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ABSTRACT

O

                       
File (SAF) and ProTaper for removing calcium hydroxide [Ca(OH)2] from root canals.
Material and Methods: Thirty-six human mandibular incisors were instrumented with the
  
   !"   # $%&'2-based dressing. After 7
days, specimens were distributed in two groups (n=15) according to the method of Ca(OH)2
removal. Group I (SAF) was irrigated with 5 mL of NaOCl and SAF was used for 30 seconds
under constant irrigation with 5 mL of NaOCl using the Vatea irrigation device, followed
by irrigation with 3 mL of EDTA and 5 mL of NaOCl. Group II (ProTaper) was irrigated with
5 mL of NaOCl, the F2 instrument was used for 30 seconds, followed by irrigation with
5 mL of NaOCl, 3 mL of EDTA, and 5 mL of NaOCl. In 3 teeth Ca(OH)2 was not removed
$     ' *       # $%&'2 (negative control).
Teeth were sectioned and prepared for the scanning electron microscopy. The amounts of
residual Ca(OH)2 were evaluated in the middle and apical thirds using a 5-score system.
Results: None of the techniques completely removed the Ca(OH)2 dressing. No difference
was observed between SAF and ProTaper in removing Ca(OH)2 in the middle (P=0.11) and
  $+/4"*'  4#   !
       
 
instrument for removal of Ca(OH)2 from mandibular incisor root canals.
Key words: Calcium hydroxide. Endodontics. Root canal therapy. Irrigation.

of sodium hypochlorite (NaOCl) irrigation and
EDTA3,13,20,21,23. Rotary instruments11,12, sonically or
ultrasonically-activated tips3,24, and devices such
as the CanalBrush22 in conjunction with irrigation
have also been recommended. None of these
methods, however, have been able to completely
remove Ca(OH)2 from the root canal, especially in
the apical third3,11.
The Self-Adjusting File – SAF (ReDent-Nova,
? @   8J  '        
launched in the market. Its thin compressible walls
are made of a nickel-titanium mesh, allowing its
shape to adapt to root canal’s along the crosssection, as well as longitudinally. Therefore, the
SAF will three-dimensionally conform to canals with
circular or oval cross-section, allowing maintenance
of the original canal shape. Moreover, the design

INTRODUCTION
The use of calcium hydroxide [Ca(OH)2] as
intracanal dressing has been recommended
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the treatment of necrotic teeth with periapical
lesions2,6,7,17. However, failing to completely remove
the dressing may interfere with the seal, adhesion,
and penetration of endodontic sealers4,5,14, adversely
affecting the clinical performance of the sealer and
possibly the long-term prognosis of root canal
therapy14.
The most commonly described method for
Ca(OH)2 removal is the use of a master apical
   >         
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were taken from a mesiodistal orientation, in order
to confirm complete filling of the root canals.
The coronal access cavities were sealed with a
cotton pellet and Coltosol (Coltène, WhaleDent,
Switzerland). All specimens were kept in a closed
box with 100% relative humidity at 37oC for 7 days.
After this period, the temporary coronal seal was
removed and specimens were randomly distributed
into 2 groups (n=15), according to the method used
for Ca(OH)2 removal. In 3 teeth, Ca(OH)2 was not
removed (positive control) and another 3 teeth were
  # $%&'2 (negative control).
The Ca(OH)2 dressing was removed by a single
operator in the following sequences:
Group I (SAF): After irrigating the root canal
with 5 mL of 2.5% NaOCl, the SAF was operated in
root canal for 30 seconds under constant irrigation
with 5 mL of 2.5% NaOCl. The SAF was operated
with a vibrating hand piece at an amplitude of 0.4
mm and 5,000 vibrations/min, attached to a special
irrigation device (Vatea, ReDent-Nova)16,18 that
     9         
a rate of 10 mL/min. An in-and-out manual motion
was continuously performed by the operator. After
that, canals were irrigated with 3 mL of 17% EDTA,
followed by 5 mL of 2.5% NaOCl.
Group II (ProTaper): After root canal irrigation
with 5 mL of 2.5% NaOCl, the ProTaper F2
instrument was used for 30 seconds, followed by
irrigation with 5 mL of 2.5% NaOCl, 3 mL of 17%
EDTA and 5 mL of 2.5% NaOCl. The ProTaper
instrument was driven at 250 rpm with 1.6 N/cm of
torque using an electric engine (X-Smart; Dentsply
Maillefer).
For both groups, the irrigating solutions were
placed in 5 mL syringes attached to a 30-gauge
needle (Ultradent, South Jordan, UT, USA), which
was placed 2 mm short of the working length.
Canals were irrigated in an up-and-down motion,
except during the use of SAF. The solutions were
suctioned with a NaviTip (Ultradent), and the root
canals were dried with absorbent paper points. All
specimens were prepared by a single operator.

!       9      
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activated by its vibrating motion15,16.
According to Gu, et al.8 (2009), the continuous
9               
vibrating motion may have positive effects on the
cleaning ability, especially on the apical third of
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portion to clean. Previous works have shown that
!               
debris, especially in the apical third1,10,15.
Due to SAF’s irrigation system and its ability
to adapt to root canals with different shapes, this
             
removal of Ca(OH)2 from root canals.
The goal of the present study was to evaluate,
        $UW'8   
of SAF in comparison to ProTaper in the removal of
Ca(OH)2 from root canals.

MATERIAL AND METHODS
The Ethics Committee of the Institution in which
the study was carried out approved the project
and the use of extracted teeth from its teeth bank
for research purpose (Process number 58/11).
Thirty-six freshly extracted permanent human
mandibular incisors with lengths varying from 19
to 21 mm were selected after radiographs were
taken in both buccolingual and mesiodistal
directions. Exclusion criteria were: root canals
allowing introduction of an instrument exceeding
ISO size 10 to the apical foramen, teeth presenting
apical curvature or two root canals, teeth with
previous endodontic treatment and presence of
external or internal root reabsorption.
A small amount of composite resin (Z-100, 3M/
ESPE, Salt Lake City, UT, USA) was placed on each
root tip to prevent irrigant extrusion from the apical
foramen during root canal preparation and Ca(OH)2
removal.
After coronal access, the cervical and middle
thirds were prepared using S1 and SX instruments
(ProTaper System – Dentsply Maillefer, Ballaigues,
Switzerland). The working length was established as
1.0 mm shorter than the canal length. Biomechanical
preparation of the root canals was performed
using ProTaper Universal rotary system (Dentsply
Maillefer) from S1 to F2 driven at 250 rpm with 1.6
N/cm of torque using an electric engine (X-Smart;
Dentsply Maillefer) under irrigation with 2.5%
NaOCl. After biomechanical preparation, the root
canals were irrigated with 5 mL of 17% EDTA
(Biodinâmica, Ibiporã, PR, Brazil) followed by 5.0
mL of 2.5% NaOCl, dried with absorbent paper
points, and filled with Ca(OH) 2 paste (Calen;
S.S.White Artigos Dentários Ltda., Rio de Janeiro,
RJ, Brazil), employing a Lentulo spiral. Radiographs
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SEM evaluation
Longitudinal grooves were cut on the mesial and
distal root surfaces with a diamond disk, preserving
the inner shelf of dentin surrounding the canal.
Roots were then sectioned using a chisel and a
hammer. For SEM analysis, the specimens were
  8 6    8  
coated with gold, and examined under a scanning
electron microscopy at 20 kV (EVO 50, Carl Zeiss,
Oberkochen, Germany). The residual Ca(OH)2 was
  |}//6    ~ 
       4  
evaluation of the canal wall, 2 representative
SEM photomicrographs were taken under 500x
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each specimen. The amount of Ca(OH)2 debris was
scored using the following system: 1 - clean root
canal wall, with only a few small debris particles;
2 - few small agglomerations of debris; 3 - many
agglomerations of debris covering less than 50% of
the root canal wall; 4 - more than 50% of the root
canal wall covered by debris; and 5 - root canal wall
completely or almost completely covered by debris9.
Four calibrated examiners analyzed, independently
and in a blind manner, Ca(OH)2. Ten specimens

were examined for calibration purpose. The scores
were compared, and when a difference was found,
the evaluators jointly examined the sample and its
scoring, reaching an agreed score.
Data were analyzed by the Mann-Whitney non      }  8  
Graph Pad Prism 5 software (Graph Pad Software
In., San Diego, California, USA).

RESULTS
None of the techniques was able to completely
remove the Ca(OH)2 dressing. Figure 1 shows the
comparison between groups. No difference was
observed between SAF and ProTaper in removing
Ca(OH)2 in the middle (P=0.11) and the apical
(P=0.23) thirds. The negative controls had no
residues on the dentinal walls and the positive
      
       
Ca(OH)2. SEM images representing the middle and
apical thirds of each group are shown in Figure 2.

DISCUSSION
This study evaluated the efficacy of SAF
compared with ProTaper rotary instrument for
removal of a Ca(OH)2 dressing from root canals in
    4!       
ProTaper in removing Ca(OH)2.
Use of rotary instruments in conjunction with
irrigation has been recommended for removal of
Ca(OH)2 from root canals11,12. However, the authors

Figure 1-            

File (SAF) and ProTaper for removal of Ca(OH)2 from the
       

Figure 2- Scanning electron microscopy images representative of the Self-Adjusting File (A=middle third; B=apical
third) and ProTaper (C=middle third; D=apical third) groups showing calcium hydroxide residues (arrows). A and C are
representative of score 2: few small agglomerations of debris. B and D are representative of score 3: many agglomerations
of debris covering less than 50% of the root canal wall. Scale bar=100 μm
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consequently the ProTaper instrument had a better
adaptation than K3 Endo instrument to the root
canal walls12.
Various irrigants such as NaOCl and EDTA havs
been investigated for removal of Ca(OH)2 from root
canals20,21. Rödig, et al.20 (2010) using the master
              
    "/ U      
better than 1% NaOCl. However, when rotary
instruments are used for removal of Ca(OH)2 from

  8       
"4} %# U    8  
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           # $%&'212.
In the present study, neither SAF nor ProTaper
were able to completely remove calcium hydroxide
from the root canals. This is in agreement with
results from previous studies, which showed the
presence of Ca(OH)2 debris on the root canal walls
regardless of the removal technique11,13,19,20,22. This
highlights the need for further studies evaluating
SAF use for increased times or other techniques for
removal of Ca(OH)2 from root canal walls.

do not specify the length of time for which the
instrument was used: these studies only mention
the use of this type of instrument12 or their insertion
to work length11 during the procedure. In the
present study, after testing different lengths of time
of SAF and ProTaper use for removal of Ca(OH)2
from root canals, the time selected was 30 seconds.
This option was due to the fact that after 30 second,
no Ca(OH)2 residues were observed in the solution
suctioned from the root canal. Moreover, when
compared with the usual time necessary for root
canal instrumentation with SAF, 4 minutes16, 30
seconds would have little or no impact on canal
shape.
Achievement of thoroughly clean root canals
depends on effective irrigant delivery, solution
agitation8, and its direct contact with the entire
canal wall, particularly in the apical third8,25. SAF
utilizes an irrigation device (Vatea; ReDent-Nova)
         9      
 4!    8   
enters the full length of the canal and is activated
       @   8
reportedly facilitating its cleaning and debridement
effects15. Moreover, SAF is able to adapt threedimensionally to the shape of the root canal16, and
thus is expected to adapt to root canals prepared
    8 
 !8  
of Ca(OH)2.
According to the literature, the success of SAF
for removal of debris and smear layer, especially in
the apical third1,10,1 , may be due to the vibrating
            
98        
against the root canal dentin10. Under the conditions
of the present study, SAF used for 30 seconds
             
Ca(OH)2, regardless of the root third analyzed. It is
possible that longer times of SAF use may remove
more Ca(OH)2 by increasing the amount of time
contact with the canal walls, as well as the amount
of time of irrigant activation.

           
passive ultrasonic irrigation in removing Ca(OH)2
  
              
Ca(OH)2 than only traditional needle irrigation. The
explanation for this is that while the irrigants alone
could not penetrate well into the apical third, the
rotary instrument reaches the apical third of root
canals favoring the Ca(OH)2 removal11.
A recent study used ProTaper or K3 Endo rotary
instruments combined with NaOCl or EDTA to
remove Ca(OH)2 from the root canals and showed
that ProTaper was more effective than K3 Endo
regardless of the irrigating solution used. The best
results of ProTaper could be explained because
the biomechanical preparation of root canals was
performed with the ProTaper rotary system and
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CONCLUSION
!
       
 
instrument for removal of Ca(OH)2 from mandibular
incisor root canals.
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