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Pulpectomy is indicated in a primary tooth with ir-
reversible pulpitis in a tooth treatment planned for 
pulpotomy in which the radicular pulp exhibits 

clinical signs of pulp necrosis such as excessive hemor-
rhage.1,2 Traditionally, roots of such teeth have been shaped 
mechanically using endodontic broaches and hand fi les,3

utilizing various irrigants that include: (1) saline solution; 
(2) sterile water; (3) chlorhexidine; and (4) sodium hypo-
chlorite (NaOCL).3-6 The roots are then obturated with a 
resorbable paste.7

Pulpally involved retained primary molars with missing 
permanent successors present a unique clinical challenge. In 
such teeth, root canal therapy with a sealer and nonresorb-
able obturation material (gutta percha) and an appropriate 
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Abstract
Purpose: The aim of this study was to compare the shaping effectiveness rotary nickel-
titanium (Profi le .04 ISO), ultrasonic (K-Type/Satelec), and stainless-steel hand fi le 
(K-fi le/Maillefer) instrumentation and to assess tubular penetration of 2 gutta percha seal-
ers (AH Plus and Sealite-Ultra) following 4 different fi nal irrigation regimens in primary 
molar roots. 
Methods: Distal roots of extracted human primary second molars were prepared with 1 of 
the 3 instrumentation techniques. Direct digital radiographs were obtained on a custom-
made platform before and after instrumentations. The amount of dentin removal, canal 
transportation, centering of preparation, changes in root curvature and working length, 
and zip formation were evaluated using image analysis. 
Results: While no signifi cant differences were found between the 3 preparation techniques 
in regards to dentin removal (P>.05), ultrasonic instrumentation signifi cantly increased the P>.05), ultrasonic instrumentation signifi cantly increased the P
incidence of zip formation (P<.05) and decreased working length (P<.05) and decreased working length (P P<.05). Following fi nal P<.05). Following fi nal P
irrigation with 2.5% sodium hypochlorite (NaOCL), 10% ethylenediaminetetraacetic acid 
(EDTA), 17% EDTA, or distilled water (control), tubular penetration of the tested sealers 
were investigated under scanning electron microscope. Use of AH Plus after 17% EDTA 
irrigation exhibited the best tubular penetration.
Conclusions: Root canal preparation with Profi le .04 ISO nickel titanium instruments 
can be a viable alternative to manual instrumentation in primary teeth. When used as a 
gutta percha sealer, AH Plus exhibits good tubular penetration when 17% EDTA is used 
for fi nal fl ush. (Pediatr Dent 2006;28:518-523)

KEYWORDS: PRIMARY TOOTH, ROOT CANAL PREPARATION, 
ROOT CANAL IRRIGANTS, ROOT CANAL SEALANTS, IMAGE ANALYSIS

Received February 22, 2006    Revision Accepted June 14, 2006

fi nal restoration are viable treatment options to maintain 
occlusal function and arch integrity.5,8 Nevertheless, effec-
tive root canal therapy using routine “adult” endodontic 
techniques may be diffi cult to attain in retained primary 
molars. This is due to: 
 1. the inherent limitations in the preparation of widely 

divergent, curved, and fragile primary molar roots9; 
 2. at least 3 parameters that have not been studied in 

detail or have remained uninvestigated to date: 
  a. preparation techniques; 
  b. irrigation regimes; and 
  c. use of root canal sealers. 

The possibility of utilizing nickel-titanium (Ni-Ti) 
rotary fi les and ultrasonics in primary root canals has been 
proposed3 and studied4 compared to manual instrumenta-
tion techniques. The scope of those studies, however, have 
been limited to assessment of their cleaning capacity by 
dye removal4 or by the ability to remove labelled bacteria.6
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Moreover, only one previous study has investigated the ef-
fect of various irrigation solutions on the adaptation of a 
resorbable sealer paste in primary roots.7

Consequently, the aim of the present study was to in-
vestigate several parameters of primary molar root canal 
preparation using: (1) manual techniques; (2) rotary tech-
niques; and (3) ultrasonic techniques. Using direct digital 
radiography and image analysis, the parameters evaluated 
were: (1) amount of dentin removal; (2) canal transporta-
tion; (3) centering of root canal preparation; (4) changes 
in root curvature and working length; and (5) incidence of 
zip formation. Additionally, the effects of 4 fi nal irrigation 
regimes on the adaptation and tubular penetration of 2 
different root canal sealers were evaluated morphologically 
under scanning electron microscope (SEM).

Methods

Specimen preparation

Human primary mandibular second molars, extracted be-
cause of pulpal abscesses or for orthodontic reasons, were 
stored in distilled water at 40C until experiments were 
conducted. The teeth were gathered following informed 
consent, approved by the Institutional Review Board of 
Hacettepe University, Ankara, Turkey. Inclusion criteria 
stipulated that the teeth had a nonresorbed, curved distal 
root, with the curvature angle ranging from 200 to 300. 
Distal roots of primary mandibular second molars were 
preferred, since they generally have a curved, large, single 
root canal with a uniform canal outline and relatively less 
intracanal ramifi cations compared to their mesial roots. 
Moreover, a pilot study showed that, in mesial roots, images 
of buccal and lingual canals tend to superimpose on each 
other, complicating the measurement procedures. 

The mesial roots were removed and the distal roots were 
embedded into standardized autopolymerizing acrylic resin 
blocks. Thereafter, endodontic access was gained and radio-
graphs were taken from the distal canal with size 10 K Files 
(Dentsply/Maillefer, Ballaigues, Switzerland) to determine 
the curvature angles as described by Schneider10 (Figure 1). 
Working length was set at 1 mm short of the apical fora-
men. Then, teeth with similar mean curvature angles were 
assigned into 3 separate groups (N=14/group):
 1. Group 1: Mechanical hand fi ling was performed in a 

step-back manner with K-fi les up to size no. 30. Ir-
rigation was performed with 10 ml of 2.5% NaOCL 
after each instrument. The fi le was discarded after 
preparation of each canal. 

 2. Group 2: Root canal preparation was performed crown 
down with nickel titanium rotary Profi le .04 ISO 
(Dentsply/Tulsa Dental, Tulsa, Okla) instruments up 
to .04 /30 fi le in strict accordance with the manufac-
turer’s recommendations. The fi les were activated by 
a Nouvag TCM Endo motor (Goldach, Switzerland) 
at 250 rpm. Irrigation was performed as it was with 
group 1.

 3. Group 3: Root canals were prepared using a piezzo-
ultrasonic system (Suprasson P5 Booster, Satelec, 
France) utilizing ultrasonic K fi les (21 mm) up to size 
no. 30. For each size (K10/21, K15/21, K25/21, and 
K/30/21), the fi le tip was placed into the canal at the 
predetermined working length and was operated for 
60 seconds at medium frequency, with a light fi ling 
action around the circumference of the root canals. 
Irrigation was performed with 10 ml 2.5% NaOCL 
after each instrument.

Image analysis and assessment of canal instrumentation

Digital radiographs of the specimens were obtained with 
a parallel technique (at 70 kVp and 0.1 seconds exposure) 
using a radiovisiography (RVG) unit (IRIX 70, Trophy, 
Croissy-Beaubourg, France) before and after instrumenta-
tions. During both procedures, the specimens were placed 
in a custom-made precision platform mounted on the cone 
of the X ray tube. This enabled the exact repositioning of 
the sample used for the initial RVG and the standardized 
alignment of the RVG sensor and radiographic beam. The 
images were magnifi ed and analyzed in ImageJ11 open-
source image analysis software (V.1.34, National Institutes 
of Health, Bethesda, Md) so that pre- and postoperative 
images of the canals could be outlined and superimposed. 
The reference for exact superimposition and calibration of 
the scale of ImageJ for measurements was provided by a 
2-m stainless steel orthodontic wire fi xed to the platform 
and radiographed with all teeth. 

For each root, the removed dentin was measured at 3 
standardized reference points (1 mm/apical, 4.5 mm/mid-
root, and 8 mm/coronal), determined in a pilot study. 

Figure 1. A schematic view of the references used for calcula-
tions. Left: Postinstrumentation thickness of dentin at the inner 
curvature (A); amount of dentin removed at the inner curvature 
(B); amount of dentin removed at the outer curvature (C); 
postinstrumentation thickness of dentin at the outer curvature 
(D); preinstrumentation thickness of the root canal (X). Right: 
Measurement of root canal curvature, according to Schneider’s 
technique10. 
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At each reference point, 
the measurements were 
performed on both the in-
ner and outer sides of the 
curvature (Figure 1),12,13

and canal transportation 
(expressed as an absolute 
value) was assessed by 
subtracting the amount 
of dentin removed from 
the inner side from that 
removed from the outer 
side.12,13 The ability of the 
tested instruments to re-
main centered in the canal 
was determined by calculating a centering ratio of the 
greater amount of removed dentin over that of the lesser 
value.13 Changes in working length and root canal curvature 
were determined by subtracting the respective pre- and 
postoperative values.12 Zipping (eliptication) is the trans-
portation of the outer wall of the apical foramen due to an 
overextended fi le14 (Figure 2). Zip formation was assessed 
on postoperative images by 2 separate investigators who 
were blinded to treatment allocations and to each other. 
First, each investigator rated incidence of zip formation as 
“present” (score 1) or “absent” (score 2). Next, a consensus 
evaluation was made between the investigators. When dif-
ferences arose, score 2 was given.

One-way analysis of variance (ANOVA) and the Duncan 
multiple comparison test (at P=.05) were used to compare: P=.05) were used to compare: P
(1) dentin removal; (2) canal transportation; (3) centering 
ability; and (4) changes in working length and root canal 
curvature. The presence of zip was evaluated statistically 
using the chi-square test (P=.05). P=.05). P

Assessment of tubular penetration of 2 sealers 
after different irrigation regimes

Distal roots of 56 extracted human primary mandibular 
second molars were selected as with preparation experi-
ments. Mechanical hand fi ling was performed using K-fi les 
up to size no. 30. Irrigation was performed with 10 ml 
2.5% NaOCL after each instrument. The roots were then 
randomly distributed into 4 groups (N=14/group) to receive 
the following fi nal irrigations: (1) group 1=10 ml 2.5% 
NaOCL; (2) group 2=10 ml 10% ethylenediaminetetraace-
tic acid (EDTA; pH=7.4); (3) group 3=10 ml 17% EDTA 
(pH=7.4); and (4) group 4=10 ml distilled water. In groups 
1, 2, and 3, the canals were subsequently irrigated with 10 
ml distilled water to neutralize the effect of fi nal irrigants.

Samples in each irrigation group were further randomly 
assigned into 2 subgroups (N=7 each), in which either AH 
Plus (Dentsply/DeTrey, Konstanz, Germany) or ZOE-based 
Sealite-Ultra (Produits Dentaires Pierre Roland, Cedex, 
France) were used as root canal sealers, utilizing a lentulo 
spiral technique. Final obturation was achieved using gutta 
percha with a cold lateral compaction technique, and the 

excess gutta percha was removed to 1 mm below the ce-
mentoenamel junction. Completed teeth were wrapped in 
moist gauze and stored in separate vials in a 370C incubator 
for 1 week to ensure proper setting of the sealer cement. 
Thereafter, the roots were split longitudinally into 2 parts, 
sputter-coated with 20 A0 gold, and investigated qualita-
tively under an SEM for surface adaptation and tubular 
penetration.

Results

Preparation techniques and canal form

The mean amounts of dentin removal on the inner and 
outer side of curvature are presented in Table 1. At all 
measurement points, mean canal widths were quite regular 
after instrumentation and no signifi cant differences were 
found between the 3 preparation techniques (P>.05). Only P>.05). Only P
a numeric comparison of data could show that prepara-
tion with ultrasonic fi les resulted in the greatest amount 
of dentin removal in the inner and outer wall combined at 
all levels (Table 1). 

Compared to groups 1 and 2, preparation with ultrasonic 

Table 1. Dentin Removal Along the Canal at 3 Measurement Points 
(1 mm, 4.5 mm, and 8 mm)*

Inner canal wall Outer canal wall

1 mm
Mean±(SD)

4.5 mm
Mean±(SD)

8 mm
Mean±(SD)

1 mm
Mean±(SD)

4.5 mm
Mean±(SD)

8 mm
Mean±(SD)

Group1
K files 0.04±0.04 0.08±0.05 0.1±0.09 0.1±0.11 0.02±0.17 0.11±0.04

Group 2
Profile 
ISO .04

0.05±0.09 0.1±0.06 0.13±0.06 0.06±0.08 0.08±0.11 0.08±0.05

Group 3
Ultrasonics 0.03±0.02 0.08±0.05 0.2±0.12 0.12±0.08 0.11±0.06 0.11±0.09

*One-way ANOVA and Duncan multiple comparison tests; no signifi cant differences (all P>.05) 

Table 2. Changes in Working Length (mm), Curvature 
Angle (0), and Incidence of Zip Formation (%) After 

Preparation With the Tested Methods*

Working 
length 

Mean±(SD)

Curvature angle 
Mean±(SD)

Zip formation 
(%)

Group 1
K files 0.07±0.52 1.96±0.78 33

Group 2
Profile 
ISO .04

0.11±0.12 1.61±1.18 17

Group 
3 Ultra-
sonics

0.27±0.16† 2.07±1.46 67†

*One-way ANOVA and Duncan multiple comparison tests were 
used for comparing working length and curvature angle at P=.05. 
Incidence of zip formation was compared statistically with chi-
square test (P=.05).
†Signifi cantly different than groups 1 and 2 at P=.05.
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Table 3. Transport and Centering Values at 
3 Measurement Points (1 mm, 4.5 mm, and 6 mm)*

Transport Centering

1 mm 4.5 mm 8 mm 1 mm 4.5 mm 8 mm

Group 1

K files
0.06±0.04 0.21±0.29 0.35±0.18 0.20±0.19 0.46±0.36

Group 2

Profile 

ISO .04

0.08±0.04 0.06±0.05 0.16±0.19 0.33±0.038 0.57±0.31

Group 3

Ultrason-
ics

0.10±0.15 0.09±0.04 0.17±0.12 0.17±0.39 0.34±0.25 0.34±0.34

*No signifi cant differences at P=.05 (Duncan multiple comparison test).

fi les signifi cantly decreased the working length (P<.05; 
Table 2). Additionally, the incidence of zip formation was 
signifi cantly greater in group 3 (ultrasonic fi les) than that 
in groups 1 and 2 (P<.05; Table 2, Figure 2). Although 
no signifi cant differences were found (P>.05), all tested 
preparation techniques exhibited a decrease in root canal 
curvature, with Profi le instrumentation maintaining the 
relatively best curvature in terms of numerical comparison 
of data (Table 2). 

 There were no significant differences in canal 
transportation and canal centering values combined at all 
levels (Table 3; P>.05). Again, numeric comparison of data P>.05). Again, numeric comparison of data P
showed that the greatest amount of canal transportation 
at reference points 1 mm and 4.5 mm were obtained with 
the ultrasonic fi les (0.1±0.15 mm, 0.09±0.04 mm, respec-
tively).

Irrigation regimes and tubular penetration by 2 sealers

Representative SEM images of the sealer-dentin interface 
in regards to irrigation regimes are presented in Figure 3. 
As expected, fi nal irrigation with NaOCL (group 1) and 
distilled water (group 4) failed to remove smear, result-
ing in a poorly adapted sealer-dentin interface with no 
signs of tubular penetration (Figures 3a, 3b, 3g, and 3h, 
respectively). Removal of smear plugs with 10% EDTA 

solution (group 2) enhanced 
partial tubular penetration of 
Sealite-Ultra (Figure 3d), while 
AH Plus failed to penetrate 
dentinal tubules (Figure 3c). 
The best tubular penetration 
was observed in group 3 (17% 
EDTA), when AH plus was 
used as a sealer (Figure 3e).

Discussion
Several methods have been 
used to investigate the effect 
of preparation techniques in 
root canals. 15-18 Direct digital 
radiography was used in the 
present study, since it allows 

Figure 2. Two representative examples from the present study 
showing zip formation. Preoperative radiographs (A and B). Pos-
tinstrumentation radiographs of A and B (C and D, respectively). 
A precurved gutta-percha cone has been used to enhance contrast 
along the canal wall.

Figure 3. Representative scanning electron micrographs of sealer-
dentin interfaces. NaOCL+AH Plus (A); smear plugs are evident 
(arrows). NaOCL+Sealite-Ultra (B); a distinct smear layer (asterisk) 
and smear plugs (arrows) is seen. 10% EDTA+AH Plus (C); de-
spite opened tubule orifi ces, the sealer has failed to show signs of 
penetration (arrowheads). 10% EDTA+Sealite-Ultra (D); tubular 
penetrations (arrows) and empty tubules (asterisk) are evident. 
17% EDTA+AH Plus (E); the sealer has successfully penetrated 
the majority of dentinal tubules (arrows). 17% EDTA+Sealite Ultra 
(F); despite a uniform surface seal (asterisks), tubular penetration 
is extremely poor (arrows). Slight tubular projections of the sealer 
(arrows) have remained attached on the gutta percha (G). Final 
irrigation with distilled water has failed to remove smear (arrows 
and asterisks) in both groups (G and H).

0.096±0.07

0.095±0.08
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a relatively easy and repeatable comparison and analysis 
of several parameters of pre- and postinstrumentation 
root canal anatomy.19,20 Compared to microcomputed 
tomography—the gold standard of nondestructive tech-
niques,21—the limiting aspects of direct digital radiography 
are: (1) relatively inferior resolution21,22; and (2) being only 
2-dimensional.12 Also worth considering is the use of ex-
tracted teeth herein, which provides greater reliability of the 
results compared with artifi cial resin canals.12 Preparing a 
tooth for root canal treatment in vivo and in vitro, however, 
can be substantially different. Thus, the results obtained 
herein must be interpreted with caution. Differences in the 
temperature and humidity of the root canal, morphological 
variations, pooling of irrigation media at the apical level (in 
mandibular teeth), and the direction of force applied during 
instrumentation (which may affect transport and centering) 
are some of the many clinical variables that may result in 
a different outcome. 

While the analysis of pre- and postinstrumentation 
data showed that the overall effi ciency of preparation pro-
vided by the tested systems were not signifi cantly different, 
comparison of numerical data revealed that Profi le .04 
ISO instrumentation maintained the root canal curvature 
with: 
 1. relatively less canal transport at the apical (1 mm) 

and coronal (8 mm) levels of the primary root canals; 
and 

 2. better centering at the apical level (Table 3). 
Employing a dye removal methodology, Silva et al6

reported that there was no statistical difference between 
manual instrumentation with K fi les and rotary preparation 
with Profi le 0.4 ISO instruments in terms of cleaning in pri-
mary root canals. In the same study6mary root canals. In the same study6mary root canals. In the same study  and in another report,2

root canal preparation with Profi le 0.4 ISO instruments 
were also shown to reduce preparation time signifi cantly 
compared to manual instrumentation. Yoshimine et al23

compared the shaping effectiveness of 3 different rotary 
instruments (ProTaper, K3 and RaCe) on resin blocks. They 
reported that ProTaper fi les removed more radicular dentin 
than K3 and RaCe systems, with a tendency toward ledge 
and zip formation at the apical level. They concluded that 
nickel titanium fi les, including less-tapered and more fl ex-
ible instruments (eg, K3 and RaCe), should be used in the 
apical preparation of canals with a complicated curvature, 
since the relative rigidity of the ProTaper system resulted in: 
(1) reduced canal curvature; (2) increased apical transpor-
tation; and (3) apical irregularities (ledge and zip). Unlike 
ISO .04 fi les, the manufacturers of those rotary systems do 
not indicate the possible use of their fi les in primary molars. 
Due to their specifi c design and fl exibility, however, further 
in vitro studies should include these systems to determine 
the optimal rotary system in primary teeth. 

Although not signifi cantly different from group 1 (K 
fi les), preparation with Profi le instruments resulted in rela-
tively less incidence of zip formation and a slightly greater 
loss of working length in the present study (Table 2). Over-
all, the results obtained within this study’s experimental 

limitations suggest that preparation with Profi le .04 ISO 
nickel-titanium instruments could be a viable alternative 
to manual instrumentation in primary teeth, provided that 
concerns regarding cost-effectiveness is excluded.

Previous work by Seow4Previous work by Seow4Previous work by Seow  has shown that ultrasonication 
of primary root canals signifi cantly reduces the number of 
residual bacteria compared to conventional fi ling. While this 
appears to be a desirable eff ect concerning the high preva-
lence of accessory canals and intricate root canal systems in 
primary teeth,24,25 it has not possible to recommend use of 
the tested ultrasonic system herein; due to the signifi cantly 
higher incidence of zip formation and loss of working length 
(Table 2). Defi nitely, more research into other ultrasonic 
systems is indicated before routine use of this method can 
be advocated in primary teeth. It is, however, possible that 
a combination of shaping with rotary instruments and us-
ing ultrasonics only to irrigate after shaping may prove to 
be superior.

Penetration of root canal sealers into dentinal tubules 
can improve the sealing of the root canal system by increas-
ing the interface between the fi lling material and dentin.26

It is, thus, necessary to remove smear to facilitate tubular 
penetration of root canal sealers.27,28 In the present study, 
the best tubular penetration was achieved with AH Plus, 
with sealer tags occasionally extending 50 µm to 70µm 
into dentin, following a fi nal irrigation with 17% EDTA. 
While irrigation with 10% EDTA was also effective at 
removing smear, AH Plus failed to exhibit penetration 
into the dentinal tubules. This fi nding can be explained by 
the insuffi cient opening of tubule orifi ces by 10% EDTA 
to permit effective penetration of AH Plus, as observed 
after irrigation with 17% EDTA.28 Insuffi cient and non-
homogenous tubular penetration of the ZOE-based sealer 
following irrigation with 10% EDTA is in line with previous 
work4work4work  which employed 10% EDTA followed by ZOE paste 
in primary roots. It is diffi cult, however, to explain why this 
relatively homogenous sealer failed to exhibit good tubular 
penetration after irrigation with 17% EDTA. Overall, these 
fi ndings indicate that Sealite-Ultra cannot be recommended 
as a gutta percha sealer in retained primary molars.

Due to the scarcity of published data, this study was 
conducted to investigate several parameters of root canal 
therapy in retained primary molars. Many vital primary 
teeth without a permanent successor can undergo physi-
ologic root resorption. If this would occur in a primary 
molar that had a gutta percha pulpectomy, treatment op-
tions would include endodontic retreatment or extraction.. 
It should be emphasized that the fi ndings obtained herein 
cannot be entirely extrapolated to a physiologically resorb-
ing primary molar root with succedaneous premolars. This 
is due to several factors, including: 
 1. complex anatomy of the resorbing root apex; 
 2. potential toxic effects of EDTA on the underlying 

tooth germ; and 
 3. low resorption/absorption potential of gutta percha 

sealers such as AH Plus. 
More research is needed utilizing different rotary and 

ultrasonic systems, irrigation regimes, and sealers.
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Conclusions
Within the experimental conditions of the present study, 
the following conclusions can be made: 
 1. Root canal preparation with Profi le .04 ISO nickel-

titanium instruments can be a viable alternative to 
mechanical hand fi ling in primary molars, but ultra-
sonics can increase incidence of apical zip. 

 2. When used as a gutta-percha sealer, AH Plus exhibits 
good tubular penetration in conjunction with 2.5% 
NaOCL irrigation and 17% EDTA as fi nal fl ush.
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