
The purpose of this study was to evaluate the obturation efficiency of a non-standardized gutta-percha

cone in curved root canals prepared with 0.06 taper nickel-titanium instruments.

Sixty simulated curved root canals in clear resin blocks were prepared with crown-down technique using

0.06 taper rotary ProTaperTM and ProFile (Dentsply-Maillefer) until apical canal was size 30. Root canals

were randomly divided into 4 groups of 15 blocks and obturated with cold-laterally compacted gutta-percha

technique by using either a non-standardized size medium gutta-percha cone or an ISO-standardized size

30 one as a master cone. Gutta-percha area ratio were calculated at apical levels of 1, 3, and 5 ㎜ using

AutoCAD 2000 after cross-sectioning, and the data were analyzed with one-way and two-way ANOVAs

and Duncan’s multiple range test. 

Non-standardized size medium cone groups showed significantly higher gutta-percha area ratio than

standardized cone groups at all apical levels (p < 0.01). 

Non-standardized cone groups used significantly less accessory cones than standardized cone groups (p <

0.01). [J Kor Acad Cons Dent 30(2):79-85, 2005]

Key words : Lateral compaction, Gutta-percha cone, Non-standardized cone, Root canal obturation, Gutta-

percha area ratio
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ABSTRACT

Ⅰ. INTRODUCTION 

After root canal system is cleaned and shaped, it

needs to be obturated hermetically to eliminate all

avenues of leakage from the oral cavity or the peri-

radicular tissues into the system and to seal within

the system any irritants that cannot be fully

removed1).

Various techniques and instruments have been

developed in an attempt to improve the quality of

root canal treatment in curved canals2-5). Advances in

instrument design and material have resulted in the

development of various tapers of nickel-titanium

endodontic instruments and gutta-percha cones.

ISO standardization describes a taper of 0.02 for

both endodontic instruments and gutta-percha

cones6). Hence, 0.02 taper gutta-percha cones have

been recommended to use in the canals prepared

with 0.02 taper endodontic instruments. Since vari-

ous tapers of endodontic instrument have been intro-

duced recently, various tapers of gutta-percha cone

may be used in the canals. Canals prepared with

recently introduced nickel-titanium instruments can
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be obturated using a variety of warm vertical or lat-

eral compaction techniques. To take advantage of the

more flared canal preparation produced by more

tapered instruments than standardized files7), a cor-

respondingly tapered non-standardized gutta-percha

cone may be used as a master cone8). For the canals

prepared with 0.06 tapered instruments, use of non-

standardized size medium gutta-percha cones that

have a 0.054 taper9) would be expected to meet such

a criteria10) efficiently. 

The purpose of this study was to evaluate the obtu-

ration efficiency of a non-standardized gutta-percha

cone when cold lateral compaction technique was

employed in curved root canals prepared with 0.06-

tapered nickel-titanium instruments.

Ⅱ. MATERIALS AND METHODS

Sixty simulated root canals in clear resin blocks

(REF A 0117, Dentsply Maillefer, Ballaigues,

Switzerland) were used, which have 34 to 35 degree

curves and a mean canal length of 18 ㎜. 

Before using rotary nickel-titanium files for the

preparation of the root canal, all canals were

explored with stainless steel size 10 K-files and their

working lengths were established 0.5 ㎜ short of the

apical foramen. Canals were instrumented with two

rotary nickel-titanium file systems (ProTaperTM

and ProFile�, Dentsply-Maillefer, Ballaigues,

Switzerland). Coronal two-thirds of the canal was

prepared with ProTaperTM according to the manufac-

ture’s recommended sequences. Shaping file No. 1

(S1) was used with moving apically to just short of

the working length (16 ㎜). SX file was then used to

resistance (13 to 14 ㎜). Files S1 and S2 were taken

to working length. When the coronal two-thirds of

the canal had been prepared, the apical one-third

was instrumented with ProFile�. After the confirma-

tion of the canal patency, apical canal was prepared

with size 15 of 0.04 taper, followed by sizes 20 and

25 of 0.04 taper, size 25 of 0.06 taper, size 30 of

0.04 taper, and finished with size 30 of 0.06 taper.

Root canals were irrigated with water after the use of

each instrument. RC-PrepTM (Stone Pharmaceuticals,

Philadelphia, USA) was used as a lubricant. All

canals were dried with paper points.

Prepared sixty root canals were randomly divided

into four groups of fifteen canals. For canal obtura-

tion, two different master cones and two different

finger spreaders were used: an ISO standardized size

30 gutta-percha cone and a non-standardized size

medium gutta-percha cone (Diadent, Chongju,

Korea) after matching the apical size of 30 with a

cone gauging device, type B stainless steel and nick-

el-titanium finger spreaders (Dentsply-Maillefer,

Ballaigues, Switzerland). All canals were obturated

with cold-lateral compaction technique and AH 26�

sealer (Dentsply-DeTrey, Konstanz, Germany) using

the following master gutta-percha cone and spreader:

a standardized size 30 cone and a stainless steel

spreader in St/SS group, a standardized size 30 cone

and a nickel-titanium spreader in St/NT group, a

non-standardized size medium cone and a stainless

steel spreader in Non-St/SS group, and a non-stan-

dardized size medium cone and nickel-titanium

spreader in Non-St/NT group (Table 1).

After placing the root canal sealer in the canals

with a lentulo spiral, the master cones were coated

with sealer and seated. In each canal, root canal

spreader was inserted to 2 ㎜ from the working

length for the first accessory cone and to the possible

deepest point for the additional accessory cones with

finger pressure. Type A accessory cones (Dentsply-

Maillefer, Ballaigues, Switzerland) were added to all
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Table  1. Groups with different master gutta-percha cone and spreader

Groups Master Gutta-percha Cone Spreader

St/SS Standardized 0.02 taper Stainless Steel

St/NT Standardized 0.02 taper Nickel-Titanium

Non-St/SS Non-standardized Medium size Stainless Steel

Non-St/NT Non-standardized Medium size Nickel-Titanium



canals until a finger spreader no longer penetrated

deeper than the coronal one-third of the canal.

Excess gutta-percha was removed with a heated

endodontic plugger, and the gutta-percha in the

canal orifice was vertically condensed. Number of

accessory cones was counted that were used to finish

the obturation in each group.  

All resin blocks were stored in a humidor at 37℃

and 100% humidity for setting of the sealer and were

cross-sectioned at 1, 3, and 5 ㎜ levels from the api-

cal foramen with a microtome (IsometTM, Buehler

Co., Lake Bluff, IL, USA). Each section was pho-

tographed under a stereomicroscope (SZ40, Olympus

Optical Co. Ltd., Tokyo, Japan), and stored in a com-

puter using a CCD camera (GP-KR222, Panasonic,

Osaka, Japan) and a commercial digitizing image

program (miroVIDEO Studio 200 program, Pinnacle

system, Brauschweig, Germany). 

After tracing the periphery of the root canal and

gutta-percha cone area using a digitizer (IntuosTM,
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Figure  1. Computer captured cross-sectional images of filled canal at apical 1, 3, and 5 ㎜ levels in each group. St :

standardized cone using group, Non-St : non-standardized cone using group, SS : stainless-steel spreader using group, NT :

nickel-titanium spreader using group. 

Apical 1 ㎜ level

St/SS Group

St/NT Group

Non-St/SS Group

Non-St/NT Group

3 ㎜ level 5 ㎜ level
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Figure  2. The ratio of gutta-percha area (%) with

different master gutta-percha cones and canal

spreaders (mean ± S.D.). * Significantly different (p <

0.01). St : standardized cone using group, Non-St :

non-standardized cone using group, SS : stainless-steel

spreader using group, NT : nickel-titanium spreader

using group. 

Figure  3. Number of accessory gutta-percha cones used for

the canal filling (mean ± S.D.). * Non-standardized cone

groups used significantly less accessory cones than

standardized cone groups (p < 0.01). St : standardized

cone using group, Non-St : non-standardized cone using

group, SS : stainless-steel spreader using group, NT :

nickel-titanium spreader using group. 

Wacom Company Ltd., Saitama, Japan), the ratio of

gutta-percha area in the cross-sectional area of the

canal were calculated using a computer program

(Auto�Cad 2000, Autodesk Corp., San Rafael, CA,

U.S.A.) at each apical levels.

Data of gutta-percha area ratio were analyzed with

two-way ANOVA. Data of number of accessory cones

were with one-way ANOVA and Duncan’s multiple

range test. p value of less than 0.05 was regarded

significant.

Ⅲ. RESULTS 

Figure 1 shows cross-sectional views of canal at

each level and Figure 2 shows the ratio of gutta-per-

cha area at each level in different groups. At apical 1

㎜ level, the mean ratio was 86.67 ± 3.24% (mean

± S.D.) in St/SS group, 91.86 ± 2.87% in St/NT

group, 94.33 ± 2.43% in Non-St/SS group, and

94.04 ± 2.86% in Non-St/NT group. Non-standard-

ized cone groups showed significantly higher ratio

than standardized cone groups (p < 0.01).

At apical 3 ㎜ level, the mean ratio was 81.55 ±

7.18% for St/SS group, 85.66 ± 5.56% for St/NT

group, 93.35 ± 7.42% for Non-St/SS group, and

95.54 ± 1.57% for Non-St/NT group. Non-standard-

ized cone groups showed significantly higher ratio

than standardized cone groups (p < 0.01). 

At apical 5 ㎜ level, the ratio of gutta-percha area

was 91.19 ± 4.46% for St/SS group, 86.48 ± 5.04%

for St/NT group, 94.47 ± 3.48% for Non-St/SS

group, and 94.75 ± 2.39% for Non-St/NT group.

Non-standardized cone groups showed significantly

higher ratio than standardized cone groups (p < 0.01)

Results for number of accessory gutta-percha cones

are summarized in Figure 3. Non-standardized cone

groups used significantly less accessory cones than

standardized cone ones (p < 0.01).

Ⅳ. DISCUSSION 

For long term success, root canal system needs to

be filled with as much solid core material, which

resists absorption, as possible and as little absor-

bable paste as possible11-13). 

With the use of varying tapered instruments to

prepare root canal, the resultant taper of the canal

will be affected. Filling canals prepared by nickel-

titanium instruments with a correspondingly tapered

gutta-percha master cone will be advantageous

because it will be clinically efficient and seems to

result in a radiographically acceptable outcome8).



Even though ISO-standardized 0.02 tapered mas-

ter gutta-percha cones have been used in lateral

compaction technique14), non-standardized gutta-per-

cha cones may be used as a master cone in lateral

compaction technique in canals prepared with non-

standardized instruments. The results of the present

study demonstrated that canals prepared with 0.06

tapered nickel-titanium rotary instruments were

more effectively and efficiently obturated with the

use of non-standardized size medium master gutta-

percha cone than with ISO-standardized 0.02

tapered master gutta-percha cone when lateral com-

paction technique was used. 

Taper of the non-standardized size medium master

gutta-percha cone, which was used in the present

study, was 0.054. This taper matches or closely

matches the taper of the rotary instruments used for

preparation10). Because lateral compaction, unlike

vertical compaction, does not create a homogeneous

mass of gutta-percha, pools of sealer may be trapped

in the filling mass as accessory cones are compacted

against each other. Filling with a master cone with a

larger taper may be advantageous in that a larger

and more uniform mass of gutta-percha is introduced

that potentially has less sealer entrapped in the fill-

ing mass. 

The ProFile 0.06 rotary instruments produced a

uniformly round prepared canal space in all speci-

mens which Glossen et al.15) demonstrated that

engine-driven, nickel-titanium instruments produced

rounder and more centered preparations than did

hand instruments. It seems from the results of this

study that size medium gutta-percha cones conform

better to these round, tapered spaces than do ISO-

standardized gutta-percha cones, and thus require

fewer accessory cones when used as master cones in

the lateral compaction technique.

On the observation of the cross-sectioned specimen,

the prepared canal space in all specimens of non-

standardized cone groups appeared to contain one

master gutta-percha cone only at apical 1 ㎜ level,

and one master cone and one, two or three accessory

gutta-percha cones at apical 3 and 5 ㎜ levels with

minimal or little sealer present at the gutta-

percha/canal wall interface. These findings may be

attributed to the fact that custom-fitted, size medi-

um master cones, having a nearly equivalent taper to

that of the ProFile 0.06 instruments used to prepare

the space, also had the similar diameter at this level

as did the space prepared by these instruments. In

contrast, the ISO-standardized master cone with its

smaller taper of 0.02 taper had a smaller diameter at

this level than the prepared canal space. Thus, in

the specimens of standardized cone groups, there

was sufficient room for both spreader penetration and

seating of accessory cones at these levels. These find-

ings are also consistent with the number difference of

accessory cone used in the present study.

Most authors evaluate obturation quality by deter-

mining the amount of apical or coronal microleakage

that occurs in obturated specimens. This microleak-

age may occur at the interface of the dentin and

sealer, at the interface of the solid core and sealer,

through the sealer itself, or by dissolution of the seal-

er. Leakage does not occur through the solid core16).

The goal of obturation should therefore be to maxi-

mize the amount of solid core and minimize the

amount of sealer in the prepared canal space. The

method for evaluating obturation quality in this

study allowed for a direct observation of the amount

of solid core versus the total area of prepared canal17). 

It is concluded therefore that, under the conditions

of the present study, the non-standardized size

medium gutta-percha cone resulted in more efficient

obturation than the ISO-standardized master gutta-

percha cone as a master cone when lateral com-

paction technique was used in curved canals pre-

pared with 0.06 tapered nickel-titanium rotary

instruments.

Further investigation is needed on the obturation

effect of these taper master cones in extracted teeth

and on the long-term prognosis in patients.

REFERENCES

1. Gutmann JL. Witherspoon DE. Obturation of the root
canal system. In: Cohen S, Burns RC eds. Pathways of
the pulp. 7th ed, CV Mosby Co, St. Louis p258-264,
1998.

2. Abou-Rass M, Frank AL, Glick DH. The anticurvature
filing method to prepared the curved root canal. J Am
Dent Assoc 101:792-794, 1980.

3. Goerig AC, Michelich RJ, Schulta H. Instrumentation
of root canals in molar using step-down technique. J
Endod 8:550-554, 1982.

Obturation efficiency of non-standardized gutta-percha cone in curved root canals prepared with 0.06 taper nickel-titanium instruments

83



4. Morgan LF, Montgomery S. An evaluation for the
crown-down pressureless technique. J Endod 10:491-
498, 1984.

5. Roane JB, Sabala CL, Duncanson MG. The “balanced
force”concept for the instrumentation of curved canals.
J Endod 11:203-211, 1985.

6. American Dental Association Council on Dental
Materials, Instruments and Equipment. Revised
ANSI/ADA specification no. 28 for root canal files and
reamers, type-K, and no. Chicago, J Am Dent Assoc
Press 2002. Cited from Ingle JI, Beveridge EE:
Endodontics, Lea & Febiger, Philadelphia, 2nd ed.,
p173-176, 1976.

7. Fazekas A. Root canal preparation for obturation using
nickel-titanium mechanical device. Fogorv Sz 91:241-
248, 1998.

8. Bal AS, Hicks ML, Barnett F. Comparison of laterally
condensed .06 and .02 tapered Gutta-Percha and seal-
er in vitro. J Endod 27:786-788, 2001.

9. Spangberg LSW. Instruments, materials, and devices.
In: Cohen S, Burns RC eds. Pathways of the pulp. 7th
ed. CV Mosby Co, St. Louis p476-531, 1998.

10. Kwon OS, Kim SK. Apical fitness of non-standardized
gutta-percha cones in simulated root canals prepared
with rotary root canal instruments, J Kor Acad Cons

Dent 25:390-398, 2000. 
11. Schilder H. Filling root canals in three dimensions.

Dent Clin North Am 11:724-744, 1967.
12.Higgenbotham TL. A comparative study of the physical

properties of five commonly used root canal sealers.
Oral Surg Oral Med Oral Pathol 24:89-101, 1967. 

13. Langeland K. Root canal sealants and pastes. Dent
Clin North Am 18:309-327, 1974.

14. Ingle JI, Newton CW, West JD, Gutmann JL,
Glickman GN, Korzon BH, Martin H. Obturation of the
radicular space. In: Ingle JL, Bakland LK eds.
Endodontics. 5th ed. BC Decker Inc., Hamilton, p571-
668, 2002.

15.Glossen CR, Haller RH, Dove SB, del RIO CE. A com-
parison of root canal preparations using Ni-Ti engine-
driven, and K-flex endodontic instruments. J Endod
21:16-51, 1995.

16.Hovland EH, Dumsha TC. Leakage evaluation in vitro
of the root canal sealer cement Sealapex. Int Endod
18:179-182, 1985.

17. Eguchi DS, Peters DD, Hollinger JO, Lorton L. A com-
parison of the area of the canal space occupied by gut-
ta-percha following four gutta-percha obturation tech-
niques using Procosol sealer. J Endod 11:166-175,
1985.

한치과보존학회지:Vol. 30, No. 2, 2005

84



Obturation efficiency of non-standardized gutta-percha cone in curved root canals prepared with 0.06 taper nickel-titanium instruments

85

0.06-경사도의 니켈-티타늄 기구로 형성된 레진 만곡근관에서

비표준화 GUTTA-PERCHA CONE의 근관충전 효율

이은아∙김성교*

경북 학교 치과 학 치과보존학교실

최근, 다양한 경사도의 니켈-티타늄 근관기구와 더불어 다양한 경사도의 gutta-percha cone이 소개되었다. 효율적인

근관 충전을 위해서는 짧은 시간에 적은 수의 기구 및 재료를 사용하여 균일한 gutta-percha로 근관을 충전할 필요가

있다.  

본 연구에서는 0.06 경사도의 니켈-티타늄 전동화일로 형성된 만곡 근관에서 측방 가압법으로 근관충전시 비표준화

medium 크기 master gutta-percha cone의 충전효율을 ISO 표준화 규격의 master cone과 비교하여 평가하고자 하

다. 

60개의 모형레진 만곡근관에서 0.06 경사도의 니켈-티타늄 전동화일 (ProTaperTM, ProFile�, Dentsply-Maillefer,

Ballaigues, Switzerland)을 사용하여 근단부 근관이 30번 크기가 되게 crown-down법으로 근관을 형성하 다. 근관

은 master gutta-percha cone, AH 26 실러 (Dentsply-DeTrey, Konstanz, Germany), 그리고 type A accessory

cone (Dentsply-Maillefer, Ballaigues, Switzerland)을 사용하여 측방가압법으로 충전하 으며, 이 때 사용된 mas-

ter gutta-percha cone(Diadent, Chongju, Korea)과 Finger spreader(B type, Dentsply-Maillefer, Ballaigues,

Switzerland)에 따라 임의로 15개씩 4개의 군으로 나누어 실험하 는데, St/SS 군에서는 ISO 표준화 규격의 30번

master cone과 스테인레스 스틸 finger spreader를, St/NT 군에서는 ISO 표준화 규격의 30번 master cone과 니켈-

티타늄 finger spreader를, Non-St/SS 군에서는 비표준화 medium 규격 master cone과 스테인레스 스틸 spreader

를, 그리고 Non-St/NT 군에서는 비표준화 medium 크기 master cone과 니켈-티타늄 finger spreader를 각각 사용

하 다.

충전된 근관은 37℃, 상 습도 100% 하에서 24시간 보관한 후, 치근단 1, 3 및 5 ㎜ 수준에서 횡절단하여 입체현미

경 하에서 관찰하고 컴퓨터에 저장한 다음, Auto�CAD 2000 프로그램을 이용하여, 형성된 근관 및 gutta-percha 충

전물의 외형을 추적하여 근관내 gutta-percha 면적비를 계산하 다. 

Gutta-percha 면적비의 결과치는 two-way ANOVA를, 그리고 accessory cone 수는 one-way ANOVA 및

Duncan’s multiple range test를 이용하여 통계 분석하여 다음과 같은 결과를 얻었다. 

스테인레스 스틸 finger spreader를 사용한 경우 및 니켈-티타늄 finger spreader를 사용한 경우 공히, 모든 치근단

수준에서 비표준화 medium 크기 master cone 사용군이 ISO 표준화 규격의 master cone 사용군에 비해 유의하게 높

은 gutta-percha 면적비를 나타내었다 (p < 0.01).

비표준화 medium 크기 master cone 사용군에서는 표준화 규격의 master cone 사용군에 비해 유의하게 적은 수의

accessory cone이 사용되었다 (p < 0.01).

주요어 : 측방가압충전법, 카타파차 콘, 비표준화 콘, 근관충전, 가타파차 면적비
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