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ABSTRACT

Aims: This study evaluated changes in working length (WL) and root canal dimension after instrumenta-
tion with hand instruments (St.St, NiTi) and rotary systems (RaCe, ProTaper). Materials and Methods:
Twenty four resin blocks with a curve canal of 33°angle at (14mm) were selected for this study. Working
length was measured by a digital measurement using a number (10k) file under stereomicroscope at 40X.
The specific sequence of instrumentation was system according to manufacturer’s recommendation. The
working length of the canal was measured again between each file and at the end of instrumentation.
Pre and post-instrumentation microscopic photographs were taken and measurements of the root canal
dimension change were measured with an image analysis programme . The difference in working length
was analyzed using ANOVA and Duncan’s test at 5% level of significance. Result: Statistical analysis
showed that there was no significance difference in the changing of the working lengths and canal
dimension between the two rotary systems (ProTaper,RaCe). While there was a significant difference in
the changing of the canal length and dimension between the two rotary systems (ProTaper,RaCe) and the
hand instruments (St.St, NiTi). The amount of variation in working length and canal dimension obtained
with both types of rotary instruments, was significantly less than that produced by hand instruments.
Conclusion: The variation in working length were clinically not very significant between the two rotary
NiTi instruments (ProTaper, RaCe)while it was significant with the hand instrument (St.St and NiTi).
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Introduction
Shaping ability and cleaning effective-
ness of various endodontic instruments are
necessary request for successful root canal
therapy". Consequently determining proper
working length is essential for optimum
canal shaping and cleaning. Working length
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considers the distance between coronal refer-
ence point and point at which canal preparation
and obturation must end. Inaccuracy in work-
ing length could lead to different problems
like over or under filling, postoperative pain
then failure of endodontic therapy®. The
incidence of such compromization might be
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increases in crown down techniques due to
the changes in working length between pre-
liminary measure and after instrumentation®.
Cases with curvature presents in canal could
face more challenges in regard to variation of
canal length. Although comparison between
manual technique instrumentation and dif-
ferent rotary systems was studied with no
difference in canal curvature but further study
is needed®. Using simulated resin canals pro-
vide reproducibility and standardization in
terms of degrees and curvatures®.

Stainless steel file was commonly used
with long history that have been shown to
create aberrations, probably as a result of
the inherent stiffness®. Weine” reported that
most instrumentation techniques with stain-
less steel instruments in curved canals result
in apical transportation. This makes obtain-
ing a successful apical seal more difficult”®.
Nickel-titanium (NiTi) rotary systems were
introduced to improve root canal preparation
and fasten procedure. A variety of instru-
ment systems have been developed and
described for better outcome of root canal
treatment. Instruments may different in their
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cross section, tip, cutting design and taper
in addition to the alloy type. Protaper and
RaCe systems are among the commonly used
NiTi rotary systems. Hand NiTi instruments
can also be selected instead of rotary instru-
ments in teeth with difficult canal anatomy
and/or problematic handpiece access®. The
ProTaper for hand use (HPT) appeared as
an alternative NiTi instrument to the rotary
ProTaper, embodying the same philosophy,
indications, and sequence, but at a lower cost.

The aim of this study was to evaluate pre
and post instrumentation variations in canal
working length and dimension in simulated
curved resin block canals prepared with hand
and rotary NiTi systems.

Materials and Methods

Twenty four resin endodontic blocks
were used with the following dimension
(10x19 mm). Coronal part have 0.02 mm
taper while the curvature at 14th mm with a
33° angle (Dentsply-Maillefer, USA) (Figure
(1,A)). Blocks were divided into four groups
according to the instrument systems (n=6):

BT\ |

Figure (1): Determination of working length .(A) K file for determination of working length
(B) ST.ST. hand instrument .(C) NiTi hand instrument.

Group I : Blocks were prepared with
hand endodontic stainless steel K files
(Manii, japan). Preparation method utilized
for this group was crown down pressure-less
technique. Instrument sizes used were (35# to
15#) respectively as shown in (Figure (1,B)).
The guide for manual instrumentation was to
reach size before changing from size to size.

Group II: Similar to group I except
using Nickel Titanium K files (Manii, japan)
(Figure (1,0)).

Group I1I: Blocks were prepared with
ProTaper rotary system (Dentsply-Maillefer,
USA). This system is characterized by
different taper within the same file. The
manufacturer sequence was followed: S1 at
10mm, SX at 12 mm, S1 at 14 mm, S2 at 16
mm, F1 at 18 mm, F2 at 18mm, F3 at 18 mm
(Figure (2,A)). The speed used was 300 rpm
and the gear used was 1:16 at 1.4Ncm torque.
The instrumentation was continued until each
file reaches the predesigned working length.
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Group IV : Blocks were prepared with
RaCe (FKG) rotary system (Dentsply-
Maillefer, USA).This has twisted areas with
Straight non cutting areas and triangular sec-
tion except for those with 0.02 taper which
has a square section. The sequence followed

was :010-40 at 10 mm, 08-35 at 12mm, 06-25
at 14mm, 04-25 at at 16 mm, and 02-25 at
18 mm also the instrumentation was contin-
ued until each file reaches the predesigned
working length as shown in(Figure (2,B)).

T%.

Figure (2): Pro Taper rotary instrument(A) .RaCe rotary instrument (B)

Contra-angle-hand piece (NSK EndoMate
DT, NAKANISHI, INC, JAPAN) was used
for the preparation with the rotary instru-
ments, a torque of 1.4 Ncm and speed of 300
rpm was used for all techniques.

For all groups, Sml of irrigation solution
with (2.5%) sodium hypochlorite was used
between each file in all techniques. An eth-
ylene diamine tretraacetic acid gel was used
between each file as a glyde lubricant (Glyde
file Prep Dentsply). Pre and post instrumen-
tation photographs were taken at 40x with
Stereomicroscope (Motic, Italy).

An image analysis system Image J
(Java), was used for the determination and
measurements of the variations in the pre and
post instrumentation working lengths and
canal dimension. Image analysis program
was used to measure the space difference
between the elastic stopper of each file (that
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was pre adjusted at the initial working length)
and the coronal surface of the endodontic
block as with successive file instrumentations
,the working length tends to be shortened.
Only one view of the canal (lateral) was
analyzed in this study ,as this view shows
the canal curvature while the frontal view
was less significant.

For the purpose of evaluating the effect
of different instrumentation systems on the
dimension of the prepared canal, each of the
prepared canals in the endodontic blocks
were painted with methelyne blue dye (post
instrumentation) and compared with a non
instrumented painted canal (Figure (3)).
The comparison was carried out by the use
of steriomicroscope (Motic, Italy) at 40 X
magnification, the data were then analyzed
using image analysis system Image J(Java)
soft ware version 1.44p .
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Figure (3): Changing in canal dimension (A) non instrumented canal (B) instrumented canal
(St.St hand instrument), (C)rotary instrument (ProTaper) (D) rotary instrument (RaCe).

Statistical analysis:
A descriptive analysis was used to the differences in working lengths of each
record means and standard deviations of instrument system Table (1).

Table (1) : means and standard deviations of the differences in working lengths
of each instrument system

Sizel 1 size2 size3 sized size5
Mean .01533 .02833 16750 .30500 40667
ProT
Std. Deviation .004546 .005164 .082689 .043243 .025033
Mean .01250 .03000 17333 29833 .39500
RaCe
Std. Deviation .004183 .007071 .020656 .036009 .020736
Mean .03667 26667 32833 46667 .58333
HI SS
Std. Deviation 012111 024221 051153 049261 .024221
Mean .03333 24667 29833 43500 .55000
HI NiTi
Std. Deviation .016330 .030768 .035449 .036194 .044721
Mean .02446 14292 24187 37625 48375
Total
Std. Deviation .014718 117916 .088721 086266 .090160

*The size stand for the sequence of the instruments used in each different system used in this study.
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ANOVA was used to evaluate the effect the pre and post instrumentation working
of different instrumentation systems and lengths Table (2).
instrumentation size, on the variation of

Table (2) : One way ANOVA evaluating the effect of different instrumentation systems and
instrumentation size, on the variation of the pre and post instrumentation working lengths

Sum of Squares Df Mean Square F Sig.
Between Groups .003 3 .001 8.046 .001
ProT Within Groups .002 20 .000
Total .005 23
Between Groups 312 3 .104 258.175 .000
RaCe Within Groups .008 20 .000
Total 320 23
Between Groups 125 3 .042 15.007 .000
HI SS Within Groups .056 20 .003
Total 181 23
Between Groups 137 3 .046 26.392 .000
HINiTi  Within Groups .035 20 002
Total 171 23
Between Groups .169 3 056 61.755 .000
Total Within Groups .018 20 .001
Total 187 23
*The size stand for the sequence of the instruments used in each different system used in this study.
Duncan test was used to evaluate the systems Table (3). For the evaluation of the
significant variation in pre and post treat- dimensional changes, ANOVA test was done,
ment working lengths between the different (Table (4)).

Table (3) : Duncan’s Multiple Range Test evaluating the significance between the sum of
working length variation in the four systems used.

System No. 1 2 3
Race 6 .8483
ProTaper 6 .8700
HI(Ni.Ti) 6 1.3583
HI(St.St) 6 1.5000
Sig. 137 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 6.000.

Table (4) : Dimensional Changes With Different Systems

Systems N Mean Standard D Confidence interval
HI(St.St) 6 9.1 0.775672 9.1983 9.8326
HI(Ni.Ti) 6 8.86 0.776316 8.1435 9.9653
Pro Taper 6 14.2 0.862796 13.5923 14.7254

Race 6 8.6 0.830462 7.4218 8.9863
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Results

ANOVA test Table (2) showed that there
is a significant difference in the working
length variations between the different
instrument sizes of each systems (within
group), in addition to a significant differ-
ence between the corresponding sizes from
different instrumentation systems (between
groups)

Statistical results showed that the greatest
changes in between the pre and post instru-
mentation, working length were produced
by stainless steel hand instruments, while
the smallest changes were obtained by RaCe
rotary instrumentation as shown in Table (3).

Duncan test showed that there was a
significant difference in the value of the pre
and post instrumentation working length,
between the hand and rotary instruments,
further more , the type of rotary instru-
ments used did not affect the final result
significantly, while there was a significant
difference between canals length prepared
with NiTi rotary system (Protap.Race) and
those prepared with hand system (St.St
&NiTi)shown in Table (2) and Table (3).

The greatest change in canal dimension
was obtained with Protaper system, while
the smallest change was obtained with RaCe
system Table (4).

Discussion

The present study shows that’s no statis-
tically significant in the decrease of canal
length after instrumentation between the
NiTi rotary instrument (Race,Protaper)
compared to a statistical significant vari-
ations in canal length instrumented with
hand instrument (St.St and Ni.Ti). These
results are in agreement with the findings
of other investigations on WL reduction
after root canal shaping with stainless-steel
hand files"'?, stainless-steel hand files plus
Gates Glidden burs"", and NiTi rotary instru-
ments!'*!D, Schafer et al.,"? compared the
ProTaper and RaCe systems observing a
greater loss of length with ProTaper at 35°
curvatures with a result of 0.38mm. For
curvatures of 28° a result of 0.26mm was
obtained; and withRaCe for a 28° curvature
the result was 0.16mm and for a35° curva-
ture, 0.20mm. These results do not coincide
with the values obtained in this study because
adifferent procedure was followed, using
extracted teeth®. Yun et al.,"'¥ determined
that ProTaper produces the greatest change
in curvature and presents the greatest defor-
mation as the dimeter increase coefficient is

higher than that of other systems, in addition
to the resistance offered by resin. The authors
determined that the use of ProTaper must be
controlled in narrow curved canals. Schafer
etal.,'>" compared RaCe with ProTaper and
established that RaCe maintained the original
curvature perceptibly better than ProTaper,
which coincides with the results obtained in
this present study. Veltri et al.,(15) in a study
on ProTaper saw that the preparations made
by ProTaper focused on the canal, with min-
imum tendency to transport the curvatures;
their results may be due to the high flexibility
of the NiTi alloy.

Regarding the variations in canal dimen-
sion, ProTaper system showed the higher
increase in values of canal dimension , the
reasonable explanation for this is related to
the instrument configuration and prepara-
tion method, ProTaper system is intended
to produce a flare coronal part that involve
the removal of considerably large amount of
the prepared surface.

The use of simulated resin canals pro-
vides standardization in terms of degrees and
curvature, in three dimensions. This model
guarantees reproducibility and standardiza-
tion of the experimental models but the results
cannot be transferred to normal teeth due to
the difference between resin and dentine. A
force of (34-40) kg/mm? required to work
dentine which is double the (20-22) kg/mm?
required to work resin; furthermore, it is more
difficult to remove the resin debris from the
blocks!.

Conclusions

After instrumentation of the resin blocks
with the above mentioned rotary systems and
hand system following the proposed meth-
odology, the following conclusions were
reached: both the rotary systems studied
show a less amount of change in the working
length , RaCe system show a better results
regarding variation in canal dimension and in
compare with the protaper and hand instru-
ments. Hand instruments showed the highest
amount in working length change.
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