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Background and Aim: Digital subtraction Radiography (DSR) is a method of accurate assessing condylar head
changes. several studies have been carried out in applying DSR in dentistry, however there is a few number of
studies in efficacy of DSR method in assesment of condylar head changes, The aim of this study was to compare
panoramic radiography and DSR detecting simulated lesions of the mandibular condyl.

Materials and Methods: this was a process reaserch study, in which two dry human skulls with no obvious
temporomandibular joint pathology were used. Osteophytic lesions were simulated using three sizes of bone chips
that were placed on the medial portion of anterior and superolateral aspects of the condyle. Osteolytic lesions were
simulated making 1 and 2 mm holes using round burr in the central portion of anterior aspect and Lateral pole of
the condyle. Panoramic radiographs were prepared with and without the lesions in place. These paired radiographs
were digitized and digital- subtraction images of the original panoramic images were obtained. Eight observers
evaluated 155 images of each modality for the presence or absence and the type of simulated lesions of the
mandibular condyle. Sensitivity, specificity, reliability and measure of agreement were analyzed using kappa test
and crossed tables and qualitative variables were assess by chi-square and fisher’s Exact test.

Results: Specificity of panoramic and DSR methods were 15.4% and 66.7% respectively. Sensitivity of
panoramic and DSR methods were 61.1% and 80.6% for osteophytic lesions and 37.5% and 83.3% for Osteolytic
lesions. The percentage of correct decisions made in DSR method was significantly more than conventional
panoramic method (82.6% vs 41.9%) (p<0.0001).

Conclusion: Based on the results of this study digital subtraction technique was significantly more accurate than
the panoramic radiographs in detection of simulated lesions of the mandibular condyle.
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S
.l o Digital Subtraction Radiography (DSR) SuiSs I salisul Slyseil (o5 @l jusly odalie slajbg, | (S 1daR 9 Ao

Jate LSy Sloseil Slyess (yp iy Gy ool 3 ool o)byd (o3l ldllae (SS3ls )3 DSR 58" dine 1 sl Slidos 2929
Olyls asds j> Panoramic Digital Subtraction 81,5 assly o Seolygil (31,5 500)) duolio adllas oyl 5l Can .Canl oais pbl (S8 28S
Dy Judio JaiS o (g jlwdud

. . i e e " P 5 s = g s B : P o T
Oygo 9 S8 g b (g55la0l) (g0l 0g)S — S 5laid oaSlisly — s Sloyd (uligy wledd g (S5 pole olKihy — yoad Ll — a5 1 S 1 ghue Who
m_ghoncheh@hotmail.com :Sg Il Slis SEFAYYY 2 il

VEA



https://journals.tums.ac.ir/jdm/article-1-171-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Ohad 5 (hgigey ol e 48D o Oluls jasis (> Digital Subtraction g Jeliie Sl ygily (81,5830l €55 50 dunldo

Oglate e 4w b Bone chip sae dw (13,8 a8l b aisly yiolj8l 08,8 )18 awyp D590 adesron opl aiS s 50 (Slesetnl auwily ials o iol3dl
Sroduos ¥ gV (Zl)sw) Hole sae 40 sbowl b Slesrinl diusly yialS g JouiS yw Superolateral o Antromedial cusdse g3 ) (o oo /0 =Y =V/0)
Digital subtraction g osu Jluoud (e S5 agd duls jeds ek 5 b Seolyoily sbo 31,5500, b pbl JyuiS" Lateral pole 5 Antrocenral
£9 Hadlan pl 053505 3,1y 00d AS Aalidiuw s ;3 |y 395 lylas g 03,8 w1y ST 93 5 okel Cannty S5 V00 Soamliio A 13,5 el Ll (g9, 5
on b)) o g i (bl Jslha 5 LS (pgel bawgs lagoly 38157 5 (5 280)1,55 ¢Sy Cumluc 3l o Process research ayl3 (o)
A plol jid 385 (ige3l b g S pgdome (slagygel dlsgy S (sla e

15 Satdaeianl Olals jaseids y Cawlus g 391 7 FFIV ¢ ZVOIF iy & anls 3909 pie Lareds (sl DSR § Selygil oo, 95 (Sig (AL
2 9 VA Kealygil 9y 50 IS yolay 390 ZAYIY ¢ Z¥VID Sidguinl Oiluls jasuis (> g ZA-I8 9 Z8VY 55 & DSR 5 Selygil o9, 90
U b 383 g0l (D<eSe e ) 39 I gime (sl Mo B jolay g, 93 o BWB] 45 60 03> LawsuiS pusuo jgkay gl ZAY/S DSR oo,
Do 4l me (e dee VO 5 /B Sluls 3 g (p=2/++Y 9 Pp=+/-VY iy @) b sre syo Jue VgV Gluls asuis o bsy 93 OS] &S o
» Kappa jlude bawgio g 5 ixe medial 4 central dateral sla Jowo )d axls 3939 Cawpd Hawsuis (D Seolygily b9y 4 Cowd DSR (hgy (65 0
2 Sosnalie o gly odalio ped g Jol al>yo slaguly 38155 (lje 392 /P 2l DSR (j29) 53 9 <NV L ol Sialygily (395 5 b Sosnlie e
Aol Cawds +/AF plp DSR gy 50 ¢ +/F0 ply Saslygil 59,

& Cows @pYL paskis @08 gl gyl bze e Digital Subtraction Radiography «ysls adlas glaasl, yolwl y :LS);"".'%;';

bl oo (Sitdostinl 5 Stdssial) JoaiS poo 00d (il Sloetus] Slyd s > Sslygily (31,5 520,

Sl gk I & Jhemd bppsal sty Jl
s (U3l Slyss (g )3 oS (g5 g (Sl sbajlis b
1S (SaS o2 ol 3 3Pl b Sl oliio b S
(¥&) wib . Digital Subtraction Radiography (DSR) sl
25k & ol SIS aly (glod 3y Sl Car 39 00 4l
&l DSR 5 Lol sl o gl sl jinod 75+ B Ye & 5L Joere
3 DSR ojgpel (A) b Laskis e w1y L0 dsp
V2-) Caol 03,8 iy (0L (SadS oolazl 5)lge (S5l
o pLxil ()l Cliiod (S 33l05 )3 DSR 5,8 dize )
Ol paseds > Jolie (S0, 4 DSR gpp bk «
cowyyr Aoy Lol (VY=V+) Wlos 8" 5135 1) Jaugll gl Sl
Sl b wyp opl S pw Slegtw] Olps jogasy TMI
S gly dag BB e o TMI SYMS] (VL gond Cunl
G3ISely, g DSR Sss 0 b el o 1) b Seolygily
S 90ly g9y » 1y Subtraction g 63,8 ol yer o2 U 1) Seolygily
o2 1y 09y 93 Cales )3 9 mad plosl S po 4l 53 Seslyily
Goy 2 Bles &5 L3 Slidos mls 5 BM) 4y deg |

)

Jas” «Saly 93l Digital Subtraction :thb'}‘g s
AVLANA ol al AV A0 2 oles Dol AST-FIYY g0

3

LVRUYS

90392 (o Jmolie p oty I (S (S8 (2B Jade
Jrade 5l (V) 1S (o0 Jate dezmer 1) Juidio o5 conl (s
B g Sl )b ppgal cue b Bble cp 5SS I (S
oSlei plSian 13 g (st e OV L) 0352 S T oo
28bdg JulS (gl bug Jyese (S50l clagis,
(V) 298

el b ppgal  dg b Cdyin Jald ausls aad
MRI 4 CT ¢ 3,5s5,] Jols bcdpin oyl .ol 039 TMIJ
wly 1) 2, o Sy jo wld b (Jgene (S50l Lol ol oo
el osls (21550l S 5l o)lsam et ()00, 0905 Jolse 5
S gly (S8l 55 ekl )90 (S 53)y cn ) ed e
Ju Ll ogh (lwe bl SGSS al (V) el Salygily
Soy 2 Lyl wed g JSwl s pged Superimposition
0 058 Wl b Sleseinl Glyes (asls 0 s (uats
vasuis Alg o byldle 48 pl paal  Bls (0 4 )
ST ojgp0l il Al (g Sadn g8 @ 1) ST p0),

Sl le pdy 86l ) wre opl Jliuows ad iy


https://journals.tums.ac.ir/jdm/article-1-171-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Old Sleyd (bligy Gloss 5 (S pole olKiiily (S solais aloro

Ty
H
4

anlo b Suolygily (31,5530, 1> TMI an g guai —) JS0i5

(el o) anls (e 9 (YU j29ma)

Suolygily (B1,5 9231 TMJ as U (g9 39 00w oLl DSR - JSU
S 9 (YU yonad) Judio Jo S pw 45 (6 o slno /0 Bone chip &
0w 8313 4138 (el yguad) Juskio BS g 33 (5 yio uo ¥ Hole

Cow]

prtd oy 4 S plol LS 4l 5 el atdls tals
2 paris ) DSR S5 €85 sy sl §3> slaslllas &
Shb 1y has anl ) Sadgnl 5 Sadsial Slols amu 5

oo lod

X Y9y

Shppyas Glagby) ol bbyy (owyp g9 jl adlae
9 392 Cunbly b jasis ¢d jlai 5l Sl ygily DSR 5 Sealygily
(S 29 Cumwlus 13,5 duslio gl )3 dnls 2959 pas b
b Jglia 5 U ool by gl @8l5 5 ndy)SS
s9iore (slogygeil gy (S (sl yuite b)) g g oo
ae g3 ll (0 8 plool cas b plul pind 885 (905 b g S
SOl anls 4Saa o gl 03,956 Cuwd 5 Sis SISl
Candge K4y udie el S 3505 Ol ko )3 yasedo
Py bawgi (habe (Stuzy g dnglS o 4 Cund s By
ol b ploeinl aionily (il gilodand jolatos L43)5 <l
(Bone chips) ozt Sib sleazs jl Sadaunl cluls
A odlawl

VO g ) ofd Golaie culbus aw jn ot sladss
s axcls siad as S5 5 JSnsS olyel ) s ie
Bone chip ,a (V) 39 yio Juo ¥X¥F alal b oye S5 &y laass
o faSp () GBS g (3D (el cusdee 93
Silwdnd jobiay D o 1E Sadenl Cluls (gjlwand
5 Syeike /0 wldl Round 3 5l Sadguiel Oluls
P98 Vo) lo 93 Clols (plad ekl jgigeg See

Sealisil il pgad o Jl Seelygily pslad ans sl
s YmA Lyl.s > (WS Planmeca JlaS™ célw) cc Proline
pr 8l pde il giludnd caa (VUSS) L35 edlaul £k VD
dae B0 a5 Wb odlatwl 9,50 Voo ool b posinagll (claad,g 5l
b esbad plos e85 )18 yiledsS (g9, 23 £ 5 Slit )
WL 4B )8 Sy 0diS Cuyedi Wi ¢ (Kodak) T-mat oLé

5 oolel s g g y0els gy awgs lapld  oles

VY.


https://journals.tums.ac.ir/jdm/article-1-171-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

OhlSen g Jogigy S e 5>

o Oluls jasis (> Digital Subtraction g Jeliie Sl ygily (81,5830l €55 50 dunldo

2 Cadly b dmslio ;5 LIS g oo gl pasudd Gl —Y Jos

DP9y EF
X P9

N4 g \rd yolas olaw
. . . Panoramic
JNee  LONY O TEVA Lo
. . . DSR
ARRIEAN? SEVAN 12 Loy

V00 Y A slas s
/A REEVA & AL Loy e

(p<+/++-Y)

oS Gy Uy 90 Om @ bisre SUMBT b s
2 hgy 9 M i sdalde gy de VO 4 ¢[00 Cluls
(YJga2) (p=+/-10)39: Yo sine 3 anls (ig 3)l9e arets

S99 Cuwyd pasull )3 Sewslypl () 4 s DSR b,
2 b ge3l b S ol 5 2,15 55 il (oK o anls
2 g p=/¥0 L Jpw olols p» p=+/-0 L JW cluls
90 o (Sl me MBI gy Y gme = /oY L Jbie Cluls
A5 osalie (p=+/¥A 4> IS 905]) Superior Cluls > b4,
(VJga2)
Sluls pasis ) g LAIF 5 IOV oy 4 Kbl
b9y 90 Sy b ZAYIY 5 TYVIO sy 4 Sadgsl
Gy & anld 32y pis mme pasedd ) DSR 5 Salsily
el Cud 4 LESIV g LN/
Ohey » b8 Sadacil Gluls dys0 0 e g)L31 5))]
P9 JuleL;c Z‘W/&) ﬁl).g DSR 0239) P9 Xa;’/\c ).gl).g A_gwo‘)yb
Ay iy 4 DSR g Salygily (ogy 50 S Sl gl Slals
Al Seeligily gy 3 e o)L3] B3] adlge ZAY g Y
o9y > (Interobserver) L gejl Lolol 5 b )Sosalis
Sosalie o lp odalio pgd g Jol alsye slagul Gly
D9y > lbuwgie ol LI 9ejl wlul » (Intraobserver)

WY

omgd by eml cwn Salgl gl
el B bl 3 5 ((y13) SONY Cybershot DSC- P100
2 bl g S0 Jlms gl Al 3 oSl ]
Ndley lwg alde psles subtractiong oad dyly Jauels
(Y JS5) > 5 sl cAdobe Photoshop 7

o5 391l 1 5 e Jols Sosalio A bougs sl L)
Ml (oles a3 plxl (il oy ke s Sioledls
5 (4l on g anlo b polad Jold) Selygil sla 81,520,
b s o0l (auls g 5 anls b glad Jols) DSR y3 gl 35
Rolal ggiee oad QL Sl dsgeme Sy byl dul> ]
2 55 Olals S DSR 5 Sl gy 9 5o b osd 48,8
o Ui anls IS5 b Sesalie oLl cas 39 (asuie Ll
Sldolicu y 50 1y 258 Slilas pyobal w5l o b Sosaline .0
Sly 92 dnld g5 sl 9 awld S92 pasls (S 93 Syl &S
22,8

) b ySeanlis ;| a5 ¢ Intraobserver §slg aw)p Cas
g oxd bl (Bolad &g (Ghliws S8 S5 g bl I8
Bl plol jslite 4 5 %S b)) basee 1) 5 sladiged
Sl 90 g aslul 5l a5 93) by Seanlis 5l 44 s Interobserver
JB ) asgerme Sy WAl Qll (Balal @ (ol
5 o0 48,5 L )0 clacunige 5 Wil alod (g5 o0 Ll
ooy anld g g anlo b polal syw 53 o ol (izren
Jol deliiiny asliio (gldolitinyy jo 1y 268 clylas I 5 43,8
L2505 g

ryad Moadlas cpl 3 (qwyp 3j90 JS5 V00 Gl
s 292 DSR (o) b JS5 54 5 Sslyils 29y b (15323,
2 Cably b amlio )3 bgw)y ol @ls 85 )5 wslad
E5 90 b Tumo LAl )0 (g 90 MBI sl oal ) o
Mg 5 3)90 diged oDl el 5 (Sig) 9 ) amls
{p=+1-30 5> S5 (05 252

s DSR (bg) 9 o 1y (6)lsine BB b (38> (0]
5 (P=2/VY) Gytaishee V Setdgpis] luls jaseds ) Salysil
Sy ol (p=e/e oY) o Juo ¥


https://journals.tums.ac.ir/jdm/article-1-171-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Ol Sleyd (ublagy Sloss 5 (S pole oluisly S5l dlore

axnld e Cuns 1 Candly b dunlio ) ono g BUE (b adudd (5 Y Joi

& o

o S ’ '
&> . ax LS o3l
Sl oo AZ P om0
v " 2 dlass Panoramic
JARE TN+ IA ARYAS Loy
a Y 5 slass
=/ . . . DSR 5 -
(p=+/10) AR YARVAS IsSIN Loy S I P anls Goh
TO v¥ ) Slaw Total
JARE /SN AR doyd
" . . lass Panoramic
JARE A YA Loy
WY Y Y. slaw
=-/\& . . . .
(p=-/7T) AR YARYA YAZZA! Loy DSR IR 09 /6 mm
Yo q \$ Slaws
. . . Total
AR sxs ai oy ota
" 7 A dlass Panoramic
ARE AT J¥0/A dopd
Yy A A olass
=/ VY . . .
(p=+1-¥Y) ARRYR YARYAY ZYAIY doyd DSR R U9 \mm
v YA ya Sl Total
ARR JYNY TENY Loy
" r ? lass Panoramic
ARRIR ALY AL Loy
VY 3 AR} Sl
=./Y4) . . .
(p=+/¥30) ARE YANAY VANV doyd DSR RN UP9) /6 mm
v i v dlass Total
AR YAYIAS JAYIY Loy
" Y b dlass Panoramic
JARE DAY ARYAY Loy
Y . VY slaw .
(=el=Y) oy 2 7. Sy DSR 12 U9 Ymm
Y¥ s % oy Total
ARR JARYAS AR Loy
axyLs CuxBgo g (igy comd i Tmo andunld wuoyd =Y Jgu
oo yaswid do ) X O¥9)
Zeld Superior anls oo Panoramic
il Medial
AR Central
AN Lateral
LNV o
AMA Superior anls Jowe DRS
AN Medial
TAY[Y Central
AN Lateral
TAD] « e
VWYY


https://journals.tums.ac.ir/jdm/article-1-171-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

OhlSen g Jogigy S e S

o Olals (asis ) Digital Subtraction g Jgliie Seolygily (81,5930 £o5 93 duslds

Anterior Medial Superior slacadse olod ;3 Soolygily
SSely g9 4 |y as pl Kappa )8 i)l58 Lateral 3> «
A3 g0 by Badod pl 5> 48 ) 4 Seely5ily

s a5 dg ol eolatwl JWIS uily sled 51 hey ol 4o
g b S o bppear 1) LS’ Superolateral cuowd
&3l oyl 9 cuze (syL3 ;) Specificity Sensitivitya
55 28,5 s gise i) Seslyly ¢ Canas DSR YL ke
AV pasis )il Syl by L awslie > DSR
ol Hl5y95 5

2 okl Custy glagusl By i (o] Cunty pslite 4
51 odal Cawds pglaa 5l (ooluss (Interobserver) s Soaalio jle
Qg b B)S 15 eyp 2y9e B9y 92 L cilte Clals
& b doxi e b Soanlio ol o Kappa s b
sl yigg Seelypily B9y 4 Cund DSR (g, )3 (295 L]

ol slagsly (Reliability) (iS5 (lise sy
Oygar Sidsdly piSe ohlsed S8 S g aslul 18 S el
odalie pg 5 Jol ala e ozl 3815 Oljee 5 W05 (b)) Iione
odel Cawdy 45 g Ab o) (Intraobserver) Sosalie ;o ¢y
B9y 4 s DSR (39) 53 s 5 )5 538 &5 59 ()
Candy sloal wloly g e (glalasMo b jolay Solygily
Gy IS jobay 48 8,5 A cpin g e oS o)y olkel
VL Sl S )y g9y 2 0ad ploxl DSR (pasts
sl 2l 4 Sl il

Gluls (asis jd (6 bxe BMB! GoSoun gy 50y 40
329 (Udongw 9 I3 Juse (i) Glize gladoe )
3 Ll (p=2 /YN P=2/¥YF L sy a9 (IS yge)l) cuils
ya8 gy DSR hgy odds ai8)S a5 0 slacusdse olod
Sy9e slople ol g Saolyly & Camd 55Vl e
WS 03y el iy Seolygil 4y s DSR (g 33 (oawyp
D92 e Seelygily JIDSR (6 24)1,S5 cuhl g Coles 5 (S

1- Okeson JP, Louis MO. Management of temporomandibular
disorders and occlusion. 5th ed. Mosby. 2003, ch 1, p 8.

2- Larheim TA. Current trends in temporomandibular joint

S 35 4o 9 Sy

93 32 dy90 ;3 DSR Laccis )48 ode] Cowdy =@l
ol & 39 VL bine ©ogo 4 Sielygly 4 Cond anls g5
ol plol lde 3uio 93 gty (Jd Ol ol b dons
(2Y) cusly calles Kappa 5 Masood bwes

09 dlse Al lp (e (B8l ©)08 DSR iy,
e (nl g 395 y5b cnl Sl gy 5> Jy cudh anls
Superimposition ahwlg Seolygil o9, 45 ol 4l oaimdlis
woly ol 2 Jate | Oblique sl § bl sla,lslo
Lo Soanlite 45 ey chil go inds Jl> luaio (5135 5 255 o
G hanls eladl & 1) b 5)lse TA- gy ool G
£z slelanda B yolny DSR (g, S8 b Jy 2358
ol by YU ovs el

2 oS CES aondi plgiige 48 ol ead oy llae 4y g
S99 4 Cund Gl 4 Cund Glisebl (392 YU 2 09Me DSR (b
Gl dnls 32y pis ol 4 ol (YU Conles) anls
plos ;3 DSR aseds @b cuily (Vb (Sh) oYU ol
P (e 4 Lged £95 93y 53 0ad w5 Hlai > lajle
Kappa 5 Masood ldles b oS 5g Seelyglh gy 51 5V
il cdllao

DSR asis &8 g gV 5l (Sl otel conty gl
ous 4)S Jlad > slacusdse (olod > Seslygly (Bo) & Cud
» Masood Js .29 Central dateral Medial Superolateral
2 Seolygil 4 Cuns |y DSR (e @)a8 (6,5 295 dalllas
» &S 5,5 oyl Lateral j» 4 Central ¢ Medial slacusdgo
pasds > Swelygl gy 9 39 S p ax ol I 290
il DSR & Cuws 65V )08 oo (pl 0 48 )3 1,8 wluls
Jisle Superimposition (g oS Jds 4 1) <l opl g9 o
S o CanBge oyl Jais” b

Caws 1y DSR auseis )8 (645 595 adllas > 35 Kappa
:&obe
imaging.Oral Surg Oral Med Oral Pathol Oral Radiol Endod.

1995 Nov;80(5):555-76.
3- Delbalso A .Maxillofacial Imaging.1st ed. Philadelphia:


https://journals.tums.ac.ir/jdm/article-1-171-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

WAV 5ol & oylad ) o9
sk & e, )

Old leyd (il loss o (Sibps pole olSuisly S50l alors

W.B.Saunders; 1990. ch 15, p 611.

4- Kononen M, Kilpinen E. Comparison of three radiographic
methods in screening of temporomandibular joint involvement
in patients with psoriatic arthritis. Acta Odontol Scand. 1990
Aug;48(4):271-17.

5- Brooks SL, Brand JW, Gibbs SJ, Hollender L, Lurie AG,
Omnell KA,et al. Imaging of the temporomandibular joint: a
position paper of the American Academy of Oral and
Maxillofacial Radiology. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 1997 May;83(5):609-18.

Sy ol jme (w2 das oLl (Lol sliwl) Ls jes] (g oMb =T
4ol pSubtraction /58l » 5 Photoshop b aiwily s Ol jasis ;o
i | ooliwRadiovisiography ,5 aawss gliss KOV ol 4ol LL.
(OBd (g5eladly didy Gygo g S8 S0 0aSihy L g (S pale oKl
IYAY oass Jlo . oylyes Glopd ctbligs wleas

7- Southard TE, Harris EF, Walter RG. Image enhancement of
the mandibular condyle through digital subtraction. Oral Surg
Oral Med Oral Pathol. 1987 Nov;64(5):645-7.

8- Wood NK ,Goaz PW.Differential Diagnosis of Oral and
Maxillofacial Lesions. 5th ed. Mosby, 1997. Ch 16, p 255.

9- Kapa SF, Tyndall DA, Zullo TG, Bagnell CR. Assessing
condylar changes with digital subtraction radiography. Oral
Surg Oral Med Oral Pathol. 1993 Feb;75(2):247-52 .

10- Prapanpoch S, Langlais RP, Dove SB, Prihoda TJ,
McDavid WD, Nummikoski PV, et al.Digital subtraction
temporomandibular joint tomography. Oral Surg Oral Med Oral
Pathol. 1993 Jan;75(1):122-34.

11- Ekberg EC, Petersson A, Nilner M. An evaluation of digital
subtraction radiography for assessment of changes in position
of the mandibular condyle. Dentomaxillofac Radiol. 1998;
27(4): 230-235.

12- Masood F, Katz JO, Hardman PK, Glaros AG, Spencer
P.Comparison of panoramic radiography and panoramic digital
subtraction radiography in the detection of simulated
osteophytic lesions of the mandibular condyle. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2002 May;93(5):626-31.
13- Jacobs JM, Manaster BJ. Digital subtraction arthrography
of the temporomandibular joint. AJR Am J Roentgenol. 1987

Feb;148(2):344-6.

14- Ludlow JB, Soltmann R, Tyndall D, Grady JJ. Digitally
subtracted linear tomograms: three techniques for measuring
condylar displacementOral Surg Oral Med Oral Pathol. 1991
Nov;72(5):614-20 .

15- Tyndall DA, Phillips C, Malone-Trahey A, Renner J.
Validity of digital subtraction of transcranial plain films in
quantification of positional changes of the mandibular condyle.
Oral Surg Oral Med Oral Pathol. 1991 Jun;71(6):748-55.

16- Ludlow J, Gilbert DB, Tyndall DA, Bailey L. Analysis of
condylar position change on digitally subtracted Orthophos P-4
and Sectograph zonogram images. Int J Adult Orthodon
Orthognath Surg. 1995;10(3):201-9 .

17- Ludlow J, Gilbert DB, Tyndall DA, Bailey L.Analysis of
condylar position change on digitally subtracted Orthophos P-4
and Sectograph zonogram images. Int J Adult Orthodon
Orthognath Surg. 1995;10(3):201-9.

18- Engelke W, Ruttimann UE, Tsuchimochi M, Bacher JD. An
experimental study of new diagnostic methods for the
examination of osseous lesions in the temporomandibular joint.
Oral surg, oral med, oral pathol, 1992 Mar; 73 (3): 348-59.

19- Southard TE, Harris EF, Walter RG. Image enhancement of
the mandibular condyle through digital subtraction. Oral Surg
Oral Med Oral Pathol. 1987 Nov;64(5):645-7.

20- Pascon EA, Introcaso JH, Langeland K. Development of
predictable periapical lesion monitored by subtraction
radiography. Endod Dent Traumatol. 1987 Aug;3(4):192-208.
21- Tyndall DA, Kapa SF, Bagnell CP. Digital subtraction
radiography for detecting cortical and cancellous bone changes
in the periapical region. J Endod. 1990 Apr;16(4):173-8.

22- Dove SB, McDavid WD, Hamilton KE. Analysis of
sensitivity and specificity of a new digital subtraction system:
an in vitro study. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2000 Jun;89(6):771-6.

23- Kravitz LH, Tyndall DA, Bagnell CP, Dove SB.
Assessment of external root resorption using digital subtraction
radiography. J Endod. 1992 Jun;18(6):275-84.


https://journals.tums.ac.ir/jdm/article-1-171-en.html
http://www.tcpdf.org

