(i 959 L)
JWa 39 39 daly S Fouw gl Sl 33 3 9ai i 310 3 ko S Jibd Wil
Jlsud K goaly (B Fgealy o

 Gizen OloyT o FNing i 40k [ swlis 0 08 LS s e | Ebs 5T
' g bl

oS> 5 G Dlas 5l 08 bk

-

sl C‘f\ Jleaws 15 5 sl 6LAW” NINUN RS PRV R NU PRV RGP
Sl gy ol shdkas e 53 s o 1 gal G5l GlaCSGSS 5l las @iasly e lasY
5ol 05 5 b dlaes B S gl 5 Ses anslis ol dsdlas oy 5 S

B dle S darly Shews olobis s 5l 3505 5 sls 2l
oY JLM“J{}J.; Ck.w 95 A &5:4\5...’:4“\.»)'] adlae cpl s tgmwyp Aoy
Sl sl pBILT Y LIS e 5 g 6 oIl gm0l
BT D gons e /0 Lg) 5 b egias Dyson St
a5 pBLT Ly e sl OMGs e Jlews b dbje 8y
-+, Digora® Optime e 31 eslical & 3,16k Jlirmss slo 31 S 251,
Low sharpen s 2l5) ez o 5 2ld Osb pslad el Jas
Y L.y (nversion , High sharpendntermediate sharpen
Lds bl Sedaliv
o o LT Sl eslinal b IS oo 5 cuolant] (Conlo el
A3 S aloe el Sases a5 sl 0531 (AZ) ROC
Low sharpen s L sl JS comw 5 cuolant] conl>
5l e @oblus b« INVeErsion 2 L sl 5 Original sl
s» High sharpen , Intermediate sharpen s L . olas
High s L .slas 5 Low sharpen s L sl (P<:/v0)
Como 5 Caslait| (b Ol op 2S5 op 2éw 5 5 4 Sharpen
ezl gl s 1y IS g iy
sl cgr sl g, LOW sharpen sl g, fams —aawi il s o b
A Ol 4 Llg e Lpd e elital Jlo S5 dexly Shews s S50L e o) il
Intermediate sharpen L L ,slas 5,5 513 ool sope Jiols, S8 lis sas 8wy o
S s Al | s Slas o soies High sharpen as b ol 50 - o s s s
g o 5 ey S5 Harly (Siow sy olobis Ol Sleal laal gl
IRCVSRR A ARCLRRERt

SISl s A3 sl Sy Son bl Saey 085l dS Emil: alihabibikia@yahoo.

S gal (SS sls (las  COM

S Olas g5 sly 05 SV )
LL;L_JJ:J‘JJJ SAS__iils (P
“SA— gfi_‘:'ﬂ rj_k« & _ils

.Q\Jil Sl pal ‘)'\}n\ )ﬁL.,':

ANV PR AN AR W I FRC VAFA NN cadlas bl s

1r9s LV’JJL«JJZ ;JJJ Ljﬂu‘;kﬂxwil;'sé



e bl 53 g 3505 il sl g ST \OA
3 ise a2l b Sledbl Ol e g dedie

() 2y 2l 15 gead CodS 3 o Julse
S Al sy g3date S Slapn, S
SEA V) dise o s | e slal CoisS
olre Glo 53L5 Olge Jims sla S S Ll
3oty S Slite Sy Gl g S o 3l
L Noise Reduction ...l o gl iyl kS
Signal / cos a4 e cilises glaSsSS 51 eslizul
S Sy Solo s 5> 2550 SV Noise
Sl Kl jasis s YL Signal / Noise
Noise Reduction. (4)s,s . 8 L 5 bl
edge Sharpening-smoothing
ol 5l ebdls (Lad 55 \Enhancement
o>l o ialS oS et 4 pd s e, Sl
S0 dlims pgad CodS S 03 g F JB
ar b s 4 e Kl e Al @l 4 S
Gadae Sladllas 558 5slal 53 S S sbaolastla
b il Jlzes a2 5 Slapn S 5 eolind
2 padlze b L=V Wlesls S5 b3l 5,
Shewsy 2SSl psal 2 UG L LU
NGV N R L S P J=ls Jlas SIS ssly s
5 Sl 28 s S Wl S 1S OB s
el o padld B upal sl ol
S J= 55 OA AV O E) das o Jull b Sy
A Lles S 518 1 el cpl v Sos
);Mduﬂgﬁtﬁuﬁwlgwjb
e A Sy MlEe sl Sl s
oo Al e Ol 2 b ol e 5 KBS s,
Sk g e 2SS Ollas 3 2L s
NS F YR P R PR TR | PN R R N
ix,s L Sharpen s &5 L Sharpen Jsls , s
53 1y Inversion 5 sbj; -, L Sharpen (L. g
S5l 3 ey S5 aarl) o Sy olulis
Odd g o8 5 oS e s Sus Sob

S Sl SIS 5l S w5l Sy yasids
farh 4l (Shomy diea axle OF b O 5000
Sl g glaad 5o Sy 2S5 L s
pho b sy Jlis a5 e ssbee s alUBL
Sl Sy SOL Cby b ey G 528
S0l layls Ve saus (VY) 34d 0 Jol 4l
Wik o ok e sSele ol S35
b b ol ol e 01K 50003 o opl Sl &S
330 (F) 23S o Oy w56 Shess 3ylse ST
Gl on Pl w5 (S eSSl
salie 5 B L5 L el 5 SEF b SO s
5 O & (S50 L Y e (el
5 el sla b, b 318 gl (8) ol 31 S 4l
LS s G Sy el e i
(0) sl s LT L
Gl O ¢ e s ol 3,008 3 bl &5
L gl S8 @ b pasiis la SIS sl cokS &S
s ol aeis & B1S sl sl ilas U &S
535 1S maly G plal ) L s oS | il
s SIS g3y SIS 51 a8 e 4 el Ok s
2 Fs iy Golaasa s (Dol
5 osb Jhaws Gols sl 38 sl 1S sl
0T 55 eslizal 3)5m ot 3 Al 30 5 placd g
Lgl.aa(.:.w,ﬂ S sladle s (\)J.Sdn R
hoye a4 gadane Slas =l Jlems SIS 5l
gl bl e el edd B oae  SE 50
s CallB X Bl 55 JEaIS 53l L le Lt
Lol 5 s S 5 58 0y ials (ol
ralas dals o5 Sladlas 1 gslaws 5y . J ke
ks oLyl Jsene SISl 5 Soal e
Shee CobB cnl ghls Jiaes gt ax ST ol

1r9s crijw4’£ :JJJ Ljﬁuduue'ﬁj;!‘;«bilebé



AIAL)

bl,&u K] ‘;9‘.55 _,xﬂ

535 bt slaes S s skl &) poa OIS
Colbis s <ol b ST s SolS wlie ol s
Sy e Bl YLl 5 b badiged den 53 ST
b kST sl S dsigel 035 (5150
Cod 53 f e Gl e A2 Sl e S
Loy oedd 4 i 55 s baaised den Jije
N as , 8,68

2l &g

o B e sl Jees Shscub sl
5 PSP 5l eslizal L (U1 s bt 8lux &) 50
5 Xgenus DC de Gotzen, (ltaly) &e.s L
GNYS G5 ooy cAMA CKVP 5581 Ll s
Mol 5 nden T pion sl S 0l il b U
K s 4 XCM (SID) s s, G s
5 X dmdl Csd o V/OCM Sl L L ST imin
sobas Adesls 3 e 5 23l (Ll S e Ol
A 0s Do 4 iy Susaol SIS sl
(Tagged Image file )Tiff . 5 L (Original)
(Y=Y 5\A) Lws o 3 format

OBy s Sl O |y ol (TIff s
LS e o3 (LOSSIESSO) O 51 ans

L o (S Sl L Sharpen S ;s
s 5 (Low, Intermediate, High) si; &
G G, 2 S8l o0 4 e dnversion
Tiff e 3 Ly o Jlesl 1o O pslas 5l S
A PPN R RAPRUess

Low sharpen s 31 e adlas ol s
a5l ke Sharpen 1 46 L K Jles!
A 5L ss Jlel Intermediate  sharpen
Jlesl High sharpen s 5 4k s Sharpen 2
o5 gl S elul  Sharpen 3 als L e
Scanora®(version4.3.1)  (Orion i3l
1L . Corp.\Sordex, Helsinki, Finland)

2olas b))

Oles ol 5 s O o5 4y 5 paits 3 Shas
ol

andllas 5 g0 (ganal

Lo OV sy n ARGl gaddlas
sl oS Lol Ola 5l 45 (e ) oLl Sl
Sl el ed e s (Sapols lactes )
i SVl bl b g 5las 255 ol 0l
YV Y) s Sk sl VeE 5 Ol oY
U5 VJL,u o adalie Loy oL s 5l laglus
W Lol ((YW-YO)lss A3 e b Sy
Sl 5o b Ll s dolas j5ba U8 05 S
Saaises oS Gl 5158 s3lesl by e
L3y odd oS Sloys LYy 4 aslas 5,50 SlGs
L Cpr A bl Lol o] el & 5L
Ao S cole il ol s Sl gl slas

IR I

s S g0 x|y (S s sl

s g SL s Jle S5 Ced o
(SIS0 BL (550 s skl o QLT I s
o= BL 5,0 e les V0 JI5 ST o 53 6 i
S 3 ok JUST Gas e Jos ¥ dlpmixr AL o
CEJ .~ 05 Jlge= A ﬂu.u VYO I gz

S g peae Doson Shes Slulo
e S50 G mSU 5l e U3 e e /00 g, 53
55 S 5 IS 5 L slaolps o wbls o
bl IS 5 L slaeslns o uls = 5 L
S phS o s o LAd e pge hawy 5 el
Asoas S L s aals Olge 4 Lo Ll
S gm0 bl Soson oseas g Sy
g Jlas 53 b ged 51 (pdm 53 5 dbje o ad e
YY) s s L o

S ST S5 g

1r9s 4rd:ylo.~j;’£ ;JJJ 4)_#“&&‘;(&;&‘;0.‘9%



e bl 53 g 3505 il sl g ST

@l LT 5l eslined L (Overall Accuracy) s
(Receiver (Roc curve) ROC o oo
Jemea el cse; Operating Characteristic)
(Spearman o sl Stoeer o, O3l
s «l» rank correlation coefficient)
Cilte gl By, S G 5 Cavlant] (ol
osliil s Sodalin cpn 5 O35 3 pseal 33
O3l 5l oslid b 5 1ol rsy 580 b s S
S Cme s Sl (onles o Alis (S
sl Original sl 5 1S sl calises gla 2l
Slr 035 st s ol ba Sedaline 5 S

aasl

—edaline (Jyl Sedalive S a3 S sl
Oljes cp i 45 A3 o3ls Ol (IS Sl 5 o35 S
s Low sharpen s b slas & by e Conlos
4 by sl Ol S L5 4 O 51 e
Original  ,,les dnversion s L sl
L »sles 5 Intermediate sharpen s L sl
Cawle= Ol op S 5, High sharpen s
s 5ei)s 5 High sharpen «s b slas « by e
.\

—odalin (Jyl Sedalin Sl aw 31 S o 0
Ui (p it & A 03l 0L (IS &I 5 pss S
5l o= s Low sharpen . slas 4 by e coslazs|
bl 4 by e (polast| Olse 2alS 5w O
s U sl dnversion s L, slws Original
High s U .slas s Intermediate sharpen
© bye cavlastl Ol op S 55 Sharpen
()15 503)3 5 High sharpen b sl

5 dsl Sebalis Gl s 5l K Gy
Sedalin i 3315) NS Sl s 55 5 050 Sedalis

LASWQ\J.A L')_“:Ji.i.:.gc\s.,\,.iebb olis (r)b}d)l

—ooled LSHL s ol e bl S sl
IS Sy oo 4 Jol plal Ll (IS
BT oks Jsl als g 51 O8AS s om)
5 by aslar s asldlS Ll a (s
S s 2 dle ¥ Bl (g8 Al b S5 sl
fdo 3 VUV 55 b ) V2 MST | iile
53 sle G5l Sedalin 55 8 L ey » LED
Ll i 5 (YA OV YE) oS 55 50 miy 05k BB S
ol 58 eslizal iyl sualin ol 0L
S b s e mle 00=Ve il U le Sedali
b Setalin (i Soes 5l @S sl Cgr A
LSS edalin |y gl Yo 5 e oLl s e
i 4 B s Sedalie  glas sdalie Jib 3 (VA)
s Contrast , Brightness ;s x5 5 pslas s
i3 g (5 s el Ko

Colkd L;)\Kfu ol Gy = L s 3l S sl
odalin s yasiie U8 5l eslizal b 5 dUje o
Dled 3l bl 5 b Sesl, salis L LS
Lossrs LS s Olls sled 5 ba sl Syl
ol s Ll LS ) axxly (Sdew s 5525 pde
pde b gl Sedalin 5o 8 Sk 5 ks L
30 A A A S Dl ppd A 0 Sy sl
NS SON PR o

SPSS il 5 5l eslinul b Shass ool mlo
S Gosbu el edl JloS s e VY A
e ol sl els Sl sysT, sla el
sb=l 5,0 5 (Predictive Value Positive)
«.l= (Negative Predictive Value) s
i K gl Sl eslial b ppmes el 03 S
(Crosstabs) !y Jslae s(MacNemar Test)
Bl skd S35l 5 s (Kappa) Lis oses0
5 Sedalin by odd plnl Glajasis o lalas
Combom 35 13 up 2y 2 Cunlls
Coo 5 (Specificity) c..olal (Sensitivity)

1r9s crijw4’£ :JJJ Ljﬁuduue'ﬁj;!‘;«bilebé



V£

Ql,&u K) ‘;ﬁba U:’Ji

5 Cawlas] (canlis Ol LR el D
sLowsharpen s b slas & by e NS Cmns
sy High sharpen s U olas o by

O 5l = s LOW sharpen o b sl o by
2SS 4 by (IS oo Ol S S5 4
L esles dnversion s L . sles Original
ks L .sles 5 Intermediate sharpen s
Ly s JS S Ol op 2eS .55 High sharpen

(Y5 Y05 503)5 5 High sharpen s b slas «

100.00%

90.00%

80.00%

70.00%

60.00%

50.00%

a

40.00%

30.00%

20.00%

10.00%

0.00%

p3° 5 Jsl 5 eaalin gm BBl
92.30% 0
86.50% 92.30% 89.80%
86.50%
45.50%
L
21.10% _— ia
. S K K
,\@0 (_}(b (_}(b
\
O & &%
A >
4
Q/&\
&
1S 31, S 2 gl 5

IS DI 3 4 sl S pasds 5o S8 sl Ky s il sla b 53 Ceolaitl g Comlas Bglie 1Y) ls gl

(L Sodalin o 35159)

IF9E X 5ylass V6 6up5 ypligbizm Kby ole ilos



e bl 53 g 3505 il sl g ST \FY

Accuracy
120.00% -
98.10%
100.00% - ’ 96.20%
0,
92.30% 88.50% 92.30% 90.50&86.80%
86.50% 84.90%
80.00% -
j’ 60.00% -
40.00% - 32% 33.30%
20.00% -
0.00% -
Original Low Sharp Intermediate High Sharp Inversion
Sharp
) el K A gl
mds Senwlic mWas Seuwlic .H.\)d)\)émm.«u:g@\}i

oasis 5 Original gl 5 318 ssl, Ko dhd il sl 5, 53 (A,) Overall ACCUracy awslas : ¥ 05 sl

‘}.\SLJ\’):‘,L&;aML&n&ﬁJ: 4’?‘) &;"5‘“-’?:

174z J:‘,L«J"i ;JJ.’ ‘Jjgu‘;kﬂkwbi@



\ oY

Q‘J&«A K] ‘;Plgb _,xﬂ

ROC Curve
1.07 S
: o i Source of the
s oo o d ; Curve
' . -t i - - -Original
! i I Low Sharp
0.55 P i Intermediate Sharp
: i == ~High Sharp
! i Inversion
|
]
& 057 . i
} 1 ]
= : |
w E |
| = \
g |
D a4 |
- !
L |
1 ]
0.2 i
]
1 |
r ]
! R
L 1 1 T 1
0.0 0.2 04 06 0os 10

1 - Specificity

Diagonal segments are produced by ties.

oxly Shwy asis 5 Original ,slas 5 315 ssl, Ko i cilises sl 33, ;3 ROC povie aglin ¥ 15 gas
(LD;AMLLACﬁ‘jj‘j)JSQJl’):JL«g}f_’ﬁ

L3l ls Sl (S sy and S8 sl sl
Dad e el A 15 Sl slageas (1)
DLss e le =
sadis S Jo sl gla iy, Wl S gl
dil s ST b b 5 S ke ol Sdwy
s sk 4 dams (J1S 5ol sl J- s ()

J}.J:L;c 03 )ls “ L5§J':“‘3" CJLDL& LS'iLNu S

@M}Jﬁbb CJL&{LP

s S8 5l Glaptas o sladle 5o (YY)
ek Biae (SEROILS Lo e 4 eadane Glas 21
seals l Ll ,le LAV.:M.,N b bl o ege
5,8 0l pals (oledbl Jols B X Al s
S sl g Ko 5l s b sl 5 5 5eb S

Sl e 5 (S U Sy et

Wl Sy died axlse OF L 025010 &S
Lcmu\r.:»; slaad s ;wﬁwfliz.im@ﬂ
e b s )y Js a5 e sloes 3 oL &S
Sl Sy SBL il b e s B 528
Gl 5l Ve ssus (YDA e ssrs 4 4l
o il o a7 Sl Wl (S0l
sl el e OKanols w58 Al
LS o Ol g w56 Sy 3150 815 1 5Kl
Shw sy pasld Cows 5 Sod3 Olywe 3540 5 (1)
S el e LS s 318 sl, b a5t
S o psly SaudS Slse gy OF BYs e

1r9s 4rd:ylo.~$;’£ ;JJ.J 4)#“&4:";2;&‘;0.‘9%



e bl 53 g 3505 il sl g ST

Tai

Ses L High sharpen s U slas o
(P<ev0) 5p Slslas bl Llod 51 coslis b g,
S8 amS e OlF o @l el el
i Ole 4 Sharpen sl 5l eslizul o
«(Intermediate sharpen, High sharpen)
Al o (bl Bl 1 (golslins oy po 40 5 s
Jol s bl s e s Sedalie s Shee
Caolais| (Cpmlos 45 13 o3l 0Lz ROC 50T 5
Low s b bl & by JS oo s
AL pslal sy s Rl ‘Sharpen
=S High sharpen ; Intermediate sharpen
P

S Sl iy Llis e s &8 Sldlas
23 s Pl sla ks Sheslanal 05 5 L Jliaes
S @ S plnl waxly gla Siews e
Jlo 53 0L 5 oLl a5 (laadlas )5 s gdee
OLES (sl plnil dgie (S50 4SSN 53 VWAA
Sl IS Cmo 5 Shs (ol a5 sl
Vs AV oA i 5w (Gl sl eslinal O5) Jlsws
S 0ds 03lized CCD 5l aadllas o0l 53 55 Aoy
e LLE Ll 4ty S0 PSP ol ghdss s &S
2 IS s Cales s Ol suSa 5 s
(V) sl ol s 5 ols! Al

Jip 5siS 53 WAT Jle s OLea 5 o
Ty L Jlas S sl =hb
Gl Shws  asis s |, Enhancement
3 kS Ok Ll 5 s pslal s S s 2 Jee S 0
s> » 5 Sharpen (Negative s ks b oores
Windows Sl s (Negative , Sharpen)
sbasl A& ., Digora® for 2.6 package
sy g | Sharpen s 51 eslisal oL ddlas
oo dmlis 3 S Js cd 035 ao s Laskis
s Slhes op eins INVErsion s s s, ol
Inversion s ol alae opl mls ool

o L s O3St 3l dn bl 5 s DGl bz
o3binal L(TV) A3l oo 2 b 51 sla 2 5 Lol
S pyal CokS OB Llg e gl 5 sla g )
Sl 1 Al e o lie o b 5 oS 55T Sl 5L
53 (7)) Al J55mSt 5 3 alS Lol en 5 a0l
s polad Ll 5 5oy Sllae S ol
ar Stz o Lol Jgeme (S 53 51 Sl
308 L eSS Sl Sliee ShB cpl DI Jlms s
G DBl Ul e st 51 e Sl
Lonsad CodS L5 e Jelse 5 ddon s
(sl el
S LHls 2y godaze 5l (_;La(,.:i)jﬁ\
LT 51LA )ty o 350 1 Jlis i slas kS
sl o>l o (305 Ol Jlims sls S oS
CokS 3 S Folie A5l Glaepd LS
oS MBI Sl 4 B () ol 0l gl s
Scanora ,i3le 5 > Sharpen s s Shas 5,50 )3
Grly gl Sty lols s ©(version 4.3.1)
Sl s s b epes 2 Jle S
Intermediate .Low <, ;- «)Sharpen sl s
oz Sl5dle 5 ) dnversion , (High
b ool old eslizd  Scanora®(version 4.3.1)
Oy Sladllae 51 & 2 ol dadllas ol O
o s oS oy Sharpen s i cabisee ol s
S 2 S pl 38 (K 5 Ul 25 2
53 (Y0 N4 AA N0) ol slis S5 b pslas
S 3l 0l (S5 0030 Sl ol s sl Aallas
Original slas - olsbs sl bl Ll
A L nslas 5 Low sharpen s b s
5has J= s (P>4/00) sylu s> Inversion
AL sl eoblee ol bl Ll
High s L ,slas 5 Intermediate sharpen
L psbas o 5o 5 «(P< v/v0)cils 555 Sharpen

-o» 5 b sy, Lo L Intermediate sharpen s

1r9s crijw4’£ :JJJ Ljﬁuduue'ﬁj;!‘;«bilebé



V20

bl,&u K] ‘;9‘.55 _,xﬂ

Comolal 5 Cowla 550 3 ulal cpl 5 ASL
Low sharpen s L sl 5 Original sl
5 Cuwle> e 4 LOw sharpen als L sl
Als el VL Coolazst|
sul @ Ol5 o ol Adlas glacos sl
25 02 5P heg pas ipd 4l Sty
sed= s Shwy = cpl s 5 S oLl LANJJ
b Sty b S 55 a8 S50 53 )b s,
Kos gl sl e hme oy e 3sde gLl
S dls xS sy pde 4 OS5 o ags de
L slaasr 51y b Sharpen s Ciles Sl s
U s 5 S a0l e S ol
s Inversion 5 Sharpen s 5l Cales Sl s
! Scanora®(version 4.3.1) Jims i3l 5
e So, aaxly sla Saews alobs 3 Lol

.J‘}A..J e)Lil

& S o
ol o 5l3 0L Godos ol 3l ol s
AL pslal @ b JS oo 5 Coolant
A U las syee s 5 op xée LOW sharpen
=S High sharpen ; Intermediate sharpen

.Jﬁ
High  Intermediate sharpen sl s

oo b Ole 3 1y 5 Sles o o sllasls Sharpen

A 5 s eslatal amS s sl ol st 4 s
bl b Siwy Lasis 5> Sharpen s

Low sharpen s <. s o= . (Negative)
Al ol s mls Ayl s

YAy Jle s o, Kes 5 (Takeshita) Lozlst
L) et iz B8 503l oL L5 5588 )
IS5 gl Sty Lasis s Inversion s
o s A Ok Bl 5 s nslal (M) WS e
s Kodak RVG 6100 K> jl eslizul L oo
ol o dwlis 3 .Lus ), Negative s
sl osles s See Inversion  als e s,
» Inversion (Negative) s sl allae cpl
3 Shes SialS e il e ol dadllae il NS
o> Inversion s 51 eslisl oK o L Sodalie
Siigel b b Ll e Wl e ST L Al
@ ooslpen Sty Sluls S 1 il b Sedalin
Lgd o 4l 5 (PGore il Slols Olge
sbale Inversion 26 L slas o & J= s
g or S o S

S Sy pasii glagis K b«
Jsd LB il o Y coslant! 5 Conle 6lls
Gl GLils & i, eyl Lo &S |z dites
5 S O e glagal sl ghls sl YL
s ghls sl YU sl gl &S g,
o s (T8) Sl (5 2aS OBS ote (slagealy
LS 55 OIS te s 5 Olays pde o B
SO 550 Wl GLOIGS (o550 b oo o
St Spolal  Cowles Ol b S5 5500
2o o s 4 g Ll e o sllas
e Olg o LOw sharpen :ls .3 L6 > Shes
G K Ol w Wlge il ol S S8 e
doto Jlog 85 5 axly Gla S Ll 3 (SaS

1r9s 4rd:ylo.~j;’£ ;JJJ 4)_#“&&‘;(&;&‘;0.‘9%



e bl 53 g 3505 il sl g ST V£

@u
1-White SC, Pharoah MJ. Oral radiology principle and interpretation. 6™ ed. Philadelphia: Elsevier; 2009.P.78-
99, 270-281.
2-Mijor 1A, Toffenetti F. Secondary caries: a literature review with case reports. Quintessence Int 2000 Mar ;
31(3):165-79.
3-Kidd EA, Joyston-Bechal S, Beighton D. Diagnosis of secondary caries: a laboratory study. Br. Dent. J 1994
Feb; 176(4):135-39.
4-Raberson Teodore M, Heyman H, Swift EJ, Sturdevant CM. Sturdevent’s art and science of operative
dentistry.4™ ed. U S A: Mosby; 2002. P. 63-139.
5-Hewlett ER, Atchison KA, White Sc, Flack V. Radiographic secondary caries prevalence in teeth with
clinically defective restoration. J Dent Res 1993; 72 (12): 1604-1608.
6-Gibbs SJ. Council on Dental Materials and Equipment: Biologic effect of radiation from dental radiography.
JADA 1982; 275-81.
7-van der Stelt PF. Filmless imaging: the uses of digital radiography in dental practice. J Am Dent Assoc 2005;
136: 1379-87.
8-van der Stelt PF. Better imaging: the advantages of digital radiography. J Am Dent Assoc 2008 Jun; 139
Suppl: 7S-13S.
9-Brillmann DD, Ré6hrig B, Sulayman SL, Schulze R. Length of endodontic files measured in digital
radiographs with and without noise-suppression filters: an ex-vivo study. Dentomaxillofac. Radiol 2011 Mar ;
40(3):170-6.
10-Castro VM, Katz JO, Hardman PK, Glaros AG, Spencer P. In vitro comparison of conventional film and
direct digital imaging in the detection of approximal caries. Dentomaxillofac. Radiol 2007 Mar; 36(3):138—
42,
11-Eickholz P, Riess T, Lenhard M, Hassfeld S, Stachle HJ. Digital radiography of interproximal bone loss;
validity of different filters. J. Clin. Periodontol 1999 May; 26(5): 294-300.
12-Koob A, Sanden E, Hassfeld S, Staehle HJ, Eickholz P. Effect of digital filtering on the measurement of the
depth of proximal caries under different exposure conditions. Am. J. Dent 2004 Dec;17(6): 388-93.
13-Sund T, Maystad A. Sliding window adaptive histogram equalization of intraoral radiographs: effect on
image quality. Dentomaxillofac. Radiol 2006 May; 35(3):133-8.
14-Mgystad A, Svanaes DB, Risnes S, Larheim TA, Grondahl HG. Detection of approximal caries with a
storage phosphor system. A comparison of enhanced digital images with dental X-ray film.
Dentomaxillofac. Radiol 1996 Sep; 25(4): 202—6.
15-Raitz R, Assuncéo Junior JNR, Fenyo-Pereira M, Correa L, de Lima LP. Assessment of using digital
manipulation tools for diagnosing mandibular radiolucent lesions. Dentomaxillofac Radiol 2012 Mar; 41(3):
203-10.
16-de Molon, Rafael Scaf, Morais-Camillo JA, Sakakura CE, Ferreira MG, Loffredo LC, "et al "". Measurements
of simulated periodontal bone defects in inverted digital image and film-based radiograph: an in vitro study.
Imaging Sci Dent 2012 Dec; 42(4): 243-247.
17-Wenzel A. Digital radiography and caries diagnosis. Dentomaxillofac Radiol 1998 Jan; 27(1): 3-11.
18-Belém MDF, Ambrosano GMB, Tabchoury CPM, Ferreira-Santos RI, Haiter-Neto F. Performance of digital
radiography with enhancement filters for the diagnosis of proximal caries. Braz Oral Res 2008; 27(3): 245-
51.
19-Akarslan ZZ, Akdevelioglu M, Giingér K, Erten H. A comparison of the diagnostic accuracy of bitewing,
periapical, unfiltered and filtered digital panoramic images for approximal caries detection in posterior teeth.
Dentomaxillofac. Radiol 2008 Dec; 37(8): 458-63.
20-Zangooei Booshehry M, Davari A, Ezoddini Ardakani F, Rashidi Nejad MR. Efficacy of application of
pseudocolor filters in the detection of interproximal caries. J Dent Res Dent Clin Dent Prospects. 2010;
4(3):79-82.
21-Sharifi S. "A comparison of the accuracy of digital and conventional radiography in diagnosis of recurrent
caries". Master’s of Thesis. Faculty of Dentistry, Ahvaz Jundishapur University of Medical Sciences 2013 .
22-Mahdi seyr F, Bahri Iraei A, Mehralizadeh S, Nemati S. Evaluating the accuracy of bitewing radiography in
diagnosis of secondary caries in class 11 amalgam restorations. Journal of Research in Dental Sciences Fall
2009, Volume 6 , Number 3 (21); Page(s) 61 To 67.
23-Anbiaee N, Mohassel AR, Imanimoghaddam M, Moazzami SM. A comparison of the accuracy of
digital and conventional radiography in the diagnosis of recurrent caries. J Contemp Dent Pract 2010
Dec; 11(6): E025-032.
24-Pontual AA, de Melo DP, de Almeida SM, Béscolo FN, Haiter Neto F. Comparison of digital systems and
conventional dental film for the detection of approximal enamel caries. Dentomaxillofac. Radiol 2010 Oct ;
39(7): 431-6.

1r9s crijl«é"f :JJJ Ljﬁuduue'ﬁjg‘;«bilebé



SV OKen 5 Bls i,

25-Belém MDF, Tabchoury CPM, Ferreira-Santos RI, Groppo FC, Haiter-Neto F. Performance of a
photostimulable storage phosphor digital system with or without the sharpen filter and cone beam CT for
detecting approximal enamel subsurface demineralization. Dentomaxillofac. Radiol 2013 Jan; 42(5).

26-Xavier CRG, Araujo-Pires AC, Poleti ML, Rubira-Bullen IRF, Ferreira O, Capelozza ALA. Evaluation of
proximal caries in images resulting from different modes of radiographic digitalization. Dento axilla facial
radiology 2011; 40(6): 338—43.

27-Haiter-Neto F, Casanova MS, Frydenberg M, Wenzel A. Task-specific enhancement filters in storage
phosphor images from the Vistascan system for detection of proximal caries lesions of known size. Oral
surgery, oral medicine, oral pathology, oral radiology, and Endodontics 2009;107(1):116-21.

28-Li G, Qu X, Chen Y, Zhang J, Zhang Z, Ma X. Diagnostic accuracy of proximal caries by digital
radiographs: an in vivo and in vitro comparative study. Oral surgery, oral medicine, oral pathology, oral
radiology, and Endodontics 2010; 109(3): 463-7.

29-Espelid I, Tveit AB, Erickson RL, Keck SC, Glasspoole EA. Radiopacity of restorations and detection of
secondary caries. Dent. Mater 1991 Apr;7(2):114-7.

30-Haiter-Neto F, dos Anjos Pontual A, Frydenberg M, Wenzel A. Detection of non-cavitated approximal caries
lesions in digital images from seven solid-state receptors with particular focus on task-specific enhancement
filters. An ex vivo study in human teeth. Clinical oral investigations 2008; 12(3): 217-23.

31-Takeshita WM, Vessoni lwaki LC, Da Silva MC, Filho LI, Queiroz ADF, Geron LBG. Comparison of the
diagnostic accuracy of direct digital radiography system, filtered images, and subtraction radiography.
Contemp. Clin. Dent 2013 Jul; 4(3): 338-42.

1r9s 4r;jlo.~j;’£ ;jjé 4)_#“&&‘;(&)3‘;0.‘92@4



e bl 53 g 3505 il sl g ST \VFA

Efficacy of Different Image Processing Filters for the Detection of
Proximal Recurrent Caries in Digital Bitewing Radiographs

Arash Dabbaghi®, Ali Habibi Kia?", Samareh Abbassi?, Naghmeh Niroomand?,
Seyed Arman Mohagheghi', Sanaz Sharifi*

1-Assistant Professor of Oral and
Maxillofacial Radiology.
2-Postgraduate Student of Oral
and Maxillofacial. Radiology.

1,2-Department of Oral and
Maxillofacial Radiology, Faculty
of Dentistry, Ahvaz Jundishapur
University of Medical Sciences,
Ahvaz, Iran.

"Corresponding Author:

Ali Habibi Kia; Department of
Oral and Maxillofacial Radiology,
Faculty of Dentistry, Ahvaz
Jundishapur University of Medical
Sciences, Ahvaz, lran.

Tel: +989122109110

Email: alihabibikia@yahoo.com

Received: Feb 7, 2015

Abstract

Background and Objectives: Recently, most digital imaging
systems provide the option of image post-processing with
different techniques. The aim of present study was to compare
the performance of digital radiography with and without
image processing filters in the detection of proximal recurrent
caries.

Subjects and Methods: In this in vitro study,amalgam class 2
cavities were prepared on both proximal surfaces of 52
healthy premolar teeth. Artificial caries lesions were made by
a round 0.5 mm bur in mesial or distal of the boxes randomly.
Standardized digital radiographs were acquired using the
Digora® Optime system. Unfiltered and filtered (low sharpen,
intermediate sharpen, high sharpen and inversion) images
were assessed by 2 independent observers.
Results:Sensitivity, specificity and overall accuracy evaluated
with sub curve analysis of ROC (A;), ANOVA/Tukey and
Spearman rank correlation coefficient tests. The sensitivity,
specificity and overall accuracy of the low sharpen, unfiltered
images and inversion was significantly higher than
intermediate sharpen and high sharpen filter images (p<0.05).
The low sharpen filter images had the highest sensitivity,
specificity and overall accuracy. The high sharpen filter
images had the lowest sensitivity, specificity and overall
accuracy.

Conclusion: The low sharpen filter may be an acceptable
processing filter for the detection of proximal recurrent
caries. The intermediate sharpen and high sharpen filters had
the worst performance than the other modalities and can not
be recommended for the detection of proximal recurrent
caries.

Keywords: Proximal Recurrent Caries, Filtered Images,
Digital Radiograph, Bitewing Radiograph.
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