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Evaluation of vertical magnification of panoramic radiography by CT scan sections
for dental implant
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Background and Aims: The Panoramic radiography is one of the routine techniques in implant imaging.
Although there are some limitations with this technique, panoramic radiography is radiographic choice for basic
evaluation for implant treatment. Many studies have been designed to determine magnification in panoramic
images but most of them were performed on dry skulls or radiographic phantoms. In recent studies CT or CBCT
are used as gold standard. The aim of this study was to determine vertical magnification of panoramic images
using renovated CT sections in anterior and posterior regions of both jaws.

Materials and Methods: 30 panoramic radiographs (Planmeca EC or CC Proline) were selected from patients of
implant department and Particular anatomic landmarks were selected in those images. Vertical dimensions of
these landmarks were measured in both panoramic and renovated cross sectional CT images by a digital caliper
and vertical magnification was calculated as the ratio of image dimensions to the real dimensions.

Results: The mean vertical magnification of panoramic radiographs in anterior and posterior maxillac were
1.224+0.02 and 1.16+0.02, respectively. The mean vertical magnification of panoramic radiograph in anterior and
posterior mandible were 1.20+0.02 and 1.13£0.02, respectively. The differences between magnification in
mandible and maxillae were significant (P<0.001). The differences between magnification in anterior and
posterior regions of both jaws were not significant (P=0.11).

Conclusion: Vertical magnification of panoramic images (Planmeca EC or CC Proline) in different regions in
both jaws were between 1.13 to 1.22.

Key Words: Panoramic radiography; Computed tomography; Magnification; Dental implant
Journal of Dental Medicine-Tehran University of Medical Sciences 2013;26(1):64-70

o 9 Sb g oo (G5lgdl) (el 09,8~ (S pole olKitsly (S jliss 2l — o (G351 31t Jlad IS Slal ol Jggmne Ago t
ndmolaei@yahoo.com : Sy Sl Slis  SUis M+ 10D+ 2 als

¥



https://jdm.tums.ac.ir/article-1-9-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-04-02 ]

s g 0ol bl a0 135D Cibios] (sl 0ad A (Sl CT gblio gy Seolygily (31,5 9dl) 3908 oS5 () 2

2SS

SS9l iS5 ol slacdgioe By gy b el Sl I 6 ppga 3 Jsene (ST I (S Syl (B1S), 18R g e
25 o)l o oolul €5 gy pas 4 Gl (S5 3ly ol calee 31 blioe i) loyd 5 adgl o e (ABEI BS 00, liren Siolsil
Ml o) 3 1l sl 0397 St Kl b pgils (55 2 Ll oo o ol a8 plonl Sealyily sl )52 liem oesd sl 50 lllan
plad g 0 Suslygil yolial (g3908 (oS5 e dslllae (pl 5 Ban g o odlaiwl oMb > lukiwl lgic 4y CBCT (Cone Beam CT) L, CT
29 CT posds (gilwjl JiSw ol )87 ablis jl oslaiwl b cals 4

g b obsl el Liso olhlew o859y ;I Planmeca EC or CC Proline (sbaolKiws b odd ai Solygily addS” Yo olasd 2 ow y 9 039)
28 g CT JWiSs l)S 00 (3l gl 9 Sealygily (B550ly (g9) S loadd (9300 dlal 1 (st il g5y o slas)lod)
bl gesl 5l oslatal b sy (gylel jIUT b dpnlone (aBly sl 4 gl Sl Cons Sygo 4 Syl pglai (e390s oS5 5 (5 pSejlul
. pll Linear Jas g Exchangeable correlation matrix L Generalized Estimation Equation

S Pl sl 0 VST YU S Ll sy s VYRS YU Kb ol sy 0 Suslygl pglai (o390 oleiSyp ool (AEL
O 2leiS )y O (P<e/e V) 5y J5 xe Judio 9 MiSlo y (oleiS )3 BMES] 39y VW[V ol S Ll algs )3 9 VVe = o/eY 0l

Sglize 1oyd VIVY BV oy & g5 dilisee >l ) (Planmeca EC or CC Proline olSaws) Sslygill pglas (350 (olaiS)3r 305 a5 dud

]

RN PRSI [ R ICNETYS | W

(V) 2503 3925 008 (gl @50 4 dasie bl 4 ISl
Uy @ gl Sebgl SSely Gblie npeee
293> Jlo S Vgl gl oanlite (S8 oy 3blie )2
2 i s o 5 S o Ypmate JUS IS5,
Jlel )l ol 51 a5 58 o)l Sl (855 5 (o9 o
Cudgione ol didlo cilios! Hloyd adgl Hbjs) 9 (6L, (ol
2 e Cambge 4 Cund ] Calues Syl (315l pre
9 uatl bl sbyl coge Sl o & Cuwl oKy 5
Sy 2 ppal S5 ) g jle Bk 5l asd jhadas
3 osdie ld plual Jl co5 ppai skl ol & Sealysl
e Ul ol o Llgs o3lul as 31 0als’ o ot (pl (golul cds
5 S0 Gho bt oS ol 3)5003 sl cal Jg ol (528
o) S calisre (slg 0 e cpl oolitul 550 olSiwd 4y Aty
Iyj bl gas olisebl LB 50 (dgas (6 pSojlul ol yuxie G
Y Aliws o) &S Wb e X g (gd5es dgl;
» &ly sla,kidils 4 208 0 Elongation o Foreshortening

Selygily €83 0900 pgal o) g9y SV (raw > JlgSd

AV/ V)5 iols Al AV/ V)N s oles el AN/ 0/Y + 2 g

AodLo

il bgley cp gadpin I (S pol Jl ) Cilsl
aledbl gbppgpal LSS Cwl 4By cud I lalos
oaedi ol oS WS e al)) ol sl sl o SsSUsS
S5 sl A il am bl g Bl o 2l ) S8
c\lob)‘ Wb ‘:.»L»] Cooguad pli> db‘.) LL J]o.\a‘ d)lb):)Jy.a.:
o i 55 5 JSidgmu Jwasgeso Slel les ol
Bolas g Joud BB a3 ¢ o piwnd 385 (535031 1Sl ccilyo]
e (o3 peal SBCSLSS | S5 5l Yoome andl jod
V) 29 0 odlal

sty S5 Ky (1) sbasln (5055 VAVY o 5
N bwg &S pead iljb ple 5l gl 0,8 wll 1) oaiS Jemxie
4 Cums (3o Ll CT )8 solatwl dgr ol lyl KoysS
oitipelnze CT pglai Yol 3 Jpane sla 3550,
cle o Lib e Bl 1y ainyge anb g lalsle
ST b glacdl cpo colis )] (YU SIS piglgsy 9 ol S
5593 Byb el sl BB ol 3 7Y ) S (Sond asls

)


https://jdm.tums.ac.ir/article-1-9-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-04-02 ]

(\Y‘O‘Y )L@ﬁ A D)Lou.ﬁ Avg 0)9))

Ohts ey ¢ iiligy loss 5 S5 pols oKl Kb 51050 dlore

4 oa2g b B S E oyn 250 ol Seegll blis zib
o sl (5 )L pae dlax ] jlan 4 (23CuaBge glalled S
OBl 4 oxie Slgi oo (Ve oo wlal pas g pgal Y )
9y cul jl g (A5 g (1S (Sl 53 (8)9tad 9 ngal £
o palal OBl ohe lajlee Sl pglal cudS oy
ubbal dalllas 4 D99 > )J9La.: )‘ D90 Yo oliss IY 6)54’9‘”
AW

Seogbl slaylislo (ghls o Seslygily poglas I ols g
oaduio dbd 9d po (6350 dlold b 488 i yd Wdg et
o 2 CT laails b g puSojluil Solygil aids 2B g A
o> 4 &5 Wog S8 ya (gly Scout peas i den adlas
ad pglal g gpSm) LB ) 4 jlinyge Sesll
L53g 085 S8 5 CT (sloadls ) 1358 & bgye Suslysil
Scout yaas & daxnlye 3,k Ll bl bla 9,8 I lp
S8 59y 2 SRSl G g e Jlaiyse (S ojlad
2 A-B s Jols 5l 80l 6505l S LB g AT g
& finyge anb 5 el Sy leiS)s s AR
S Gl z el 8,8 plool sl lan (s pSojll el Cawd
0S8 a8 5 oyl 9 YL

S )29 9 (G poie (S Jore WL S pliS 4l )
A a8 )3 e Bl laie 4 (S oo g 0y (Jod Caw)S
S350l CT o jblae A'1-Bl7 5 Seolygl 0 A1-Bl alols

Al-Bl
o=
A’l1-B’1

dai 4y abais ol 5l g A5 (KL )8y lgis 4 A2 oL

2 A2-B2 Jsb 3,5 ey A2-B2 bi Jgigll cas)S 5 B2

55

SIS O 4 Comd gy 3y90 Joro & il 3 (BB dxio )
D) cwl

Saalygily (81,5 500) s duwlio (V) Moses g TAL adlllas
Pom g CuosS G alols g Ad plxl cilial o> b 3 CT
5585 3525 b oy ) el 3 45 15 5, Saglal JUIS
A8l IS s s il Glanl s Saelygly CT 9

Gan b (F) ohSes 5 Kim lawg cglalio 35 Y3 Jlo
JB byl ) Jizs Syl (S ly (b iee (o
b adllas ol 0 oMb 5)luliwl &S )y Ol & ol (S
b ey 90 opl e ke BB oty gud e CT 5l eolatul
4 loes Seolygil 815 g0l) a8 ol L adlas oyl 9 s
>l J @oges skl b)) s slezel BB s G g
b e oolatwl B il

OlSe 2leS) (oo Suslygily slaolKiws (BNl sz o
Slow Cumbge i a5 ol 1 Jg ditun Sl Sl oled
.Dl.‘u‘ u‘).u.v —>g0 "\"‘9}@ D‘)5| &_iyoy‘.o] Lgl.bu5lm 9 oKiwd »
Sl s )90 Jidn lagwyn d9d bldle (o390
2 SPpngad Ghgy onl Cuenl 4 d2g b Sealigly (55903,
sl 5y908 Cileml oy 25k 5 adgl (25

abl lp adgl byl Sealygily (S5 903)) cuenl 4 295 b
U’l d)l:ul ul).uuu dy90)d Yl dbd"))’. 6LA».L.Q)| UL‘)) C)Jo
ol Cgnl Bl b

noba 90 2lS)n (owyy pole adle I Baa
Oeles 4 B oS (Sl G dblie I johate (py g Sl

20,5 ool Aitud gl (#8lg dlal

32 09

GleiS)n o ol 5l Gae g by, eyp g5 ) adllls
b 5 jlukiwl lais 4 CT zblio 1 oS 29 Sealygily 81,50,
A edlaswl

loosigy 3l adlllas plosl (gl adgl CleMbl (g )glaer o
Sy sl o5 alaosigy 35 esliial len SIRL
2 9 zedy udS il yolal ud Qb bag CT 5 Sealysily


https://jdm.tums.ac.ir/article-1-9-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-04-02 ]

OhSen 5 03l 8L 45> S

Cibios] (sl 0ad A (Sl CT gblio gy Seolygily (31,5 9dl) 3908 oS5 () 2

S350, 35 ol SO plad a2 g Sl -) S
Selyily

| .

CT YU S8 Qs anl > g pS03l0l -Y UG
Ladl

adlla 3y50 (2l 53 Jlre Blyxil g (3508 2leiS)j eSSl
ol odel V Jgis > anl o S8 4

ool 31 ol B YL 6 oleiS ) e duglio
(B=1Y g P<efeaN) sy lis (o)l size cogles

Al g S s g Pl 4l e leS)yh (lie (onen
(B=+1Y g P<e/eV) cusls (gyld simo coglis (gLl

—pld g o Interaction odel Joo 4 (glol (905l
S glay &S parbs cpl 4 (bl deg b YL L cals
il g ol s Loyl ol 9 YU S35 Gl g 3 anb

(P=21VY) G Sl dme (gLl

5 (60505l 6I CT p A2-B'2 5 Keelygily
Nl 8 il )3 iS5
_ A2-B2
A2-B2
Yl (BW e anl ol jo ioel S8 plE aslb Y
oo 0 e A3 i Syl | (e ke
P A3-B3 b Job i (6 )iKel B3 dais Jodie Sbos )3y
A 6, 805l6I CT ;5 A'3-B'3 5 Sl ysily

iomly 3 plaS ) leiS) cu s

 A3-B3
A’3-B’3

olye & Jlie (pelyod 4l cpl )3 sl SE GilS anb ¥
Oohgd S 53 by S (390 Jsbo JS b 4B Jlaiyy (158,
5 A4 CansS b sy L 3,58y Jona 3,5 13 i Jia
» A4-B4 Job us asS Jain B4 Jose ks jo,e
A5 (65508 CT ;3 A4-B'4 Jsb 5 ol gl

1omb SOl anl 0 (o090 oleiS )i oo

A4-B4
od=
A'4-B'4

T329 & Sogerd an g SB)ka 2y S e
O 5 3520 15 Jg,SsSal Jgo 31 395 I (gt 3390 bl
W ool oled )5 ey y g 4l

3 dol 53k 5 <85 plasl 4 alai o 13 (5 5o
o3lissl 3)50 (gylal J5dlpys ad e ol 2 plgie 4
g SPSS 11.5

b il (2ly 2leiS)5 oSike dmosly Llos 3L con
L Generalized Estimation Equation (¢, (9050 ;I edlizul
03,5 bl L Linear Juas 9 Exchangeable correlation matrix
Sl o me aw b ool slg ol e Interaction
(¥ 51 JISl) 05 488 Ji5y5 +1+0 5 5SS

Y


https://jdm.tums.ac.ir/article-1-9-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-04-02 ]

(\Y‘O‘Y )L@ﬁ A D)Lou.ﬁ Avg 0)9))

Ohts ey ¢ iiligy loss 5 S5 pols oKl Kb 51050 dlore

Al 390 (D95 53 Hlare Blyoail g (LS )5 (Sile —Y Joua

b S (2l ke

M)b h.—uw@-).g wuw).g
YU, oS ol
R VYo VA vy VY
(n=Y-)
[RECISEY
R VIYY VA y. VY- i
(n=Y-)
YU oS5 als
TR VAA VAY \$ VS
(m=F+ «culy b )
ol K8 wls
TR i iy WY VAY O

(n:;' sCA.u)l) l’ w)

Oleie L Yas Jle o (V) o) Ken o Lazzerini o)y o
Sy o Jn 53 3 55 S5l 53 sl (s Sl
395 Saagill clacumbge )3 45 ouuiS 5 VF 5 ol o YU &
b odlail Ldgy a3 )3

@i Ol olsie b (F) ohlSes 5 Kim addlas >
I oy ol ssiedge 5 Jlems Sl BSe,
@Sk e oy Sl @ VO Jlo 3 o8 cilall (2
2o 85 S Gerie 3)5e Stz Seeligl BlS e,
b ool Eilag) 08 Jlamy A syl L3S 03], s,

Pl Seogill slaSlord) (59, 2 oy pol> adlas
o

o L bla o 1) Jusie glasy) obs,l (¥) Moses 4 Tal
U (85 )9 5 lne S o Alold (S ojlil b il
ol ploul HY g0 die

GYsusio JUS G Jgigll canS Jolgd (F) o, Ken ¢ Potter
gF 9 2 ) s glyl cwbis 5 Jave gl JS
3y90 JuuiSw (ol )" pslas 4 (2Ulgs s Seelygily (25 3),
W0l 1,8 duslds

Soy » i syl I (V) hlen 5 Catic adlas 3 Js
A 0dldiw] dunlde 9 (g S0l Cps S oo

5 8 pbel () olSen 5 Reddy lawg &S sladlbs
5 oalaw] Siledd lgie 4 ol (ISl slacile!

5 Saosill (eloylisles oy alols (F) oylSan o Kim adllas 5

SA

S 35 oS 9 Sy

3908 oliSyh Cupd )9l Cud 4 un ol adllae 4
dolie 59y p (ip P paide (g > Sweligly (BS3),
b pll (liles 0359 )3 39290 (HBly Sla STl 5 Sl CT

E3550 b () Moses g Tal lwg VA2 Jlo o a5 gladles
35 ¢l o] gloys g > CT 5 Salygily 3,523 gl
(85 ploxl Sl sladiges g9y 2 (s 38

LA Jl » (0) ohKen g Lam lawg a5 glasdlas )
CT reformatted 5 Solygily 81,5 50l) (0% 90 duslie god50
8)S Oygo Sl Wiged 55y 2 a8 D plS

E3590 b (F) ) Ken 4 Potter lawg (gladllas VARV Jlo
5 Suslisil (S ealy jleslaal b ciliar) (3658 Joro (e
Judie 22e ¥ (g9, » Cross sectional tomographic imaging
A el Sas

G dw awyyp Bua L YAAA Jls o 50 (V) o, 4 Catic
90 |y S Jodio dae YO dlaws «Sealygily 81,5500l o olas
Wald )8y

P EpSeilsl couo Verd Jl o (A) olKen 4 Laster
JEesl diges e Yo g9y Stemel nptn 2 1 Seeligil
Dol 18 ey 050 S

blie auslis V32 o o (1) ol)Ken 5 Reddy aslllas o
Gygo & Cibal I > CT Jlie 3 Sealyil (315231,

85 pbosl o o gy 59y g g IN-Vitro


https://jdm.tums.ac.ir/article-1-9-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-04-02 ]

ofSan 5 033k 4,5 55>

Cibios] (sl 0ad A (Sl CT gblio gy Seolygily (31,5 9dl) 3908 oS5 () 2

@l b ksl cpl g ol S @ Cons Vb QS Sl
cuils cilae sl adlba

Wges 2S5 e (V1) o)Sen g Lazzerini adllas )
2o addllae 3 a5 dwlxe 7Y o8 anl o Jlows Syl
WY B iS5 o6 s 3 Sl L3Sl Lo
5 Lazzerini bwg odel cand a4 adlls | yuiw a5 del cond
oS s Wlge ml ool s il (1) ofKes
Al o)en g Lazzerini adllae )0 owyp 3)s0 sladiges
Jomd Seolygily (A5 520) 69y 2 o 861 Aalllas ) (ppizeen
SISyl sl 539 5t ol adllan 4S5 5 ol
L85 Ojgo

cliad) s 33 il aeln sl Jlllas | Lol ks
g 9 ST Gl JUE 4 Sevp aladre )3 pogad 4
ol itk Sl Syl Gao)BS 5l (B 039 4 Sl
Dy Anled Kiedguw 2o o 03ldiu]

Rolal & 8 ok lye pob adlas 4 a2y L
03 Gge g M (93908 (2S5 L o)lgen Sialigily
pl8 (2ly 3 (2laS)f Hgd e g390e Jolgp (Bly 2> 5l
S8l e wlde (Alg 0 YL B 0 g sl i S8 e g
o Seelgil gl I odlatl plin iy cp ol b
Jol Gline g el Glse (2ly ciial Gloy iz b
4 Comd (o8 GllsS )3 VL (o350 (plaiS)j (38,5 Ly
b 908 (A (Al

Seehgl polad 9) p alie Ol 25800 Sty
35 ol o gy cul 55 513 & 425 b CBCT  Jloms

(1288 9 S
0aSily VAV ol 4 ey asbpbl Jobs dlas )
Old sloyd e blagy lond o (S5 pole oRuisly ( Sib3sld
G acibal Bjal 095 5l Ay przmen il
oy e tblige Clasd 5 (S pole olfiily (S35l 0uStsls

Dy s (10,48 g ;SIS )l pes

b Jses Sasbsly G353l 655 51 sl oye 5 b
A5 (6 S0l IMPAX s

S0, > ol o o3 isShsS Sldlas s
(T 1) ol o plosl ()55UsS” sl g, S oalitnl b Sialygily

@ Sl Bl @oges pleiS)p pob adlas
odol Cond 4 b G 85 JI3 wyp g e SSE
4l Vb S )0 Seelysil o)l (390 (25 bawgi
P 05 oiS)h bwgle Dg VIF s anl > 9 WYY plid
ol Cand 4 LYY BV (o390 oSy pSole 3L 0 VY

@ boe oleS )3 e oy ol Cand 4 el sle 5
Gl anl @ byrpe (bS5 ol (neS 9 Vb S a8 4l
Se ol S

g g 2S5 (F) hles 5 Kim adlae )
JR won e e SSE 4 Sl Sl BSed),
@ Bl g 350 loiS) (e adlas il @l eluly e85
orste ke Slize Joisige 455 ululy s B b
Ol e 9 Judte pl anl > (Bl olS)h Gl
ol g odel Cawd 4 uls e WSl 4 bagye (3908 oleiS) 5
alie Seehygly STy ogoe 2leS) b daly > adlas
» &9es liS)n Oliwe 09 YL 5 Wb b oy p S
5 o 35y e 4 S S

G90e  2liS,5 (V) Svanaes o Larheim adles o
yols addllas )3 345 ZYY B 70A g0 5 yuite Sealygily (SIS o0,
Cuwd d ZYY B 7Y Sealygily (S5 920y (o350 2l e
Bl o anlllas 93 opl ;D odel Cowd 4 oleiS )3 liwe Coolés el
5 Larheim ddlles 10 (awoyp dy90 (sladiges dgazme dliay cle &
Ellllas ) 3 i) i YL 4,81 03k (1)) Svanaes
b alie by

liS)n olme (W) o)Kea 5 Thanykarn adlas
4>l 55 9 700 B Juse slaseny 4l 5 Seelygly

eeiS)n (e i Al oS de YA B ZIY M iSle sla Jgenyy

54


https://jdm.tums.ac.ir/article-1-9-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-04-02 ]

(\Y‘O‘Y )L@ﬁ A D)Lou:: Avg 0)9.))

Olnd Sleyd (ublage lods 5 (S pole oKl (Sl dloee

1- White SC, Pharoah MJ. Oral radiology principles and
interpretation. 6 ed. St Louis:Mosby;2009. Chapter 11,14.

2- Ezoddini F, Navab Azam A. Radiological findings in
panoramic radiographs of Iranian edentulous patients. Oral
Radiol. 2008;23(1):1-5.

3- Tal H, Moses O. A comparison of panoramic radiography
with computed tomography in the planning of implant surgery.
Dentomaxillofac Radiol. 1991;20(1):40-2.

4- Kim YK, Park JY, Kim SG, Kim JS, Kim JD. Magnification
rate of digital panoramic radiographs and its effectiveness for
pre-operative assessment of dental implants. Dentomaxillofac
Radiol. 2011;40(2):76-83.

5- Lam E, Ruprecht A, Yang J. Comparison of tow-dimensional
orthoradially reformatted computed tomography and panoramic
radiography for dental implant treatment planning. J Prosthet
Dent. 1995;74(1):42-6.

6- Potter B, Shrout M, Russell C, Sharawy M. Implant site
assessment using panoramic cross-sectional tomographic
imaging. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
1997;84(4):436-42.

7- Catic A, Celebic A, Valentic-Peruzovic M, Catovic A, Kuna

&b
T. Dimensional measurement on the human dental panoramic
radiograph . Coll Antropol. 1998;22 Suppl:139-45.

8- Laster WS, Ludlow JB, Bailey LJ, Hershey HG. Accuracy of
measurements of mandibular anatomy and prediction of
asymmetry in panoramic radiographic images. Dentomaxillofac
Radiol. 2005;34(6):343-9.

9- Reddy MS, Mayfield-donahoo T, Vanderven FJ, Jeffcoat
MK. A comparison of the diagnostic advantages of panoramic
radiography and computed tomography scanning for placement
of root form dental implants. Clin Oral Implants Res.
1994;5(4):229-38.

10- Lazzerini F, Minorati M, Nessi R, Gagliani M, Uslenghi
CM. The measurement of parameters in dental radiography: a
comparison between traditional and digital technics. Radiol
Med. 1996;91(4):364-9.

11- Larheim TA, Svanaes DB. Reproducibility of rotational
panoramic radiography: Mandibular linear dimensions and
angles. Am J Orthod Dentofacial Orthop. 1986;90(1):45-51.

12- Thanykarn C, Hansen K, Rohlin M, Akesson L.
Measurement of tooth length in panoramic radiographs. 1. The
use of indicators. Dentomaxillofac Radiol. 1992;21(1):26-30.


https://jdm.tums.ac.ir/article-1-9-en.html
http://www.tcpdf.org

