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A STUDY ON THE RADIOPACITY OF ROOT CANAL SEALERS

Kwang-Shik Bae, D.D.S., M.S.D., Ph.D., Chung-Moon Um, D.D.S., M.S.D., Ph.D.
Department of Conservative Dentistry, College of Dentistry, Seoul National University

The aim of this study was to establish reproducible method for measurements of radiopacity
and to investigate the level of radiopacity of root canal sealers. The experiments were performed
in two parts.

In the first part, densitometric readings were performed using an aluminum step wedge
as a reference at variable voitages and exposure times. Then standard curves for the aluminum
step wedge were compared to comprehend the effect of voltage and exposure time.

In the second part, on the basis of these results, appropriate conditions for exposure were
adopted for standardized measurements of radiopacity. Under standardized set of conditions,
densitometric measurements of ten root canal sealers and one gutta-percha point were perfor-
med and the levels of radiopacity referable to an equivalent thickness of aluminum were
compared.

The following results were obtained :

1. At 50 and 60 kVp, increasing the exposure time caused a decrease in the slope of the
standard curve for the aluminum step wedge. However, at 70 kVp increasing the exposure
time causing a parallel shift of the standard curve to the right.

2. At constant exposure time, increasing the voltage caused a decrease in the slope of the
standard curve.

3. The radiopacity of root canal sealers and a gutta-percha point varied between 2.43 mm
Al and 9.20 mm Al equivalent.

4. All the root canal sealers had radiopacities more than dentin, and the radiopacity of the
gutta-percha point was approximately 5 times as much as that of dentin in terms of equiva-
lent thickness of aluminum.

5. The AH26 had radiopacity more than the gutta-percha point, and the radiopacities of ZOE,
Vitapex, Canals, Kerr PCS, Nogenol were similar to that of the gutta-percha point, and
Tubliseal Apatite II, Apatite III, Silapex were less radiopaque than the gutta-percha point.
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Table 1. Root canal sealers, cements, pastes and gutta-percha point tested.

Product Code Manufacturer Approximate p . 1 ratio
AH 26 A26 De Trey, York, Pennsylvania 2.1 by vol.
Apatite type II All  =£TEBS g, Japan one scoop to one drop
Apatite type III Alll =& T/ Ent, Japan one scoop to one drop
Canals Can FEFEH{LTHX &, Japan 0.1g to one drop
Nogenol root canal sealer Ng  GC International Corp. Chicago equal lengths of tubes
Pulp canal sealer PCS Kerr Mfg. Company, Romulus  one cap to one drop
Silapex Sil  Kerr Mfg. Company, Romulus  equal lengths of tubes
Tubli-seal Tub  Kerr Mfg. Company, Romulus  equal lengths of tubes
Vitapex Vit  NeoWZETHEA &itt, Japan supplied as paste
Zinc oxide eugenol ZOE Pharmaceutical grade 25°1 by vol.
Gutta percha point GP  Sure Products Ltd., Korea -
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paralleling techniqueS ARE-EF Fu] wWhARA AR
# gl A= focus-to-object distance”t 4% 30cm
7t Holok 7Hg & AHE 48 7 A 2AsM
film-to-focus distance® 35cmZ 3. 10mAZ
249 Compact Diagnost-1 dental X-ray unit(Phi-
lips, Netherlands) & AM&-3t] 50, 60, 70kVp Z
Zo| A =&AZF 0.2, 0.3, 0.4 WIE Fof
WA &g sHTh

3. BRARM AR A

BE UEL Agfa-Gevaert G 150 TN Agfa-
Gevaert G 334 &AL AFR-3lo] 25T & $-X351=
AC 245L A% @27](Durr Dental, Germany)2
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DensitometerZ 73 € aluminum step wedge 2}
aAle] FE YxE SPSS/PC+ B 37 Aty
Zt =% x8A9 aluminum step wedge©l] g
BFE J49 A4S 739 Table 2). EE =2
A& A9 A Fel g el S.E. = 70kVp,
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278 g ] BEFT
Fuolge A BEREAALE 7ot
A2 FA €} Abou-Tabl 59L& B3
EERANE A3 Aol aluminum step we-
dgeS EEAMEE AFE8IH R, Cook'V& EFmFo
A3 linear absorption coefficient(p) & X7}

Table 2.Standard regression curve equation variables with variable conditions.

Conditions(kVp/sec)  Constant Slope SE. Sig T R square
50/0.2 —0.397 —0.0106 0. 00224 0. 0008 0. 690
50/0.3 —0.257 —0.0159 0.00120 0. 0000 0.946
50/0.4 —0.290 —0.0316 0.00202 0. 0000 0.961
60/0. 2 —0.180 —0.0334 0. 00346 0. 0000 0.903
60/0.3 0.078 —0.0622 0.00245 0. 0000 0.985
60/0.4 0.275 —0.0868 0. 00201 0. 0000 0.995
70/0. 2 0.244 —0.0677 0.00167 0. 0000 0.994
70/0.3 0.531 —0.0656 0. 00097 0. 0000 0.998
70/0.4 0.763 —0.0704 0. 00079 0. 0000 0.999

Table 3.Mean values and standard errors of the radiopacity values in terms of equivalent
thickness of aluminum for the root canal sealers.

Material No. of measurements Densitometer readings mm. Al equivalents
AH26 60 0.61+0.07 9.20
GP 60 0.67+ 0.08 7.70
ZOE 60 0.67+0.06 7.70
Vit 60 0.68+0.02 7.46
Can 60 0.68+ 0.04 7.46
PCS 60 0.69+0.05 7.22
Ng 60 0.70£0.01 6.99
Tub 60 0.75+0.03 5.88
All 60 0.81+0.03 4.65
Alll 60 0.87+0.02 3.50
Sil 60 0.93+0.02 2.43
Dentin 36 0.98+0.01 1.58
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Fig. 1. Effect of variable exposure times on the standard curves at 50 kVp.
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Fig. 2. Effect of variable exposure times on the standard curves at 60 kVp.
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Fig. 3. Effect of variable exposure times on the standard curves at 70 kVp.
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Fig. 4. Effect of variable voltages on the standard curves at 0.2 sec.
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Fig. 5. Effect of variable voltages on the standard curves at 0.3 sec.
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Fig. 6. Effect of variable voltages on the standard curves at 0.4 sec.
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Fig. 7. Radiopacity of root canal sealers in comparison with dentin.
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aluminum step wedgeS] ¥F F4o] g F 317]
2o Zt @A AR aluminum step wedgeE
A =2AA A AA el AWt &F
248 do] WF 7IES vtdsin, &< ¥avt
ol densitometerE % %3 FAHF &Fu¥FE
Zr2 @ned 2BEPE AWEY] WA £F
BAe AEFHo R HwIPT.

CookV& MM AAWHE, &S 5/, filtra-
tion, kVp, AMY F4F Fo] WA EFFHAF

Tl 3]

=
el

ok

o

£ 9% ATT B P =EAVL B
A 2ERRe) f94 e 9T A

o, B3] AL BERAo] E AMEY 5 kVp7t
EEAGA] B JFg ncta 3P,
1 ol kvpHstol met Bad Sre) WAM FF
40l tz7] gEojztn 433act. Watts®s

AAHTE zte dAE T A5e o9



voltageol Al A F4 F-gol 48] Wsterl
Ba& 37.5 keV, Sr< 16.1 keV 7} mass absorption
coefficient”t F-2 3] ¥3= X-ray energyell 333}
22 65 kVpoll A AHY EF3/3S 53384 absor-
ption edgeE & AAT & U olgtn RudY
t}. Beyer-Olsen $7& =& Al7H voltagee] W&
aluminum step wedge o Ui ¥F I419] WilE
ZAFE Bl 2F AL BF A V]800 ¢S
FA @&okort voltage7t 57H8 8 XE I49
N&717Y BA2EE BAFon, voltage?l w8
T step wedge 4 BAZHY contrastE A
F1 voltage?t € 8 #-83 HY Lol =3= step
wedge 99 v B} HusHoh

E d¥8dMe 503 60 kVpillAde =7
%719 wel aluminum step wedgeel W EF
F49 71719 AUA7t S8k S Bioy
(Fig. 1, 2), 70 kVpilAe =&AIZte) #7171 7
&7l Aol &L vIAA At (Fig. 3). & 70
kVpoll Al aluminum step wedge @71+ cont-
raste W3} A17]1A] ¢dowiA EE AASIE =&
AlZke] Z7te) whel BF FA0] 71&7]9] Wl glo]
LEZoE Y olF 3tk wWErA @ voltage
(50 2 60 kVp) A= =&A7he] ALY BF 240l
2 IS vAY EL voltage(70 kVp) oA
kEAIZe] AR 24Ut HAE 48 Ao AR
2=

=EAZHe 1A voltage7t HE Ao o)X
E 9F%S AyEY & A7 #AIglol voltage
ZF7t uiel EE F49 71€7)9 AdAs S0t
s Y2 YERIACHFig. 4, 5, 6). A o
UA 7t 28 7499} @& Z-9ol 1o aluminum step
wedgeE E3te HFxrt tEr] died AR
=& g 48 Yo &=} dag?, o
2+ voltage s} WAL =& % ¥ aluminum step we-
dge®] FA9] wWE WAL 2] Hxot FE I g
AR =& A7t BHo= voltage?} WAMY BF
Aol 2o 4L vl Aoz Agdrh

Contrast media 7}t} X-ray beam<] qualityoll 3+
olExv} ey Wi =& 244 e} B3 g
X9 FA7F 93 oo a® g fdl wrALA
EFAAGY vla A7) flojMe 4Y xde #
Hol o). £ dgdMe v =& =7
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oA 7§ aluminum step wedge?] FZE ZFHEo)
B25F A9 A4 gelE Jehl)d o (Table 2), S.
E.9 Sig T ¥ R square & E3 A7} 4
3, 71€719 AL AN 239 2e3AE
ARMES] ALY BESRAL B398 W9l A
HHHFE 70kVp, 0.2 %, 10 mAS BF3} Q4
Ae AT =& zHez AYsid.

£ 4889 A&l Pulpdent Tempcanal®
FEFAASY Pulpdents] #-¢ WM BE31A o)
@3] vo} 70 kVp, 0.2 X%, 10mA9lA} Aluminum
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29 £HE Jeld Az Udgtonz Aoy,

Cook'™& 1mm, 2mm % 4mm F7e] B3
AlEE kVpE W3l AlA A BERAYL =247
vl kVpZh S748Hell we} wald BERayo] F7t
AL 4mm FAL B F7eo) Hon ol
A7t S7Hee] Wt AFuEs AlHe] g HARd
FH-&3 Rl digt g WREY & e}
ge1A]7] qEor Algdciy Rudyrl.

2 Ao e 28FHE ANES 2mm F79
Ao g A&E401 70 kVp, 10 mA, 0.2
B UL E EUZ 4F0)F FAZ2 84319 Table
3o EAEHY. 38 ¢ 2HE AvEg w
AR BEAYL 2.43 mm Al F790A4 9.20 mm
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e AR R4S BY A AH 260] 71 A
et th(Fig 7). Beyer-Olsen $9& 40 £89 &
HE5AE AME o3 WAL B R4 £33l
3mm AIFART 2 Aol BEE 12mm Al 54
Ol E7HA Tk Ao WAl BETAE BTk
Bt £ d¥olA AH26, ZOE, Tubliseal Be-
yer-Olsen 579 A¥olMe 22 Ao #AMM
BN F=E el oY, Kerr PCSE] WA
E5749L2 Beyer-Olsen 599 Ruuo Ajxoz
453 ¥A vephgdd.,

Higgenbotham”& 5%F9 T@#ZH & AHES}
silver cone ¥ gutta percha point®] WAMY B¥ =}
4& ¥|Zg 2 silver conel 7HE EReH =
B5AE AHEDNE WA BRI A
Aol7b A 2™ Kerr Antiseptic PCS7F 7MY =&
218 JEPAIL Kloroperka N—07F 718 w4
YeElsth B udtgth. McCombe® Smith®s 9



Z579 2#EHE AHMEE 2mm 59 AHeR
A Zate] WA £5319-& §4% vh, polycarbox-
ylate cement’t 71 ¥A Jebgoln B u3igid).

19850l UHEE ISO No. 4049773l ol A
Z3AE A BE RS Zedn ZAE AEFS
FY A9 2LUFED O & PN R
g Aol gpY, B A ALgd <8 F4E
ARE 103 BF A BFI0) ok EA)
g4 dE A FoIUA, gutta-percha point= WA
E5IAJolut}h. 22y Goshima 5% Curtis 5
& FEE) Wb BEARYL FEAR WAL
ol s 2FEHA P Fre AR 24,
FEE A FHHEe NFY o o 4TS
BAED stQgen, Sewerin T7& WAool
ol =257 Ao PHZF 539 NEE Tk
HEZ ISO 7IEg 43A LR FEsr)d= ¢4t
Aok Busyoth

<8 F39 HH8e A gHoz gtk
Ae 2@YF FHEY AAE lste Ao 9
Edhcd @Yol 3 AR ARRAGA 44
AAE F Ao o NxTo Y T2V
R)otol] FHH AN BFd9 Hlm7} o] ¥A
Ao}, Brayton'®2 2# FH9 FEYL HUi
Hted o A9 EFdA o R
WA ARRAe] & JERR] @b WA AR
A9 Ag Axel AA TR HA AT Alold
A% 47 AQokn B1d v} Qo 2% $3e
TUEAL AHE 95 BRiUre 3 WIsid
Plog, SFFAE AHNEE ofF gF2 Fo2T
EA8HA HolA WA ARGl A e] A of
gol YT, WA BEREHHo| vE & 28 FHE
AREE WA AL 28 FAE W 71Xy
Ase FAY 9 AR Tl Rrigte &
H3 $49 IS & F e vE WA EF
HAo] YT I 2EFHE ANEE &% EA4T
7% BolX ¢g ¥ YoEgY ) WRARA
ES5AA4L 2 ASEY 2BFAEY Y A=E
WAL o 2 vz oigg 7HEAIIA 8
t}. £ 494 Gutta-perchats o2 R} 4,874
748 Ad BERALS 29Ed, AH26E Gutta-
perchal®t} ¥9k3, ZOE, Vitapex, Canals, Kerr
PCS, Nogenol< Gutta-percha$} F-AFst emn,

=2
oy
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HR] AR Bk, 2RFAA9] WA R
EA3E B3 AR ARAgA Z#dd adE
FEst7) gold A WA BREAY ARE
AA o] vig A, FA7AY AT ASTNoRE

Qs ATV BEE ¢og o g& 9

T7F Bog 3oz AlRdErh

v.dg &

ZHFHE AUEL] YA BF Y S U]
AY 7Fedta ABARA WIS YA 2EA
E2 aluminum step wedgeE AH&-3l4 densitome-
ter2 J8 Y& S33A e e WA =5
Z3¢] @ aluminum step wedgeell uigl BF
FH9] Holg YolH i, I F AL HHUG =
27 Ad9g F 10579 28FHE AHES 1
259 Gutta-Farcha pointoll i3t WApd 2234
9] AE EFvyE FAR &4, Hnstd oed
72 AL 4.

1. 507 60 kVpoll A& WAL & A7) F71ol
w2} aluminum step wedgeol] ¥ & F49
21&717F ZAsd ey 70 kvpllAe 71871 9
WHalglo] BE JHMo] 2EZog HY olFd
psi=

2. WA =& AIE 23 A AH$ voltage”t
Z 7}l e} aluminum step wedge©l th3F E5
F49] 717 Fadle FE BATh

3. 33E 2% XL AUNESY] AN BERAA L
2.43 mm Al $7AA 9.20mm Al F#7A] t}
FsHA JErstc

4. TBFAE AYNEEL 25 Aord oliel W
A BE#HAES BYoH, Gutta-perchas 3o}
BT} 4,879 E& A BEAAYE vl
et

5. Gutta-perchad] At BEF#AAGE 7[FEo g 3}
o] W@ sE, AH26°| 7HEE®E, ZOE, Vita-
pex, Canals, Kerr PCS, Nogenol2 Gutta-per-
chas} #-AF8k9 2.8, Tubliseal, Apatite II, Apa-
tite IIl, Silapex® Gutta-percha BT} ¥2 W
AR BEHYE el
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