(40 952 s4dlis)
00l b (b g y0 4l U (5 i gmolS' (510 1y gl oS (5 ;50 1NN B (w5
Sld! S 400 3 oo T Cawid S giUT Lol gd §f

L w9l ool Aoz ¢ owiB Oalo " izee OloyT e ¢y 6L

o oe

\’0)“0 lvg ‘\gb.:é QLO)T cfsc.c:m é‘ST

S35 4 a5 4 a5 L el CBCTis :0uaa 5 a)
C33 oy candlae b 5 G el Gl (gl e s el s S Ty
dazmer S35y pekies Sla S5kl Sl eslizad L CBCT skt (S el
Al e oLl S gla

dazmar V0 (S5 See sl SHLAd V8 (oo andlas cpl g5t B
A S i B8 e Je S gl Sl des 4 Olal S
Ll demer oo 20k s SOl oy o bbb Y I (g S el
odi g CBCT (samss pslas sy 2 503 Db 5 Jlioms d S 51 eslinal
w238 plol NNT Jisit o3 51 eslicad L« NeWTOMV G oy b 5
sdalin 53 Loy L 3 (S b aemex 5 CBCT jlas 55 Jool b
oSl 5 Bl sl dezer b Seilll Sl Las (g, Seslul S
S5l s 4§ b s sl S sl sl CBCT L slas sla (5,86 510
Gl L awlie LG L paired sample t-test jJUT 5l eslizad b e
el e Intraclass Correlation Coefficient ¢l 5 sl (5,555l
Dol S Sl S asly 5 28l sla L;jjejm\wwuwwu:@a:u asl
oSle 5 = /¥ CBCT slas 5 demmex o (5, So3lbl glast - Sls i
Intraclass -, Sl el s @0 doys VoY s (6, 8ol glat sy
Sl demer G 2 @SS sl 6 SeslkiCorrelation Coefficient
Aol SHn CBCT sl &S ol

Ll sl S ab 53 CBCT slas 55y » o sls (5 ,S050l 1§ S e
ol Oliabsl LB 5 335

Koo 5UT S lead (6,551l <35 Cone Beam CT 08505 als

\PAY/Q/YY  J e c)&:«l \YAY/YAA :a..\.ic)\..ol wdlas il s

3 Sy 0les sl psly 58 bkl -
RESRPNS

5 0las 5l saas liws Y
oy 5 SO

WSSl Y

S5 RS edigs Ll plsls ¥
583

5SS 0l 5Pl skl -
o ¢ S 5l s Uil o 5o
Ol Glsal 5 old guie Jiﬂf ‘:ij
30l (55 galy s sl Y
(SIS 0 USLELS (o g SO
Sleal sl gl S ple S5l
RN

p ke o8y ¢ (Ko il sasasls ¥
Olgl Glsal ) sls g ug""f'

G lpl s IS edkige oy S-F
AR S anlS 5 B dige 0ASESD

Ol Gl e

13t (Gokiy 55

Olas (55053l 03,8 ¢ s Olo,l A
(SIS 0 USLELS (o y s 5 SO
Sl Hpls glir (S35 p ke oKl
Ol

CHAARTOV Y)Y il

Email: mohagheghi_dds@
hotmail.com

VONAYY e bl s



o S35 pads b g S0 3INI CEs w ) p

faA

65 CBCT (6,8 ojlul @ds vy a2 o
ey 2 Soa e A Sl plEl S35 s Jals
Urpﬁdlwwrbalgwu%;a@
Jolss lesliad U 1, CBCT s (5, 8ol s
S0 Oledl it gla aemar Sl skel oy Ko LT

.m-ﬁJ)‘JBJﬂ)ﬂ

S X

ol e (ARELGD o g ) el
D3 eslizad 350 anlllas opl 3 &S Sludl Kist aeze
slei V=V e slael bu g KaK 5l lalis gl b 8
adllas nl plnil (51 S sUT SOl V8 s (108
Gl Sl 05 5 asie g () Jads) i Ol
oslizd 50,8 gm0 o O gla 8 51 ST
Lol aaxrle dim dS,058 o Sobe wg sl s
dorpl 2l 035053 b s 4B S 5 4 e e SO B
3 oo 035 byl 5l Jols e et g g5l gla
B Ol s Gt 3l (S S B esle s3I0
22 edd oS G LU 058 038 LS WS g e
o 3 U5 Gl S e e SCgla SL L
Aol s 5,658

azma S35 b SHLdd pl o Koo LT alols VY
Aias S ki o,scone beam CT sl Ko sla
sl Solad glabs s e 288 ol (Y Jyds)
b Sobead o ol b OF 335 e e 5 o 55T
3 1 GASeMl Ll oy S edalie > G5 L
2 S edalie a buy JLpy SE5 gl dezer
oS S eslimal b cais g ol b Bl glags,
oSke 5 38 elnl e e /) 233 Ll

Gl Syl oy a3l ol Olge 4 b s, Sesll

PURVH

Seslimad 4 bles a5l els sl gl e s
S awsn 5 sl sl 3 Gda aw (SHls sl
single i eslizal b sype cpl bzl s en Slos
Jol=multi slice CT 5l oslizel b e 5 Slice CT
sl w58 CT VL 5 s & (Y5)) s
oo sl sle (Bl S es S Al e el
CONE 54 i ks «(F=0) S Lo |, CTis
Solsppsas 53 1 Sl e beam CT
V59 551 Dbl 4 JLib 5 S

55 Ol e (85 55 2als CBCT (sl
O alae 5 PV 0) A3l o OF 5 ol iz 5 (25105
Fasdee dynamic range 5 i eS|, axil fls
OS5 U sle oSl s Jpene CT & s
(O ) sl .« beam hardening 5 L.

sl St el bl Sl s eillS (g b
Culis b S pll gla SHLdd o dole o o
oslizal s o 5 0Ly s sy b b3 Ol
Gl awsy Kl e OF 5 s 8 8 10 S e
Ol s 1 GV —VY) S w520 L1y ey
ot Sl dsie CBCT (sl (585l s Uas 555
sl plasil 4 (gl 0328 Dlidod o)y el i pn ]
LU Ll el 4 ply CT s st Sl Eis ol
5 CBCT 3l oslizul 5 2 ol S o 40 455 L oS
V5l 3 Lo g 0T 55 ealinad 5550 anil K3
CBCT s eslizul 5,50 andl oien (5305 als 2l
O 03 e S8 S s el IS5 by e
55 CBCT s Jlaie (OA =Y+) el CT 51 & slize
CBCT I slsl ejspe = sl CT 31 S
JeSs a3kl 5 Al 53 Bld 4 &S ol ez s
AN Y9 il on b 6 i Ssls S il e

oS ot o3 SVl e s L1

1r4r 0 SJL«J‘!Y@J.: ‘Jjgu‘;&ﬂjﬁi@d



¥44

O Ken 5 s 5t

Sole s S 1SS wnis 53 4kl U gl w8l glass,
Aol sl CBCT sy, o el sla (5 S0 310l
w8 s SSIS sl @ Seslul Olge 4 sl
5 demer S S (g Seslul sdal ks slael LS
Just Microsoft Excel 2007131 ¢ 5 « CBCT
RUH

S LY 5l ol el 5058 sae ¥ Sl
o SES ez V0 s S edalie 53 Sl S e
o CBCT slas o) » 5 8l sla o3l Olye
S LS oS SISl gl g Seslnl Ol e
A esliad V8 s SPSS 1l p 5 5l bl U
50T Sl eslizad b Sl S 5sl, 5 8l sls (5505100
slx s S awlis paired sample t-test
35 b eslial b (g Soslul glas a5 (g Sesll
S e 5 Jse

Intraclass s, 1,0 oo reliability . ol .
sSs5lul ¢l Correlation Coefficient (1CC)
asbal 5 S gl demex G 2 LSS Gle
Al s CBCT

&S oIl gllax = Sl S g5l slal — 23 sl

= Bk — - -
‘_?,u_gd..-._ ii’i‘,".ﬁ'.'b -

S 2 CBCT sl s 8 jasets Ko sl
NewTomVGi (QR SRI-o&Kis alews & b anzea
o cus MKWV 55 L« Verona, Italy)
S b e Mol JS 5 sl sV =Y MAA
field of Yo cmx o cm L ax 5 Y80 s~
apbt e asls (s S 4 4B VA Ol e s View
L ssbwst o, S5l estinad U NNT i1 e 5 adens
L sl e gl el g w0 VU g5,
DICOM 3 o yd Doy oo (Sla 031> 40 pamme
o5 s bl A3 S et SpalS Bl )
JUST Gl p S w0 s A 53l NNT i1
Cowds Jlrles 5 JUs S e 3Ll 5 20 e +/0
Olea NNT il o 5 (g Sesll Sl 51 esliad b el
Sz b e gy p S JQJ}JLT Jols
5 UL Fee pslal s p o edd @ Sesll
@ Joolss Jsb b 8 518 (5,805l 50 CBCT (susy
Olen s a8 e Lo o/0) Sl e e Oy
osls ool 1y a3y sla (5 Selul S S sdalie

3 0L 53 1y dezmer a4 by se gla (¢S5l (s

J'jl.? Jll.‘l__'l

1r4r 0 SJL«J‘!Y@J.: ‘Jjgu‘;&ﬂjﬁi@d



o S35 pads b g S0 3INI CEs w ) p

O

L Sogll adools gl 503000 gl o 5555

Lateral pterygoid lamina - R anterior clinoid
S J s ol o e —/VY 4 Process
Sl ol sl Sl gl oSS
L frontozygomatic  suture - R
AL e e Je —/\Y s frontozygomatic suture

oyl s 53 CBCT 5l Jol= slal s aslie ;s
Slaxt a3 A5 SUlS b aemer 5l S5 S
Ao e gl Jol plas gl s Sesll
S b eSOl e g Seslul gl s
dol Cs Aoy VY CBCT s sl 5 aesee
Gl oy “YYY (6, Soslnl glast A3 cp 5 i &S
L posterior clinoid process— R <l s akols
sl Aoy o S s posterior clinoid process
L sl ol gl dwys =\ (6, Ss5l

frontozygomatic suture - R
.5 frontozygomatic suture

b asl
5 Bl ol oSl e wlis B Y Jsux

(oSle ez 0L 1) SIS sl sl SOl
sk Intraclass Correlation Coefficient ) ICC
Gl demexr s 2 Lslal 93 IS Sl ¥
ICC Sle 5l 5Kle ol el Conety +/288 K
DN (Fse pslal g5 2 LSS sle g Sesll gla
ssb 4wl sl 1S A4Y s CBCT g 5o
oo (U= VFY P= WA dal o S5 ols e
sl g, Seslul s CBCT sla (¢ Sesll 51 S &=
53 bl Bl ls e ol Ll il S i
SolS (P>ve0)  paired sample t — test ;)i
Shedel o bl e 6 Seslnl glar Sl A
S0 2o plil gle (6 Sesll 5 it sle dazax
ol s e e /2 cOne beam CT sl
G oY b alol WY gl (o Seslnl slas

s 5 e e 2 /VE

S b1 la S,lead 1) Jgas

v Left frontozygomatic suture
v frontozygomatic suture Right
v Infraorbital foramen Left

t Infraorbital foramen Right

o Anterior nasal spine
s posterior nasal spine
v Latera pterygoid lamina Left
A Latera pterygoid lamina Right
4 Occipita Condyle Left
v+ Occipital Condyle Right
v\ Groove for sup petrosal sinus Left
vy Groove for sup petrosal sinus Right
v posterior clinoid process Left
v¢  posterior clinoid process Right
vo anterior clinoid process Left
v¢# anterior clinoid process Right

1r4r 0 ."JL«.J‘!Y@J.: 5)#“6.&'."‘&#‘;&%



o OSan 5 i b bl

ST gl Sl ool g 1Y g
y L frontozygomatic suture- R frontozygomatic suture

v L Infraorbital foramen— R Infraorbital foramen

v Anterior nasal spine — posterior nasal spine

¢ L Latera pterygoid lamina— R Lateral pterygoid lamina
o L Occipita Condyle— R Occipital Condyle

¢ L Groove for sup petrosal sinus— R Groove for sup
petrosal sinus
v L posterior clinoid process— R posterior clinoid process

A L anterior clinoid process— R anterior clinoid process
q¢ L Lateral pterygoid lamina — posterior nasal spine

v+ R Latera pterygoid lamina — posterior nasal spine

vy L anterior clinoid process— L posterior clinoid process
vy R Lateral pterygoid lamina— L anterior clinoid process
ywv L Laterd pterygoid lamina— R anterior clinoid process

S 3 gl slal uKile 5 a3ly slasl uKile p duns s ¥ J gt

oo 5T sl S ylatd 3l sl S S sl sl gllas 95% confidence glas 1) t
Golabal Glasl)  (olbal Gl s (g Se3ll interval S S o3l

L frontozygomatic suture — Ve Y/AE(R/VY) V2 Y/AY(F/YA) — Y (=2 /YE)=a /v s —NY VY /400
R frontozygomatic suture
L Infraorbita foramen - Su/vA (5147 04/4¥ ($/+¥) _NY (= /¥Q)—v/0s YT YNY «/+OA
R Infraorbital foramen
Anterior nasal spine — OF/AY (Y/F+) OF/YV( Y/OY) —-/\0 (=2 /¥ )= /0 s —/YY O YYY /0
posterior nasa spine
L Lateral pterygoid lamina OF/EA (0/4A) OF/VA (/08 ) — /Y4 (=0 /0Q)=+ /4 » QY YYD /D)
— R Lateral pterygoid
lamina
L Occipita Condyle— YEEN (Y74 0) YEAY (/YY) —+ /Y4 (=+/08) —+/+s —\/e4 YT /0¥
R Occipital Condyle
L Groove for sup petrosa fa/50 (\Y/5Y) £4/Y4 ()Y/AY) /¥ (=2 /Y )= /0 s —/EY O YYY /000
sinus— R Groove for sup
petrosal sinus
L posterior clinoid proces- \8/50 (MYTY) VE/YY (VAY) — /XY (o /VE)=a /0 s SYYY VYO /0N
R posterior clinoid process
L anterior clinoid process- YAV (Y/AY) ALY (F/0F) /Y0 (o /Ve )= /o AN YUYy A0
R anterior clinoid process
L Lateral pterygoid lamina YAV« (/Y YAIYS (Y/Y$) —/F¥ (=0 /AN) —o /0 f JVOY VY a0y
—posterior nasa spine
R Lateral pterygoid lamina YA/50 (Y/5A) FA/YY (F/40) — /Y (=2 /A$) = /Y ¥ Y/YY o/eov
—posterior nasal spine
L anterior clinoid process- Y4/8V (A/YY) YA/YY (V/AL) — /Y (=2 JAD)=+ /4 s SYAYOYYY /2 OV
L posterior clinoid process
R Lateral pterygoid lamina O (V+/\0) OAOY (V1/+4) — /50 (=YY )=o) —\/+4 YYY 2OV
—L anterior clinoid process
L Lateral pterygoid lamina S¥/14 (VFAY) FYIEO (VO/NY) — V¥ (=N fA)=+ /0 s SN0 YYO 0N

— R anterior clinoid process

1r4r 0 SJL«J‘!Y@J.: 5)#“5&‘&13“&%



o S35 pads b g S0 3INI CEs w ) p

oY

Periago bl adlas tile J3 Sldlas 31 5 5 53
5 Brown bl adlas YooA e s 5L
5 Hassan Ul adlas 5 Yerd Jlo s 5K
or el Sl YO Y Jle sl Kes
Sday d o pslal S35 oS LT Glacs sl
Sldllas 53 48 Jls ((FF ¥ ¥8) ol ool ol
Hilger BTy Y Ul s sl Kes 5 Lascala sl
55 oLes 5 BErCo BT (ve 00 Jle s 5K
Fove Jl s JsLKea 5 Gribel g1 5 Yeen JL
Sobead Sl eslizal L CBCT (g5, 5 b (5865l
A kel Sl Gl assere 5y g ool plull b
& Ll TV SYOSYY ¥ )l a S plonil (sday 53 LU
o b Suledd Gds e 055 Iy o olpds s
5 oS i el Wb 4 a5 G an glad
Pala 4 el a3 slas SEgMENtAtion s,
wll wols 5 oS b SOlhl el s e
luae il gl S Sl s
ple 2 5 GOIP e OO 5 el ;S Dlis sax
(Y VLI o da de o slas (65031 Cmns

2 el sl 6 das e L sl ey il
2S5 CBCT 5 Ko sla anmax S35
Gl 4 S gy 53 LU (Fse nslal g5,
ol el 5 Sa S Gdn ae e bl )
CBCT &5, »a S plomil (slags pSo3ll anllas ol )
sice L gam 55 LW Ase st 1 eslinad b
Wl ol pll e s /0 L 1 thickness

plowil A3 Sladlae ST 55 sl asle asdllae cnl 5o
2 kS edalie gl &S ol Gas Lo a3 8
GS o3l XS Iy el feolss g Seslul 5 oLl
skl Gy p e S 5UT gla Sobead o ol s
L g Ol 53 oS gls demex 55 2 o2 5 CBCT

»

—>

( Iy CT 4 s CBCT sla cuse a5
ey IS a Sapslis s CBCT 5,58 65,4l
Sl Ol zb 3 posat 4 el Wil LI
x5 LCBCT o las s icilal w28 5 iz )
G 1 el Sla s 5 gl ok el 10T 58 &
3 estizal L CBCT (¢ Sejluil w35 vy anllas ol
Sis gls dermar S35 2 paites o gl (¢S 0510
Al e

S 8 Olllae 1 golen Wile axdllae ol s
Sz gbaezex I CBCT 5 (¢ Sejluil w35 v
S Gl ol Kl s dazer Co e (ol 0l eslinl]
b Sl sl SNl L aas e o3l Lo 4
boalie Gl solllal Olpe a1y ol i 5k
Ll ((YO5YF) oysT oty CBCT 1 Jol> (sla o5l
23 Sasll gl Solad f Jolss o Seslll s
alS 5t Cou Wiy e Olles Sl sdal oy sl
3 AL gl CSis )T Glew S 51 B geas kS
el S A e Al Sl U el a5 Sl
Sl @ Se3lul L (ol ds &S 5y, e WDl s g
(YP)ASL S (ol Slas (555 2 48 S plosl

5> ST sla Sled ST Slidos 2 b ol
el s bl dentomaxillofacial «~U o
Lascala bl andlas b wlise anllas -l 53 s S Lo
S b s Yl s EDKes
S Bl 5Ll |5 el 0y 8 lssl JLdls pl S
3 5 CBCT b il wd b3l s xp s
o3 (T8 3] iy e il 53 (6 S50
field of S 55, 0 5505 S Sliios 51 5 5
Ly SMSis alias opl el 0330 aow 20 b S S VIEW
sl eled s bl e S S aasie
YAVl 63 S slow | (il JLils sl S

1r4r 0 SJL«J‘!Y@J.: ‘Jjgu‘;&ﬂjﬁi@d



oy

O Ken 5 s 5t

Sl Cds &S Wb sy 0 s el
YF Y )aes o3 36 e 1, CBCT

wlols gl 5,655 gla Sole Sl andlas opl 53 L
Sl Sole wile oS 5 S eslizul S sUT gla S slatd
Gl Sl 5o s 5Kk 5 Lascala bl adlas g5
SoLen 5 BEICo bl ¢z o +/0 Ll ulizdl
3 S edalie gl ol ) il e Slgsl,
- a8 CBCT las 655 2 bs Sobed lulis
polas 6, Sesll m3s Sl il 4 ae s (YEYF) das
@ e 3 Ll S ol a5 L s S . CBCT
e gl oSas)l sl 5 beam hardening
SASelul gl zals 53 18,658 3l eslinad (YF)ss S
e 5L s e e CBCT sl 65, » b
kel s (5, Seslll CEs il g Wlg e aS
clo WS s ol adl il 5 CBCT
SRS Sl s g S SRS
ol 5 S s e Su) 2 &S lag Sl
Iy Llg e s s8I o ,S e el CBCT
5 oo oelpls ML s b, Seslil glas
CEy s ediSagdee gla,SBo Sl b Sl SKS
3L 0 CBCT (g5, s (5051l

(b Oldlae 51 gl N s PN
Yoor Jle s s5Kes 5 BErco bl anlas aax ;|
L . VOXel size L L.z field of view & «
25 S s dazmez Sl (ol sal 5o e e 0/
BT andlae tile andllas ol 53 o(YF)ol ol b 5 L
scan resolution y+\« Jl. s sLKes 5 Gribel
¥ VOXEl SIZ€ 5 055 VL wsdlS Sldlas & e
2 AN e CadS plple (AL e
NewTomVGi (QR srl-Verona, «&Kews 3l sl
Ses 5 Lascala bl adlas L anslis s Italy)

Gl oKis sl bo(gols sl a8 YooY Jle s

plonil sl 6Bl (slajgy 55 S edaline 53 5l plS a
5 it demer S b Sl Sl 5 Al
(Y8)43 S aslis oo LCBCT
534S ol 03l 0L andlls cpl Sl edal s il
Satazar Sl ool Cos Lol Silos (ls @50 ale
CBCT 5,5 alin gl o, Seslul Sl 5l Sax
S leseme Gasp Sl s 1y A S5
Sole 53 ajlse ST s a5 SO dse sl
4 wedd ozl i s Kbl Soledd sdiS jasiie
O35 5 S S ol ped 5 g plulid LB a8 b
o A6 Al Jeol 4 s | SIS sl Jol
2 g
YooY Jlys iKes 5 Lascala bl axdlas s
ol o eslizal e Lo ¥ l3 L (g3ls slad S 5l s
Sleslll Kle 5 Bl gbeoslll o Sle 5L
Sy e e B/0Q B VP o gl essame 53 CBCT
5 BErco LUl adlas 5 & J= 5 (YO)s,ls
GBI addlas 5 cpmmen 5 YA Jle s ELKGa
LSl ple S Yore Jle s 5LKes 5 Gribel
lax edd DLt e Joo /0 o3Il 4 5 5 S S
R A AN AR S SRS TS SY
odol s YL (g Seslnl By s sl e olas
G e sl Sl Sl L &S andlas ol s ol
5 Sl sl el e sl Sl (23,5 oslinl
Sl eld ol e e /Y SIS sl
358 el alge 5l S eSSl ple e e 0L
s O b s Lol acd 550 CBCT (5,851l 2ds
3 e S slaSob Sl eslinad sy oS s
Berco Bl wallae a canllae cpl 53 (5, Sejlul o35 oa
5 Gribel BT awlas 5 Yoor o 5 5LKes

1r4r 0 SJL«J‘!Y@J.: ‘Jjgu‘;&ﬂjﬁi@d



o S35 pads b g S0 3INI CEs w ) p

O-¥

dools Jsb candllan cpl 5l Lol gla 4l olol Ll
las s Lots 5556 S Ol 4 Lls as b Sl
S el s ol s 33 8 bl b (8ol
& S 5 e b b (ST Juol b s (g 851l
@olal S5 glyls s (g 28 gk &S S sUT Jol b
)il god (628

ICC ., Sle Gribel BT andlas oo Lo anllas 5o
b Seslll Gaay 4 Vb as opl op Sl L
ol oslizal SHle Olge 4 S 508 5 aS 548 0 by e
oaseion YLlS CBCT [ slas s Vsl ds SHle cpl s
oslizal (555 sla WS 51 aS Slallas CoMs 5 LSU s
ICC . Sle «Jl .zl metal artifact cusy o5 5
L S dol cety CBCT ol 5 5L s aesmar sla
2SSl s clia B S s gl 4 e
(V)55 sl LB el ol CBCT sl (55,5

sSeslkl ,s CBCT /v ee s pde dl- o
spd e OF B g OO @ by e la
S il bl dolb s (5,503l gla IS
S Losl e e & Jls b e 3 el e bl
s VOXE (55, s, Seslul sla,lpl CBCT 5,56 s
S S5 oS bl Sl s e bl | g Sesll
by LB o Se3l0l glajlnl ol ez CuaS
53 Sy 5l e i 5 XS e o3Il 1, S
b sl Soilll ams 53 2,8 e 13 (s Seslul
D8 Olge (b andl 35 (o 035 s a3l Sl xaS
SRSl 5 Iy e Sl S glalrle s
OOy ead (P)355 00 s e S S sla
partial o > S o Lal Ol o o gt cpl o3 oa S0
sbas age gl oSl 5l S« volume effect
Sy ge OISis 1 Ks (S pweeen ol CBCT
P [ N W TS ERE PGV A SIREPEY

oS Sl Ll Ceal Sl sl B sla

scan  LCBCT(NewTom QR DVT 9000)
adllas pizen 5 (Y9) 43S ol 0l resolution
Jol= (YF) YorA Jlo 5 sLKes 5 Berco bl
b S sdalie oUlg (gl CutS il 3l ol ol ol
s il s g esls Sl b Sobead plubis s
5,108 3 CBCT slas

bug s o CBCT 5 o, Seslul cds ol ol
U3 0 o el en )8 4 Sl 5 eslanad 5y 5e i,
b Sl S5 el sl kS S oS o
X0Vl IS 30 andllas 4 (555 o

G5l 5 8l Gl (6ol ammlis o
@i S ol CBCT Jlos sl 555 » 8 b
o Se3p SIS 4 b SIS sl 5 3l Jeol b
54 3l 0l b, Sesll 5l ol s Ll sl
S~ 4l 4 Cod b demer e 4l
35ms SSIS by 5 3l Sl o 6 e sl
NewTomVGi (QR o&us 1S o Lasis & 550
s 5l Slas — ) se 4U s ST -Verona, Italy)
Aas o 0Ll S (Bb Sl el Sl sV
Right sbslbad o Sesll Jolg 5 o«
Left Anterior Clinoid , Lateral Pterygoid
Right , Left Lateral Pterygoid oeess
sl xSl e 65 e < Anterior Clinoid
ol ol a5 b Ll aagls 3 pmm 5 K318 sl 5 S5
5 B dles ) LT S T 0 5 [ Ku 5l bl
oS L S bad ol aol 6, Seslil 1y el
5 Wl 51 plaS e (58013 e 4 dazmax (555 b
32 2 S S (php 035 My poeer 5 il 5
e 1 3 Soleds LSl yesiie O s Solead
o2 OBl Sl s a8 Cldils sy Jeols l s s
(Y55 50

1r4r 0 SJL«J‘!Y@J.: ‘Jjgu‘;&ﬂjﬁi@d



00

O Ken 5 s 5t

(bl o G SS Ll S Olse 4 Al e
Cis 5,8 13 elaad sy Oleys b s Laskis
oSaws 5l eslizal b (5405 0 0 55 53 CBCT (¢ 86510
«>L ,» NewTomVGi (QR srl -Verona, Italy)
Lo a3l o JEILS A5 pbe 5l e Gose —5las
Sl w3y o sl s miy olad (S

é‘é)u\s
vjlﬁ a&iﬁ.} — g L;u':;"’d Cj.b Jaéb- Aju.a d’l‘
ol b alem L aS a3l e slaal s als ghir S5
J‘JJ.\B E) Jg.&: ;,J\JA Utuﬁ.b RGN P W+ rl’u\ NS

rﬂ)&f)&&‘bdb&@}by

Jie s OMSCas (s o 4l len LS S0
23 e S8k vy 5 Sl nsal G Db IS
SNl CoiS (g5, Klg o &S 03 2g2s g
s B 3l 595 andllas 53 Lo adl (Y510 50
il g b Iyl 3 0 p 5 S0k s5lesl o
53 30 pbl INVITTO &) s o anlllae ol o5 (L,
Sl g3d Ul ol o Sas iN Vivo &llas

sl

S > 4o
slas Seslil s cone beam CT (sls . s
oLl sl U Fge s 53 pslad 535 1 b
5 Sl VU Oliabl Ll 5 s gl (JLb 40l S

C';’L:"
1-Van Steenberghe D, Naert I, Andersson M, Brajnovic I, Van Cleynenbreugel J, Suetens P. A custom template and
definitive prosthesis alowing immediate implant loading in the maxilla: a clinica report. Int J Oral Maxillofac
Implants 2002;17(5):663-70.
2-Gahleitner A, Watzek G, Imhof H. Dental CT: imaging technique, anatomy, and pathol ogic conditions of the jaws.
Eur Radiol 2003;13(2):366-76.
3-Cohnen M, Kemper J, Mdbes O, Pawezik J, Moédder U. Radiation dose in dental radiology. Eur Radiol
2002;12(3):634-7.
4-Hein E, Rogalla P, Klingebiel R, Hamm B. Low-dose CT of the paranasal sinuses with eye lens protection: effect
on image quality and radiation dose. Eur Radiol 2002;12(7):1693-6.
5-Hagtvedt T, Aagkken TM, Netthellen J, Kolbenstvedt A. A new low-dose CT examination compared with
standard-dose CT in the diagnosis of acute sinusitis. Eur Radiol 2003;13(5):976-80.
6-Guerrero ME, Jacobs R, Loubele M, Schutyser F, Suetens P, van Steenberghe D. State-of-the-art on cone beam
CT imaging for preoperative planning of implant placement. Clin Oral Investig 2006;10(1):1-7.
7-Sukovic P. Cone beam computed tomography in craniofacial imaging. Orthod Craniofac Res 2003; 6Suppl 1:31-6.
8-Mozzo P, Procacci C, Tacconi A, Martini PT, Andreis IA. A new volumetric CT machine for dental imaging
based on the cone-beam technique: preliminary results. Eur Radiol 1998; 8(9):1558-64.
9-Schulze D, Heiland M, Thurmann H, Adam G. Radiation exposure during midfacial imaging using 4- and 16-slice
computed tomography, cone beam computed tomography systems and conventional radiography. Dentomaxill ofac
Radiol 2004;33(2):83-6.
10-Ludlow JB, Davies-Ludlow LE, Brooks SL. Dosimetry of two extraoral direct digital imaging devices: NewTom
cone beam CT and Orthophos Plus DS panoramic unit. Dentomaxillofac Radiol 2003;32(4):229-34.
11-Endo M, Tsunoo T, Nakamori N, Yoshida K. Effect of scattered radiation on image noise in cone beam CT. Med
Phys 2001;28(4):469-74.
12-Brooks RA, Di Chiro G. Beam hardening in x-ray reconstructive tomography. Phys Med Biol 1976;21(3):390-8.
13-Hsieh J, Molthen RC, Dawson CA, Johnson RH. An iterative approach to the beam hardening correction in cone
beam CT. Med Phys 2000;27(1):23-9.
14-Jacobs R. Preoperative radiologic planning of implant surgery in compromised patients. Periodontol 2000
2003;33:12-25.

1r4r 0 SJM‘!V@J: 5)#“6&&13“&%



o S35 pads b g S0 3INI CEs w ) p 0+f

15-Cavalcanti MG, Yang J, Ruprecht A, Vannier MW. Accurate linear measurements in the anterior maxilla using
orthoradially reformatted spiral computed tomography. Dentomaxillofac Radiol 1999;28(3):137-40.

16-Cavalcanti MG, Rocha SS, Vannier MW. Craniofacial measurements based on 3D-CT volume rendering:
implications for clinical applications. Dentomaxillofac Radiol 2004;33(3):170-6.

17-Marmulla R, Wértche R, Muhling J, Hassfeld S. Geometric accuracy of the NewTom 9000 Cone Beam CT.
Dentomaxillofac Radiol 2005;34(1):28-31.

18-Cavalcanti MG, Haller W, Vannier MW. Three-dimensional computed tomography landmark measurement in
craniofacial surgical planning: experimental validation in vitro. J Oral Maxillofac Surg 1999;57(6):690-4.

19-Lo LJ, Lin WY, Wong HF, Lu KT, Chen YR. Quantitative measurement on three-dimensional computed
tomography: an experimental validation using phantom objects. Chang Gung Med J 2000;23(6):354-9.

20-Cavalcanti MG, Ruprecht A, Vannier MW. 3D volume rendering using multisiice CT for dental implants.
Dentomaxillofac Radiol 2002;31(4):218-23.

21-Arai Y, Tammisao E, Iwa K, Hashimoto K, Shinoda K. Development of a compact computed tomographic
apparatus for dental use. Dentomaxillofac Radiol 1999;28(4):245-8.

22-Howerton WB Jr, Mora MA. Advancements in digital imaging: what is new and on the horizon? J Am Dent
Assoc 2008;139 Suppl:20S-4.

23-Ludlow JB, Davies-Ludlow LE, Brooks SL, Howerton WB. Dosimetry of 3 CBCT devices for ora and
maxillofacial radiology: CB Mercuray, NewTom 3G and i-CAT. Dentomaxillofac Radiol 2006;35(4):219-26.

24-Berco M, Rigai PH J, Miner RM, DelLuca S, Anderson NK, Will LA. Accuracy and reliability of linear
cephalometric measurements from cone-beam computed tomography scans of a dry human skull. Am J Orthod
Dentofacial Orthop 2009;136(1):17. e1-9.

25-Lascala CA, Panella J, Marques MM. Analysis of the accuracy of linear measurements obtained by cone beam
computed tomography (CBCT-NewTom). Dentomaxillofac Radiol 2004;33(5):291-4.

26-Periago DR, Scarfe WC, Moshiri M, Scheetz JP, Silveira AM, Farman AG. Linear accuracy and reliability of
cone beam CT derived 3-dimensional images constructed using an orthodontic volumetric rendering program.
Angle Orthod 2008;78(3):387-95.

27-Hilgers ML, Scarfe WC, Scheetz JP, Farman AG. Accuracy of linear temporomandibular joint measurements
with cone beam computed tomography and digital cephalometric radiography. Am J Orthod Dentofacial Orthop
2005;128(6):803-11.

28-Ludlow JB, Laster WS, See M, Bailey LJ, Hershey HG. Accuracy of measurements of mandibular anatomy in
cone beam computed tomography images. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2007;103(4):534-
42.

29-Hueman EM, Noujeim ME, Langlais RP, Prihoda TJ, Miller FR. Accuracy of cone beam computed tomography
in determining the location of the genia tubercle. Otolaryngol Head Neck Surg 2007;137(1):115-8.

30-Hassan B, van der Stelt P, Sanderink G. Accuracy of three-dimensiona measurements obtained from cone beam
computed tomography surface-rendered images for cephalometric anaysis. influence of patient scanning
position. Eur J Orthod 2009;31(2):129-34.

31-Brown AA, Scarfe WC, Scheetz JP, Silveira AM, Farman AG. Linear accuracy of cone beam CT derived 3D
images. Angle Orthod 2009;79(1):150-7.

32-Gribel BF, Gribel MN, Frazdo DC, McNamara JA J, Manzi FR. Accuracy and reliability of craniometric
measurements on lateral cephalometry and 3D measurements on CBCT scans. Angle Orthod 2011;81(1):26-35.

33-Hueman EM, Noujeim ME, Langlais RP, Prihoda TJ, Miller FR. Accuracy of cone beam computed tomography
in determining the location of the genial tubercle. Otolaryngol Head Neck Surg 2007;137(1):115-8.

34-White SC, Pharoah MJ. Oral radiology: principles and interpretation. St. Louis: Mosby Elsevier; 2009. p. 363.

35-Moseley DJ, White EA, Wiltshire KL, Rosewall T, Sharpe MB, Siewerdsen JH, et a. Comparison of localization
performance with implanted fiducial markers and cone-beam computed tomography for on-line image-guided
radiotherapy of the prostate. Int J Radiat Oncol Biol Phys 2007;67(3):942-53.

36-Baumgaertel S, Palomo JM, Palomo L, Hans MG. Reliability and accuracy of cone-beam computed tomography
dental measurements. Am J Orthod Dentofacial Orthop 2009;136(1):19-25.

1r4r 0 ."JL«.J‘!Y@J.: 5)#“6.&'."‘&#‘;&%



oy

O Ken 5 s 5t

Analysis of the Accuracy of Linear Measurementson CBCT in
Comparison with the Anatomic M easurements Obtained from Dry

Human Skull

naz Sharifi-, Arman Mohagheghi©, Iman Ghasemi®, Mohammad Amin Kavoosi*,
Sanaz Sharifi', Seyed hagheghi® Gh i h d [ 2
Afagh Mohagheghi®, Arman Feyz', Vida M asser at?

1-Assistant Professor Oral and Abstract

Maxillofacial Radiology.
2-Postgraduate Student of Oral
and Maxillofacial Radiology.
3-Dentist.

4-M.Sc. in Instrumentation and
Control Engineering.

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

3-Faculty of Dentistry, Ahvaz
Jundishapur University of Medical
Sciences, Ahvaz, Iran.
4-Department of in
Instrumentation and  Control
Engineering, Shiraz University
School of Electrical and Computer
Engineering, Shiraz, Iran.

"Corresponding Author:

Seyed Arman Mohagheghi,
Postgraduate Student of Oral and
Maxillofacial Radiology, Faculty
of dentistry Ahvaz Jundishapur
University of Medical Sciences,
Ahvaz, Iran.

Tel:+989357020011

Email: mohagheghi_dds@hotmail.
com

Received: Mar 10, 2013

Background and Objective: Now a days CBCT, because of its
advantages in comparison with CT has many applications in
dentistry such as implantation, orthodontics and evaluation of
maxillofacial diseases. The am of this study was to anayze the
accuracy of linear measurements on CBCT in comparison with the
anatomic measurements obtained from dry human skull.

Subjects and Methods: Sixteen anatomic landmarks on 10 dry
human skulls were marked with 1mm gutta-percha round markers.
Thirteen linear distances between these landmarks were measured
once with a digital caliper on dry human skulls and then on 2D
multiplanar CBCT images rendered by NewTomVGi (QR srl -
Verona, Italy) system using measurement tools of NNT software.
Each distance was measured twice by two observers. Mean of
measurements on human dry skulls were considered as red
distances and mean of measurements on CBCT images were
considered as radiographic distances. Two distances were analyzed
by using paired sample t-test. Also Intraclass Correlation
Coefficient (ICC) was caculated for repeated measurements on
human skulls and CBCT images.

Results: No significant difference was seen between real and
radiographic measurements. Mean error measurement for skull
measurements and CBCT images was measured -0.36 mm. Mean
error measurement percentage was -1.03%. Mean ICC for repeated
measurements on skulls was bigger than CBCT.

Conclusion: Linear measurements on CBCT images in craniofacial
area are accurate and can be used as areliable tool in diagnosis and
treatment planning.

Keywords: Cone Beam CT, Measurement Accuracy, Anatomic
Landmark.
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