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Cone Beam Computed Tomographic Evaluation of 
Effect of Different Taper and Technique of 
Biomechanical Preparation on Root Dentin 
Thickness: An in Vitro Study

Abstract

Objective: The aim of the present study was to evaluate the remaining dentin thickness (RDT) after instrumentation with differ-
ent endodontic file systems through CBCT.

Materials and Methods: In the present study, 40 extracted, untreated human mandibular Premolars, with curvature less than 
20° were divided into four groups (n=10, each group). Biomechanical preparation was done according to the group where, 
Group 1 included SS Hand K files, Group 2 included Hand ProTaper files, Group 3 included ProFile rotary files, and Group 4 
included ProTaper Gold rotary files. CBCT images of Pre and Post instrumented canals were taken, and RDT was measured at 3 
mm, 5 mm, and 7 mm from the radiographic root apex.

Results: Results of the present study showed that Group 2 removed the maximum amount of root dentin compared to other 
groups, Group 3 and 4 instrumentation techniques removed almost equal amounts of dentin while Group 1 removed the least 
amount of root dentin.

Conclusion: It can be concluded that engine driven Ni-Ti instruments better maintain the anatomy of the root canal during 
instrumentation with lesser removal of root dentin as compared to hand instruments.
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Introduction

The objective of root canal preparation is to form a con-
tinuously tapered shape with the smallest diameter at the 
apical foramen and the largest at the orifice to allow 
effective irrigation and filling.[1] Cleaning and shaping 
procedure invariably leads to loss of root dentin regard-

less of the instrumentation techniques but flaring the 
canals excessively decreases the dentin thickness result-
ing, thus increasing the possibility of vertical root frac-
ture.[2,3] So, the remaining root dentin thickness (RDT) 
is directly related to the fracture resistance of the tooth.

Hand instruments have been in clinical use for almost 
a hundred years, and they still are an integral part of clean-
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ing and shaping procedures.[4] Traditional stainless-steel 
(SS) instruments, when used in severely curved canals, 
often fail to achieve the tapered root canal shapes needed 
for adequate cleaning and filling.[2] It is time consuming 
as well as there is more chance of getting canal aberrations 
such as zips, elbows, ledges, and perforations.[5]

With the evolution of the endodontic instrument, 
flexible Nickel–titanium (Ni-Ti) instruments have been 
developed with new design features such as varying 
tapers, non-cutting safety tips, with varying lengths of 
cutting blades, and a combination of metallurgical prop-
erties of Ni-Ti alloy.[6] The increased flexibility of hand 
instruments made out of Ni-Ti has been shown to pro-
duce improved preparation shapes compared to stainless 
steel.[7-9] Root canal preparation with rotary nickel-tita-
nium (Ni-Ti) instruments became popular as it facilitates 
the difficult and time-consuming process of shaping and 
improves the final quality of root canal preparation. It has 
been demonstrated that rotary Ni-Ti instruments are able 
to maintain canal shape even in severely curved canals.[1]

Recently, a new type of rotary Ni-Ti instrument, 
ProTaper Gold, has been introduced, which has the 
same geometry as that of ProTaper Universal but offers 
increased flexibility. These instruments have resistance 
to cyclic fatigue and better canal centering ability, espe-
cially when preparing curved canals.[10]

Several approaches have been used to assess the shap-
ing ability of different Ni-Ti rotary systems, but recently 
a non-destructive technology has been advocated for 
pre-and post-instrumentation evaluation of root canals. 
Cone-beam computed tomography (CBCT) can render 
cross-sectional and three-dimensional images that are 
highly accurate and quantifiable.[11] Comparisons using 
CBCT provided repeatable results and also have allowed 
non-invasive experimentation at various aspects of end-
odontic instrumentation at any level the root dentin 
thickness can be viewed without loss of specimen.[11,12]

Different rotary file systems have been compared to 
see biomechanical canal preparation and their effect on 
remaining dentin thickness, but studies comparing 
hand and rotary files of different tapers and metallurgy 
are less. Therefore, the purpose of the present study was 

to evaluate the effect of preparation by differently 
tapered hand and rotary instruments on root dentin 
thickness through CBCT.

Materials and Methods

In the study 40 permanent mandibular premolar teeth 
indicated only for orthodontic extraction were collect-
ed. After cleaning, all the teeth were stored in 10% for-
malin till the start of the procedure.

Inclusion criteria
Teeth with
1. Root curvature <20°
2. Devoid of developmental defects

Exclusion criteria
Teeth with
1. Calcified canals. 
2. Root canals with double or more curvatures.
3. Curvature more than 20 degree. 
4. Double canals.

Materials and product details of various endodontic 
files used for the study are shown in Table 1.

Selection of teeth
40 Mandibular Premolars with less than 20° root canal 
curvature were selected after taking a digital radiograph 
using Schneider’s method.

Preparation of samples (Fig. 1)
The teeth selected were divided into four groups depend-
ing upon the taper of the instrument. The teeth were 
marked on the buccal aspect using round and straight fis-
sure bur and filling indentations with amalgam, i.e., 
Group I (making dots), Group II (numerical value1-10), 
Group III (roman value I-X), Group IV (alphabets A-I).

Access cavity and working length (Fig. 2)
An endodontic access was prepared using an air rotor 
handpiece, #2 round bur and tapered fissured bur. A 
patency K-file size #10 was passively entered into the 

Table 1. Metallurgy and product details of various endodontic files

Metallurgy Type of file used Manufacturer Length used (25 mm) Sizes used Taper (%)

SS K-file Mani Inc, Japan 25 15, 20, 25, 30 2

Ni-Ti Hand ProTaper Dentsply Maillefer 25 Sx, S1, S2, F1, F2, F3 Progressive

Ni-Ti Rotary ProFile Dentsply Maillefer 25 20, 25, 30 4

Ni-Ti ProTaper Gold Dentsply Maillefer 25 Sx, S1, S2, F1, F2, F3 Progressive
Ni-Ti: Nickel-titanium, SS: Stainless steel
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canal until it become visible from apical foramen, and 
the working length was established at 1 mm short of 
this point. The pulp was removed with the help of 
barbed broach no.15. The canal was irrigated with 2.5% 
sodium hypochlorite to remove any pulpal remnants 
and then irrigated with saline.

Pre-instrumentation CBCT (Figs. 3, 4)
Occlusal rims were prepared with modeling wax with the 
size equivalent to the bite plane of CBCT. Five teeth were 
inserted in each occlusal rim, so each group consisted of 
two occlusal rims. Also, to keep the measurement area 
constant in pre-and post-instrumentation images groov-
ing along the root length on the buccal, lingual, mesial, 
and the distal surface was done with disc bur.

A pre-instrumentation CBCT was taken for each 
group, and root dentin thickness was measured at four 
different surfaces (buccal, lingual, mesial, and distal) on 
each slice at different levels, i.e., 3, 5, 7 mm from the 

radiographic root apex. The CT scans were done at 75 
KV and 2.5 m A, 0.1 mm thick sections.

Biomechanical preparation of root canals (Fig. 2)
Samples were divided into 4 groups based on the metal-
lurgy, technique and taper of different endodontic files 
used for instrumentation, as shown in Table 2. The same 
operator did biomechanical preparation of the canals 
with various file systems and manufacturer instructions.

Post-instrumentation CBCT (Fig. 4)
Post instrumentation CBCT was taken, and root dentin 
thickness was measured at the levels corresponding to 
the Pre-instrumentation levels, i.e., 3, 5, 7 mm main-
taining the same position, and the readings were com-
pared with pre instrumentation readings.

Same values of brightness and contrast were fixed in 
pre-and post-images to keep umbra and penumbra 
constant.

Figure 1. Grouping of the samples (1-4) as used in the study

Group 1

Group 3

Group 2

Group 4
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Figure 2. Various procedural steps followed in the study

Access Opening

Preparation with hand instruments Preparation with rotary instruments

Working Lenght determination 

Figure 3. Photograph showing bite plane (a, b)

CBCT: Cone-beam computed tomography

ba

Bite Plane Placement of bite plane in CBCT machine
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The scanned images were stored on a computer 
hard disk for further comparison between pre-and 
post- instrumentation data by using Di Com software.

The data analysis was done using SPSS version 16 
(IBM SPSS, Armonk, NY: IBM Corp, USA). Kruskal 
Wallis test was applied for multiple group comparison, 
and the Man-Whitney U test was conducted to com-
pare the median/mean rank of cutting scores between 
the groups. The level of significance was p≤0.05.

Results

Pre and Post instrumentation comparison of RDT in 
CBCT at 3 mm (Table 3, 4)
Intergroup comparison of cutting pattern with different 
methods at the level of 3 mm showed that maximum 
cutting was yielded with Hand ProTaper (HPT) (mean 
0.11±0.14) followed by a lesser but equal amount of cut-
ting by ProFile and ProTaper Gold with a mean of 0.5, 
and least cutting was achieved with a hand file (mean 
0.4±0.05).

Pre and Post instrumentation comparison of RDT in 
CBCT at 5 mm (Table 5, 6)
Intergroup comparison of cutting pattern with different 
methods at the level of 5 mm showed that maximum 
cutting was yielded with Hand ProTaper (mean 
0.11±0.11) followed by a lesser but equal amount of cut-
ting by ProFile and Hand K file with a mean of 0.08, 

while ProTaper Gold yielded least cutting (mean 
0.06±0.05).

Pre and Post instrumentation comparison of RDT in 
CBCT at 7 mm (Table 7, 8)
Intergroup comparison of cutting pattern with different 
methods at the level of 7 mm showed Mean value of 
cutting is maximum for Hand ProTaper (mean 0.12) 
followed by ProTaper Gold (0.08), ProFile (0.06), and 
least for Hand file (0.04).

Descriptive statistics of all the groups for different 
methods (all levels combined) (Table 9, 10, Graph 
IV)
Intergroup comparison of comprehensive mean cutting 
score by different methods showed that mean value of 
cutting is maximum for Hand ProTaper (mean 0.12) 

Figure 4. Images of pre-and-post instrumentation CBCT before and after cutting showing the difference in dentin thickness

CBCT: Cone-beam computed tomography

Pre-instrumentation CBCT Post-instrumentation CBCT

Table 2. Grouping of samples

Groups Instrumentation Taper Number of 
samples

1 SS Hand K files 2% 10

2 Ni-Ti Hand 
ProTaper

Progressive 10

3 Ni-Ti ProFile 4% 10

4 Ni-Ti ProTaper 
Gold

Progressive 10

Ni-Ti: Nickel-titanium, SS: Stainless steel
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followed by ProTaper Gold (0.06) and ProFile (0.06) 
and least for hand file (0.04).

Discussion

The area of radicular dentin which plays an important 
role in fracture resistance is the pericervical dentin. 
This area is known as the critical zone, roughly 4 mm 
above the crestal bone and extending 4 mm apical to the 
crestal bone, which is important for three reasons: fer-
rule, fracturing, and proximity of dentin tubule orifice 
inside to out. Long–term retention of tooth and resis-
tance to fracturing are directly related to the amount of 
residual tooth structure.[13, 14] So, the more dentin is 
kept, the longer tooth is kept.[15]

Residual dentin thickness indicates the mechanical 
limits of instrumentation to enlarge the diameter of the 
root canal to approximately predetermined values that 

would not significantly weaken the dentinal walls.[16] 
The strength of the root is directly related to the residu-
al dentin thicknesses. So, it is utmost importance to 
preserve the sound dentin. At least 1 mm of root dentin 
should remain in all root aspects along its entire length 
after all intra-radicular procedures are completed.[17]

The trend to tapered canal shapes for cleaning effi-
cacy and obturation mechanics has been a slow and 
measured conversion during the last 2 decades. Step-
back and/or crown-down strategies for shaping have 
been the established paradigm for creating tapered 
shapes during the last 20 years.[18]

The advent of predefined tapered shapes to root 
canals was given great impetus with the introduction of 
nickel-titanium instruments as this strong and highly 
flexible alloy has allowed innovations in taper and flute 
design, which had been impossible with SS instruments.
[19] The super-elasticity has furthermore made it possi-
ble to carry out extremely conservative shapes, better 
centered, with less canal transportation and therefore 
respecting the original anatomy of the root canal.[20-22] 
In addition, increased taper combined with nickel-titani-
um alloy allowed more predictable use of rotary methods 
to provide consistent canal shapes (Short et al 1997).[19]

Hand instrumentation with 0.02 SS K files is a time-
tested, easy and economical method for root canal treat-
ment, but they are not available in different taper and 
flute designs. With the innovations in Ni-Ti instru-
ments that are now available in different tapers and flute 
designs, canal preparation has become easier and more 
predictable. ProTaper is multiple taper instruments that 

Table 3. Descriptive values of cutting pattern by different methods at 3 mm

Kruskall Wallis test result

N Mean SD SE Mean rank Chi-square df Sig.

Hand File 40 0.04 0.05 0.01 68.35 6.249 3 0.01

Hand ProTaper 40 0.11 0.14 0.02 93.32

ProFile 40 0.05 0.05 0.01 83.26

ProTaper Gold 40 0.05 0.04 0.01 77.06
*p-value significant at level 0.05, SE: Standard error, df: Degree of freedom, Sig.: Significant

Table 4. Multiple comparison of cutting pattern by diffe-
rent methods at 3 mm

Gr 1 Gr 2 u p

Hand File Hand ProTaper 568 0.02*

ProFile 622 0.08

ProTaper Gold 724 0.46

Hand ProTaper ProFile 681 0.25

ProTaper Gold 638 0.12

ProFile ProTaper Gold 748.5 0.62
*The mean difference is significant at the 0.05 level. Gr: Group, u: Mann-Whit-
ney U test results

Table 5. Descriptive values of cutting pattern by different methods at 5 mm

Kruskal Wallis test result

N Mean SD SE Mean rank Chi-square df Sig.

Hand File 40 0.08 0.03 0.01 91.96 9.413 3 0.024

Hand ProTaper 40 0.11 0.11 0.02 87.55

ProFile 40 0.08 0.08 0.01 79.91

ProTaper Gold 40 0.06 0.05 0.01 62.58
*p-value significant at level 0.05, SE: Standard error, df: Degree of freedom, Sig.: Significant
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are available in both hand-operated version and engine-
driven. Instrumentation with Hand ProTaper and rota-
ry ProTaper in this study has given an opportunity to 
compare a similar instrument design with two different 
instrumentation techniques. Since ProFile is a constant 
taper instrument, it has provided an opportunity to 
compare a rotary constant tapered instrument with a 
variable tapered ProTaper Gold instrument.

The use of ProTaper Gold in our study has given us 
a chance to compare conventional Ni-Ti rotary instru-
ments with heat-treated controlled memory Ni-Ti rota-
ry instruments. 

The gold standard of comparison is with that of the 
time-tested conventional step-back technique with the 
ISO standard 0.02 tapered stainless steel K-files. 

In a study by Jafarzadeh et al.[23] the frequency of 
ledge, formation tends to increase if the canal curvature 
was more than 20 degree, also curvature of canal effects 
the cutting efficiency of instruments. Hence single root-
ed mandibular premolar teeth with single straight canal 
and single apical foramen were used in this study. 

There are a number of methods available to compare 
the cutting efficiency of various instruments in prepar-
ing root canals, and these include plastic blocks,[24] 
radiographic techniques,[25] histological sections,[26] 
serial sectioning, scanning electron microscope[27] and 
silicone impressions of instrumented canals.[28]

One of the latest innovations in the industrial and 
medical field is the use of CBCT for study purposes, this 
scientific tool could develop a potential in endodontic 
research as well. It is a practical and non-destructive 
technique for the assessment of root dentin thickness 
before and after shaping, according to Gluskin et al.[11] 
It provided horizontal cut-planes along root length at 
the right angle to the long axis of the canal, which helps 
in providing standardized sections of all specimens. 
With a thickness of 0.1 mm, these numbers of sections 
allowed accurate evaluation of any changes in dentin 
thickness along the root length.[29]

CBCT image analysis software CS allows pre-instru-
mentation and post- instrumentation measuring of 
remaining root dentine thickness and hence calcula-
tions of the amount of removed dentin during cleaning 
and shaping of the root canal. There are also no instru-
mentation problems passing through sections that 
could affect the instrumentation outcomes. Also, CBCT 
scans allow easy measurement of canal changes because 
each image has an accurate scale, decreasing the poten-
tial of a radiographic or photographic transfer error and 
avoiding complicating procedures, destructive section-
ing of the specimens, or loss of the root material during 
sectioning.[30]

In the present study, the maximum amount of root 
dentin removal was done by Hand ProTaper instru-
ments at 3 mm. There was a statistically significant dif-
ference between Hand ProTaper (p value≤0.05) and 2% 
Hand K files at apical 3 mm. These findings correlate 
with Rao et al.[31] who found that K files removed a 
lesser amount of dentin apically. The results were com-
plementary to the findings of Reddy et al.[32] and 
Yoshmine et al.[33], who found that conventional hand 
instrumentation with 0.02 tapered SS K files removed 
the least amount of dentin but in contrast to study done 
by Shahriari et al.[34] who demonstrated found that SS 
hand instruments removes more amount of dentin in 
all the sections as compared to ProFile rotary instru-
ments and this difference in the cutting pattern may be 
due to the curved root canals included in their study. 

Table 6. Multiple comparison of cutting pattern by diffe-
rent methods at 5 mm

Gr 1 Gr 2 u p

Hand File Hand ProTaper 782 0.862

ProFile 680 0.246

ProTaper Gold 479.5 0.002*

Hand ProTaper ProFile 724 0.463

ProTaper Gold 576 0.031*

ProFile ProTaper Gold 627.5 0.096
The mean difference is significant at the 0.05 level

*Statistically significant difference. Gr: Group, u: Mann-Whitney U test results

Table 7. Descriptive values of cutting pattern by different methods at 7 mm

Kruskal Wallis test result

N Mean SD SE Mean rank Chi-square df Asymp. 
sig.

Hand File 40 0.04 0.03 0.01 58.18 24.652 3 0.000

Hand ProTaper 40 0.12 0.09 0.01 106.82

ProFile 40 0.06 0.05 0.01 70.89

ProTaper Gold 40 0.08 0.06 0.01 86.11
*p-value significant at level 0.05, SE: Standard error, df: Degree of freedom, Asymp. sig.: Significant difference between the means
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The increasing taper instruments or shaping files(s) 
have enhanced flexibility in the middle region and at 
the tip. The decreasing taper instruments or finishing 
files (F) have larger taper and diameter in the apical 3 
mm region, which makes them stiff.[35] This can also 
explain the higher cutting of ProTaper instruments as 
found in our study at apical 3 mm level. 

The higher cutting by HPT may be due to the that 
this file prepares the apical area for an extended period 
of time, and the rotational movement of the file is an 
operator controlled variable factor thus leading to more 
cutting of dentin as compared to rotary files, which 
contacts the apical area for a lesser period of time and 
also rotational speed and torque are fixed.

Post-instrumentation dentin thickness at 5 mm level 
showed that progressively tapered (Hand ProTaper) 
instrument has removed more amount of root dentin as 
compared to constant tapered (ProFile). These findings 
were in accordance to Yang et al.[6] and Uyanik et al.
[30], who reported that owing to larger cross sectional 
areas in coronal and middle parts, ProTaper removed 
more dentin in these areas when compared to the con-
stant tapered instrument.

ProTaper Gold showed least amount of dentin 
removal as compared to Hand ProTaper (p value 0.031) 
and SS hand K file (p value 0.002), and the difference 
was statistically significant. This is in correlation with 
Gagliardi et al.[36], who have stated that the more flex-
ible alloy of ProTaper Gold, enhanced through a pro-
prietary heat treatment technology, imparts a reduced 

restoring force and allows these instruments to remain 
more centered in the canal and have greater ability to 
maintain dentin thickness than conventional ProTaper. 
The least dentin removal by ProTaper Gold might be 
explained that Ni-Ti files manufactured using the Gold-
Wire heat treatment method have increased flexibility 
compared to the files made of M-wire or conventional 
Ni-Ti files, thus producing minimal reaction forces on 
the canal wall. 

Intergroup comparison of dentin removal at 7 mm 
showed maximum cutting by Hand ProTaper followed 
by ProTaper Gold, ProFile, and least for SS hand files.

These results were in accordance with Mahran et al.
[37], who found that total dentin removal during canal 
instrumentation was significantly more with the 
ProTaper system. However, in their study ProTaper 
removed less cervical dentin as compared to hand files 
which was due to the use of GG burs with hand K files. 
But in contrast to our study Yin et al.[38] found that 
more dentin was removed with hand-files, and this was 
due to the use of GG burs in the hand file group and 
also the inclusion of c shaped canals in their study. 

As the present study was an in-vitro study, thus the 
conditions could not simulate the natural oral condi-
tions where angulations and ease of operator are also 
important determining factors effecting root canal 
preparation. 

Also, in our study, samples taken for endodontic 
instrumentation were only straight canals with curva-
ture less than 20º, but as the canal curvature increases 
cutting pattern might change because of the metallurgi-
cal characteristics of instrument i.e., stainless steel, con-
ventional Ni-Ti or metallurgically enhanced heat treat-
ed instruments, Thus cannot be applied to all teeth.

Conclusion

• From the findings of this study, it can be concluded 
that SS 0.02 k file shows most conservative dentin 
removal at the apical and cervical region but more 
significantly in the apical part when compared to 
hand ProTaper, ProFile, and ProTaper Gold. 

Table 8. Multiple comparisons of cutting pattern by diffe-
rent methods at 7 mm

Gr 1 Gr 2 u p

Hand File Hand ProTaper 323 0.00*

ProFile 669 0.21

ProTaper Gold 515 0.01*

Hand ProTaper ProFile 437 0.00*

ProTaper Gold 587 0.04*

ProFile ProTaper Gold 648 0.14
*The mean difference is significant at the 0.05 level. Gr: Group, u: Mann-Whit-
ney U test results

Table 9. Comprehensive data for different methods (all surface and levels combined)

Mean Std. deviation Median Mean rank Chi-square df Asymp. Sig.

Hand File 0.054 0.04 0.050 217.3 19.066 3 0.000

Hand ProTaper 0.112 0.12 0.075 287.3

ProFile 0.063 0.06 0.050 232.8

ProTaper Gold 0.062 0.06 0.050 224.6
Sig*p-value significant at level 0.05, df: Degree of freedom, Asymp. Sig.: Significant difference between the means
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• Hand ProTaper removed a significantly greater 
amount of dentin as compared to rotary ProTaper 
Gold despite having the same design features.

• ProTaper Gold removed more amount of dentin as 
compared to ProFile, but the difference is not statis-
tically significant, irrespective of the difference in 
their tapers.

• Engine-driven Ni-Ti instrumentation techniques 
causes lesser removal of root dentin as compared to 
hand instrumentation and have better maintained 
the anatomy of root. 

Financial Disclosure: Nil.
Conflict of Interest: None declared.
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