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U5, gt An evaluation of the accuracy of Root ZX according to the
conditions of major apical foramen

Shin-Young Park, Dong-Kyun Lee, Ho-Keel Hwang*
Department of Conservative Dentistry, Chosun University School of Dentistry, Gwangju, Korea

Objectives: The purpose of this study was to assess the accuracy of Root ZX (J. Morita
Corp.) according to the location of major foramen and open apex. Materials and
Methods: 81 mandibular premolars with mature apices were selected. After access
preparation, 27 teeth were instrumented to simulate open apices. 54 teeth were
classified according to location of major foramen under surgical microscope (x16). The
file was fixed at the location of apical constriction by Root ZX using glass ionomer
cement. The apical 4 mm of the apex was exposed and photo was taken and the
distance from file tip to the major foramen was measured by calibrating metal ruler on
graph paper. The results were statistically analyzed using ANOVA and Scheffe test at p <
0.05 level. Results: Mean distance from file tip to major foramen was 0.308 mm in Tip
foramen group (I), 0.519 mm in Lateral foramen group (II) and 0.932 mm in open apex
group (IIT). Root ZX located apical constriction accurately within + 0.5 mm in group I
of 85.71%, in group II of 59.09%, and in group IIT of 33.33%. There was a statistically
significant difference between group I and III (p < 0.05). Conclusion: Root ZX located
apical constriction accurately regardless of location of major foramen. However, Root
ZX couldn’t find it in open apex. Clinicians have to use a combination of methods to
determine an appropriate working length at open apex. It may be more successful than
relying on just electronic apex locator. (Restor Dent Endod 2012;37(2):68-73)

Received October 14, 2011;

Revised November 7, 2011; Key words: Accuracy; Electronic apex locator; Major foramen; Open apex

Accepted November 16, 2011.

Park SY, DDS, PhD student; Lee

DK, DDS, PhD student; Hwang HK,

DDS, PhD, Professor, Department

of Conservative Dentistry, Chosun o
University School of Dentistry,

Suwandju, Korea TR0 4B YA YT ASZ20| YL A, HAst 2B M HY U A
Horkeel Hwang, DS, PhD. 2430l 2B H0| O20{0F 310, 012 SIsHAE HEE 283 30| BAHOICL 04l 2
Professor, Department of L 717220 2BEHO| 7 2HTARE YoiH o0, DAL 2BYS MY U
Conservative Dentistry, Chosun TEAQ ME L M0 1 DL BAE O g ¥2 £ UASD JHY HATH 24| [ Lo
University School of Dentistry, £ 9lc}?
275 Seasudong, Dong gu, 194214 SuzukiZ} 74O 22 9L 2T Ato|o] H7|A{EH0| LHES 2245 012 1962 Sunada
wangju, Korea 501- 27 2730 2225t LICI= 93|12 o|25l0 2|=20| 2} 2o
TEL g2 62-220-3040; FAY, g2 | DR 7 A3+5>|ou 6.5 kno| B2 _rEr 41 2212 0/830] 229 A3t 22
62-223-9064; E-mail, rootcanal@ & BA7IS HWLBIQICE 0f2f3t 237| MBS TE HIIATS 0837 TR0l 22 Lo &7
hanmail.net Lt 04 SO 20| IS Tf AEH0| THEH TOIH B2 R3S LABIACE 01F 19914 Kobayasi

50| =22 2007 % ZMCHSHD BH iR AYUS Wot HPEUS.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/

by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

68 ©Copyrights 2012. The Korean Academy of Conservative Dentistry.



RD E Restorative Dentistry & Endodontics

r =
°
m
T
rir
4n
=
1o
= |

n
R
[oell

T A gto] Ao[Lt HIZ0|
SY3I0| Lot

ACH> THU0| PR 7RI P4 HYO| SItE|Thot 2|3
oot 22 2|F22{0f ZZ Al HY0| 245t ZLL22 015 Of
5101 2 W OHof 2121 UEUWES e 12t 22y 247
7} Root ZXO[Ct. 7|Z0f HAt 22y S7|o| Yego| £
= 02ls 20122 2ZEUE 22 U Hald, +& 22
H3MICH At 22 £3719] Y2 o B/ UL

2|2 Efof TS A E Saf YAMISY 2y F2HSMHA|
B2t 0.5 mm, F2EZ0M ZHY2FNA| A7t 0.5
mmO|22 AR ARy ZHL ZYYATFNAI A2l U 1
4 UCR O™ 22630
THES 4= 2(00f M A2 22
P PARS ARIS2 &QlI5He{ 1 5f
A ARZIO] B 20l BR7 2L

3
5
Hu
~
N
Q'E

g do
oN
L Mjo ok
rr

oz N

g

1=
o oX N
ol

oF

np & on

o

HCrp oy
o
e rr oo o mx
Nt
lo T
oy
-|IO S
NN
X
RS
o
ry
rg
=2
_‘_0
ﬂ
rok
4N
ry
o
(0]
l—'—_l
k=]
a
_ql_
]
o

im)
m
g'ﬂ
o m

|_
r

mob ru X
]
o

10

N TR
_O'L
2 1o
rd
e -|_|ﬂ>J
ﬂ

o U oz
ol
N
f=)

2 rn
re kI r 4r ox
4 1o X 4>

o

=y >
Ok
=2
>
1o
[
pN)
o
=
2}
e
ox
~
1o
ox!
ok
0x
=2
=lg
_qﬂ

o |0
-

rr 3@ 1o Hr >
2 2 W
> N

N

52 R
il

5

fom]
=
il }

2HM 2 GROjAE R2CHZ0| 2T T 0] AR FP
2= 20IM M3 2BY 23717} 2OiL Yes

At StRAEE

o
ry
T
(0]
njo

oF
J
S
HT
Kl

Xt

A A=

WYH 0|7z Ll § T2 5t A7z S0M A 2HES d
O] AEE(UD 22T F4L 2|2 OHES H0|2| g & 81HE
AR SIQICE 22| E 2|0ts YA AR 2#HE Soff 2
O HEHE SISt A V(7 SOF MelAl 40 BREHRICt

A3

1) A AlHO| ZH|

A3z|0t= A2 CtO|Ot=E H{(BR-41, Mani, Utsunomya Tochgi,
Japan)E 0|85l0] 2|24 WYt on, nEHE 2/0te| &0
Aoz Aot 22| Y=Y 2{2HI2 2| JHES 8
37|9] K& T (Dentsply Maillefer, Balleigue, Switzerland) 2 &Qls}
ATt Gates-Glidden drill (Dentsply Maillefer)2 AF25H0] 2|2t5 22
HY2 AlFeIAon AEaR DBS MEFISC,

2) M 27
54742 2|0tS 16H{Q| £~=& 310[Z(0PMI Pico, Carl Zeiss Co.,
Oberkochen, Germany)otoilAf =2 Et=2] |2[0]| mef 22 EHZ0| of

Ol
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Figure 1. An open apex model. (a) The canals were
instrumented with a #2 Peeso reamer to the actual length;
(b) A divergent open apex was prepared by retrograde
apical preparation with a .04/50 K3 file inserted to the
length of the cutting blade; (c) Simulated open apex
model.
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5) I 1F & mpY 20i|M 22 H37R|Q] HA7He| £
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O=E HE |29 &= Yoz AtZste 25812] 58 &0\ 45t
Ol 2|2¢h4 mm o] 2|2g MY £0| Ol He L E&TS A5t
10 #15 bladeZ ZE2|AE ZHUAYA AlA|st0] THY 28 L2AIX
Ch.'° O] ZHYolA mo| x| B3, X2 &402 774 A[HO|
A2 =|UCt. Graph paperstOA 0.5 mm 7+Z2| metal rulerE £,
202 NS F |0LF 2|A|7| 12 25812 4~=& 30| Stoi|A
ARIS 25t H2lE 245t CH(Figures 2 - 4).

Figure 2. Tip foramen (group I), in which major foramen
is located at the tip along the main axis of root. File was
fixed in the position and the distance from file tip to
major foramen was measured (x25).

Figure 3. Lateral foramen (group II), in which major

foramen deviates from the main axis of root. File was
fixed in the position and the distance from file tip to
major foramen was measured (x25).
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A 2tz 2ME 879 " 0|2 2A5t7| 2[5 ANOVA
testQt AFSEAS Q|5f Scheffe post hoc testS O|&3IFCE. 049
£ 2MS £2) T2 20l SPSS V14.0 (SPSS Inc., Chicago, 1L,
USA)E 0|85t EAA R OF= R £2 0.058 7|22

THEFSE ALY

4

2

o S0 M F2ES7HR[Q| A2

—

Z 8109 HE 3 AT A2 Al 24 77 B22 SH 24 Al A|
Qstn, 2 12 287f, JE 11 227), JE 112 24742 22|t
o 2t 2B AHele Brdez2 OF 12 0.308 mm, 1
& 1= 0.519 mm, 11§ III2 0.932 mmE 2 CH(Table 1).

SH AHelAl ot Fap 2202t 22(of s O 2 HluE
StE o, OF I3 OF IIZHle SAH2E {2l 240|2 0|7
Ohp < 0.05), 12 [} & II, 2 119 1E IIIALO|0= EH A
2 ROI3t 20| S E0|2] ARUTHp > 0.05).

FOHSOZRE IY 29| 212 24
+ 0.5 mm 2aHOAC| A 12 2 85.71%, 12 II=
59.00%, 12 III 33.33%2 2SO0, + 1.0 mm Of|AQ] HET e
2 12 100%, 112 I1= 86.36%, 1= III2 62.5%2 2 ACH(Table 2).

Figure 4. Simulated open apex (group III). File was fixed
in the position and the distance from file tip to major
foramen was measured (x25).
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Table 1. Distance from file tip to major foramen (mm) o 22 AHA LM 2RO 78S =1=AM £3] 2|20| Of
mm No. Minimum Maximum Mean SD SHEE el 20| FR0ME Hlnd 2| ZA|of HTt o
GroupI 28 0.05 0.71  0.308 0.192 Cp2% ofof P2l 2TH30IM A2t 22 23 A| EEE Botol &
*[ Group II 22 0.00 1.90 0.519  0.496 = 20| YHAo=Z oot Qloz|at M| QfCt.
Group ITIT 24 0.00 2.33 0.932  0.743 = A50{| M-=Kobayashi®t Suda?| A|Otsh A4 o A& XA 2
* A significant difference was found between group I and Y 27| LY 242 SEo0] dofdc2 = HWaEl 2 Thil 4
group III (p < 0.05). 2A~E O|BotUC™™ O SO M2t 22 279 JELE
5D, standard deviation. 27ote YHORE YA ALl 40| 209t £t HmAIAL,
22| & ot 3 2CF A0|9] AH2lE HAHZ ASshs WY SO
Ao, of 2¥x|9 B BEHAE ot 2Fx|7t 0l2] F
ot 5|22 Lol S0{7t= MEES AlMsto] YSHEE HItot &
Table 2. Position of file tip relative to major foramen 0, 2 AMEZ O] S 0| 23IAUCE” 02 AN 2AF 2L
qn group I group II group III = TR 225H40l Zli?o_l'ﬁ oY g2 E?—*EZ.*%Q -.C-’#Q;f LAY
=28 % n=22 % n=2 % O] F2CHZ (0 Ux|otA ECt BstQIct * & MEoME
d <-0.5% 3 1071 4 1818 15 625 2 2THRE A O YRS FotH QAL FE5HA
-0.5=d<0* 19 67.86 7 31.81 7 29.17 2I0HLY7| BISQIC W2t 22k 20| e8NS HIt5H= st
0=d=0.5 5 17.86 6 27.27 1 4.17 M J|Z2Ho2 M 20t 25| 205 RACHDS MEHEGiD 22
d>0.5 1 3.57 5 22.72 1 4.17 CHZO|A + 0.5 mmE QALY @z 2 7hR 5L} "
* Negative value indicates file tip short from major foramen. g2l 220l FEfE A5t Yo B ASoM= 28 379
d, distance from file tip to major foramen. Peeso reamer2 QFS 2|2 ANO}R! 3} 2|22 22J0|A 0.90 mm 2
49| 22 DHSUC 5 LAHO| 2TF HENE A HSHT| sl
.04 taperQ| 508 37|9| K3 TtU S ARYUSFOZ 16 mm7tA| 7|22
5101 2 AE0M Z2 239 FEfQI Aol 2SS AFHULCE.
€ 19| B0l oY HojN F2HE7HR|2| 2Hels B 0.932
Zz+tal no} mm=Z Of2f 1 mm2 SYE|Q{CH(Table 1). T 2EHSQ 3 FAR
ot 2 2o 2 mm B 2AE 445tke A0| A2 9
2|2 229 22 Fef= MalHo| 2Lt Ha Kl Hst, g4 U Of 2 A Zufet Hlw Al Cf=F 1 mm 2}0[7} LTt 22| 2| FE 9
M2R 222 422 Qs ALHL2 HYEDZ Yoot 24 Ao 1.02 mm7tA| H5|10 10 37| 2E 1008 7|9 AUZ A
2 2%t Yo ofych M 2YES 2uyoz Qld it 2 2HAE 24T 21, AL E Mo w2t Cf2k 1 mme| 22
=5t 7|F2AE S Ele 2R, 717U W S20| 22HS Ho £ B0 oS g off, 2 AFolM 10 37|19 KY OIS
L 2200 71t FSHeS Yo 4+ UL, 2325t 7|72 AHE5t47| T20l 1 mme| 240|E EQl 422 Atz ECH?
Acls 290 A2 2|2 Q] AHE 58 9HE2 g4 &+ U 21 5¢F Root ZXE 0|8510f 02 Z2A50fAM2] ZH=tdoj| Ciet A
OfM Hetot ZYS Yot A0 25 43 E= ATE # Tt ool oA ftem, O YEELS 75 - 97%2 R0 w2t
LD 2 4 QUCH? CiAZto| 2}0|E EQICE™ & AFo|M F2TE2 2{2[0f T2 A
o8 27 A] 7| 220 9| SHAIF L2 AA s 2EEER A 2o 2Ze AHel 20l AU EAFHEeE ROt 20|=
9| 9|2 2|20IC} ChY5H0| BRHOR 2|2HH30| Q2O R R ARATE. ETH 2 AT in vitrodfO| 712l BHEH, Pagavino §2 T2
0.5 - 0.75 mmoOf| {X|ot= A2 YA 20, Kuttler®] H20]| 9 Ch50] 290 2/2st 1E0[ A 2HO| 2|2[st AE L Mt 22
St |G BHorzlo| lto = X 20| WYL 2{2|ot= HIE Z£32|9| 217} ZiChez SEM A8 Sal| dAF 2 ARBA| 224
0| 68 - 80%2t1 3t 1, E3] F2|FO|M X2 THEB0| B[O %] &9 92| 1245}0F BtCtL 5t} Ding 52 MY 1t 2|2 Eh5 7t
ot= HIZ0| H2|2ECH 0t SHUCE YA ARIR 2|2T82 9| 2|8 E2H3HE I F2HS0| S0l 2=[st 20| 22 HO| £
(0] et EE HIot| febz ATt HIE 22THI3E 2|8t AEEC ROl5tA 2|2Ca0| YLD StQiCk " 12|11 0f
Z= 2|09 2FE 2| Slot YAMI ARIZ E#Ydte 2R, 2 2}0|7t 2h4d5t O] R0 CHolf Z2te| nIA 0| Ae, d7| B2
HAECHEN ZA 71771 fIR(517] th2of 22 2H0 == A 2 dE S8 M7IA AA Yoo, 22| Ao 22 e
A EICE” 0lof 22 THS2| A7t MA2HY 2F Al AEH0| I 2t Ct2CHE 7Hs/d 8 AlAISHACt. ™
2 0|22 Yot7| 2|5t 2 AFE A= SRt + 0.5 mm YHH QIPHRI0IM M2} 22 2FH7(9] Hed2
5t QAIO|LF QA T 9| O} 2|4 HAO|| o3 2|2 A0| £ 2|2 2HS0 OF 12 85.71%, £ 2HSQ 1E 1= 59.09%,
YA &= BEl 2TH3Q 39, 20| 0 A0, gf 1 (o5t X gal 230 O 112 33.33%2 FIIEYD E5] g2l 2H3 1
= HOH BE Z0, Yo X2 #2E 71A|B2 Yo 2 9 deg0| iR S M2} 230l FA 7|1FE/ACt. 0l2{st Of
S 45| olF0: MR 2RY 2V s A2 & SE A2 I FE HEE 2Y9 22H0Me 2[5k 2| 227 32X T
4, RS 122N Y2 WAK ARRIY 20| 02 32 (impedence)O| HEHSHH ZAH 2|01 2| §f0LM At 2ol Heti
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