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ABSTRACT :

AIM-The aim of this study was to examine the effect of the use of EDTA as a root canal irrigant as compared to 
distilled water for changes in curvature of curved root canals using Nickel-Titanium rotary Protaper 
instruments.

Materials and Methods- Curved mesiobuccal roots of twenty extracted maxillary molars were used for this 
study. Teeth were mounted in self curing acrylic resin bases. Preinstrumentation radiographs were taken and 
the canals were instrumented with Ni-Ti Rotary protaper instruments. Irrigation was done with distilled water 
(Group A) and EDTA (Group B). Postinstrumentation radiographs were taken and the films were projected (x6 
magnification), drawn and superimposed. The degree and position of curvature was determined by Berbert 
and Nishiyama's method.

Statistical Analysis Used- Students t test

RESULTS-In both EDTA and distilled water groups, there was no statistically significant difference in degree of 
curvature, but there was a change in position of curvature.

Conclusion- Both EDTA and distilled water can cause a change in position of curvature if used as irrigant in 
curved root canals i.e both have similar effect. Since EDTA chemically softens root canal dentine, dissolves 
smear layer as well as increases dentine permeability, it is preferable as an irrigant in curved root canals.

Key Words- Degree and Position of root canal curvature, 17% EDTA, Protaper instruments.

INTRODUCTION

Cleaning and shaping of curved root canals has 

always challenged the clinician. Achieving optimum 

canal debris removal, along with maintaining the 

canal curvature is a tedious procedure. Many 

techniques and instruments have been advocated 

for the same. Formerly, cleaning and shaping 

procedures were performed using stainless steel 

instruments. Unfortunately, transportation of the 

curved root canals was a common mishap 

associated with these instruments. Their action on 

the root canal wall tended to straighten the canal 
[1, 2]

and modify its original shape 

The development of Nickel-Titanium (NiTi) alloy for 

the manufacturing of endodontic   instruments   

revolutionized endodontics. High torque rotary 

hand pieces have made canal preparation less 

arduous and more standardized .Ni-Ti Rotary 

instrumentation results in a more uniform 
[1,3-5]preparation with regard to taper 

NiTi based instruments exhibit the unique 

properties of super elasticity, shape memory, 

resiliency and increased fracture resistance. All 

these properties make it ideally suited for preparing 
[2, 4, 6].

curved root canals  Even with these advantages, 

the NiTi instruments need suitable irrigating 

solutions to facilitate instrumentation .Besides 

physically flushing out debris, irrigating solutions 

perform certain specific functions such as 
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lubrication, disinfection, tissue dissolution, 

chelation etc. Chelating agents are widely used for                                                                                                                                                                                           
 negotiating narrow and calcified canals and are also 

used for removal of the smear 

layer. Ethylene Diamine Tetracetic Acid (EDTA) has 

been, by far the most acceptable irrigating solution 
[8-10]of this group 

EDTA was proposed as an endodontic irrigant in 

1957 by Nygaard-Østby. Aqueous solution of 17% 

EDTA has been used to achieve canal patency, 

enlargement, easy negotiation of the canal and with 

additives, debridement and disinfection as well.

This in-vitro study was conducted to examine the 

effect of EDTA as a root canal irrigant when 

compared to distilled water on the efficacy of 

maintaining the curvature of curved root canals 

using NiTi rotary protaper instruments. 

MATERIALS AND METHOD

Twenty human maxillary molars were collected and 

stored in normal saline. The teeth were divided into 

two groups. In group A distilled water and in group B 

17% EDTA was used as an irrigant. The palatal root 

was resected at the furcation using a carbide disc. 

Ideal access openings were made using a high-speed 

handpiece and appropriate burs. Micromotor 

handpiece, Gates-Glidden drill and burs were used 

to refine the access cavity preparation, locate and 

enlarge the canal orifices accurately. Only the 

mesiobuccal root was used in the study. The teeth 

were then embedded in cold cure acrylic resin 

blocks measuring 3cm each in length, breadth and 

height.

The distance between the tooth and the X-ray 

source, the RVG sensor and the X-ray source and the 

direction of the beam had to be kept the same 

throughout the study for standardization. Hence a 

device was made for the alignment of the mounted 

tooth and the RVG sensor in the same position.  

Radiovisiographs (RVG) were obtained using the 

Kodak imaging software   to determine the working 

length. Exposure time of 0.6 seconds was fixed and 

power output was adjusted at 8mA and 52kV.  In 

both the groups preinstrumentation RVGs with a 

#10 instrument at the correct working length were 
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taken and magnified (x6 times).

The tooth, chamber floor and the instrument were 

outlined on the computer printout and traced out on 

transparent (OHP) sheets. 

The mesiobuccal  canal  was sequentially 

instrumented with crown-down technique using 

Protaper rotary Nickel - Titanium files. All canals 

were prepared to a size of F1. The canals were 

irrigated with distilled water in Group A and with 

17% EDTA in Group B. After instrumentation, post 

instrumentation RVGs were taken with the master 

apical file in place.

The RVGs were magnified as done before and the 

tooth, chamber floor and instrument were drawn on 

transparent (OHP) sheets. The degree and the 

position of curvature were determined, and the 

values were subtracted yielding the degree of 

curvature difference and the position of curvature 

difference

Figure 1 - Gr A pre inst RVG Figure 2 - Gr B pre inst RVG

Figure 3 - Gr A post inst RVG Figure 4 - Gr B post inst RVG
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Schneider's method was used to determine degree 

of curvature and the position of curvature was 

determined using the method described by Berbert 
[11, 12]and Nishiyama 

According to this technique, the following lines and 

points were traced on the preinstrumentation and 

postinstrumentation OHP sheets- (Fig 5)

 i: instrument

f: line traced at a tangent to the chamber floor

A   : point of intersection of f with i
/   A : point below 1cm of A on the instrument 

/
a   : line uniting A and A

B   : point situated at the tip of the instrument 
/:B  point above 1cm of B on the instrument 

/b   : line joining Band B

C   : point of intersection of line a and b                                       

 ê  : angle between a and b (degree of curvature) 

 Following calculations were done-

Determination of degree of curvature (DC)-

Degree of curvature (ê) - It is the angle ê which is 

formed at the intersection of line a and b at point C.

Schneider's method was used to calculate the 

degree of curvature. By this method Angle of 

curvature is that which is formed between two 

straight lines, first line parallel to the long axis of the 

canal and the second line was drawn from the apical 

foramen until its intersection with the first where 

the curvature begins.

Determination of position of curvature-

Position of curvature – It indicates the location of 

the curvature in an apical-coronal direction. It was 

determined by using Berbert and Nishiyama 

method.

Position of curvature (PC) –It is the ratio between 

line segment AC (in mm) and line segment CB (in 

mm)

pc: line segment AC 

line segment CB

If pc< 0.5 then the curvature is in the cervical 1/3 

If 0.5<pc< 2 then the curvature is in the middle 1/3 

If pc> 2 then the curvature is in the apical 1/3 

The mean of curvature degree and position 

difference before and after instrumentation was 

noted down. A student's t test was used to 

statistically analyze the results. (p<0.05)

RESULTS

The degree of curvature (CD) and position of 

curvature (PC) before and after instrumentation in 

Group A (Distilled water) and Group B (EDTA) was 

tabulated and difference in CD and PC was noted. 

(Table 1 and 2) .The following results were obtained

1.      within group A- Distilled water (Table 3 and 4)
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Figure 5 - Calculation of Degree of curvature &

Position of curvature

   MEAN 

  INITIAL CD FINAL CD 

Group A 39.5 39.1 

Group B 51.8 50.7 

P< 0.05

TABLE 3- Comparison of mean of CD for

group A / group B

TABLE 4- Comparison of mean of PC for
group A /group B

  MEAN 

  INITIAL PC FINAL PC 

Group A 2.25 2.773 

Group B 2.531 3.484 

P < 0.05
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•
significantly after irrigating with distilled 
water.(Mean Initial CD-39.5, Mean Final CD-
39.1)

• There was a statistically significant change in 
the position of curvature of the root canal 
when distilled water was used .( Mean Initial 
PC-2.25, Mean Final PC-2.773)

2.  within groupB –EDTA 

• Degree of  curvature did not  differ  
significantly after irrigating with EDTA.( 
Mean Initial CD-51.8, Mean Final CD-50.7)

• There was a statistically significant change in 
the position of curvature of the root canal 
when EDTA was used (Mean Initial PC-2.531, 
Mean Final PC-3.484)

3.  Comparison between groupA and groupB 

a) Comparing CDs- There was slight difference 
between change in degree of curvature when 
distilled water or EDTA was used but it was 
not statistically significant. (p<0.05)

b) Comparing PCs - There was slight difference 
between change in position of curvature 
when both irrigants were used but it was not 
statistically significant. (p<0.05)

DISCUSSION 

It is a proven fact that Rotary NiTi instruments 
provide more predictable, centered, and faster canal 
preparation than stainless steel instruments 
[13].They can prepare narrow and severely curved 
canals in a tapered form with fewer aberrations and 
more rapidly. In spite of their attractive features, 
certain problems were encountered with these 
flexible instruments. They were unable to penetrate 
the narrow apices of curved canals satisfactorily as 
they lacked cutting efficiency and had a higher wear 
rate compared to stainless steel files. They also 
tended to fracture under torsional load without 
prior evidence of distortion. There is evidence that 
though NiTi files lead to a more centered canal that 
is very close to the original, they do have a tendency 
to straighten the canal when left within the canal for 

 [14] too long .The usage of chelating agents in such 
situations was recommended to aid in cutting of 
dentin and preventing binding of instrument in the 
canal. 

Degree of  curvature did not  differ  All endodontic instruments need to work in 
conjunction with irrigating solutions.  Suitable 
irrigating solutions are mandatory for flushing out 
the debris produced, for lubrication, facilitation of 
instrumentation and certain specific functions like 
anti-microbial action, tissue dissolution, chelation 
etc. Chelating agents are basically used in order to 
overcome difficulties encountered during the 
enlargement of canals with small diameters 
resulting from secondary dentin deposition, 

[9]
curvatures and irregularities of the root canal . 
They are also used to remove the smear layer. EDTA, 

, 
citric acid, etc seem to have similar kind of action but 

[15]
among them EDTA has been the most popular . 

EDTA reacts with calcium ions in dentine and forms 
soluble calcium chelates. It chemically softens root 
canal dentine, dissolves smear layer as well as 
increases dentine permeability. So it is useful as an 
irrigant in curved root canals. A continuous rinse 
with EDTA, or EDTA as a final rinse with agitation 
efficiently removes debris as well as smear layer 

[16-18]from root canal walls 

According to study by Clovis Monteiro Bramante the 
group using EDTA as an irrigant showed more 
change in the curvature degree compared to the 
group using distilled water but the difference was 

[4]not statistically significant.  The position of the 
curvature, on an average, moved more apically once 
the instrumentation was completed in both the 
groups. Similar results have been sited by AWK Chan 

[3]
et al with NiTi instruments 

Numerous studies have quoted that NiTi files are 
superior at maintaining the original shape of the 
canal when used in conjunction with different 

  
irrigating solutions. However, certain other studies 
have shown no such effects with NiTi files and 

 
chelating agents. Thomas P Serene studied 
instrumentation of canals with NiTi and stainless 
steel files in conjunction with EDTA and found that 
no transportation was observed with the NiTi group 
while straightening of the canal, lodging and 

[19]perforation was seen with the stainless steel file .

The present study indicates that in curved canals 
EDTA as irrigant, shows similar effect as distilled 
water with NiTi Rotary protaper instruments in 
maintaining the original shape of the canal. 

CONCLUSION

Within the groups when the teeth were irrigated 
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with distilled water or EDTA, the degree of 
curvature did not differ significantly, but there was a 
significant change in the position of curvature, 
which shifted apically.

When both the groups were compared for change in 
degree of curvature and position of curvature, there 
was slight difference between both the groups, but it 
was not statistically significant.

Hence within the parameters of this study, it can be 
concluded that-

1. Both irrigants, i.e. EDTA and distilled water 
caused change in position of curvature in 
curved root canals.

2. Both irrigants showed no statistically 
significant change in degree of curvature.

3. Hence the effect of 17% EDTA is similar to 
distilled water when used in curved root 
canals with respect to change in degree and 
position of curvature. But since EDTA also 
displays additional functions like chelation, 
removal of smear layer, it would certainly be 
preferable to use it in conjunction with Ni-Ti 
rotary instruments while instrumenting 
curved root canals.

REFERENCES    

1. F. Goldberg, J.A Araujo. Comparison of three 

instruments in preparation of curved root 

c a n a l s .  E n d o d  D e n t  T r a u m a t o l  

1997;13:265-8.

2. PT Esposito, CJ Cunningham. A comparison of 

canal preparations with NiTi and SS 

instruments. J Endod 1995;21:173-6.   

3. Chan AW, Cheung GS. A comparison of 

stainless steel and nickel-titanium K-files in 

curved root canals. Int Endod J 1996; 

29:370-5.

4. Clovis Monteiro Bramante, LV Betti.   

Comparative analysis of curved root canal 

preparation using NiTi instruments with or 

without EDTA. J Endod 2000; 26: 278-80.

5. S.A Thompson, Dummer. Shaping ability of 

l ight  speed rotary Nickel  Titanium 

instruments in simulated root canal. J Endod 

1997;23:742-7.

6. Harmeet Walia, WA Brantley and Harold 

Gerstein. An initial investigation of the 

bending and torsional properties of Nitinol 

B U J O DB U J O D

TOOTH 

NO 

INITI

ALCD 

FINA

LCD 

INITI

ALPC 

FINA

LPC 

DIFF 

in CD 

DIFF in 

PC 

1. 35 37 2.1 2.44 2       0.34 
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TOOTH 

NO 

INITIAL 

CD 

FINAL 

CD 

INITIAL 

PC 

FINAL 

PC 

DIFF in 

CD 

DIFF in 
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