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Highlights 

• Micro-CT comparisons of centering ability and apical canal transportation of 3 glide 

path enlargement techniques in curved root canals of extracted mandibular molars. 

• K-files were least centered and caused more transportation. 

• ProGlider displayed superior centering ability. 

• ProGlider and G-Files caused significantly less transportation than K-files. 

 

Abstract 

Introduction: The purpose of this study was to compare centering ability and apical 

canal transportation of K-files (KF), ProGlider (PG) and G-Files (GF) after glide path 

enlargement in curved canals using micro–CT. Methods: 30 canals each were 

randomly assigned to KF; GF and PG. Teeth were scanned before and after glide path 

enlargement to compare centering ability at three levels: 1 mm (D1) and 7 mm (D7) 

from the apical foramen and at the point of maximum root curvature (Dmc). 

Transportation was assessed in 8 directions at D1. Results: KF were significantly less 

centered than both NiTi groups at D1. At Dmc PG exhibited a significantly more 

centered enlargement than both GF and KF, which were significantly similar. At D7, 

PG was significantly more centered than KF but there were no significant differences 

between GF and KF or between PG and GF (p<0.016). KF exhibited significantly 

more canal transportation at D1 than the NiTi groups (p<0.05). Conclusion: NiTi 

files cause less transportation than KF. At D1 KF were less centered than both NiTi 

files. PG remained more centered at Dmc and D7. 
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Significance 

A poorly centered glide path system increases the risk of apical canal transportation 

and other procedural errors along the canal resulting in further challenges. Results 

show that the NiTi rotary glide path enlargement files used in this study maintain the 

original anatomical root canal outline, and respect the location of the apex. The 

ProGlider file displayed superior centering ability and transported fewer apices 

making it potentially more suitable for curved canals in the clinical situation. 

 

Introduction  

The endodontic glide path is defined as a smooth tunnel from the orifice of a root 

canal to the physiologic terminus of a root that allows for predictable cleaning and 

shaping to follow (1, 2). A glide path that is smooth and centered from its orifice to 

the physiologic terminus will enable further shaping of the root canal with nickel-

titanium (NiTi) instrumentation because it allows for the tip of the first rotary 

instrument to follow (3-5). A successful glide path reduces torsional stress, increases 

the life span of shaping instruments, and reduces procedural errors such as ledge 

formation, canal transportation, and perforation (1, 4-7). An established glide path 

allows for predictable radicular cleaning and shaping to follow and therefore must be 

the starting point of all root canal preparations. 

 

Glide path enlargement can be carried out with pre-curved stainless steel K-files or 

NiTi glide path files. The advantages of using stainless steel hand K-files include 

improved tactile sensation; appreciation of anatomical curvatures; decreased risk of 

file fracture; negotiation of canal blockages and decreased cost (1, 8, 9). The 

disadvantages of enlarging a glide path with hand instruments include operator and 

hand fatigue; increased enlargement time; risk of canal aberrations with the use of 

larger file sizes and greater change to the original canal anatomy and increased apical 

extrusion of debris (10). 
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Studies have shown that glide path enlargement with NiTi files is faster and causes 

less procedural errors than hand K-files (11–14). This been attributed to the superior 

flexibility of these files (14). G-Files (Micro-Mega, Besançon, France) are 3% tapered 

nickel-titanium glide path files with non-cutting tips. The G1 and G2 file has ISO tip 

sizes of 12 and 17 respectively. ProGlider (Dentsply/Maillefer, Ballaigues, 

Switzerland) is a single mechanical glide path file with a semi-active tip and 

progressive tapers from 2% to 8% over its length. This file is manufactured using M-

wire technology and has a square cross-section with an ISO tip of 16. 

 

The assessment of endodontic instrumentation has been made possible with micro-

computed tomography (micro-CT). A recent study by Pasqualini et al (12) used 

micro-CT to examine curved root canals following glide path preparation. This 

modality is a non-destructive analytical method that enables researchers to examine 

root canals in three-dimensions (15, 16). Micro-CT provides superior resolution 

quality to that of computed tomography but can only be carried out on extracted teeth.  

 

The aim of this micro-CT study was to compare the canal centering ability and apical 

root canal transportation of pre-curved stainless steel K-files, the ProGlider file and 

G-Files after glide path enlargement in curved root canals of extracted human 

mandibular molars.  

 

Materials and Methods  

Selection of teeth 

Fifty mandibular molars with previously untreated intact mesial roots and closed 

apices were chosen for this study from a pool of human teeth extracted for reasons 

unrelated to this study. A total of ninety separate MB and ML root canals with 

curvatures of 25° to 30° were selected from the fifty molars and randomly assigned to 

three experimental groups of 30 canals each for glide path enlargement. Curvatures 

were determined using the technique described by Schneider (17).  

 

Micro-CT Analysis 

The selected teeth were mounted on a stable support and scanned before 

instrumentation using the XTH 225 ST micro-focus X-ray computed tomography 
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system (Nikon Metrology, Leuven, Belgium) (Scan 1). This system has a spatial 

resolution capability of 0.001-0.006 mm (18). A 5-axis sample manipulator is 

installed in the lead-lined cabinet of the system and is completely controlled by an 

acquisition computer. A series of sequential two-dimensional (2D) X-ray images are 

captured as the object is rotated through 360°. These images are then reconstructed to 

generate a 3D volumetric representation of the object. The accurate rotation 

movement allows for up to 4000 or more 2D tiff-format projections that are 

reconstructed into a 3D volume. Reconstruction parameters are optimized 

automatically so that the quality of the scan is not dependent on the qualitative 

opinion of the operator. The final product from a reconstruction is a 3D volume file 

that can be directly imported in VGStudioMax visualization software (19).  

 

Specimen Preparation 

Standard endodontic access cavities were prepared and working length for each canal 

was determined.  

 

Group KF: Glide Path Enlargement using Pre-Curved Stainless Steel K-files 

Manual pre-flaring with pre-curved stainless steel K-files (Dentsply/Maillefer) in the 

following sequence: ISO#10, #15, and then #20 to working length (n=30). 

 

Group GF: Glide Path Enlargement using the G-File system 

A reproducible glide path was manually established with a pre-curved #10 stainless 

steel K-file before the glide paths were enlarged using G1 and G2 files (n=30). 

Group PG: Glide Path Enlargement using the ProGlider file 

A reproducible glide path was manually established with a pre-curved #10 stainless 

steel K-file before the glide paths were enlarged using the ProGlider file (n=30). 

 

Glyde Root Canal Conditioner (Dentsply/Maillefer) was used as a chelator in all canal 

preparations and Jik (3% sodium hypochlorite) (Rekitt Benckiser, South Africa (Pty) 

Ltd., Elandsfontein, Gauteng, South Africa) was used for canal irrigation after the use 

of each file.  
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The teeth were scanned after instrumentation (Scan 2). VGStudioMax software 

enabled merging of the pre-instrumentation 3D images (Scan 1) and post-

instrumentation 3D images (Scan 2) for each tooth. Canals from Scan 2 were 

superimposed over corresponding canals from Scan 1 to measure the changes 

following instrumentation. VGStudioMax measurement instruments allow for 

distance (actual or min/max), angles, or polylines to be measured. The min/max tool 

is capable of measuring distances like maximum movements automatically (19). 

 

Evaluation 

Changes in root canal diameter were measured at three different levels: 

 D1 = 1 mm from the apical foramen 

 Dmc = at the point of maximum root curvature (a point between D1 and D7) 

 D7 = 7 mm from the apical foramen 

D1 and D7 were determined by locating the apical foramen in the axial view of each 

specimen and measuring distances of 1 mm and 7 mm coronally from this point. Dmc 

was determined using the “Automatic Snapping of Instruments to Object Surface” 

Instrument in VGStudioMax. This Instrument was used while observing each 

specimen in the sagittal view and plotting a line from points D1 to D7 within the 

relevant canal. When activated, the Instrument snapped automatically from this line to 

the outermost edge of the arc created by the curvature of the canal (20). This edge was 

labeled Dmc. 

 

A mean centering ratio in the post-instrumentation canal was calculated by the 

formula (X1-X2)/Y described by Calhoun and Montgomery (21). The VGStudioMax 

“Min/Max Distance Tool” Instrument was used to determine the direction of 

maximum movement between the corresponding canals from Scans 1 and 2 (20). In 

this formula X1 represents the maximum extent of canal movement in one direction 

and X2 is the movement in the opposite direction, Y is the diameter of the final canal 

preparation. These measurements were determined by the superimposition of the pre-

instrumentation canal over the post-instrumentation canal. Ratios closest to zero 

indicated a superior centering ability (Fig. 1). 
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Figure 1.Post-instrumentation canal (shaded black) measurements (X1, X2 and Y) measured from the 

pre-instrumentation canal (shaded white). In this example, X1 is in a mesiobuccal direction. 

 

VGStudioMax software was used to evaluate apical canal transportation at D1 using a 

method described by Bergmans et al (16). A central axis point was located within 

each pre-instrumentation canal on Scan 1. Using this axis as a reference point, polar 

co-ordinates were mapped at eight points on the pre-instrumentation canal wall in 

360°. The eight points were mapped at 45° increments in a clockwise rotation – 

mesial (M), mesiobuccal (MB), buccal (B), distobuccal (DB), distal (D), distolingual 

(DL), lingual (L), mesiolingual (ML).  

The co-ordinates mapped within the pre-instrumentation canal images from Scan 1 

were then superimposed over the post-instrumentation canal images from Scan 2. In 

this way the distance between the post-instrumented canal walls and the pre-

instrumented canal walls were measured in eight directions (Fig. 2) by extending the 

co-ordinate points determined from Scan 1. Circumferentially equal or similar 

distances indicated that minimal apical transportation had occurred. Large distances 

that were concentrated in a few directions were evident of transportation. 
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Figure 2. Eight co-ordinates determined in the pre-instrumentation canal (shaded white) superimposed 

onto the post-instrumentation canal (shaded black) to measure transportation. 

 

Statistical analysis 

Apical canal transportation of the three instrumentation techniques was compared 

using a one-way Analysis of Variance (ANOVA) (p<0.05). A Bonferroni adjusted p 

value of 0.016 was used in the pairwise comparisons of the mean centering ratios 

obtained at D1, Dmc, and D7. Significance of differences between the three 

instrumentation groups was also tested. All statistical procedures were performed on 

SAS Release 9.3 (SAS Institute Inc., Cary, USA) running under Microsoft Windows 

(Microsoft Corp., Redmond, Washington) for a personal computer.  

 

Results  

The centering ability of the three glide path instrumentation techniques was compared 

at D1, Dmc and D7 using ANOVA followed by pairwise comparisons at the 

Bonferroni adjusted significance p value of 0.016. At all D levels the mean ratios for 

the stainless steel K-file group were statistically significantly higher than the 

ProGlider file group. The NiTi rotary glide path file groups displayed statistically 

similar results at D1. Results at Dmc showed that the ProGlider file produced 

statistically significant lower mean centering ratios than the other two groups. At D7 

there were no statistically significant differences when G-Files and stainless steel K-

files were compared or when the ProGlider file was compared to G-Files (p<0.016). 
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Figure 3 illustrates the mean centering ratios of the three glide path instrumentation 

groups at D1, Dmc and D7 combined.  

 

 
Figure 3. Comparative graph portraying centering ability for the three glide path instrumentation 

groups at D1, Dmc and D7 (lower mean ratios indicate a favorable centering ability). 

 

Stainless steel K-files were found to transport the canal statistically significantly more 

than G-Files in five directions: M, MB, B, L, and ML. These two groups exhibited 

statistically significantly similar apical canal transportation values in the remaining 

three directions: DB, D, and DL.  

 

The ProGlider file exhibited statistically significantly less apical canal transportation 

than stainless steel K-files in six directions: M, MB, B, DB, D and ML. Apical canal 

transportation values for these groups were statistically significantly similar in the 

remaining two directions: DL, and L. Transportation values for G-Files and the 

ProGlider file were statistically significantly similar in all directions (p<0.05).  

 

Table 1 shows the means and standard deviation of apical canal transportation 

produced by the three instrumentation techniques at D1 of molar root canals 

instrumented in eight different directions. The results were analyzed using ANOVA. 
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TABLE 1:Means ±(in mm) and standard deviation of apical canal transportation produced by 

each instrumentation technique at D1, according to the direction of dentine removal 

Direction Technique 

K-file G-Files ProGlider 

Mesial 0.0763±0.0488
a 

0.0305±0.0302
b 

0.0289±0.0138
b 

Mesiobuccal 0.0923±0.0716
a 

0.0306±0.0360
b 

0.0397±0.0189
b 

Buccal 0.0703±0.0509
a 

0.0414±0.0255
b 

0.0436±0.0236
b 

Distobuccal 0.0572±0.0288
a 

0.0496±0.0329
a,b 

0.0351±0.0251
b 

Distal 0.0653±0.0465
a 

0.0536±0.0389
a,b 

0.0319±0.0235
b 

Distolingual 0.0576±0.0361
a 

0.0553±0.0361
a 

0.0375±0.0255
a 

Lingual 0.0530±0.0306
a 

0.0318±0.0306
b 

0.0335±0.0230
a,b 

Mesiolingual 0.0711±0.0551
a 

0.0334±0.0279
b 

0.0312±0.0186
b 

Mean values with the same superscript letters were not statistically different at p<0.05 

 

Discussion  

This is the first study on curved root canals of extracted human molars to compare the 

centering ability and apical canal transportation of stainless steel K-files, G-Files and 

the ProGlider file. No comparative data regarding the centering ability and apical 

canal transportation for G-Files and the ProGlider file was found in the literature. 

 

Micro-computed tomography was used to evaluate the centering ability and apical 

canal transportation of the tested groups. It is an easy to repeat method and provides 

data that allows for the identification of morphologic changes associated with 

different biomechanical preparations including canal transportation and dentine 

removal (22, 23). 

 

For the examination of centering ability, three levels were chosen: 1 mm from the 

apical foramen (D1), the point of maximum root curvature (Dmc) and 7 mm from the 

apical foramen (D7). D1 and Dmc represent the apical region and area of maximum 

curvature, areas that are particularly vulnerable to iatrogenic mishaps (24, 25). Results 

in the present study showed that glide path enlargement with stainless steel K-files 

was less centered than the NiTi rotary glide path file groups at all levels examined. 

Statistically similar observations were made for the G-File and ProGlider groups at 

D1 and D7 (p<0.016). At Dmc however, the ProGlider group demonstrated 

significantly better centering ratios than both the G-File and stainless steel K-file 

groups. This study confirmed the results of previous studies that have demonstrated 
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the ability of NiTi rotary glide path files to create more centered root canal 

preparations than stainless steel K-files (10, 12). Results for G-Files in this study, a 

NiTi rotary glide path file system, however demonstrated a statistically similar 

centering ability to that of stainless steel K-files at Dmc. The ProGlider file exhibited 

a superior overall centering ability in comparison to the other groups. 

 

The significant differences in centering ability between the two NiTi rotary glide path 

file groups at Dmc in this study might be explained by the standard deviation of 

observations that can occur amongst curved canals of natural teeth, instrument design 

factors or operational techniques like rotational speed and torque. Curved canals are 

frequently used as specimens in research studies because these canals present greater 

challenges to instrumentation (17, 26). These challenges have been linked to the 

observation of performance differences between various instrument systems during 

the shaping of curved canals (10, 27). Statistically, the standard deviation observed 

when studying canals of natural teeth are higher than those observed in studies using 

artificial canals. The benefits however that are derived from testing file systems in the 

natural dentine of extracted teeth is probably greater than those derived from testing 

in artificial canals (26, 28). Natural teeth were used in this study to capitalize on these 

benefits and make use of the advantages of micro-CT.  

 

The ProGlider file provided a centered preparation and closely maintained the original 

shape of the curved canal. ProGlider instrument factors that may be relevant include 

its M-wire construction; variable progressive taper, square cross-section and smaller 

ISO tip size of 0.16. The flexibility of an endodontic instrument is influenced by the 

composition and thermo-mechanical treatment of the metallic alloy as well as by the 

size of the instrument and its cross-sectional design (29, 30). Flexibility may 

influence the instrument’s ability to properly shape curved root canals. Several studies 

have shown that more flexible instruments produce more centered preparations (11, 

31). The ProGlider file used in this study is manufactured from M-wire NiTi alloy 

while G-Files are made from conventional NiTi. Heat-treated M-wire alloy has a 

control memory feature that makes this alloy extremely flexible and more resistant to 

cyclic fatigue than non-control memory NiTi alloy (32). The performance of G-Files 

at Dmc in the present study may also be due to the constant 3% taper or the noncutting 

tips. The ProGlider file has a semi-active tip with a progressive taper from 2% to 
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8.5% over its active cutting zone. Differences in the cross-sections of the two NiTi 

rotary glide path file systems may also contribute to the differences observed at Dmc 

(33). The ProGlider file has a centered, square cross-section while the cross-section of 

G-Files has three blades on different radii (Fig. 4). 

 

 

 
Figure 4. Cross-sections of the rotary files: (A) ProGlider file and (B) G-File. 

 

 

The results of this study showed statistically similar apical canal transportation mean 

values for the G-File and ProGlider groups in all directions. Stainless steel K-files 

were found to transport the canal significantly more than the NiTi rotary glide path 

file groups in most directions. All three groups exhibited statistically similar 

transportation in the DL direction (p<0.05). This observation may be as a result of 

single operator performing all the enlargements with a possible tendency to 

instrument towards DL. Further studies may be required to assess the influence of the 

operator’s influence on glide path enlargement outcomes using the systems assessed 

in our study and in natural human teeth. Many studies have however shown that NiTi 

rotary glide path file systems tend to transport canals less than stainless steel K-files 

(12, 34, 35). The results for apical canal transportation in the present study are in 

accordance with the results of these studies. 

 

Within the limitations of the present study the following can be concluded: The 

centering ability of the ProGlider file was favorable at all three levels examined 

within the instrumented root canals. Overall, apical canal transportation values were 

more favorable in the NiTi rotary glide path file groups. The ProGlider file and G-
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Files produced statistically similar apical canal transportation values in all directions 

(p<0.05). 
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