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Abstract
Purpose: The self-adjusting file (SAF) (ReDent-Nova, Israel) has been devised with the purpose of sidestepping 
some of the limitations of NiTi rotary instruments. The present study was done to compare and evaluate the 
volumetric analysis of pre and post root canal preparation in primary teeth using SAF and ProTaper rotary file 
and also to analyse the volume of canal obturated. 
Method: 20 primary teeth were divided into 2 groups randomly and subjected to spiral computed tomography 
(SCT) analysis before and after instrumentation. In group1, teeth were prepared using SAF and group 2 
preparation was performed with ProTaper files. Volumetric enlargement was calculated using Osirix software. 
Root canals were then obturated with rotary driven lentulospiral using ZOE. The filled volume in each canal 
was measured using SCT and the percentage of obturated volume was calculated. The data were statistically 
analysed using paired t tests. 
Results: There was no statistical difference found between the two groups
Conclusion: Considering the benefits of SAF over the ProTaper root canal instrumentation, it may be indicated 
for utilization in deciduous teeth, enhancing root canal preparation and good quality of obturation.
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Introduction
The main purpose of instrumentation in pulpectomy procedures of 

primary teeth is the removal of organic debris. Success of the root canal 
treatment depends on the method and the quality of instrumentation, 
irrigation, disinfection and three-dimensional (3D) obturation of the 
canal.1 

Root canal instrumentation may be performed with manual or 
rotary instruments. Since most hand preparation techniques are time 
consuming and may lead to iatrogenic errors such as ledging, zipping, 
canal transportation and apical blockage as compared to rotary file 
systems which efficiently create smooth, predetermined conical shapes 
with minimum risk2. So, much attention has been directed toward root 
canal preparation techniques with Ni-Ti rotary instruments.3

New generation nickel titanium rotary instruments such as ProTaper 
are designed to provide the minimum number of instruments that can 
efficiently and safely prepare a fully tapered shape. A unique feature of 
ProTaper files is that each instrument has varying percentage tapers over 
the length of its cutting blades. With this geometry, rotary instruments 
can cut dentine more effectively and may therefore reduce torsional 
loads. However, more aggressive cutting could produce increased canal 
transportation.4 Also the rotary motion of these files tends to prepare 
the main root canal space into a circular shape, leaving unprepared 
buccal and lingual extensions, which favours the retention of tissue and 
bacterial remnants, especially in oval-shaped canals.5,6 Thus, although 
many advances have been made in endodontics in the last decades, 
canal preparation is still adversely influenced by highly variable root 
anatomy.5

The self-adjusting file (SAF) (ReDent-Nova, Israel) has been devised 
with the purpose of sidestepping some of the limitations of NiTi 
rotary instruments. Metzger et al. reported that the SAF adapts three 
dimensionally (longitudinally and cross-sectionally) to the dentinal 
walls when inserted into the root canal. The surface of the lattice 
is slightly abrasive, and the system removes dentin with a vibrating, 
back and forth grinding motion. Moreover, it has a unique continuous 
irrigation system that circulates irrigant through the hollow cylinder, 
enhancing flow through the file. The combination of simultaneous 
SAF vibration and continuous irrigation has been reported to provide 
an agitating effect. Unlike the majority of NiTi systems, which cannot 
completely instrument root canal walls, the SAF system is capable of 
touching all walls of a root canal system.5,6

In the past, methods such as scanning electron microscope, radiographic 
evaluation, photographic assessment and computer manipulation for 
comparative analysis were used for assessment of canal instrumentation.

The above mentioned methods are invasive in nature, accurate 
repositioning of pre and post instrumented specimen is difficult, they 
are labor intensive, and there is a disadvantage of loss of specimen. 
Recently, a non destructive technology has been advocated for pre and 
post instrumentation evaluation of canal. Computed tomography (CT) 
can render cross sectional (cut plane) and 3D images that are highly 
accurate and quantifiable. Comparisons using CT have provided 
repeatable results and also have allowed non invasive experimentation 
of various aspects of endodontic instrumentation. At any level, the 
amount and direction of canal transportation can be viewed without loss 
of specimen.4,7,8

There is lack of available research for the use of SAF system in canal 
preparation as well as root canal filling following instrumentation in 
primary teeth. Hence the purpose of this study was to compare and 

evaluate the volumetric change during pre and post-canal preparation 
and after root canal filling using self-adjusting file system and ProTaper 
rotary system assessed by computed tomography.

Materials and Methods
Ethical clearance was taken from the institution under which the study   

undertaken. Twenty Primary molars extracted for therapeutic reasons 
were collected from the pactitioners. All patients’ parents were informed 
about the purpose of the research and the way the extracted teeth would 
be used for in vitro study.

Inclusion criteria being, primary teeth having minimum apical 
resorption with presence of atleast two-thirds of remaining root 
structure, patent root canals and absence of visual perforating resorption. 
The extracted teeth were immersed in 0.5% sodium hypochlorite for 1 
week for disinfection. The collected teeth were numbered and randomly 
divided into 2 groups of 10 each. The distal root canals were chosen 
from each teeth for the preparation. Group I - Preparation of root canals 
with Self  Adjusting file system. Group II – Preparation of   root canals 
with ProTaper rotary file system.

All specimens were kept in a closed box with 100% relative humidity 
at 37ºC for 7 day. Group –I specimens were prepared with single  self 
udjusting file as instructions given by the company. Three canals were 
prepared with on file and then discarded.

The original protocol suggested by ProTaper® (Dentsply Maillefer, 
Ballaigues, Switzerland) for permanent teeth was simplified for this 
study. ProTaper® rotary files, SX (19 mm) and S2 (21 mm) , with an 
18:1 Axes Spring-Head handpiece (SybronEndo, Kerr, Montreuil, Italy) 
was utilized for root canal preparation. The rotational speed was 300 
rpm, at the lowest torque setting. The files were frequently inspected for 
flute unwinding or distortion. When flute unwinding or distortion was 
found, the file was discarded. The coronal access cavities were sealed 
with a cotton pellet and Coltosol (Coltène, WhaleDent, Switzerland).

The root canals were subjected to a spiral Computed Tomographic 
analysis before instrumentation using standard template. Both the 
groups were scanned using Spiral CT (Siemens Emotion 6 slice CT 
scanner) preoperatively before instrumentation. The CT scans were 
done using the inner ear protocol supplied by the CT scanner, at 140 KV 
and 130 mA, 512 × 512 pixels matrix, 1-mm-thick axial sections, 32 cm 
display field of view, and beam incidence at the central portion on the 
device used to fix the specimens. Sectioning was started at 1 mm from 
the apex up to coronal orifice. The images were stored in the computer's 
hard disk for further comparison between pre instrumentation and post 
instrumentation data by using Osirix software. The volume of each canal 
was evaluated from Cementoenamel Junction to root apex. 

   	 All the canals were prepared by the same operator. The working 
length was recorded as the length of the initial file at the apical foramen 
minus 1 mm. In group I, the self adjusting file was operated in each 
canal for 4 min with continuous irrigation. The file was used with a 
vibrating handpiece head (RDT3; ReDentNova Reanana, Israel) at 0.4 
mm amplitude and 5000 vibrations/min. An in and out manual motion 
was continuously performed, and irrigation with sterile saline was 
done through the hollow file throughout the 4 min of the operation. 
The irrigant was continuously provided by a Vatea peristaltic pump 
(ReDentNova Reanana, Israel) at a rate of 5 mL/min. The file was used 
till the lattice mesh started showing signs of fracture.

And in group II, root canal preparation was done with 21-mm-long 
Protaper NiTi rotary files driven at 250 rpm with 2N/cm of torque using 
an X Smart Motor (Dentsply, Maillefer, Ballaigues, Switzerland). All 
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the files were used to the full length of the root canal, as for the single 
length technique. Four Protaper instruments (S1, S2, F1, F2) were used 
for preparation in primary teeth. Each instrument was used three times 
and then discarded.

During instrumentation, the root canals were irrigated with 1% 
sodium hypochlorite and 5 ml normal saline using disposable syringes. 
Then, each canal was dried with sterile paper points. After the canal 
preparation, the root canals were again subjected to 3D analysis by spiral 
Computed Tomography using standard template and volume of canals 
was recorded from cementoenamel junction to root apex.

All the canals were dried with paper points and obturated with 
ZOE using rotary lentulospirals. When backfill into the pulp chamber 
occurred, the canals were assumed to be filled, and a wet cotton pellet 
was used to lightly press the material inside the canals. A third spiral CT 
scan was performed to determine volume of the obturated ZOE inside 
the canal. The obtained data was statistically analysed by using paired ‘t’ 
test with the help of software SPSS - version 19.

Results 
The mean value of the volume of root canal preparation: pre filing 

(1); post filing/before obturation (2) and after obturation (3), of both the 
groups has been showed in Table 1 and the change in volume of root 
canals within the same group  was found to be statistically significant 
within group 1 – SAF i.e. (p value <0.001) and group 2 – ProTaper files 
i.e. (p value <0.001 (Table 2 ).

Table 3, represents the comparison of volume between group 1 – 
SAF and group 2 –ProTaper files and the results were statistically not 
significant for both post filing/before obturation as well as for after 
obturation (p value >0.005).

Mean + SD N

Group 1 SAF Group 2 
ProTaper

Pre filing (1) 0.0079±0.003  0.0063±0.002 10

Post filing; before 
obturation (2) 0.0098±0.003  0.0085±0.003 10

After obturation (3) 0.0076±0.003 0.0066±0.003 10

Table 1: Volume of root canals for each group (cm3).
*Percentage of obturated volume (POV) calculated using the formula =  
after obturation / post filing; before obturation × 100

Groups 
Pairwise comparison

(1) – (2) (2) – (3)

Group 1- SAF <0.001 <0.001

Group 2- ProTaper <0.001 <0.001

Table 2: Pairwise comparison within groups using paired t test

Mean + SD
P 
valueGroup 1- 

SAF
Group 2 - 

ProTaper
Post filing; 
before 

obturation
0.0098±0.003 0.0085±0.003 0.401

After obturation 0.0076±0.003 0.0066±0.003 0.472

Table 3: Volume comparison between the groups

Discussion
In the present study, we have compared the volume of the canal 

preparation in primary teeth with SAF system and ProTaper rotary 
system using Spiral computed tomography (SCT). The present study 
demonstrated a significant increase in the volume of the canals post-
instrumentation. Further, comparison of the instrumentation techniques 
presented a difference, wherein SAF system showed increase in 
the volume of the preparation compared to ProTaper rotary system. 
However, no statistically significant difference could be found between 
the two groups. This could result from the relatively small number of 
specimens in each of the groups. Further studies with larger groups may 
be needed to establish such results.

There is abundant literature available on the use of NiTi files for 
endodontics procedures in primary teeth.7 Nagaratna et al. found that 
the canal preparation exhibited satisfactory taper and smooth walls with 
the ProFile system; they concluded that instrument failures in primary 
teeth with rotary files were less frequent than in permanent teeth, and 
recommended using rotary systems for pulpectomy.9 The significant 
reduction in the preparation time was also demonstrated with other 
NiTi rotary systems. On the contrary, Madan et al. reported a shorter 
preparation time with K files than the ProFile system, which might be 
attributed to insufficient operator experience with the rotary system.10 
A study by Pinheiro et al. compared another sequence of ProTaper (S1, 
S2, F1, F2) with hand files and a hybrid system comprising a number 
of hand K files and ProTaper rotary files in primary molars. The hybrid 
technique required a longer preparation time than the manual and rotary 
systems, but showed the greatest reduction in Enterococcus faecalis. 
This reduction may be due to increased exposure of the organism to 
the irrigant supplemented by the simultaneous action of the manual and 
rotary instruments.11 In contrast of ProTaper, Uyanik et al.12 found that 
the ProTaper system removed significantly more dentin that the Hero 
Shaper system. Yang et al.13 reported that instrumentation with the 
ProTaper system removed dentin more aggressively than that with the 
Hero 642 system in S shaped (curved) resin canals. Calberson et al.14 
evaluated the shaping ability of the ProTaper system, and cautioned 
that care should be taken to avoid excessive dentin removal when using 
F2 and F3 files in curved canals. Uzun et al.15 also showed that the 
ProTaper and ProFile instrument systems removed significantly more 
material than the Hero 642 and Hero Shaper systems at different levels 
of danger zones in curved root canals under controlled conditions of 
operator related variables. Another inherent problem with rotary-nickel 
titanium files is apical canal transportation in curved root canals. Most 
file systems will adequately maintain the apical part of a curved root 
canal in place as far as the thin instruments are concerned. However, the 

Figure 1: Comparison of volume of root canals in cubic milimeters
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larger-diameter instruments are relatively stiffer and have a tendency 
to remove more dentin on the outer side of the curvature of the apical 
area, leading to apical canal transportation. Transportation of the canal 
at this critical point can have two major drawbacks: first, the apical part 
of the canal on the inner side of the curvature may remain untouched 
and full of debris, and, second, it may lead to ledging or even a 
subsequent perforation. To date, most if not all file systems have this 
inherent problem to one extent or another.5 These studies explain the 
aggressive dentin removal observed with the use of the full ProTaper 
sequence. Because larger mechanical instrumentation enhances the root 
canal irrigation procedure, the success of the ProTaper system is not 
surprising.16 

The present study clearly showed that the two instrumentation groups 
differed from each other (figure 1). This difference was found in both 
the quality of cleaning and shaping and in the quality of root canal 
obturation, as expressed by the percentage of obturated volume of 
the canal with the root canal filling material. Treatment with the SAF 
allowed for better results with both parameters. 

Both of these findings are in accordance with previous studies. 
Metzger et al.17 demonstrated that the operation of the SAF system with 
continuous irrigation coupled with alternating sodium hypochlorite and 
EDTA treatment resulted in a clean and mostly smear layer-free dentinal 
surface in all parts of the root canal. Siqueira et al.18 showed that the SAF 
system was significantly more effective than rotary NiTi instrumentation 
used with single/needle irrigation in disinfecting long oval root canals 
in vitro. De-Deus et al.19 conducted a histologic comparison of the 
debridement efficacy of the SAF system with the ProTaper system 
and demonstrated that the SAF system was more efficient in pulpal 
debridement.

Paque F  et al.20 studied the efficacy of shaping oval root canals in 
the distal roots of mandibular molars and found that when ProTaper 
files were used with circumferential motion and brushing, 69% of the 
canal wall was unaffected by the procedure. When SAF was used in 
similar canals, with the results studied and evaluated by the same team 
using the same methods, 23% of the canal wall was unaffected by the 
procedure. Similar results were reported by Metzger et al. who studied 
the correlation between the parameter of “percentage of the canal wall 
that was unaffected by the instrumentation” and the quality of adaptation 
of the root canal filling to the canal walls using microCT. It was clearly 
demonstrated three-dimensionally that when a thin, uniform layer 
of dentin was removed from a high percentage of the canal wall, the 
3D adaptation of the root canal filling to these walls was better than 
in canals cleaned and shaped with rotary files with syringe and needle 
irrigation, which presented a high percentage of canal wall unaffected 
by the procedure.6

 

Study conducted by Ribeiro et al.21 concluded that, SAF had 
significantly more contact to the dentinal walls in the apical third of the 
root canal and removed more debris than NiTi rotary instrumentation. 
Hin et al.22 studied the effect of SAF, Mtwo and ProTaper on the 
root canal wall and demonstrated that SAF has a tendency to cause 
less dentinal cracks as compared to ProTaper or Mtwo. Iriboz et al.23 
evaluated the efficacy of SAF on oval-shaped root canals and concluded 
that SAF prepares the flat-oval-shaped canals more homogenously and 
circumferentially. Similarly Pawar et al.24 evaluated the debris extrusion 
apically after instrumenting the root canals and showed that SAF 
resulted in significantly less extrusion of debris when compared with 
WaveOne and ProTaper Next.

Such a major difference between the SAF and the tapered rotary files 
may be explained by their different modes of action. Rotary files have 
blades of one design or another that machine the root canal by cutting 
the dentin. The SAF, on the other hand, does not have blades and instead 
removes dentin using a grinding motion similar to the use of sandpaper. 
Thus, the mode of action of the SAF does not create any significant 
stress on the radicular dentin.6

However, a recent microbiological and scanning electron microscopy 
evaluation study revealed insufficient apical preparation and inadequate 
apical irrigation when using SAF system.21 Also Ozer et al.,16and Faria 
et al.,25showed that both SAF and ProTaper acted similarly and there is 
no difference between the tested systems. Topcu et al.,26 in their study 
concluded that the ProTaper systems exhibited better performance 
than the SAF in canal debridement in the oval shaped root canals, with 
significant differences between the groups.

The use of SCT to evaluate the quality of root canal preparation has 
been reported to provide better results than those provided by other 
methods like radiographic imaging, cross sectioning and longitudinal 
cleavage.4 Spiral computed tomography (SCT), a non-invasive 
technique gives a 3-dimensional interpretation at various levels, avoids 
loss of material, yields reproducible results, and the specimens can be 
used for further research. Added to these, the specific location of voids 
can be determined accurately. Hence, SCT was chosen as the tool for 
investigating the efficacy of preparation, and further without loss of 
specimen, the samples were utilized for evaluating the volume of root 
canal filling.7

  E. Kaya (2017)27 found no significant differences in instrumentation 
time between the Profile and SAF systems. Challagulla Anusha and 
Chandrappa Vinay(2023) in their study SAF showed superior root canal 
cleaning efficacy compared with Protaper Universal and Hand K-files28.

Further, in the second part of our study, rotary lentulospiral driven ZOE 
was used as a filling material based on (1) common usage in day-to-
day practice, (2) economic, and (3) ease in usage. Voids were common 
in both the groups. These findings were consistent with the results of 
Asokan et al.8 who assessed percentage of filled volume in primary teeth 
after using three root canal filling materials, and concluded that voids 
were common in all materials used.

This study is the second study after Metzger et al , wherein quality of 
obturation was assessed. Hence we recommend future studies to include 
the assessment of obturation of SAF, as this file system has greater 
advantage over other rotary systems in primary root canals which follow 
the tortuous and tape like pulp space while preparation hence preserving 
the root structure unlike other rotary systems. 

 Conclusion
Considering that the SAF instruments provide similar root canal 

cleaning  compared to NiTi rotary instruments with a shorter 
instrumentation time, maintaining the original root canal shape, 
reducing the tendency of apical flaring, and enhancing consistent and 
dense root canal filling. Their utilization is well indicated in paediatric 
dentistry, especially when treating children with behaviour management 
disorders. However,   limitations of the present study are  high cost of the 
equipment and files, and need of operator training.
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