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Abstract 
The aim of this in vitro study was to compare the effect of different Nickel Titanium instruments on the root dentin in term of dentinal defects. Seventy-five palatal roots of maxillary first molars teeth were selected for the study. Fifteen roots were left unprepared to serve as a negative control group; the remaining 60 roots were divided into four tested groups. Group (I) prepared using ProTaper Universal, group (II) prepared by EndoSequence, Group (III) prepared by ProTaper Next and finally group (IV) prepared by RECIPROC systems. After preparation the roots were embedded in clear acrylic and then sectioned at different levels (apical, middle and coronally) and examined under Stereomicroscope. Results: No cracks were observed in the negative control group, while dentinal defects were observed in roots prepared with ProTaper Universal, EndoSequence, ProTaper Next and RECIPROC systems (28.88%, 8.89%, 11.11% and 33.33% respectively). The results showed a non-significant difference between EndoSequence and Protaper Next groups and between ProTpaer Universal and RECIPROC groups (p > 0.05), ProTaper had a significant difference with EndoSequence and ProTaper Next  groups (P < 0.05) While The RECIPROC group had a highly significant difference with EndoSequence and ProTaper Next groups (P < 0.01). Conclusion, all instrumentation systems used in this study created cracks in the root dentin. The EndoSequence and ProTaper Next instruments tended to cause least dentinal cracks compared with the ProTaper Universal and RECIPROC instruments.
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Introduction

Root canal shaping is one of the most important steps in endodontic treatment. It is essential in determining the efficacy of all subsequent procedures, including chemical disinfection and root canal obturation (1). Complication usually result from root canal treatment are zipping, elbow, ledge formation, perforation, transportation, craze lines, cracks and fractures. The most frustrating complication to root canal therapy is vertical root fracture in an endodontically treated tooth. Prognosis most often is hopeless and differential diagnosis from other pathosis may be difficult at times (2).

Endodontic procedures have been blamed as a frequent cause of vertical root fracture. Numerous experimental studies have challenged this conclusion. Dentin of endodontically treated teeth does not exhibit mechanical properties that are significantly different from those of vital teeth; that is, dentin does not appear to become more brittle (3, 4). It has been shown that access cavity preparation has non-significant effects on tooth stiffness (5). The load generated during lateral condensation is generally far lower than the load required to fracture the roots. Thus, obturation should not be regarded as a major cause of vertical root fracture except in very weak roots (6). So canal preparation involves dentin removal may compromise the fracture resistance of the roots (7).

 ProTaper Universal is a multivariable tapered system. Each instrument has a changing taper over the length of its cutting blade. Working from the tip to the end of the cutting flutes, taper increases on the shaping files, and decreases on the finishing files (8).

The EndoSequence system is another full rotary nickel-titanium(NiTi) system, it has an alternating contact points along the instrument’s cutting length, with triangular cross section that are further enhanced by electropolishing treatment (9).

Recently, reciprocating systems were introduced, RECIPROC file is able to completely prepare root canals with only one instruments. The files have an S shaped cross-section and they were made of a special nickel titanium alloy called Memory shape wire that offers greater flexibility and resistance to cyclic fatigue than traditional nickel titanium alloy (10).

ProTaper Next instruments have been introduced that have an off-centered rectangular design and progressive and regressive percentage tapers on a single file, which is made from Memory shape wire (11). The aim of this in vitro study was to compare the effect of different Nickel Titanium instruments on the root dentin in term of dentinal defects.
Materials and methods

Seventy-five straight palatal roots of freshly extracted human maxillary first molars teeth were used in this study, the palatal roots were sectioned perpendicular to the long axis of the root at 11 mm from the apex (12).  The criteria for roots selection included (13) straight palatal root, initial size would be # 20 which inserted passively to working length, no fractures, cracks or external resorption on examination with 10x magnifying eye lens and light cure device. Each root was wrapped with 2 layers of aluminum foil to provide space for moisten gauze during instrumentation, the mold was obtained using silicon impression material in plastic test tube. The root was placed in the center of putty material and then allowing the material to set. Then the roots were removed from the plastic tube and the aluminum foil was remove. The roots were kept moist at all times by wrapping them in saline-socked gauze (12). Fifteen roots were left unprepared to serve as a negative control group. The remaining tested roots were prepared to MAF # 40, after each file size of the (rotary files) or after three pecking motion of the (reciprocating files), the file was removed from the canal and the canal was irrigated with 1 ml of 2% of sodium hypochlorite. All files were cleaned periodically to prevent clogging of flutes during instrumentation.
Instrumentation

The tested roots were divided into 4 groups, each group contained 15 roots:

Group I was prepared by rotary ProTaper Universal system (Dentsply Maillefer, Switzerland) to MAF # F4/.06. The instrumentation sequence was started as following:

· S1 (shaping file # 1) and SX (auxiliary file) were used sequentially to 3/4 of WL.

· S1 was used to full WL.

· S2 (shaping file # 2) was used to full WL.

· Finishing files (F1, F2, F3, and F4) were used sequentially to full WL.

Group II was prepared by rotary EndoSequence system (Real World Endo, Brasseler USA) with Crown-Down technique to master apical file #40/0.06. The instrumentation sequence was started as following:

•
The expeditor file was inserted until dentin engagement.

•
File size 40/.06 was inserted until dentin engagement.

•
File size 35/.06 was inserted until dentin engagement.

· File size 30/.06 was inserted until dentin engagement.

· File size 25/.06 was inserted to full working length.

· File size 30/.06 was inserted to full working length.

· File size 35/.06 was inserted to full working length.

· File size 40/.06 was inserted to full working length

Group III was prepared by rotary ProTaper Next system (Dentsply Maillefer, Switzerland) to MAF # X4. The instrumentation sequence was started as following:

· X1 was used in one or more passes, until working length is reached.

· X2 was used to full WL.

· X3 was used to full WL.

· X4 was used to full WL.

Group IV was prepared by reciprocating RECIPROC system (VDW GmbH, Germany) using R40/.06 RECIPROC file. The silicon stopper was set on the RECIPROC file at 2/3 of WL. Then, the file was introduced in the canal with a slow in-and-out pecking motion without pulling the instrument completely out of canal. After three in-and-out movements, the RECIPROC file was pulled out of the canal to clean the flutes. The RECIPROC file was used until it had reached 2/3 of the WL, then the file was reused in the same manner until the WL had been reached.
Sectioning and Microscopic Examination:

When the instrumentation was completed, the roots were then embedded in a clear acrylic resin blocks and each root was sectioned into three levels: apical, middle and coronal at (2) mm, (4.5) mm and (7) mm respectively from the anatomical apex using diamond cut-off saw under continuous flow of water (13). Samples were examined under Stereomicroscope (magnification 20X) from the coronal direction. The number and the type of dentinal defects were recorded and classified using (Milani et al., 2012) classification with some modification (14):

1.No defect: the slice has no defect at all.

2.Cracks: are defects that doesn’t extend the whole way through dentine from canal lumen to the external surface of the root.

3.Fracture: the slice has a complete crack that extend from the canal lumen to the external surface of the root.

Collected data was tabulated and subjected to statistical analysis using chi-square test. The results were expressed as the number and percentage of defect root in each group. The chi-square test was performed to compare the appearance of root defects between the experimental groups. The level of significance was set at 0.05.
Results
No dentinal defects were observed in the negative control group while all experimental groups showed the incidence of dentinal defects. The number and percentages of roots with dentinal defects in each group are shown in table (1). The RECIPROC group had the highest number of defected roots (10/15), followed by ProTaper Universal group (9/15), while the lowest number of defected roots were shown in ProTaper Next group and EndoSequence group (3/15) for both (Fig: 1). The highest percentage of dentinal defects were found in the apical sections of RECIPROC and ProTaper groups (46.66%), while the lowest percentage of  dentinal defects were found in the middle and coronal sections of ProTaper Next and EndoSequance groups (6.66%) Table (2), (Fig: 2).

 The results showed a non-significant difference between EndoSequence and Protaper Next groups and between ProTpaer Universal and RECIPROC groups (p > 0.05), ProTaper had a significant difference with EndoSequence and ProTaper Next  groups (P < 0.05) While The RECIPROC group had a highly significant difference with EndoSequence and ProTaper Next groups (P < 0.01) table (3). No significant difference was found between the different levels (apical, middle, and coronal) in EndoSequance, Protaper Next and RECIPROC groups (P ≥ 0.05), a significant difference was found between the apical and coronal sections in The ProTaper group (P < 0.05) table(4).
Discussion


When NiTi rotary instruments are used, a rotation force is applied to root canal walls and the canal is shaped by the contact between instrument and dentin walls. These contacts create many momentary stress concentrations in dentin. Such stress concentrations may leave dentinal defects in which VRF can initiate. Contact stress levels are determined by the mechanical behavior of files, which is determined by their cross-sectional and longitudinal design (15, 16). The objective of the present study was to compare the extent to which different NiTi instruments (ProTaper Universal, EndoSequence, ProTaper Next and RECIPROC) can cause dentinal defects in the root dentine.

EndoSequence group showed the lowest number of dentinal defects with a highly significant difference with RECIPROC group and a significant difference with ProTaper Universal group and a non-significant difference with ProTaper Next group and this in agreement with Al-Zaka, 2012 who showed that EndoSequence file produce the lowest incidence of dentinal defects (17).

The basic design of EndoSequence file is that of a reamer, not a file, and designed in such a way that there are alternate contact points (ACPs) along the shank of the instrument. These designs decrease the contact area with the canal wall as compared to other NiTi rotary instruments used in the study (18). In 2014 Peters et al.(19), stated that increased rotational speed was associated with increased cutting efficiency, the recommended speed of the EndoSequence instrument (500 rpm) is higher than that of the other instruments tested in the study. Consequently, the smaller number of cracks in the EndoSequence group might be related to their relatively higher cutting efficacy that associated with the higher rotational speed (19).

The ProTaper Next also showed the lowest number of dentinal defects after EndoSequence with a highly significant difference with RECIPROC group and a significant difference with ProTaper Universal group and this result may be related to the off-centered rectangular cross section of ProTaper Next file. This design minimize the contact between the file and the dentin and generates a swaggering motion, which decreases the screw effect, dangerous taper lock and torque on any given file. Another factor that reduced stress on dentine is the increased cross-sectional space that enhanced cutting, loading, and augering debris out of a canal compared to a file with a centered mass and axis of rotation, since the excessive intra-blade debris packed between the cutting flutes increase the stress on the dentin (11). This significant difference comes in line with Capar et al.(20), who found a significant difference between ProTaper Universal group and ProTaper Next group (20).

RECIPROC group showed the highest number of dentinal defects followed by ProTaper universal group with no statistically significant difference between them, This findings comes in line with Bürklein et al.(21,22),  and disagree with Liu et al.(13), who found that ProTaper Universal system cause more defects than RECIPROC system, this disagreement could be contributed to the fact that Liu et al., use R25 RECIPROC file in his study, in addition to that, they use GG for preflaring the canal (13). The reciprocating movement is claimed to relieve stress on the instrument by special counterclockwise (cutting action) and clockwise (release of the instrument) movements, and it is assumed that this movement reduces the risk of cyclic fatigue caused by tension and compression.

The transition from the initial size (20/02) to final size (40/06) was done using single instrument in RECIPROC system, this mean high stress was generated to shape the canal using single instrument. In addition, the cross section of RECIPROC file (S – shaped) tend to remove more dentin than other instruments which show the high amount of stress on dentin (23, 24). Another factor may be related to debris transportation, many studies found that the reciprocal motion seems to enhance debris transportation to the apex which may increase torsional forces on dentine. (25, 26). 

The high incidence of dentinal defect was also found in ProTaper universal group and this may be contributed to the large tapering of ProTaper universal system (27, 28). In the apical portion, the ProTaper Universal finishing files (F1, F2, F3 and F4) have more taper (0.07, 0.08, 0.09 and 0.06, respectively) than the ProTaper Next (X1, X2, X3 and X4; 0.04, 0.06, 0.07 and 0.06, respectively) and EndoSequence instruments that has constant taper configuration (0.06), The large apical taper of finishing files in this system (up to 0.09 mm) generates more stress on dentinal walls and remove more dentin as compared to other systems, which may increase the incidence of dentinal cracks and explain the higher incidence of cracks observed in the ProTaper Universal group (20, 29).

A significant difference was found between the apical and coronal section of the ProTaper Universal group and a non-significant difference was found between the different levels of sections for the other groups, the highest incidence of dentinal defects was found in the apical section. This may be contributed to; first: the high level of stress generated at the tip of instrument (30, 31). Second: the narrow thickness of dentinal wall was in the apical area which make it more vulnerable to crack because it has less ability to withstand the generated force of instrumentation (32).
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Table (1): Number and percentage of roots with dentinal defects in each group

	
	Group I

ProTaper Universal
	Group II

EndoSequence
	Group III

ProTaper Next
	Group IV RECIPROC

	
	No.
	%
	No.
	%
	No.
	%
	No.
	%

	Defects
	9
	60
	3
	20
	3
	20
	10
	66.67

	No Defects
	6
	40
	12
	80
	12
	80
	5
	33.33

	Total
	15
	100
	15
	100
	15
	100
	15
	100
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Fig. (1): Bar chart represent the number of defected roots for all groups
[image: image2.jpg]Table (3-3): Number and percentages of sections with dentinal defects in each section level

Apical Middle Coronal
Number | percentage | Cracks | fractures | Number | percentage | Cracks | fractures | Number | percentage | Cracks | fractures
Defect 7 46.66% 6 1 4 26.66% 4 0 2 13.33% 2 0
No
8 53.34% 11 73.34% 13 86.67%
Defect
Total 15 100% 15 100% 15 100%
Defect 2 13.33% 2 0 1 6.66% 1 0 1 6.66% 1 0
No
13 86.67% 14 93.34% 14 93.34%
Defect
Total 15 100% 15 100% 15 100%
Defect 3 20% 3 0 1 6.66% 1 0 1 6.66% 1 0
ZO 0, 0, 0,
Defect 12 80% 14 93.34% 14 93.34%
Total 15 100% 15 100% 15 100%
Defect 7 46.66% 7 0 5 33.33% 4 1 3 20% 3 0
ZO 0, 0, 0,
8 53.34% 10 66.67% 12 80%
Defect
Total 15 100% 15 100% 15 100%
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Fig.(2) Bar chart represent the percentage of dentinal defects at each level for all

Table (3): Chi-square test between groups.

	Groups
	X2
	P-value
	Sig.

	Group I 

ProTaper Universal
	EndoSequence
	5
	0.025
	S

	
	ProTaper Next
	5
	0.025
	S

	
	RECIPROC
	0.14
	0.7
	NS

	Group II EndoSequence
	ProTaper Next
	0
	1
	NS

	
	RECIPROC
	6.65
	0.009
	HS

	Group III 

ProTaper Next
	RECIPROC
	6.65
	0.009
	HS


NS: Non-significant P ≥ 0.05,
     S: Significant P < 0.05,
 HS: Highly Significant P ≤ 0.01

Table (4): Chi-square test for different level of sections in each group.

	Groups
	Sections
	X2
	P-value
	Sig.

	ProTaper
	Apical
	Middle
	1.292
	0.255
	NS


	
	
	Coronal
	3.968
	0.046
	*

	
	Middle
	Coronal
	0.833
	0.361
	NS

	EndoSequance
	Apical
	Middle
	0.3704
	0.542
	NS

	
	
	Coronal
	0.3704
	0.542
	NS

	
	Middle
	Coronal
	0
	1
	NS

	ProTaper Next
	Apical
	Middle
	1.1538
	0.282
	NS

	
	
	Coronal
	1.1538
	0.282
	NS

	
	Middle
	Coronal
	0
	1
	NS

	RECIPROC
	Apical
	Middle
	0.555
	0.456
	NS

	
	
	Coronal
	2.4
	0.121
	NS

	
	Middle
	Coronal
	0.681
	0.409
	NS
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