
ABSTRACT:

Aim : To evaluate the effects of ProTaper, HeroShaper, GG drills and Hyflex on cervical dentin thickness and 
root canal volume by computed tomography.Materials and methods : a total of 40 periodontally involved 
mandibular molars were used in this study. The teeth were divided into 4 groups of 10 samples each, Group 1 
– Protaper, Group 2 – HeroShaper Group 3 – GG drill, K-flex hand file, Group 4 - Hyflex. Standard access 
preparations were made and each mesiobuccal root canal and working length was determined. Coronal 
flaring followed by cleaning and shaping  was done in accordance to the manufacturers instructions. Cervical 
dentin thickness and canal volume were measured before and after instrumentation by using computed 
tomography and image analysis software. The results indicated that ProTaper removed significantly less 
cervical dentin from dangerous zone than HeroShaper, Gates Glidden Drills and Hyflex. The total dentin 
removed during canal instrumentation was significantly high with GG drills.Conclusion : the study concluded 
that ProTaper files are safe as they do not endanger the furcation and do not amount removal of dentin from 
the root canal excessively.

Introduction

Root canal preparation is one of the most important 
[1]

stages of endodontic therapy  that has also known 
[2]to determine treatment success . This is because 

this step determines the efficacy of the subsequent 

procedure including mechanical debridement and 
[3]optimized canal geometrics for obturation .  

Traditionally, root canal preparation was done using 
[4]stainless steel instruments . However, SS (Stainless 

Steel) instruments when used in curved canals have 

a tendency to straighten and are known to cause  

iatrogenic damage such as stripping, zipping and 
[4]

perforation . SS (Stainless Steel) endodontic 

instruments are manufactured from straight metal 

blanks which when used within the confines of a 

root canal, lead to an uneven force distribution 

occurs in certain contact areas, which results in a 

tendency of instrument to straighten itself inside 
[3]the root canal . Consequently, the apical areas are 

over prepared towards the outer curved or canal 

convexity, while the more coronal areas are 
[5]transported toward the furcation . These 

disadvantages of SS endodontic instruments 
[5]

resulted  in a search for newer materials . In this 

regard, the introduction of NiTinol by Buchler 
[2]

proved to be boon  as it not only enabled easier and 

faster instrumentation of the root canal, but also 

provided consistent, predictable and reproducible 
[5]shaping with less chances of iatrogenic errors . 

This is a significant advantage over manual 

instrumentation since SS hand files produced 

undesirable results, irrespective of the technique 
[3]followed or file type used .

It has been emphasized that root canal preparations 

should essentially result in a uniformly tapered 

funnel shape, increasing in diameter from the end 
[3]

point to the orifice . This form and shape 

essentially results from a crown down approach. 

This technique eliminates cervical interferences 

and allows instruments to move freely inside the 
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[6]
root canal during apical preparation . The first step 

in the crown down approach is preflaring , which 

allows for removal of cervical dentin, favouring 
[6]

working length determination and apical gauging . 

In addition, to adequate intracanal medicaments 

and irrigant delivery, preflaring is also known to 

provide the operator better control of the 
[7]

instrument in the apical third . However, 

overzealous preflaring  increases the  risk of strip 

perforations. This is of particular interest in the 

mesial canals of the mandibular first molars as they 

are at the highest risk of iatrogenic errors following 

coronal flaring due to the location of the canals, 
8

which are not centrally placed . The areas between 

the canals and between furcation area have thin 

walls, prone to easy perforation, and are hence 
[8]

termed 'Danger zones' . Of particular interest is the 

fact that the thickness of the distal wall of mesial 

root of the mandibular first molars is merely 1.2 to 
[8]1.3mm, 1.5mm apically to the furcation . Research 

has shown that 3-4mm apical to the canal orifice is 

the most sensitive area of the mesial canals of the 

mandibular first molars.

Presently, many rotary endodontic instruments of 

different  tapers are available that enable preflaring, 

followed by use of a series of instruments that 

provide optimal cleaning and shaping of the root 

canals. Most of these systems adopt a crown down 

approach for cleaning and shaping and result in 

removal of varying amounts of dentin at different 

levels of root canals. 

Consequently, the aim of the present study was to 

investigate the effect of ProTaper, HeroShaper, GG 

drills and Hyflex on the cervical dentinal thickness 

and the root canal volume of the mesial canals of the 

mandibular first molars using computed 

tomography.

Materials and methods

40 periodontally involved mandibular first molars 

were used in the study. Inclusion criteria stipulated 

that the teeth had curved mesial roots with 2 

distinct separate canals and portals of exit.

The samples were cleaned and stored hydrogen 
peroxide solution. Standard access preparation 
were made for all teeth. Each root canal was 
negotiated by a no 10 hand stainless steel file. The 
working length of the canal was determined by 

observing the tip of the file protruding. 1mm from 
the optical for men an substracting it 4 Groups, n=10 
each

Group 1 – ProTaper

Group 2 – HeroShaper

Group 3 – GG drill, K-flex hand file.

Group 4 - Hyflex  

Group I used ProTaper system(Dentsply Maillefer, 
Switzerland).  Group II  used HeroShaper 
(Micromega, Besancon, France). In Group III, GG 
drills were used for coronal flaring, followed by use 
of 2% NiTi hand instruments. Nickel Titanium hand 
instruments were used over stainless steel hand 
instruments to ensure standardization. Group IV 
consisted of Hyflex (Coltene Waldent).

For all rotary systems, coronal flaring was done with 
its corresponding orifice shaper provided and all 
instructions specified by the manufacturer were 
adhered to. An apical preparation of size 30 was 
done for all groups for standardization process. For 
group III using Hand instruments a balanced force 
technique was followed. During preparation, each 
instrument was coated with RC Prep (Premier 
products, PA) as a lubricant, coupled with use of 
2.5% NaOCl as an irrigant. Canal patency was 
established with a size 15 K file.

Image analysis :

The samples were fixed in a putty model and 
scanned both before and after instrumentation, to 
ensure the same position, using computed 
tomography (Galaxis M), with the following 
parametres :- Radiation time – 1419 ms, tube 
current 5 µA, tube voltage – 85kV.

Measurement of dentin thickness :

The distances from canal wall to the root surface at 
the first 3 cut planes at coronal level (below orifice 
of mesiobuccal canal were measured at the mesial 
and distal dentin sides, both before and after 
instrumentation. The difference in dentin thickness 
was calculated. Additionally, the average thickness 
of the 3 cut planes for each sample was calculated. 
The cut planes viewed had fixed width and window 
centre to standardize measurements.

Measurement of dentin volume :

The volume of dentin removed was determined for 
each sample by subtracting the uninstrumented 
canal volume from the instrumented one. The 
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volume of each root canal was determined.

Statistical analysis :

Descriptive and inferential statistical analysis was 
done. ANOVA was done to find the significance of the 
study parameters. Student T test was done to find 
the significance on continuous scale with each 
group.

Results :

Results on continuous measurements are presented 
on Mean  SD (Min-Max) and results on categorical 
measurements are presented in Number (%). 
Significance is assessed at 5 % level of significance.

1.Significant figures 

+ Suggestive significance (P value: 0.05<P<0.10)

* Moderately significant  ( P value:0.01<P  0.05)

** Strongly significant   (P value : P0.01)

The Statistical software namely SAS 9.2, SPSS 15.0, 
Stata 10.1, MedCalc 9.0.1 ,Systat 12.0 and R 
environment ver.2.11.1 were used for the analysis of 
the data and Microsoft word and Excel have been 
used to generate graphs, tables etc. 

Table 2 :  Comparison of dentin (close to furcation) 
removal 

Table 1: Comparison of total dentin thickness :

 Group I  Group II Group III Group IV P value

Pre Op  3.20±1.22  3.00±2.24 2.76±0.83 3.76±1.42 0.507

Post Op
 

4.46±1.09
 

4.47±2.64 4.86±1.24 5.57±1.53 0.450

Difference
 

1.27±0.50
 

1.47±0.99 2.10±0.91 1.81±0.86 0.138

P value (Pre -op vs 
Post-op)

<0.001**

 
0.001**

 
<0.001** <0.001**

The results showed that the thickness of root dentin 

or the total dentin volume lost was significantly 

higher with Group 3 (GG drills) and the least with 

ProTaper (Fig 1).

 Group I  Group II  Group III Group IV P value

Pre Op
 

1.67±0.56
 

2.13±0.85
 

1.70±0.79 1.57±0.54 0.303

Post Op

 
1.37±0.48

 
1.71±0.65

 
1.30±0.73 1.27±0.39 0.322

Difference

 

0.30±0.21

 

0.42±0.53

 

0.40±0.16 0.30±0.28 0.763

P value (Pre-op vs 
Post-op)

0.001** 0.034* <0.001** 0.009**

The removal of dentin close to the furcation was 
highest was Group 2 (HeroShaper) and the least 
removal was observed with Hyflex (Fig 2).

 Group I  Group II  Group III Group IV P value

Pre Op  2.30±0.72  2.31±0.60  2.33±0.66 2.25±0.59 0.995

Post Op  1.91±0.39  2.08±0.54  1.91±0.50 1.61±0.41 0.176

Difference
 

0.40±0.59
 

0.23±0.25
 

0.42±0.40 0.64±0.45 0.244

P value (Pre -op vs 
Post-op)

 

0.063+
 

0.016*
 

0.009** 0.002**

Table 3: Comparison of dentin (away from 
furcation) removal

With regard to the removal of dentin away from the 

furcation, most of the dentin loss was observed with 

Hyflex and the least with HeroShaper (Fig 3).
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Discussion

The step back and the crown down preparation 

techniques have been the established paradigms for 

creating optimal canal shapes during the past few 
[3]decades . The introduction of predefined tapered 

shapes to root canals was given great impetus with 
[3]the advent of NiTi instruments . This strong and 

highly flexible alloy has allowed advances in taper 

and flute design, which were otherwise impossible 
[3]

with stainless steel instruments . It has been 

reported that the use of NiTi instruments with 

greater taper allows a more predictable and 
[10]

consistent shape .

Since long, it has been held that flaring the coronal 

portion of the root canal has several 
[9]

advantages . This preflaring step allows

1) removal of interferences in the coronal and 

middle thirds, giving better control of the 
[11,8,7,12]instrument in the apical third . 

2) greater penetration of the irrigation needle 
[9,12]

into the canal . 
[9]

3)  adequate three dimensional obturation .

However, it has to be noted that in the milee of 

providing good access to the apical third, excessive 

coronal flaring can inadvertently cause strip 
[7]perforations . Stripping in the cervical third leads 

to inflammatory reactions and subsequent 
[13]breakdown of supporting tissues .

 Thus, great care must be taken during preflaring to 

avoid such kind of iatrogenic errors.

 It has been reported that the mesial roots of the 

mandibular first molar are particularly affected by 

strip perforations.  Keeping in mind the 

characteristics of the mesial canals and the presence 

of the usual slight accentuation of the mesiobuccal 

canal, the mesiobuccal canal was chosen for the 

purpose of this study.

During cleaning and shaping, it is of paramount 

importance that the operator is aware of the 

internal anatomy and variation in root dentin 

thickness along the root, especially in curved canals. 

A study reports that the remaining dentin thickness 

that appears on intra oral periapical radiographs is 

deceptive as it exhibits greater dentinal thickness 
[13]radiographically, than what is actually present . 

This is because intra oral periapical radiographs  are 

a 2-dimensional depiction of a 3-dimensional object 
[13]. This is of particular interest since the thickness of 

the residual dentin is important in maintaining the 

integrity of endodontically treated teeth. A study 

suggests that one of the iatrogenic factors of strip 
[8]perforations is the residual dentin thickness . 

Studies have shown that overzealous preparation of 

can subject teeth to strip perforations and 
[14]

catastrophic failures of the root .

Recently, with the introduction of the wide array of 

different tapers in NiTi rotary instruments of 0.04, 

0.06, 0.08, 0.10, 0.12, it has been observed that 

dentin removal can occur in alarming proportions. 

Introduced in 1855, GG drills have long been used 

for cervical preflaring. Owing to their low cost and 

high cutting efficiency, they are still popular in 
8endodontic practice . It was used in the current 

study due to its ease of use and popularity. The use of 

GG drills in the current study was coupled with NiTi 

hand instruments (NiTiFlex) in order to standardise 

the procedure, since the other four groups utilised 

NiTi rotary instruments.

A second NiTi generation system – ProTaper, was 

considered a breakthrough and it still finds its place 

in routine endodontic practice. This system utilizes 

multiple increasing or decreasing tapers on a single 

file. This progressively tapered file gained wide 

acceptance and hence was chosen as an 

experimental group in the present study.

HeroShaper NiTi rotary instruments are also a 

second generation rotary NiTi instrument. This 

system is the newer generation of the very popular 

Hero 642 series. This system is preferred by many in 

clinical practice and is also, user friendly. Hence, it 

was selected in the current research.

Recent developments in NiTi design for endodontic 

rotary use led to the invention of Hyflex rotary files. 

These files are known to be extremely flexible with 

controlled memory. It has been speculated that 

these files can be pre-bent similar to SS files. Owing 

to these advanatges,  this system was selected. 

The current study utilised natural teeth because the 

dentin texture, stiffness and hardness closely mimic 

clinical conditions. Studies have reported that the 

rate of deformation of NiTi rotary files was six times 

less in natural teeth when compared to simulated 
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[15]
canals . The use of natural teeth for this study also 

enabled analysis of dentin loss towards the 

furcation that is not possible with resin blocks.

In the past, methods such as scanning electron 

microscopy, radiographic evaluation, etc., were used 
[3,16]

for analysis . These traditional analytical 

procedures were complicated and warranted 

destructive sectioning of the specimens that 

invariably led to loss of more tooth structure during 
[3]

the process .

With recent technological advancements, a 

practical, non-destructive technique for assessing 

canal morphology in the form of computed 
[16]

tomography has been advocated . This technique 
[2,16,3,8]allows for 3 dimensional observations  enables 

[3,16]
study of minute details  and is especially 

excellent in generating informative database at 
[3]

different slice locations . It has been reported that 

the CT images obtained are highly accurate and 
[16]quantifiable . Comparisons using CT are known to 

provide reproducible results and are also non-
[16]invasive . An added advantage of CT scanning for 

study purposes is that, it eliminates the potential of 

radiographic and photographic errors. Hence, CT 

was used in our study.

In the present study, the greatest percentage of 

changes were recorded with Group III – GG drills, 

both in terms of total dentin volume loss and loss of 

dentin close to the furcation. The use of GG drills 

coupled with 2% NiTi hand instruments led to 

significant removal of total dentin volume. This can 

be attributed to the removal of most amount of 

dentin during coronal flaring. GG drills are inflexible 

stainless steel instruments which have been known 

to contribute to furcal thinning, causing a 

characteristic 'coke bottle' appearance. In 

agreement to the findings of the present study, many 

studies found that GG drills increase the potential 
[17,6,3]incidence of furcation perforation . However, in 

contrast to the findings of the present study, another 

study found that the use of GG drills may be suitable, 

safe and cost effective for preparing mesial canals 
[11]for mandibular molars .

In terms of total dentin removal, Hyflex  followed GG 

drills. This may be explained  because of sequence of 

use of the Hyflex system that entails using 0.08 taper 

and a 0.06 taper while preparing the canal, to an 

apical preparation of 0.04, 30 according to 

manufacturer's instructions. However, Hyflex did 

not endanger strip perforation as it did not remove 

much dentin towards the danger zone.

In terms of removal of dentin close to the furcation, 

HeroShaper surprisingly surpassed GG drills. This 

finding may be attributed to the larger taper of 

Endoflare (12%), the orifice shaper supplied with 

this system. The finding of the current study is in 

agreement with other studies that found similar 
[5,18]results . However, the use of HeroShaper 

accounted for less overall dentin removal.

On the contrary, the use of ProTaper files (SX,S1,S2) 

was found to be the safest as it removed the least 

amount of dentin overall and also towards the 

danger zone. This finding is agreement to another 
[3]study . Zhang et al , also stated that ProTaper 

system can be used safely. Another study by 

Carvalho-Sousa etal also supported that ProTaper 

file are safe with respect to coronal flaring of the 
[8]mesial canals of mandibular molars . In contrast to 

the findings of present study, it has been reported 

that ProTaper removed more total dentinal volume 
[5]

than HeroShaper .

Conclusion

ProTaper is a safe NiTi rotary system in regard to 

preflaring and total volume of dentin removal. GG 

drills should be used cautiously away from the 

danger zones and their overzealous use for 

preflaring must be avoided.

Presently there is a move to reduce the taper of  

preflaring instruments in order to minimize the risk 

of endangering the furcation. Techniques 

recommended by manufacturers should not be 

strictly followed in all clinical situations. The 

clinician should judiciously employ hybrid 

techniques suitable for different canal anatomies 

based on preoperative assessment.  

Further studies including hybrid techniques 

utilizing orifice shapers of any one system coupled 

with different rotary systems are required to enable 

adequate coronal flaring and sufficient canal 

preparation without excessive removal of dentinal 

structure.
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