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The flaring efficiency of the Profile and Protaper on resin
simulated root canals

Qussay A. Al-Jawhar , M.Sc.*

Abstract:

Forly resin simulated root canals with standardized curvature prepared for this
study, divided into four groups ten canals for each group, Thirty canals were prepared
with rotary endodontic instruments, profile 04, profile 04, 06 and protaper, ten canals
for each type, with slow speed contra angle hand piece (300 rpm) using crown — down
technique the other 10 canals were prepared with stainless steel k-flexo hand
instrument wsing step — back technique. The total time required for preparation was
calculated. The resin blocks were scenned; the pre-instrumented and post-
instrumented images were stored in the computer and superimposed for two
dimensional evaluation of canals preparation using Adobe photeshope 8.0 and Corel
draw 9. For the coronal portion the amount of canal substance removed was
caleulated al Tmm, 9mm, 11mm levels from the working length. For the apical
curvature the centering ratio was calculated at 2mm and 4mm level from the working
length. The results showed that the amount of canal substance removed from the
coronal portion by protaper was statistically higher than other groups with statistically
less ability to stay center in the canal than profile rotary instruments but more abiliry
to preserve apical curvature than k-flexo hand instruments with Jess time required for
preparation. K-flexo files showed statistically less amount of canal substance removal
at coronal portion and statistically higher centering ratio than other groups, and
require more time for canals preparation,

Keywords:
Profile, protaper, apical curvature.
Introduction: ), that is leads ta the development of
NiTi endodotic instruments. Since the
The main objectives of root canal end of 1980s ﬁ]{:f made from NiTi
preparation is to produce clean canal become available 1 which have more
and shaping of the canal to form a elastic  flexibility and  superior
continsously taper conical, funnel resistance fo0  fracture, relatively
shape to receive the root canal filling maintaining original canal curvature
and to provide space for endodontic and less aberrations in comparison
instrument  wsed  during  filling with similar size stainless steel file ‘",
procedure, but the  original The reeent introduction of rotary
configuration of the canal should be instruments made from NiTi with
maintained."! The root canal shaping different design and taper found to be
procedure is complex when relatively effective. to overcome problems
nontapered instruments are used to associated with hand instruments like
create tapered root canal ﬁhup-u.“' Zipping, t‘ll'-ur-w,l erforation and loss of
The use of stainless steel hand working length "
instruments found to cause canal Many types of rotary En.*s[rurnt:rtt_:-: 1%
aberrations (zip, ledge and perforation) know available in the market like:
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profile taper 04 and taper 06, profile
GT, Quantec and Protaper. In response
to the problems associated with step
back technique, The rotary instrument
recommended to be used with erown —
down technigque which involve
preparation of the canal from the
cervical aspect to the apex rather than
classical aspect from the apex to the
crown. The main advantages of crown
— down technique: 1- enhanced
apical movement of instruments into
the canal 2- increased space for irrigant
penetration and debridement.
3-limination of coronally placed
inferferences 4-enhanced movement of
debris coronally. 74

There have been many reporis

about the ecffectiveness of rotary
instruments when shaping ecither
simulated resin blocks or extracted

];wﬁn teeth with curved root canal
The aim of this study is o evaluate
the efficiency of protaper and profile
Nili rotary instruments to prepare the
resin - simulated curved oot canals
through assessment of removal of
canal substance in the coronal portion,
the ability of the instrument to stay
center in the canal and preserve the
apical curvature, and total
mstrumentation time compared with
stainless steel hand instruments.

Materials and Methods

Forty resin simulated root canals
were constructed (Fig. 1) using #20
silver points as a mold this allowed the
#15 endodontic file to fit to the
working length. The total length of the
canal 15 14 mm long. A C-shape
curvature was made and started 8 mm
from the orifice {curved part § mm
length) . with approximately 30 degree
curvature determined by Pruett el al |
modification of Schneider method ¥

Fig. (1): (A) Composite image of the
simulated resin canal , the blak line is
the origianl canal , while the while line
15 the final preparation of the canal
using protaper. (B) Resin Simulated
canals.

Preparation of simulated canals

The canals where divided inte Four
groups each group with 10 resin
simulated canals. Thirty canals were
prepared  with  rotary  endodotic
mstruments profile taper.04 . profile
taper .06  (Dentsply  Maillefer,
Switzerland) and protaper (Dentsply

Maillefer, Switzerdand) wing high
torque conira  angle hand  piece
(INTRAsurg500, Kavo, Germany)

(Fig.2) at speed of (300 rpm). Crown —
down techmique was used for canals
preparation with rotary instruments
according to  the recommended

sequences of the manufacturers until
the apical portion of the canal achieve
size 30. The profile and protaper
mstruments were coated with Glyeerin
as a lubricant (one rotary file is coated
with 10-13 mg of lubricant).

Fig (2): INTRAsurg500, device with
contra-angle hand piece used in
this study.
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Each set of rotary instrument
prepared 3 canals. The range for using
rotary instruments  properly  without
any defects was recorded between 3-3
ol e )

Ten canals was prepared with
stainless steel K-flexofile (maillefer,
Switzerland) using step-back
technique. The fhle discarded afler
preparing one canal,

Irrigation was performed for all
canals during preparation through the
use of distilled water dispensed by
insulin syringe with 27 paupe needle,
4ml of water dispensed after the use of
each instrument.

Ciates-Gilidden drill were not wsed
for all groups to see only the effect of
files used.

After instrumentation the canal was
dried with paper point.

The preparation of all canals
started with k-flexo file size 13 with
rubber stopper adjusted to full working
using some filing action just to ensure
all canals were opened.

Group |

Ten resin simulated canals wers
prepared with profile 04 taper, with
Crown — down technigue, the first
instrument introduce to the canal is #235
to ghout two third 10 half of the length
using slow speed hand piece {200 rpm)
with law pressure applied, tll the
resistance  felt, then the profile
instrument removed from the canal
with force applied on the walls, after
than size #30 instrument to the same
length and with the same manner. This
was for the preparation of coronal
portion of the canal , for the apical
portion #15 profile introduced 1o the
full working length followed by #20 |
#23 and size #30 used sequentially. If
one instrument is failed to reach the
working length the previous size was
used,

Group 2

Ten resin simulated canals were
prepared with profile 04 taper and 06
taper, Using a law speed hand piece
(300 rpm) a profile #25 taper 06 is
used to about 142 of the canal followed
b:,' #25 taper 04 to about 2/3 of the
canal in crown - down manner. this is
o prepare the coronal portion of the
canal . for the apical porlion, profile
i#15 taper 04 used to the working
length followed by profile #20 taper (4
. #20 taper 06, #23 taper 04, #25 taper
U6, #30 taper 04 , #30 taper 06
sequentially used to the full working
length. All should be used with light
apical pressure similar to the amount of
pressure exerted when writing with a
very sharp  lead pencil. If one
instrument iz failed to reach the
working length the previous size was
used.

Grroup 3
Ten resin simulated canals were
prepared with  protaper rotary

instrument using a low speed hand
piece (300 rpm) with crown - down
technique, For coronal portion of the
canal starl with shaping file 51 (Purple
colorad) to achieve straight ling access
with  brushing movement once
resistance felt remove the file and force
against the canal walls on s removal
this action performed just 1o removed
any cervical interference. A stainless
steel k-flexo file #15 is used 1o
working length to break up any debris
and to re-confirm the working length,
after that Shaping file SX 15 used with
the same manner. When the canal is
patent and working length is confirmed
shaping file S1 is rewsed to the
working length with brushing motion,
[ollowed by shaping file 852 (with
white colored ring) used with the same
manner till it reached the working
length , followed by irmigation and
recapitulation,

The apical portion is prepared with
finishing files | first start with FI file
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(with yellow ring) to working length its
tip size equal to #20 file followed by
F2 file {with red ring) to the working
length . finally use F3 file (with blue
ring) is used to working length its tip
size equal to #30 file, with that
instrument the preparation of the apical
portion is completed. (Fig.1)

Group 4

Ten resin simulated canals were
prepared with K-flexo files wsing
ordinary step — back technique, all the
files used to prepare the apical portion
precurved before use, started with #13
hand file to the working length with
filing action till it fits loosely to the
canal, this procedure is repeated with
#20, #25 ull #30 15 used to prepare the
apical part of the canal. Step back
filing was performed by using one size
of file larger then the previous size
adjusted to Imm shorted than the
previous size until #60 is used 1o
approximately the middle of the canal
length, Always #30 is used to working
length 1o recapitulate the canal.

Methods used for Evaluation of
Canals Preparation

I- Preparation Time

The tetal time of canal preparation
was recorded in minutes. This included
the active instrumentation, irrigation

and time used to exchange the
Insiruments.
2-  Evaluation of apical and

coronal portion preparation

Before preparation the resin canals
were filled with drawing ink with 27
gauge needle and $yringe, the resin
blocks were labeled and scanned with
high resolution scanner (GenX) and the
images were stored in computer hard
disk. After preparation of the canals,
they were filed with ink and scanned
again with the same resclution and
same size and stored in the hard disk.

Image analyis using Adobe
photoshope 8.0, Raster Vector 6.8,
Corel draw 9 softwares.

The pre-instrumented and posl-
instrumented Images were
superimposed this depends on a label
put on each resin block w act as a
ruide for that purpose.

For coronal portion preparation
assessment of the amount  of coronal
substance removed in all canals was
caleulated  two-dimensionally  using
corel draw software measuring the
greatest distance between the edge of
each instrumented canal and the
corresponding edge of uninstrumented
canal on both sides at three levels
Tmm, 9mm, | lmm from the working
length (from the apex of the canal)
after using Raster Vector software o
convert the canal image to Vectors to
facilitate mgasurement by
magnification of the mmage 10 tmes
without affecting the resolution.

For the apical curvature the mean
centering ratio {which is the ability of
the instrument to stay centered in the
canal) s caleulated to compare the
shaping ability of four groups at 2mm
Amm from the working length, | the
gmaller the ratio the better the
instrument to stay centered in the
canal,

The centering ratio was caleulated al
cach level by this formula (X1-X27Y).
X1 is the maximum extend of canal
preparation on one direction, X2 canal
extend in opposite direction , ¥ 15 the
diameter of final canal preparation, et

Results:

Preparation Time

The mean instrumentation time
showed in table (1). There were no
significant difference between profile
taper 04 (groupl ), and profile taper (4,
06 (group 2} (P=0.05). Protaper
showed - statistically less preparation
time than other groups (P<001), while

176



Mustan=iria [

The Narng efficiency of the Profile...

VYol 2 Mo.:2 2005

step back with k-flexo files (group 4)
showed  statistically  highest  time

reguired for preparation of canals than
other groups (P=0.001).

Table (1): total canal preparation mean time required for all groups.

Caroups.

Mean time (Minutes)

Profile .04 taper

6,27

Profile .04, .06 taper

6.51

Protaper

5.12

Preparation of canals corenally

The mean, standard deviation,
minimum and maximum values of the
amount of coronal substance removed
by four 1types of endodontic
instruments wsed in this stedy arc
shown in table (2) Fig. (3), at Tmm,
9mm and 11 mm from the working
length. Using one way ANOVA

Step back (k-flexo)

12,57

revealed that at 7mm  the mean
differences between the four groups
was statistically significant (P=0.05),
while of 9mm, 1lm , the mean
differences between groups were very
highly significant (P<0.001), Paired -
test was used to compare the mean
between each pair of groups, lable (3},

Table (2): Descriptive statistics for the amount of canal substance removed by four
groups at Tmm, 9mm and 1 1mm.

Giroups Levels

Min, /mm

Max./mm 5D

Tmm

Gm_up |
Profile 04

0.109

0.348 0.073

Omm

0.211

(0,358

0.050

11mm

0.211

(0422

0.063

Ciroup 2
Profile 04,06

Tmm

0.118

412

[, (F98

Brmm

0.195

{355

117

1 Imm

0.264

1.580

{1 ()

Group 2
Protaper

Tmim

0219

{).589

U.135

Ymm

0.208

0.679

(.133

1 1mm

0.378

.6EE

0.097

Liroup 4
K-flexo

TITIT

.00}

0.328

(0.134

Omm

0.060

0.334

(106

11mm

0.067

Preparation af the canal apically

The centering ratio was measured for
all groups at two levels 2mm and 4mm
from the working length. The mean,
standard deviation,  mimmum  and
maximum values are seen in 1able (4)
Fig (4).

0423

0.126

ANOVA test showed statistically very
highly significant differences between
all groups at both levels {(P<0.001).
Paired t-test was performed to compare
the mean centering ralio between cach
pair of groups Table (5).
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Table (3): Paired t-test to compare the mean of the amount of canal substance removed
by the four s at Tmm, 9mm and 11mm levels between each pair of groups.

Ciroups 11mm
t value -1.525 2.547 -2.373
Group 1 vs, group 2 Significance T ~ -
L value -2.8935 -5.332 =2.003
GI‘[}UF I ws. gl'ﬂlLl:FI' 3 Sigﬂiﬁﬂﬂﬁ & T L] L]
t vialue 2.109 2.642 2,160
Group 1 vs. group % ™ gipnificance | NS ” NS
L owalue =2.024 -2.299 =53.592
Gmup 1 WE. Eroup 3 Sigﬂiﬁwrm: M5 W kk
tvalue 2.699 5065 4 OR7T
Group 2 vs, group 4 Significance . e >
L valoe 3:.323 56319 T272
Group 3 vs,. group 4 Sienificance & dkE akch

ME: Mon significant difference (F=0.05),
*gignificant difference (P=20.05],

**highly significant difference (P=0.01).

ek vary highly significant difference (P<0,06011,

Fig. (3): Bar chart showing the differences in mean centering ratio for all groups at 2mm
and 4mm.
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Table (4): Descriptive statistics of centering ratio for all groups at 2mm and 4mm.

Groups Levels | Min./mm | Max./mm 8.0
Giroup 1 2mm 0.101 0.142 0.118 0.0112
Profile 04 4mm 0010 0310 163 0LO920
Crroup 2 2mm 0,109 0418 0.238 01192
Profile 04,06 dmm (112 0.381 0. 194 0. 1006
Ciroup 3 2mm 0,187 (.631 0.356 0.1563
Protaper 4mm (139 0.629 0.410 0.1793
Ciroup 4 Zmm 0.287 0.74% 0.554 0.1641
K-flexn dmm 0.221 0.1411

Table (5): Paired t-test to compare the centering ratio for the four groups at 2mm, and
4mm - between each pair of groups.

Liroups

1 walue

Group 1 vs. group 2

significance

I value

Croup 1 vs. group 3

significance

i value

Group 1 vs. group 4

Significance

t value

Group 2 vs, group 3

.'.-‘:!iEniﬁcum-,t

£l e

Giroup 2 vs. group 4

Significance

[ ovale

Group 3 vs. group 4

ME: Man £i5|1i|]¢:|1|1 difference {P=0.05),
*signiticant difference (P<0 05},
**highly significant difference (P<(.01},

== =very highly significant difference (0,00 ] L

Discussion:
The man objective of canal
preparation to  creale clean tapered

canals without apical transportation '™

Jhis conld be achieved easily with
straight canal ,with the curved canals
the preparation should enlarge the
canal, while maintaining the original

Significance

path without apical zipping . ledge
and/or perforation., this study was w
compare the ability of two endodontic
rotary instruments, prolile and protaper
and one hand instrument stainless steel
k-flexo file in preparing the resin
simulated curved canals by assessment
the coronal substance removed {o
reflect the cleanness and tlaper of
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prepared canal ;and the centering ratio
wmas calcolated to give idea about the
ahility of the instrument 0 remove
canal substance equally on both sides
in the apical one third of the canal to
preserve the curvature while enlarging
of the canal.

Resin simulated root canals were
gsed in this stady o produce
standardized simulation of root canal
with shape, size . laper and curvature,
which have been used by other
stodiest ™.

The evaluation of the shaping
shility in the coronal and apical portion
by using image analysis method was
wsed by different studies “*'"), through
scanming of the canals, convert them to
VEeClors, and calculation the
transportation of the canal after
superimposition of pre-instrumented
over post-instrumented canals using
fmage analysis  software  (Adobe
phaotoshope, Corel draw).

Preparation of the canals with most
rotary instruments using contra angle
kand picce at low speed ranged
between 150 — 350 rpm "™, in this
study the resin canals were prepared at
300 pm speed with crown — down
technique s recommended from the
manufaciurer.

The results of this stud}r showed
that the time used to prepare the canal
with rotary instrument is less than with
hand instrument and the protaper
required statistically less time and
effort to prepare the canals than profile

rotary instrument this findings is
agreed with other findings oL while
k-flexo file  exhibited statistically
higher time of canal preparation

because it needs more effort and
re exerted during preparition L

Removal of canal substance in the
coronal portion compared between all
groups at three selected levels (Tmm,
Smm. 11mm) from the working length.
The result showed that protaper and
profile rotary  instruments produced

more canal enlargement coronally than
stainless steel k-flexo hand hile {group
4), this duc to the design of rodary
instrument with large taper (0.02 —
0.19) for protaper, (0.04 — 0.06 for
profile) than the k-flexo file which has
a fixed taper over the working avea of
the file. but there was statistically non
significant differcnce between group 1
{profile 04) and group 4 (k-flexo file)
at Tmum and 1 1omm.

The result showed that protaper
(group 3) produced more canal
enlargement coronally than profile 04
(group 1) and profile 04.06 (group 2)
which was statistically significant,
except at Tmm level it was non
significant difference between protaper
and profile 04, 06, The cuiting
efficiency of protaper is more than
profile rotary instrument, the reason 18
the presence of variable helical angle
in protaper and constent helical angle
in profile the helical angle is the angle
that the cutting edge makes with long
access of the file ™. The cutiing
efficiency is more with this angle is
variable along the file than il it 18
constant “'!. Also the convex triangular
cross section design of the cutting
blade of the protaper file increases the
cutting efficiency "™, The taper of
protaper found to be 0.02 to 0.19%
and this greater than other file to the
same level of the root canal, which
result in greater increase in canal
width,

Profile 04, 06 (group 2) remaove
more form coronal substance at all
selected level than profile 04 (group 1)
but statistical analysis exhibited a non
significant  difference between both
groups only at 7mm level, This due to
the wse of profile instument wath
larger taper 06 in the coronal portion.

The centering ratio was caleulated
at 2Zmm and 4mm level from the
working length to evaluate the ability
of the instrument to stay center in the
canal at apical portion the smaller the
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ratio the better the ability to remove
from the canal substance on both side
preserving the apical curvature.
According to the result of this swudy
the hand instrument with step back
technique exhibited a statistically
largest centering ratio  than  other
groups  (rotary  instruments)  this
because the rotary nickel titanium files
have greater flexibility than stainless
steel k-flexo hand file, this may cause
the k-flexo file to remove excessive
resin from the outer aspect of the canal
at the apex of the curve which was
often associated with irregular widened
areas ' The statistical analysis
revealed that there was non significant
difference in centering ratio between
protaper (group 3) and k-flexo file
(group 4) at 4mm  level but
significantly higher centering ratio for
k-flexo file than protaper at 2mm. This

result was congord with  other
reports’ 2,

Comparing profile and protaper
rotary  instrument, profile  showed

statistically less centering ratio than
protaper which means the ability of
profile to stay center in the canal is
better than protaper at 2mm and 4 mm
level, the reason for that is the presence
of radial land (three land) and the non
cutting tip in the profile and the
dbsence of radial land for protaper, the
radial land is the surface that project
axially from the central axis, between
flutes as far as the cutting edge, Radial
land when combined with non cutting
tip is believed to keep the file centered
in the canal which in tum lead to
minimal canal transportation. ", This
resull is agreed with other report™™,
The statistical analysis show that the
difference was significant between
protaper (group 3) and profile 04
(group 1) at both levels, bul no
significant  difference was  found
betweéen protaper (group 3) and profile
04, D6 (group 2} at 2mm.

The result also showed that the use
of profile 06 with taper 04 (group 2)
affect the cenlering ratio which was
statistically higher than for profile 04
(group 1) at 2mm level and non
significant difference was found at
4mm level. This due to the use of
additional  stiffer profile 06 with
profile 04 taper than using more
flexible 04 profile alone =,

This study was conducted to pive
an idea about the quantitative analysis
of the shaping ability of profile and
protaper rotary instruments using
simulated canals calculated in two
dimensions on digitized image. Those
instruments should he further tested
quantitatively and qualitatively using
three dimension evaluations.

Conclusions:

Under the condition of this study it was
concluded that:

|-Protaper rotary instrument has more
cutting efficacy than profile rotary
instrument in the eoronal portion of the
canal, with less time and effort
requited for canal preparation.
2-Profile 04 rotary instruments have
more ability to stay center in the apical
portion of the canal preserving the
canal shape in curved canal than
protaper.

}-The use of profile taper .06 with 0.4
in the apical portion affects the original
curvature of the canal,

4-The use of stainless steel hand
instrument  removes  less  canal
substance in the coronal portion and
has less ability to stay center in the
canal in apical curvature with more
time and effort required during
preparation compared with profile and
ProtEper groups,
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