tta and 50 éwg 100% (uéon upr 80%). 2ug apaipe-
TIKEG €IKOVEG Tou ouotipatog WAA 2ng yevidg n euar-
o6nofa kupaivetar amd 43,33% wg 63,33% (péon Tun
56,67%) kai n eidikdtnta and 40% éwg 70% (uéon Tun

was applied for the assessment of statistically significant
differences, with respect to sensitivity, specificity, PPV
and NPV, in the diagnosis of bone lesions with sub-
traction images from the Ist and the 2nd generation
DSR system. A P-value of 0.05 was used.

For the assessment of bone lesion differences in size
and shape between the subtraction images from the
two DSR systems, Box & Whisker diagrams for each
parameter were designed and the median values were
estimated. The association between the differences in
the two parameters was explored using a Scatter Plot
of one parameter against the other and by calculating
the correlation coefficient () between the two vari-
ables.

RESULTS

For each group of subtraction images the viewers
observed 80 areas (a total of 160). 60 areas presented
bone gain and 20 presented no bone change.

For subtraction images from the st generation DSR
system true positive answers ranged from 41 to 54 (a
total of 271) and true negative answers from 10 to 20
(a total of 96). For subtraction images from the 2nd
generation DSR system true positive answers ranged
from 26 to 38 (a total of 204) and true negative
answers from 8 to 14 (a total of 66).

Table | shows the sensitivity and the specificity of all six
viewers in each group of subtraction images. For sub-
traction images from the |st generation DSR system
sensitivity ranged from 68.33% to 90% (mean value:
75.28%) and specificity from 50% to 100% (mean value:

Mivakag 1.
EuaioBnoia kat Edikdmnta twv duo cuotnudtwy WAA
Z0otnpa WAA Index LECEIL S Z0volo
A B c D E F
WAA Ing vevidg | Euaicbnoia 71,67% | 73,3% | 71,67% 80% 90% | 68,33% | 75,28%
Edkdmra 80% 50% 100% 60% 90% | 68,33% 80%
WAA 2ne vevidg | Euaiobnoia 60% | 43,33% | 63,33% ‘ 60% ‘ 58,33 ‘ 55% | 56,67%
Elddmra 40% 60% 70% 50% 50% 60% 55%
Table 1.
Sensitivity and specificity values achieved by the two DSR systems
DSR system Index I Total
A B c D E F
1st generation Sensitivity 71,67% | 73,3% | 71,67% 80% 90% | 68,33% | 75,28%
DSR Specificity 80% 50% 100% 60% 90% | 68,33% 80%
2nd generation Sensitivity 60% | 43,33% | 63,33% ‘ 60% ‘ 58,33 ‘ 55% | 56,67%
DSR Specificity 40% 60% 70% 50% 50% 60% 55%
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55%). H eidéva 3 mapouoidlel v kapmiAn ROC yia
K3Be ouada apaipetkwy eikOvwv. H mepioxr kdtw amd
v kapmiAn ROC yia to olotnua Ing yevidg Bpédnke
katd 0.223 peyalitepn and aut Tou oUCTAPATOG 2NG
yevidce. H diapopd autq rtav otauotkd onpaviki
(P<0.05).

O [Mivakag 2 mapouoidlel toug Seikteg PPV kar NPV
yia k&Be évav amd Toug € mapatnENTEG Kai yid Kabe
OpAda APAIPETIKWV EIKOVWY. [1a TIG APAIPETIKES €IKO-
VEG TOU OUOTAPAToG NG yevidg o defking PPV kupai-
vetar and 77.19% €wg 95.34% (péon uury 84.95%) kai
o &eiking NPV amé 43.48% éwg 81.81% (uéon tun
59.62%). Na TG aQaipetkéG €IKOVEG TOU OUOTANATOS
2nG vevidg o Seiktng PPV kupaivetar anmé 60.47% €wg
90.23% (péon upn 70.34%) kar o defktng NPV amd
29.1% €wg 40% (ugon tur 34.74%). Bpébnke otatot-
K& onpavtkn dlapopd PeTa&l twv dUo ouatnudtwy Kdal
yia toug duo Seikteg, PPV kai NPV (P<0.01).
Ymohoyiotnke emiong n evaiobnoia twv dvo ouotnud-
Twv WAA yia kdBe péyeBog ootikig petaBoir (MMiva-
kag 3). To obotnpa WAA Ing yevidg epgaviel peya-
ANtepn euaiobnoia oe dAa ta pey€dbn ootikig petaPo-
Mg. EmmpdoBeta nmapatnpeital adgnon g euaiobn-
ofag kar twv dvo ouotnudtwy WAA pe v avgnon tou
HeYEBOUG Twv ooTkWV petaBoAwv. Alamotwbnke ota-
ToTKd onpavtkr diagopd petaly tng euaiobnoiag twv
SUo ouoTtnudtwy yia TIG 0OTIKEG HETABOAEG Twv 0.4mm,
0.7mm kar 0.9mm (P<0.05). AvtiBeta yia Tig peyalite-
peG ootikég petaBorég (0.16mm) S Siamotwbnke
otauotkd onuavkr diagopd (P>0.05).
>xedidotnkav diaypdupata Box and Whisker mpokel-
HEVOU Va ekpPAcouV TIG SIaQOPES O OXAKa Kal Péye-
Bog mou mapatipnoav or eEETACTEC OTIG £IkOveG amd
ta dvo ouotjuata WAA. To &idypappa Box and

Tqoutdoukoc I1. kai ouv./Tzoutzoukos P. et al.
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Eik. 3: H kaumiAn ROC ané toug eikteg evaiobnoiag kai eidikdtntag yia ke katnyopia
AEAIPETIKWV elkdvwy (amd to olotnua WAA Ing kar 2ng yevidg). H diapopd petall twv mepioxwv
Kdtw amd g duo kapmileg Bpédnke 0.223 (Standard error 0,043 kar 95% Confidence Interval

0,139 - 0,307. *P < 001).

Fig. 3: The ROC-curves based on sensitivity and specificity values for each group of subtraction
images (from st and 2nd generation DSR systems). The difference between the two areas under the
ROC-curve was 0.223, Standard error 0,043 kai 95% Confidence Interval 0,139 —0,307. *P < 0,01

80%). For subtraction images from the 2nd generation
DSR system sensitivity ranged from 43.33% to 63.33%
(mean value: 56.67%) and specificity from 40% to 70%
(mean value: 55%). Fig. 3 shows the ROC-curves based
on sensitivity and specificity values for each group of
subtraction images. The area under the ROC curve for
subtraction images from the Ist generation DSR sys-
tem was found to be larger by 0.223. This difference
was found to be statistically significant (P < 0.05).

Nivakag 2.
Tiég PPV and NPV yia Ta dUo ouotrjuara WAA
Zotnpa WAA Index LE RS Z0volo
A B © D E F
WAA 1ng yevidg | PPV 81,13% | 77,19% | 82,05% 85,7% | 93,1% | 95,34% | 84,95%
NPV 59,26% | 43,48% | 62,5% 50% | 81,81% | 54,05% | 59,62%
WAA 2ng yevidg | PPV 63,15% | 60,47% | 90,32% | 6545% | 74,46% | 73,33% | 70,34%
NPV 34,78% | 32,43% 29,1% 40% | 30,3% | 34,29% | 34,74%
Table 2.
PPV and NPV values of each DSR system
DSR system Index Examiners Total
A B © D E F
1st generation PPV 81,13% | 77,19% | 82,05% 85,7% | 93,1% 95,34% | 84,95%
DSR NPV 59,26% | 43,48% | 62,5% 50% | 81,81% | 54,05% | 59,62%
2nd generation PPV 63,15% | 60,47% | 90,32% | 65,45% | 74,46% 73,33% | 70,34%
DSR NPV 34,78% | 32,43% 29,1% 40% | 30,3% | 34,29% | 34,74%
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Mivakag 3.
Tipég eualobnoiag Twv cuoudtwy WAA 1ng kat 2ng yevidg yia kdbe péyebog ooTIKAG JETABOANG.
Ma 00TIKEG UeTaBoAEG 0.4mm éwg 0.9mm *P < 0,05, yia 00TIKES HETABOAEG 1.6mm *P > 0,05
Sdomnua WAA Index MéyeBog Oamikig Metafokric Sovoho
0,4mm 0,7mm 0,9mm 1,6mm
WAA 2n¢ vevidg Euaiobnola 42,5% ‘ 50% 61,25% ‘ 66,67% 56,67%
WAA 1ng vevidg Euaiebnoia | 61,25% | 75% | 87,5% | 76,67% | 75,28%
Table 3.
Sensitivity values of the 1st and the 2nd generation DSR system by lesion size. For lesion sizes 0.4 mm
t0 0.9 mm *P < 0,05, for lesion size 1.6 mm *P > 0,05.
Z0otnpa WAA Index k) Z0voho
0,4mm 0,7mm 0,9mm 1,6mm
2nd generation DSR | Sensitivity 42,5% ‘ 50% 61,25% ‘ 66,67% 56,67%
1st generation DSR | Sensitivity | 61,25% | 75% | 87,5% | 76,67% | 75,28%
Whisker via diagopéc oto oxrjua (Eikéva 4) Seixvel Table 2 presents the PPV and NPV values of all six
didpeon tpr dlapopds oxrjpatog | kar eUpog TPV viewers for each group of subtraction images. For sub-
dlagopdc peta&y 0 kai 5. 25%-75% twv mapatnerioe- traction images from the st generation DSR system
v oxetkd pe ) dlapopd oto oxrjua Ppiokovtal Peta- PPV ranged from 77.19% to 95.34% (mean value:
&0 twv upwv 0-4. To avtiotoxo didypappa yia diago- 84.95%) and NPV from 43.48% to 81.81% (mean value:
p€¢ oto péyebog |R| (amdAutec Tipég), omwe qaivetal 59.62%). For subtraction images from the 2nd genera-
otV eikdva 5, deixvel didueon tpr diapopds oto tion DSR system PPV ranged from 60.47% to 90.32%
péyebog |1.5] kar éva elpog Tpwv peta&u O kar |5]. (mean value: 70.34%) and NPV from 29.1% to 40%
25%-75% twv mapatproswy Pploketal petagl twv (mean value: 34.74%). Statistically significant difference
tpwv 0 kai |3]. Emmpdobeta oy eikdéva 6 to did- between the two groups of subtraction images was
ypappa Box and Whisker yia tic Siapopég oto péye- found for both PPV and NPV values (P < 0.01).
Boc R (Betkég kar apvnukég Tipeg) Oeixvel du 25%- For each lesion size the sensitivity of both DSR systems
75% Twv mapatnprjoewy KUPAvBnkav petagl twv upov was also calculated seperately (Table 3). The |st gen-
+1 kai -2, and émou oupmepaivetal &t uTrPXav TepIo- eration DSR system exhibits higher values of sensitivity
04TEPEC ApVNTIKEG TTAPd BeTIkEG TIUEG otnv a&loAdyn- in all four lesion sizes. In addition sensitivity of both
on g diapopdc oto péyedoc. DSR systems increases as the size of bone change rises.
O Babudg ouoxétiong petagy diapopds oto oXxrud Statistically significant difference in the sensitivity
kal diapopdg oto péyebog Bpébnke -0.54 (oxrpa ka between the two DSR systems was found for lesion
@ 5
B Vedwst [nim s@d T wels =0t
4 . s 3
E 2
.
2
b 0
& Vedesif [ EWT LR e " T =i 5
0 - . — H .
>xrjua/Shape Méyebog R/Size R
Eix. 4: To didypappa Box & Whisker mou mpoékuye yia tig Eik. 5: To didypappa Box & Whisker mou mpogkuye yia tig
Siapopég oto oxripa. Aidpecog Tpry: |, 25%-75%: 0-4, elpog Tuwv Siapopég oto péyebog R (amdAuteg Tipéq). Aidpeocog tpn: 1.5,
0-5. 25%-75%: 0-3, elpog upwv 0-5.
Fig. 4: The Box & Whisker diagram plotted for differences in shape: Fig. 5: The Box & Whisker diagram plotted for differences in size R
Median value: |, 25%-75%: 0-4 , values range: 0-5. (absolute values). Median value: 1.5, 25%-75%: 0-3, value range: 0-5.
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péyebog R) kai 0.84 (oxrpa kar péyebog |R|), omwg
@aivetal oug Eik. 7 kar 8.

2YZHTHXH

To mpdypappa tou EMAGO otnpiCetal otov akyopib-
PO HETAOXNMATIOPOU €IKGVAG TIOU TIEPIYPAPNKe Ao
tov Dunn kai ouv. (1993). H pébodog autr| otnpiletal
otnv emhoyr and tov xelpioth 4 apetdBAnTwy oloeT-
nedwv onpeiwy (invariant landmarks), agou n diadika-
ofa avakataokeur|g otnpiCetar oty e&opoiwon duo
emmédwv Twv dUo eikdvwy. Or Dunn & Van der Stelt
(1992) anédeigav 6t dUo akuvoypagieg prmopolv va
miapouaoidouv tétold apetdPAnta, opoenmeda onpeia,
gpooov N ywviaia amdkhion katd ) Aqyn toug Oev
Eemepvd TG 32 poipeg. O alydpiBuog €xel emopévwg
Bewpnukd T Suvatdtnta va eEoPOIVOEl YEWUETPIKA
aKTVOYPAQieg e ONUAVTIKEG ATTOKAICEIG WG TIPOG TN
ywvia Ayng. Emmpdobeta kar olppwva pe toug Huh
kal ouv. (2005), évag €umeipog KAvikOG eival oe B€on

sizes of 0.4 mm, 0.7mm and 0.9 mm (P < 0.05), where-
as for lesion size of 1.6 mm no statistically significant dif-
ference was observed (P > 0.05).

Box & Whisker diagrams were designed in order to
express the differences in size and shape that the
examiners observed between the bone changes in the
corresponding subtraction images from the two DSR
systems. The Box & Whisker diagram for differences in
shape (Fig. 4) shows a median difference value of | and
a difference value range from O to 5. 25-75% of the
observations for differences in shape lied between 0
and 4. The Box & Whisker diagram for differences in
size |R| (absolute values), as illustrated in Fig. 5, shows
a median difference value of |1.5], a value range of 0 to
5], while 25-75% of the observations lied between 0
and |3|. In addition in Fig. 6 the Box & Whisker diagram
for differences in size R (without extracting the
absolute values) demonstrates that 25%-75% of the
observations for differences in size lied between +1
and —2, showing that there were more negative than

6
5
4
3
2
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0 L]
=l Eik. 6: To didypappa Box & Whisker mou
2 TIPOEKUYE YIa TG IapopEG oto péyeBog
(Betikég — apvnukég TIPES). Aidpeoog Tur: O,
= 25%-75%: (-2) — (+1), ebpog upwv (-5) —
-4 (+5).
5 - Fig. 6: The Box & Whisker diagram plotted
@ Meden=d Clzm7m =21 Lol =55 for differences in size (+/- values). Median
= N value: 0, 25%-75%: (-2) — (+1), value range:
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Eix. 7: To &idypappa Scatter plot peta&l diapopwyv oto oxrjpa Kai
Slapopwv oto péyebog (Betikég — apvnuikég TIHEG). O ouvteeotrig
ouoxétiong (r) Ppédnke -0.545.

Fig. 7: The scatter plot diagram of shape differences against size
differences (+/- values). The correlation coefficient (r): - 0.545.

Eix. 8: To Sidypappa Scatter plot peta&l diapopwv oto oxrjua Kkai
Slapopwv oto péyebog R (amdhuteg Tipeg). O ouvieheotrig
ouoxétiong (r) Ppédnke 0.842.

Fig. 8: The scatter plot diagram of shape differences against size
differences (absolute values). The correlation coefficient (r): 0.842.
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va kdvel Myn Siadoxikwv omobo@atviakwy aktivo-
YPAPIOV [E OXETIKA HIKPEG ATTOKANIOEIG WG TIPOG TN YEW-
HETPia TOUG, HE TN xprion evog amhol CUOTANATOG
mapaMnAiopoul. Na to Adyo autd, ol aktvoypagieg
Tou xpnolponoifnkav oty epyacia auty yia v
TIapaywyr] Twv AQaipeTKOV EIKOVWY OTO TIPOYPAUa
EMAGO, eMjpbnoav pe tn xprion amhol ouotiuatog
mrapaMnAiopoU, evw Sev €yive kataypagr| Kai meplopl-
OMOG TwV armokhNogwv Katd ) Afjyn Toug.

Ta anoteAéopata tng épeuvag autig €dei&av ot n dia-
yvootikd akpiBeia tou ouotiuatog WAA 2ng yevidg
OTNV QVIXVEUOT HIKPWV OCTIKWV HETABOADY fTav pIker
(péon euaiobnoia 56.17% kai péon eidikdtnta 55%) oe
oxgéon pe autr) Tou ouotripatog WAA Ing yevidg (péon
euaiobnoia 75,28% kar péon eidikdtnta 80%). Ta eupn-
pata autd dev cupgwvolv pe ta eupripata tou Dove
kai ouv. (2000), o1 omoior o TapdpoIa €pguva e avti-
OTOoIXO OUOTNHA YNPIAKNG AQAIPETIKAG aKTIVOYPapiag,
1O omoio xpnoiyorolel tov S0 alydpiBuo avakata-
okeung eikévag (DSR-EMS), Bprikav 6t n euaiobnoia
kai n €18IKGTNTa Tou ouotripatog Atav uPnid (87% Ka
85% avtiotoixa). H diagpopd auty ota euprjpata pro-
pel va ogeiletar oe dUo Adyoug O TPWTOG €xel va
KAVel e TO yeyovog Ot otny épeuva Tou Dove kar ouv.
Ol Hn OUYKPIOIEG aktivoypapieg mapouoialav povo
QVTIOTPETTIEG PETABOAEG OTN YewleTpia MYng, eva ol
amokNoeIG fTav eAeyxOpeVES kai Sev utepgPaivay TG
[0° yia T otpo®r ToU @IAY Kal yid T PeTakivnon tou
@AY kal TG TNyRG ta 2 kar 10 cm avtiotoixa. AvtiBe-
Ta otn Ok Jag €peuva pn aVUOTPETTTEG HETABOAEG
yewpeTpiag (Adyw otpo@rg TG TNyrG otov d&ova —X
kar —Y) mBavdv va umrfpxav kai n €ktaor) Toug dev
Atav eheyxdpevn. ‘Exer anmodexBel anmd tov Moll ka
ouv. (2003) og in vitro peAétn toug du, 6oo au€dvouy
Ol N QVTIOTPENTTEG PETABOAEG YEwHETPIAC, TG00 pEIW-
VETAl Kal N ToIdTNTa Twv TIApayOHEVWY aQAIPETIKOV
eikévwv. O Seltepog AGyoG Pmopel va éxel va KAvel e
TO péyeBOG TwV OOTIKWV PETABOADV TIou peAeTriBnkav
ot duo épeuves. O1 Dove kai ouv. (2000) pehétnoav
peyaAitepwy Slaotdoewv petaforés. H euaioBnoia
OTNV QVIXVEUOT TwV HIKPOTEPWY OOTIKWV HETABOAWY
Atav apketd xapnhg (62%), dnwg kal otnv mapouod
€peuva, evw Tiapouoialdétav avgnon tng euaiobnoiag,
600 au€avdtav To PéyeBog Twv OOTIKWY HETABOAWY.
KaNitepa anoteAéopata wg mpog tn diayvwotikr| akpi-
Beia evdg mapanijoiou mpoypdppatog WAA  2ng
yevidg (Image Tool — University of Texas Health
Science Center at San Antonio) otnv avixveuon odo-
VKWV HETABoAV Pe in-vitro TpdkAnon eEwtepIkAg
anoppEoPnong atn YAWooIKr emedvela pilwv doviiwy,
rapouoiacav kai o Ono kar ouwv. (201 1. H diayvwot-
K akpiBeia kupdvlnke o TMOAU uPnAd emimeda yia
petaPolég peyahitepeg amd 0.9mm, av kai og PIKPEG
petaPorés g tdEng tou 04mm rtav moAd piken.
YynAd enimeda Siayvwotikrg akpifeiag tou ouotripa-
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positive values marked by the examiners, when differ-
ence in size was evaluated. The correlation degree
between the observed shape and size differences was
— 0.54 and 0.84 (when absolute values for size differ-
ences were used) as shown in Fig. 7 and 8.

DISCUSSION

The subtraction software of EMAGO uses the recon-
struction method described by Dunn et al. in 1993.
This method relies on invariant relationships among
four corresponding features points (landmarks). Dunn
& van der Stelt (1992) have demonstrated that invari-
ant relationships between two radiographic images
exist for angular discrepancies of up to 32°. This implies
the potential of the reconstruction method to ade-
quately match the projection geometry of radiographic
images with large discrepancies in their projection
geometry. In addition, according to Huh et al. (2005),
an experienced clinician is able to acquire a series of
periapical radiographs with fairly small discrepancies in
their projection geometry, only with the use of plain
intraoral film holding devices. Thus, the pairs of radi-
ographs used in this study to produce the subtraction
images with EMAGO were acquired without attempt-
ing to constrain the projection errors into certain limits,
and hence differences in the projection geometry
between the radiographs of each pair used with
EMAGO were not known and were not included in
the evaluation.

The results in this study demonstrate that the diagnos-
tic accuracy of the 2nd generation DSR system in the
detection of small alveolar bone changes was low
(56.17% mean sensitivity and 55% mean specificity),
compared with the diagnostic accuracy of the |st gen-
eration DSR system (75.28% mean sensitivity and 80%
mean specificity). The difference was found to be sta-
tistically significant. These findings are not in accord
with the findings of Dove et al. (2000). In their study,
that was similar to ours, another 2nd generation DSR
system, which uses a similar reconstruction algorithm,
was evaluated (DSR EMS®) and its overall diagnostic
accuracy was found to be high (87% mean sensitivity
and 85% mean specificity). There are two possible
explanations for this: one explanation may be the fact
that in the study of Dove et al. only reversible projec-
tion discrepancies between non- standardized radi-
ographs were allowed and that variations in the pro-
jection geometry were limited to 10° for film rotation,
2 mm for film translation and 10 cm for translation of
the X-Ray source. In our study irreversible projection
errors (rotation of the X-Ray source around the —X
and —Y axis) during the acquisition of non-standardized
radiographs may have occurred and the amount of
projection errors was not controlled. It has been
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toG EMAGO otnv avixveuon anaoBeotivong tng ada-
pavtivng oe in-vitro €peuvd Toug Perikav kai ol Haiter-
Neto kar ouv. (2005). Kar otig dUo €peuveg evtoutolg
xpnaolyotoindnkav amdAUTa CuyKPIoIJa aktivoypaen-
pata, mapdyovtag Tou Prnopel va dikaiohoyroel ta
KaAJTEPA aMOTEAEOHATA TwV EPEUVAV autwv. Me 16ea-
TEG ouvOrkeg AfYnG Twv aktivoypagnudtwy (dnAadn
pe kapia diapopd ot yewpetpia AMying) éxel gavel du
efvar duvat n avixveuon péow g WAA moAd pikpwv
petaporwv, pikpdtepwy kar amd 0.12 mm, evey 6oo
HIKPOTEPEG €fval o PETABOAEG TIOU pEAETWvTal, TOOO
HIKOOTEPEG TTPEMEI va efval o amMOKNOEIG TwV aKTIVO-
YPAPIGV TIOU XpNoluoTololvial kG TPOG TN YEWHETPIa
toug (Nicopoulou-Karayianni kar ouv. 2002). 2 autriv
v €peuva n euaiobnoia tou ouotjuatog WAA 2ng
YEVIGG OTNV aviXveuon Twv PeyaAUTeEPWY OOTIKWY PETa-
Borwv (1.6mm) rtav peyalitepn amd tn péon euar-
0bnofa (yia to oUvoho Twv OOTKWV PETABOADV TIOU
peAeTriBnkav), eve Sev TIapouciace oTaTIOTKA Onua-
vukA dlagopd ouykpivopevn pe tnv euaiobnoia tou
ouotuatos Ing yevidg yia to idio péyebog ootikAg
petapoiric (1.6mm).

Av Kkal n péon upn tou defktn euaiobnoiag Tou ouotr-
patog WAA EMAGO Bpébnke va eival oe yevikeg
ypappég xapnAg (56,67 %), n péon tpr tou Seiktn PPV
Atav onpavuikd uynAdtepn kai Ppébnke oTo IKavoTTol-
nukd enimedo tou 70,34%. O Sefking PPV opiletal wg
To TNAKO Tou cuvolou Twv 0pBwG Betikwy diayvwoe-
WV TIPOG To oUvolo twv Betikwv Siayvioewy, opbwv
Kal eopalpévwv. Emopévac n Betikr didyvwon ootikAg
petaPolric amd Toug TapaInENTEG NTav o PeydAo
mocootd agidmotn. AvtiBeta n apvnukr Sidyvwon
ootikiG PetaPoArg ftav og peydho TTooooTd £0(pai-
pevn, dmwg Seixvel n xapunAr) péon tiur| tou Seiktn NPV
yia v WAA 2n¢ yevidg otov miivaka 2 (NPV 34,74%).
>tnv mapouoa epyaoia pe to mpdypappa WAA 2ng
yevidg (EMAGO) dnpioupyrBnkav agaipeTikeg EIKOVEG
He v epappoyr POvo G ypaupikic agaipeong. H
dMn emAoyr| Tou SIaBETEl TO OUYKEKPIPEVO AOYIOHIKO,
dnAadn g AoyapiBpikAig agpaipeong Sev xpnoipoTol-
fBnke. H AoyapiBuik agaipeon, av kar augdver to
B6puPo otnv MPoKUITToUCa APAIPETIKT EIKOVA, EYPAVi-
(el To MAeovékTNUa TG augnong tng avtibeong ota
onpeia émou undpxouv PETAPONEG OTnV TIUKVATNTA
kGt Tou pmopel va BeAtiwoer Ty Siayvwotikr) akpiBeia,
1diaitepa oe un eoikolwpévoug e v WAA mapatn-
pntég (Versteeg kar Van der Stelt, 1995, Haiter-Neto
kar ouv. 2005), énwg Atav oI TapatnENTEG otnv
mapouvoa epyaoia.

Ta diaypdppata Box and Whisker yia tnv agioAdynon
Twv dIapopwv oto oxrjua kai oto péyebog |R| (amdiu-
TEG TIEG) TWV OOTIKWV JETABOAWV TToU TTapdtnerBnkav
OTG aQAIPETIKEG €IKOVEG Twv dUo ouotnudtwv Oei-
xvouv didpeoeg Tipég | kar 1.5 avtiotoxa. Autd onpai-
vel ot og onuavikd pépog (50%) twv ootikwy peta-

Tqoutdoukoc I1. kai ouv./Tzoutzoukos P. et al.

demonstrated by Moll & Dunn (2003) that the efficacy
of projective standardization declines as the amount of
noise resulting from irreversible projection errors
increases. A second explanation could be the fact that
the range in lesion size used by Dove et al. was larger
than that used in our study and that bone lesions in our
study were quite small (< 1.6 mm). Ono et al in their
study evaluating the diagnostic accuracy of a similar
DSR software (Image Tool — University of Texas
Health Science Center at San Antonio) in the detection
of simulated lingual root resorptions, have also found
higher values of diagnostic accuracy as far as changes
larger than 0.9 mm were concemed. When smaller
changes of 0.4 mm were studied the diagnostic accura-
cy was quite low though (Ono et al. 201 I'). High values
of diagnostic accuracy of the Emago software were also
reported by Haiter-Neto et al. in their study evaluating
DSR in the detection of enamel subsurface demineral-
ization (Haiter-Neto et al. 2005). In both latter studies
only radiographs acquired under standardized condi-
tions were used for the creation of the subtraction
images, a factor that can explain the better results of
diagnostic accuracy presented in these studies. It has
been shown that under optimal conditions (that is, with
no distortion of the projection geometry) digital sub-
traction is capable of detecting changes smaller than
0.12 mm in thickness, and that the smaller the lesions
to be studied, the higher the demand on reproducibili-
ty of the projection geometry (Nicopoulou-Karayianni
et al. 2002). In our study the sensitivity of the 2nd gen-
eration DSR system in the detection of the largest
bone lesions (1.6 mm) was higher than the mean sen-
sitivity observed and showed no statistically significant
difference when compared with the sensitivity of the
Ist generation DSR system in the detection of lesions
of the same size.

Even though EMAGO DSR software achieved a low
mean value of sensitivity (56.67%) in this study, it pre-
sented a quite satisfying mean PPV value of 70,34%.
PPV is defined as the quotient of the total sum of true
positive diagnoses to the total sum of positive diag-
noses (true and false). Hence positive diagnoses of
osseous changes made by the observers, when analyz-
ing EMAGQO's subtraction images, were fairly reliable. In
contrast, negative diagnoses of osseous change was
found to be unreliable, as revealed by the mean NPV
value shown in Table 2 (NPV 34,74%).

In the present study, only linear subtraction was per-
formed for the creation of subtraction images with the
2nd generation DSR software (EMAGO). The alterna-
tive option of logarithmic subtraction that is offered by
EMAGO was not used. Logarithmic subtraction,
despite adding image noise in the subtraction image,
has the advantage of increasing the contrast in areas
where density changes occur. Hence, it can improve
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Bohwv Tou pehetiBnkav n ameikdvior] toug de diage-
pel onpavtkd ota duo ouotripata. To didypapua Box
& Whisker yia tig diapopég oe péyebog (+/- TiHEQ)
eival eppaveég du ol petaBoAég ootol epgaviCoveal
HIKOOTEPEG OTIG APAIPETIKEG EIKOVEG TOU OUOTANATOG
2nG yevidg, umdpxel dnAadry pia Tdon UToEKTiUnong
Tou peyéBoug tng ootk petaBoArg oto EMAGO.
MapdAo Tou To TMapandvw elpnua otnpiletar og Tol-
otk kar &xI ToooTkr a&loAdynon tou peyéboug ooti-
KoV JeTaBoAwv Ppioketal o ouppwvia pe ta euprjpa-
1a AMwv epyaoiwdv (Reukers kai ouv. 1998, Fidler ka
ouv. 2000, Eickholz kar ouv. 2000, Bittar-Cortez ka
ouv. 2006), ol omofeg emiong Perjkav, pe TMOCOTIKA
opwg kprtipia, ou n WAA pe epappoyr YEWHETPIKAG
avakataokeudg G ekévag Telvel va UMoektud To
péyeBog ootiIkWY PETABOAWY 1 HeTABoAwV dAwV OKAN-
PWV I0TWV.

Téhog and ta diaypdpupata scatter plot (Eik. || kai 12)
kar and tov Oeiktn ouvdeeiag (r=0.84) ¢aivetar du
uTidpxel oUOXETIon Peta&l twv Tapatnpolpevwy dia-
QOPWV OTO HEYEDOC KAl OTO OXNPa. ZUYKEKPIUEVA GO0
peyaAUtepn eival n iagopd OTo OXAPA TWV OOTIKWY
HETAPOAWV OTIG AQAIPETIKEG EIKOVES Twv SUO OUOTNUA-
Twv T600 PeyaAUtepn eival kai n diagopd toug oTo
péyebog, kai eidIkdTePa TO00 HIKPOTEPES ePaviCovtal
QUTEG OTIG aQaIPETIKES eikdveg Tou EMAGO oe oxéon
HE QUTEG TOU ouoTAPAatos | ng vevidg (Seiktng ouvaeel-
ag r=-0.54). Emopévwg o aiydpiBuog yewpeTpIkAg
avakatdokeung g eikévag tou EMAGO ealvetar va
ennpéaoe oxedov otov Glo Babud to oxfua Kkar to
péveBoG Twv OOTKWV HETABOALY TwV AQAIPETIKWY
eIkdvwy, Tou dnuioupyriBnkav ota mAaioid autig tng

€pyaoiag.

2YMIMEPAXMATA

I. To ototnua WAA 2ng yevidg EMAGO mapouoiace
IkavoTroInTikr diayvwotikr) akpiBeia pdvo otg peya-
Nitepeg ootikég petaBoiég (1.6mm).

2. To mpdypappa WAA 2ng vevidg EMAGO gaivetal
Va UTTIOEKTING TO pEYEDOC TwV OOTIKWY HETABOAWY O€
ox€on pe to olotnua Ing yevidg.

3. O alyopiBuog avakataokeung TG eIKOVag mou Xpn-
olporolel To ouykekpidévo Tpdypappa WAA eaive-
Tal va ennpedCer otov S0 Tepimou Babud to oxrua
Kal To péyebog NG amelkoviong TwV OOTIKWY HETa-
BoAwv otnv agaipetikr €ikdva Tou TTapdyetal.

Tépog 12, No 3,201 1/Vol 12, No 3,201 |

diagnostic accuracy of the subtraction images, especial-
ly when they are analyzed by observers who are less
experienced in DSR, as it was the case in our study
(Haiter-Neto et al. 2005, Versteeg and Van der Stelt,
1995).

The Box & Whisker diagrams for differences in shape
and size (absolute values) between bone changes
observed in corresponding subtraction images from the
two DSR systems reveal median difference values of |
and |.5 for shape and size, respectively. This means that
50% of the bone changes compared in the two groups
of subtraction images did not differ significantly in shape
and size. The Box & Whisker diagram for differences in
size (+/- values) shows that bone changes tend to
appear smaller in size in the subtraction images from
EMAGO than they do in subtraction images from the
I'st generation DSR system. Hence, EMAGO tends to
underestimate the amount of bone change. Although
the assessment performed was not quantitative, it is in
accord with the findings of other studies (Reukers et al.
1998, Fidler et al. 2000, Eickholtz et al. 2000, Bittar-
Cortez et al. 2006), which have concluded by means of
quantative analysis that DSR using image geometry
reconstruction, tends to underestimate the amount of
osseous or other hard tissue changes.

In addition, from the scatter plot diagrams (Fig. | | and
12) and the resulting correlation coefficients it can be
derived that a correlation between the observed dif-
ferences in shape and size exists. In particular, as the dif-
ferences in shape increase the bone changes appear
smaller in the subtraction images from EMAGO com-
pared with the corresponding bone changes in the sub-
traction images from the |st generation DSR system.
Thus, it can be concluded that the projective transfor-
mation algorithm of EMAGO affected the shape and
size of the bone changes in the subtraction images cre-
ated in this study to a relatively similar degree.

CONCLUSIONS

I. The 2nd generation DSR system (EMAGO), evaluat-
ed in this study, has shown to have a satisfactory dia-
gnostic accuracy only when the largest bone changes
of 1.6 mm in diameter were studied.

2. EMAGO tends to underestimate the size and
amount of bone change occurring.

3. The reconstruction algorithm of EMAGO affects
both parameters -shape and size of the bone
changes - to a similar degree.



178

BIBAIOTPA®IA/REFERENCES

Allen KM, Hausmann E, Kutlubay ME, Loza J, Carpio LC, Ortman et
al: Studies of the angular reproducibility of positioning patients
adjacent to an x-ray tube:l. Stent-rod based and extraoral sys-
tems. | Periodont Res 29:174-178, 1994

Bittar-Cortez JA, Passeri LA, de Almeida SM, Haiter-Neto F: Compa-
rison of peri-implant bone level assessment in digitized conven-
tional radiographs and digital subtraction images. Dentomaxillo-
facial Radiology 35:258-262, 2006

Byrd V, Mayfield-Donahoo T, Reddy MS, Jeffcoat MK: Semiauto-
mated image registration for digital subtraction radiography. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 85:473-478, 1998

Davis M, Allen KM, Hausmann E: Effects of small angle discrepancies
on interpretations of subtraction images. Oral Surg Oral Med
Oral Pathol 78:397-400, 1994

Dove BS, McDavid DW, Hamilton KE: Analysis of sensitivity and
specificity of a new digital subtraction system. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 89:771-6, 2000

Dunn SM, van der Stelt PF: Recognizing invariant geometric structure
in dental radiographs. Dentomaxillofac Radiol 21:142-147, 1992

Dunn SM, van der Stelt PF, Ponce A, Fenesy K, Shah S: A compari-
son of two registration techniques for digital subtraction radiog-
raphy. Dentomaxillofac Radiol 22:77-80, 1993

Eickholz P, Hausmann E: Accuracy of radiographic assessment of
interproximal bone loss in intrabony defects using linear meas-
urements. Eur | Oral Sci 108:70-73, 2000

Ellwood RP, Davies RM, Worthington HV: Evaluation of a dental sub-
traction radiography system. | Periodont Res 32:241-248, 1997

Ettinger GJ, Gordon GG, Goodson JM, Socransky SS, Williams R:
Development of automated registration algorithms for subtrac-
tion radiography. ] Clin Periodontol 2 1:540-543, 1994

Fidler A, Likar B, Pernus F, Skaleric U: Influence of developer exhaus-
tion on accuracy of quantitative digital subtraction radiogra-
phy: an in vitro study. Oral Surgery Oral Medicine Oral
Pathology Oral Radiology & Endodontics 90:233-239, 2000

Groendahl HG, Groendahl K, Webber R: A digital subtraction tech-
nique for dental radiography. Oral Surg Oral Med Oral Pathol.
Jan 55(1):96-102, 1983

Grondahl HG, Grondahl K and Webber RL: Influence of variation in
projection geometry on the detectibility of periodontal bone
lesions. | Clin Periodontol |'1:411-420, 1984

Haiter-Neto F, Ferreira RI, Tabchoury CPM and Boscolo FN: Linear
and Logarithmic subtraction for detecting enamel subsurface de-
mineralization. Dentomaxillofacial Radiology 34:133-139, 2005

Huh KH, Lee SS, Jeon IS, Yi W], Heo MS, Choi SC: Quantative analy-
sis of errors in alveolar crest level caused by discrepant projec-
tion geometry in digital subtraction radiography: an in vivo study.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 100:750-
755, 2005

AigBuvon emkoivwviag:
TC¢outloukog Mavayiwtng
Apiototéhoug 90,

155 62 Xohapydg,

TnA: 210 6515732

e-mail: p_tzoutz@dent.uoa.gr

Tqoutdoukoc I1. kai ouv./Tzoutzoukos P. et al.

Lehmann TM, Gréndahl K, Grondahl HG, Schmidt W and Spitzer K:
Observer — independent registration of perspective projection
prior to subtraction of in vivo radiographs. Dentomaxillofac
Radiol 27:140-150, 1998

Lehmann TM, Gréndahl HG, Benn DK: Computer-based registration
for digital subtraction in dental radiology. Dentomaxillofac Radiol
29:323-346, 2000

Likar B, Pernus F: Automatic extraction of corresponding points for
the registration of medical images. Med Phys 26:1678-1686,
1999

Mol A, Dunn SM: The performance of projective standardization for
digital subtraction radiography. Oral Surg Oral Med Oral
PatholOral Radiol Endod 2003;96:373-382, 2003

Nicopoulou-Karayianni K, Braegger U, Patrikiou A, Stassinakis A, Lang
NP. Image processing for enhanced observer agreement in the
evaluation of periapical bone changes. Int Endod | 35:615-722,
2002

Ohki M, Okano T and Yamada N: A contrast-correction method for
digital subtraction radiography. ] Period Res 23:277-280, 1988

Ono E, Filho EM, Leite HF, Tanaka JLO, De Moraes MEL, De Melo
Castilho JC: Evaluation of simulated external root resorptions
with digital radiography and digital subtraction radiography. Am
J Orthod Dentofacial Orthop: 139:324-333, 201 |

Ostuni J, Fisher D, van der Stelt PF, Dunn SM: Registration of dental
radiographs using projective geometry. Dentomaxillofac Radiol
22:199-203, 1993

Parsell DE, Gatewood RS, Watts |D, Streckfus CF: Sensitivity of
various radiographic methods for detection of oral ~ cancellous
bone lesions. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 86:498-502, 1998

Potter B, Shrout MK, Harrell |C: Reproducibility of beam alignment
using different bite-wing radiographic techniques. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 79:532-53, 1995

Reukers E, Sanderink G, Kuijpers-Jagtman AM, van't Hof M:
Assessment of apical root resorption using digital reconstruction.
Dentomaxillofac Radiol 27:25-29, 1998

Rudolph DJ, White SC: Film-holding instruments for intraoral sub-
traction radiography. Oral Surg Oral Med Oral Pathol 65:767-
762, 1988

Rattimann UE, Webber RL, Schmidt E: A robust digital method for
film contrast correction in subtraction radiography. | Periodont
Res 21:486-495, 1986

Versteeg KH and Van der Stelt PF: Effect of logarithmic contrast
enhancement on subtraction images. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 80:479-486, 1995

Zacharaki El, Matsopoulos GK; Asvestas PA, Nikita KS, Grondahl K;
Grondahl HG: A digital subtraction radiography scheme based
on automatic multiresolutional registration. Dentomaxillofac
Radiol 33:379-390, 2004

Address:

Tzoutzoukos Panagiotis

90 Aristotelous Street,

I55 62 Cholargos, Athens - Greece
Tel: 210 6515732

e-mail: p_tzoutz@dent.uoa.gr

Apxeia EMnvikig 2topatikrig & M'vaBompoowrikig Xeipoupyikic/
Hellenic Archives of Oral and Maxillofacial Surgery






