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Abstract 
 

 

Aim: The aim was to compare root canal wall cleanliness, amounts of 
apically extruded debris and irrigant during retreatment using the 
ProTaper Universal Retreatment (PT) system or balanced force technique 
(BFT). 

Methodology: Root canals of extracted mandibular premolar teeth 
(n=44) were endodontically prepared and obturated, then the teeth were 
divided into two groups: BFT and PT. Apically extruded material was 
collected into preweighed Eppendorf tubes using the Myers and 
Montgomery method. The root halves were photographed under a 
stereomicroscope. Area of the remnant filling material (coronal, middle, 
apical thirds and total canal surface) was measured by software. Data were 
analyzed by Mann-Whitney U test. 

Results: The BFT and PT system provided similar degrees of canal wall 
cleanliness (p>0.05) and amounts of extruded irrigant (p>0.05). The PT 
system caused less debris extrusion (p<0.05).  
Conclusions: Although the BFT was shown to cause less apical extrusion 
in primary root canal treatment compared to other manual 
instrumentation techniques, in the present study, BFT caused more debris 
extrusion than the PT group. 
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Introduction 

 
Steps in nonsurgical endodontic retreatment 

include complete removal of previous root filling, 
reshaping, disinfection, and refilling (1). Gutta-percha 

(GP) may be removed by stainless-steel hand files, 
nickel-titanium (NiTi) rotary instruments, heat-bearing 
instruments, or ultrasonic equipment (2).Canal filling 
material forms a mechanical barrier that hinders 
contact of the irrigant and intracanal dressing to the 
root canal walls, making its removal necessary (3). 
Remnant obturation material causes bacteria to 
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remain, which might be responsible for periapical 
inflammation and posttreatment disease persistence 
(4). 

Filling materials, necrotic pulp tissue, bacteria, 
or irrigating solution may be introduced into the apical 
lesion during root canal treatment (5). Apically 
extruded material can cause postoperative pain and 
flare-ups in the short term and failure of apical healing 
in the long term (6,7). Amounts of apically extruded 
debris and irrigant are related, at least in part, to the 
instrumentation technique (8). Compared to other 
hand instrumentation techniques, the balanced force 
technique (BFT) is associated with less apical extrusion 
during primary root canal preparation (9). 

Complete removal of previous obturation 
material while leaving minimal amounts of extruded 
debris and irrigant are essential components of a 
successful root canal retreatment procedure. However, 
to date, no study has evaluated the efficiency of the 
BFT in GP removal or debris and irrigant extrusion 
during retreatment. The aim of this study was to 
compare root canal wall cleanliness and the amounts of 
debris and irrigant extruded from the apex during 
retreatment by using the ProTaper Universal 
Retreatment (PT) system (Dentsply Maillefer, 
Ballaigues, Switzerland) or the BFT. The null hypothesis 
was that the BFT and the PT system would not lead to 
significant differences in the amounts of extruded 
debris and irrigant or the degree of root canal surface 
cleanliness. 

 

 

Materials and Methods 
 

 

Tooth selection 

Sample size calculation was done prior to the 
study. Based on data from a previous study (10). 20 
teeth were needed for each group to achieve 90% 
statistical power (α = 0.05) (Statistica, StatSoft, 
Oklahoma City, OK, USA). Considering a drop-out rate 
of 10%, 44 extracted mandibular permanent premolar 
teeth with straight roots and single canals were used.  

Endodontic access was prepared by using a #10 
K-file placed in the canal until it was just visible at the 
apical foramen. Working length (WL) was established 1 
mm short of this length. Teeth with WL of 18-21 mm 
were included in the study.  

 

Root canal preparation 

Root canals were prepared with a standardized 
instrumentation technique (quarter clockwise turn and 
pull motion) until the #30 K-file (master apical file) 
reached WL. Root canals were prepared by using #35 to 
45 K-files with the step-back technique (1-mm 
increments). The coronal third was flared by using #1 
(2/3 of WL) and #2 (2 mm shorter than range of #1) 
Gates-Glidden (GG) drills. At each instrument change, 
2 ml of 2.5% NaOCl were used for irrigation. To remove 

the smear layer, 2 ml of 17% EDTA (pH 7.6, 3 min) and 
2 ml of 2.5% NaOCl (1 min) were applied. Apical 
patency was checked with a #10 K-file.  

 

Root canal obturation 

Root canals were dried with paper points and 
obturated by lateral condensation with a #30 master 
and #25 accessory GP cones (Pearl Endo; Pearl Dent, 
Bucheon, Gyeonggi-do, South Korea), with AH26 as 
sealer (Dentsply, DeTrey, Konstanz, Germany). The 
access cavity was temporarily sealed (CavitG; 3M 
ESPE, Seefeld, Germany). Teeth were stored at 37 °C 
at 100% humidity for 28 days. 

 

Root canal retreatment 

Test apparatus 

A previously described method was used to 
evaluate the volume of irrigant and weight of debris 
extruded apically (11). Teeth were inserted through 
the rubber lid of a glass vial and fixed with cyano-
acrylate. An Eppendorf tube was placed into the glass 
vial. The root was placed within the Eppendorf tube to 
collect extruded irrigant and debris from the apical 
foramen. Two 21-gauge needles were inserted in the 
vial’s lid to equalize the external and internal 
pressures. An empty 2ml Eppendorf tube (one tube per 
tooth) was preweighed three times on a precision 
digital balance (10-4 g; XB 220A; Precisa, Dietikon, 
Switzerland). The average measurement for each tube 
was registered as the initial weight. 

 

Experimental groups 

Group 1 (GP removal and reshaping with BFT; 
n = 22) 

To remove GP, GG drills (#2 and #1) and K-files 
(#45 to #30) were used in a crown-down manner (Table 
1). K-files were used with the BFT. The first step of the 
technique was a passive clockwise rotation of about 90° 
to engage dentin. In the second step, the instrument 
was held in the canal with adequate axial force and 
rotated counterclockwise to loosen the engaged dentin 
chips and obturation material from the canal wall. In 
the third step, the file was removed with a clockwise 
rotation to be cleaned (12). A #30 K-file was used to 
reach the apical foramen. At each instrument change, 
1 ml of distilled water was used for irrigation, with a 
total of 6 ml being needed to reach WL. After the apical 
foramen was reached, a #15 K-file was inserted 1 mm 
beyond the apical foramen to maintain apical patency, 
which was checked after each irrigation step. The root 
canal was dried with paper points. A few drops of 
chloroform were used at each file change, with a total 
of 0.5 ml of chloroform being needed to reach the 
apical foramen.  

For reshaping, apical preparation was done by 
using K-files up to #40 (master apical file). Then, #45 
to #55 K-files were used with the step-back technique 
with 1-mm increments (Table 1). The coronal part was 
reflared with #2 GG at 2/3 of WL and #3 GG at 2 mm 
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shorter than the range of #2 GG. At each instrument 
change, 1 ml of distilled water was used for irrigation, 
for a total of 7 ml during reshaping. 

Group 2 (GP removal and reshaping with PT 
files; n = 22) 

Retreatment was performed with ProTaper 
Universal Retreatment instruments at 500 rpm and 2 
N/cm torque according to the manufacturer’s 
instructions (X-Smart; Dentsply Maillefer, Ballaigues, 
Switzerland). The D1 file (30/.09) was used for removal 
of the coronal third, followed by use of the D2 file 
(25/.08) at the middle third. The D3 file (20/.07) was 
used at WL (Table 1). Apical patency was checked as in 
Group 1. At each instrument change, 2 ml of distilled 
water was used for irrigation, with a total of 6 ml being 

needed to reach WL. Chloroform was used as described 
in Group 1. 

Reshaping was performed with ProTaper 
Universal system instruments F2, F3, and F4 at 300 rpm 
and 2 N/cm torque, according to the manufacturer’s 
instructions (X-Smart; Dentsply Maillefer). At each 
instrument change, 2.33 ml of distilled water was used 
for irrigation, for a total of 7 ml during reshaping (Table 
1).  

After the reshaping procedure, the PT and BFT 
groups had almost the same size at all canal levels. For 
irrigation, a 27-gauge needle was used with an in-out 
motion. The needle was placed without exceeding a 
maximum depth of 3 mm shorter than WL. All 
procedures were done by one operator (E.S.). 

 

Table 1. Instruments, operational depths, and irrigating solution volumes for both techniques during retreatment (until reaching 
the apical foramen) and reshaping. 

 
Instruments and operational depths  

Irrigating solution volume  BFT PT 

R
e
tr

e
a
tm

e
n
t 

#2 GG 2 mm short of 2/3 of WL 
D1 Coronal third 

6 ml of distilled water 
+ 0.5 ml of chloroform 

 

#1 GG 2/3 of WL 

#45 3 mm short of WL 
D2 Middle third 

#40 2 mm short of WL 

#35 1 mm short of WL 
D3 Apical third/WL 

#30 WL 

R
e
sh

a
p
in

g
 

#35 WL 

F2, F3, and F4 at WL 7 ml of distilled water 

#40 WL 

#45 1 mm short of WL 

#50 2 mm short of WL 

#55 3 mm short of WL 

#2 GG 2/3 of WL 

#3 GG 2 mm short of 2/3 of WL 

 
BFT: balanced force technique, PT: ProTaper Universal Retreatment system; WL: working length 

 

Evaluation of irrigant and debris 

extrusion 

Immediately after instrumentation, the 
Eppendorf tube was removed from the vial. The volume 
of extruded irrigant was measured by placing the 
calibrated Eppendorf tube series next to the one used 
in the study (11). All tubes were incubated at 68 °C for 
5 days to evaporate extruded irrigant. Tubes were 
weighed three times, and the average of these 
measurements was registered as the final weight. 
Weight of extruded debris was defined as the 
difference between the final and initial weights. 

 

Analysis of remnant filling material 

Roots were grooved longitudinally in a 
buccolingual direction. The half having a greater 
amount of residual filling material was photographed 
under a stereomicroscope (Leica EZ4D; Leica 

Microsystems, Wetzlar, Germany) at 8x magnification 
for the total root surface image and 20x magnification 
for close-up of the coronal, middle, and apical thirds. 
Each image was assigned a 3-digit randomly generated 
numeric code by the senior investigator (G.K.). Areas 
of the canal surface and remaining material were 
measured by ImageJ 1.48v (National Institute of 
Health, Bethesda, MD, USA). Coded specimens were 
analyzed in a blinded manner by the principal 
investigator (E.S.). The ratio of the filling debris area 
to canal area was recorded for each tooth specimen 
(Fig. 1). 

 
Statistical Analysis 

 
The Kolmogorov-Smirnov normality test and 

Mann-Whitney U test (for nonnormally distributed data) 
were used for statistical analysis. The level of 
statistical significance was set at p<0.05. 
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Figure 1. Representative images of (A) residual material area measurement and (B) total canal surface area 
measurement. Measurements were made by using an image analysis software. Bar = 1 mm.  

 
 

Results 
 

The experimental procedure was completed 
successfully in 22 samples of Group 1 and 21 samples of 
Group 2 (file separated in 1 sample). Statistical power 
of the study was estimated to be 92.6%. The BFT group 

had a greater volume of extruded debris than the PT 
group (p<0.05). No differences in the amounts of 
extruded irrigant, the percentage of remaining filling 
material on the coronal, middle, and apical thirds, or 
the area of the total canal surface were found between 
the groups (p>0.05; Table 2). 

 

Table 2. Extruded volumes of debris and irrigant, and area of remnant filling material for the two groups. 

 
Parameter 

 

 
Group 

 
n 

 
Mean ± SD 

 
Median 

 
Test 

 

p 

Debris (g) 
BFT 22 0.00030 ± 0.00052 0.0001 

-2.48 † 0.01* 
PT 21 0.00018 ± 0.00055 0.0000 

Irrigant (µL) 
BFT 22 1147.73 ± 1581.78 350.00 

-1.53 † 0.13 
PT 21 828.57 ± 1465.06 0.00 

Remnant in coronal 
third (%) 

BFT 22 23.80 ± 25.41 15.95 
-1.40 † 0.16 

PT 21 30.32 ± 19.87 33.20 

Remnant in middle 
third (%) 

BFT 22 8.68 ± 15.97 0.78 
-0.79 † 0.43 

PT 21 9.94 ± 17.24 6.27 

Remnant in apical 
third (%) 

BFT 22 6.95 ± 8.58 2.33 
-0.05 † 0.96 

PT 21 13.03 ± 19.02 1.10 

Remnant in total 
surface (%) 

BFT 22 16.73 ± 18.01 9.02 
-1.84 † 0.07 

PT 21 22.27 ± 12.98 20.73 

†Z value for Mann-Whitney U test(nonnormally distributed data).  
*p<0.05.BFT: balanced force technique, PT: ProTaper Universal Retreatment system. 
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Discussion 

 
Further enlargement of the filled canal from its 

original size significantly reduces the amount of 
residual filling material (13, 14). The PT and BFT groups 
had almost the same size at each canal level after the 
reshaping procedure. No significant differences were 
observed between the groups for the remaining filling 
material, indicating that the techniques provided 
similar degrees of canal wall cleanliness. The results of 
this study are similar to those of previous studies that 
compared the residual filling material after 
retreatment by using hand instrumentation or PT with 
a solvent (15-19). The master apical file sizes of hand 
instrumentation and the PT system were similar in 
those studies. Whereas all previous studies employed 
manual instrumentation techniques with rotational 
movements, the present study is the only one to use 
BFT during retreatment. 

No previous study has evaluated the BFT in 
retreatment for the amounts of apically extruded 
debris and irrigant. In this study, the BFT group had a 
significantly larger volume of extruded debris 
compared to the PT group. Topcuoglu et al. compared 
amounts of extruded debris for H-files and some NiTi 
rotary instruments, including ProTaper Universal 
Retreatment system, during retreatment (10).The hand 
instrumentation group extruded a greater amount of 
debris than the PT system, which they attributed to the 
crown-down pressure less motion of rotary NiTi 
retreatment instruments. Another study showed that 
the PT system caused less debris extrusion than manual 
instrumentation using K-files in retreatment (20). The 
BFT was shown to cause less apical extrusion in primary 
root canal treatment compared to other manual 
instrumentation techniques (9). However, in the 
present study, BFT caused more debris extrusion than 
the PT group. This result supports the hypothesis that 
engine-driven rotary NiTi instruments produce less 
debris than hand instrumentation techniques (21). 

The irrigation protocol was standardized for 
the two groups, and apical patency was checked after 
irrigation at each file change. The groups had almost 
the same size at each canal level; hence, the 
instrumented canals had similar geometries in both 
groups. Parallel to the similarity of the canal shapes, 
the volumes of extruded irrigant were similar in both 
groups.  

 
 

Conclusions 

 
Under the conditions of this study, the BFT and 

PT system provided similar degrees of canal wall 
cleanliness and amounts of extruded irrigant. However, 
the BFT caused greater debris extrusion. Thus, the null 
hypothesis were accepted for canal surface cleanliness 
and irrigant extrusion but was rejected for debris 
extrusion. 
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