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Abstract 

Introduction: This study compared the dentin preservation in the distal wall of mesial canals in mandibular 

molars after preflaring with X-Gates (XG, Dentsply Tulsa Specialities, Tulsa, OK) or Gates-Glidden (GG) 

drills (Dentsply Tulsa Specialites). Methods: Sixty mesial canals of mandibular molars were evenly 

allocated into two balanced groups for preflaring procedures: group XG – canals were preflared with a 

single XG drill or group GG - Drill series (n.1, 2, 3 and 4). With the aid of a micro-computed tomography 

scanner, dentin removal towards the furcation was measured at 3 levels: furcation (0 mm), 1mm, and 

2mm apically. A paired t-test was performed to assess differences before and after procedures in the 

same group and one-way ANOVA was performed to assess differences between the groups.  Results: 

Significant decrease in dentin thickness was found in the distal area of mesial roots after preflaring 

procedures in both groups (P < .0001). No significant difference (P > .05) was observed between XG and 

GG with regard to dentin preservation. Regarding the level where preflaring was done, significant 

difference (P < .05) was only detected in the mean values of dentin thickness between 0 mm (411.6 um) 

and 2mm (251.4 um) in the XG group. Conclusion: Both XG and GG groups resulted in significant decrease 

in dentin thickness but no difference was observed between the XG drill group and GG drill group in dentin 

removal towards the “danger zone”. 

  



Introduction  

Traditionally, an important factor to a successful endodontic treatment is appropriate coronal 

flaring of the canal to achieve a straight-line access. Straight-line access to the apical region is important 

for both operator control and instrumentation.1,2  By enlarging the coronal third, it allows for better 

penetration of irrigating solutions1,3. Appropriate canal flaring will also allow better access for 

spreader/plugger penetration and ultimately result in a better obturation.4  

While there are numerous benefits to flaring the canal, there has been a shift in dentistry and 

endodontics to a greater emphasis on minimally invasive treatment. Gluskin et al. emphasizes that 

endodontics should be performed in a manner that causes the least amount of change in the dental hard 

tissues. This preserves the strength and function of endodontically treated teeth.5 Krishan et al. compared 

a traditional molar access with a more minimally invasive access and found that less dentin removal 

resulted in a greater fracture resistance.6 Furthermore, over-cutting the circumference within molars in 

the “danger zone” of the root canal walls can cause stripping or perforations.7 The “danger zone” of 

mandibular molars have been repeatedly shown to be the distal surface of a mesial root.8,9,10 These 

perforations negatively affect the prognosis of the tooth and can lead to pain, sensitivity, chronic 

inflammation and exudate potentially requiring either non-surgical or surgical repair.11 Another 

consequence of excessive dentin removal during treatment can result in vertical root fractures due to 

excessive forces such as in chewing or in the obturation stage from forces generated in vertical and lateral 

condensation.12,13,14 

 Historically, the common instrument of choice for the flaring and preparing of the coronal portion 

is the Gates-Glidden series. Typically, the Gates-Glidden drills are six burs used together to create the 

flared access. In 2005, Dentsply Tulsa Dental Specialties (Tulsa, OK, USA) have released a single drill for 

the purpose of coronal flaring named “X-Gates drill”. The manufacturer states that the X-Gates can replace 

the Gates-Glidden #1-4 for the purpose of creating radicular access.15 This creates several advantages as 

a single bur would make the process of coronal flaring more convenient and less time consuming. 

Furthermore, a single bur could be more conservative as less cutting strokes would be required. To date, 

there has been no study designed to assess the efficacy of the X-gates compared to the Gates-Glidden 

drills in coronal flaring.  

This study aims to compare the dentin removal in the “danger zone” during coronal flaring 

between the X-Gates and Gates-Glidden series though micro-CT imaging. 



Figure 1. Scanning Electron Microscope image of X-Gates and Gates-Glidden #2. 

 

Materials and Methods 

This study was approved by the University of Manitoba Health Research Ethics Board (protocol 

number H2014:120). 

Sample Selection and Preparation  

Using statistical power analysis, the sample size for the number of teeth was determined for each 

group. It was generated using a standard significance level of 0.05, effect magnitude of 0.8 and power 

magnitude of 0.9.  

Thirty extracted mandibular molars were used in this study. The teeth were screened 

radiographically and stored in distilled water. Inclusion criteria stipulated that teeth must have fully 

formed roots, two separate canals in the mesial root classified as Weine type II or type III, and no previous 

endodontic treatment. Coronal access was performed in conventional manner using a #4 round bur and 

Endo Z bur (Dentsply Tulsa Dental Specialties). Each canal was negotiated with a #10 K-File to working 

length to ensure burs would be able to reach minimum penetration depth. Flores et al. determined 

minimum penetration depth to be 2mm apical to the furcation.19 The mesial canals were randomly 

distributed into two groups using a computer algorithm (http://www.random.org). The first to be 

instrumented by the Gates-Glidden bur (GG group) and the other instrumented by the X-Gates Bur (XG 

group). A pre-instrumentation micro-CT scan was taken at this point. The GG group canals were 

instrumented using Gates-Glidden #1-4 and the XG group was instrumented by the X-Gates bur to 

minimum penetration depth following manufacturer’s instructions. To ensure that burs would 

appropriately reach the minimum penetration depth, rubber stops were set so that burs could engage 

2mm apical to the furcation based on micro-CT measurements.  

http://www.random.org/


Micro-CT Analysis 

Before scanning, individual custom jigs were fabricated to ensure that specimens were able to be 

scanned in the exact same position for pre- and postinstrumentation. Micro-CT imaging was performed 

to allow for non-destructive, quantitative assessment of the effects of instrumentation at the level of 

furcation and at the 1mm and 2mm section. The SkyScan 1176 micro-CT system (Bruker Micro-CT, Bruker, 

Aartselaar, Belgium) was used to scan all teeth and parameters were kept constant for both pre- and 

postinstrumentation scans (parameters: source voltage: 80 kV, current 313 µa, resolution, filter, exposure 

time, rotation step, 360 acquisition, reconstruction reduction factor and beam hardening). 

Direct comparison of equivalent pre- and postinstrumentation images allows for quantitative 

assessment of dentin thickness in the distal direction (towards the “danger zone”). There are three slices 

of interest for this study: at the level when the furcation is no longer visible (0mm mark), at 1mm (56 slices 

apical), and at 2mm (112 slices apical).  

 One examiner, blinded to which canals belonged to each group took measurements from cross 

sectional images using DataViewer (Skyscan). The method of determining measurements used was 

adapted by Gergi et al., which measured the shortest distance from the periphery of the canal to the 

periphery of the root. From the examiners measurements, the final mean values for remaining dentin 

thickness and dentin removal were calculated.21 

Figure 2. Images taken from DataViewer illustrating method for measurement of dentin thickness on 

Micro-CT scans. 

 

Statistical Analysis 



 The Student’s t-test was used to assess significant differences between GG and XG groups in mean 

remaining dentin thickness and mean dentin removal with significance set at P <.05. A one-way analysis 

of variance was used to compare differences in dentin thicknesses within each group.    

 

Results 

 Significant decrease in dentin thickness was found in the direction towards the furcation after 

preflaring procedures in both groups (P<.0001, Table 1). 

Table 1. Mean values in dentin thickness (in um) and standard deviation (SD) towards the furcation before 

and after preflaring with either Gates-Glidden or X-Gates at 0, 1, and 2mm from the orifice. Different 

lower case letters in the same row and within the same group denotes statistical difference (paired t-test, 

P < .0001). 

Level   Group   

 Gates Glidden X-Gates 

 Mean ± SD Mean ± SD 

 Before After  Before After 

0mm 1381.5±272.8a 1058.3±343.2b  1365.6±272.8a 954±333.4b 

1mm 1149.6±205.9a 775±309.7b  1180.5±191.2a 764.9±343.7b 

2mm 1107.7±240.4a 827.7±381b  1092.7±238.2a 841.3±372.3b 

Total 1212.9±239.7a 887±344.3b  1212.9±234.1a 853.4±349.8b 

 

 

Comparison in the difference of dentin thickness (before minus after) between the two groups did not 

demonstrate statistical difference (P>0.05). When comparing the different levels (0, 1, and 2mm) within 

the same group, statistical difference were found only in the X-Gates group between 0 and 2mm and 

between 1 and 2mm (P <.05, Table 2).  



Table 2. Comparisons of the mean values of difference in dentin thickness (before minus after preflaring 

in um) at 0, 1, and 2mm from the orifice after preflaring of the root canal with either Gates Glidden or X-

Gates. A t-test between the groups (P > .05) and different lower case letters in the same row denote 

statistical difference (One-way ANOVA among the levels, P < .05).  

Level Group 

 Gate Glidden X-Gates 

 Mean of difference 

0mm 323.2a 411.6a 

1mm 374.7a 415.6ab 

2mm 280a 251.4c 

 

 

Discussion 

 Previous research studies have evaluated the need for minimally invasive access.6 Excessive 

removal of the coronal third compromises a tooth’s maximal resistance to flexure and ultimately results 

in failure.  It has been suggested that maintenance of the peri-cervical dentin (PCD) is critical for the long 

term survivability and optimum function . For that reason, Gluskin et al. further recommends that the use 

of Gates Glidden and round burs be discouraged.5 

 The X-Gates has been promoted to replace Gates-Glidden #1-4 drills with an ability to create a 

safe straight line radicular access.15  As a result, it was selected for this study to determine whether it can 

produce a more conservative access than the traditional Gates-Glidden  

The research model had an X-gates group and Gates Glidden group instrument mandibular first 

molars with separate canals in the mesial root (Weine type II or III). Due to the similar root canal 

morphology, this design allowed for the side by side comparison of the two . The method of image 

acquisition selected was micro-CT imaging. This image modality produces high resolution and quantifiable 



data. Combined with custom fabricated jigs, direct comparison of the pre- and postinstrumentation slides 

were possible in a non-destructive manner. 22, 23, 24 

 Both X-Gates and Gates-Glidden groups showed a significant removal of dentin when comparing 

pre- and postinstrumentation. This is consistent with other studies which analyzed the magnitude of 

removal in preflaring instruments. 19, 20 No significant differences were observed between X-Gates and 

Gates-Glidden in dentin removal. The remaining dentin thickness postinstrumentation was found to range 

from 1058.3µm to 775µm, which are consistent with other studies following a similar methodology.16, 17 

 Analysis was done within each group to detect if there would be a significant difference in the 

amount of removal at each millimeter increment. There were no significant differences found in the 

Gates-Glidden group.  A significant difference was seen in the X-gates group between the 0mm and 2mm. 

This suggests that the X-Gates cuts in a more tapered shape when compared to the parallel shape of the 

Gates-Glidden. This could be attributed to using a single bur when preflaring with the X-Gates whereas 

with the Gates-Glidden series, changing burs and repeated cutting results in a more parallel dentin 

removal.   

 While the results obtained in this study showed no significant difference observed between the 

X-gates group and Gates-Glidden group with regards to dentin removal towards the “danger zone”, the 

continued use of Gates-Glidden may be questioned. Studies on alternative instruments such as orifice 

modifiers have shown promising data25, 26 but more research on minimally invasive instruments is 

required. 
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