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ABSTRACT 

Background: Endodontic-treated teeth present a higher fracture rate. The fracture strength 

of endodontically treated teeth is affected by access cavity design and cervical root canal dentin 

thickness. Aim: To compare the effect of access cavity design and two different root canal tapers 

in extracted mandibular premolars on fracture strength of endodontic treated teeth and remaining 

cervical dentin thickness. Materials and Methods: A total of (20) lower premolars were selected 

and divided into four groups. In group (A), five teeth were accessed traditionally and prepared by 

CMA rotary system. In group (B) five teeth were accessed traditionally and prepared by the M3 

Pro Gold rotary system. In group (C) five teeth were accessed conservatively and prepared by 

CMA rotary system and in group (D), five teeth were accessed conservatively and prepared by 

m3 pro gold rotary system. Remaining dentin thickness through CBCT scanning and fracture 

strength was measured through the universal testing machine. Results: No significant difference 

between the removed dentin thickness of treated teeth either with M3 pro gold or CMA at 

coronal and middle levels; however, at the apical level, CMA showed statistically significantly 

lower median remaining dentin thickness than M3 Pro Gold. No significant difference between 

fracture resistances of treated teeth either with traditional or conservative access.Conclusion: 

Conservative design failed to intensify the fracture resistance of mandibular premolars. 

Conservative cervical taper within 4% and 6% presented similar effect on cervical dentin 

thickness in mandibular premolars.  

Keywords: conservative endodontic cavity; fracture resistance; cone beam computed 

tomography; traditional endodontic cavity  

INTRODUCTION 

Endodontic treatment is the standard 

protocol for infected teeth. To guarantee a 

successful good prognosis for an 

endodontically treated tooth, one of the 



JFCR Vol.3, No.2                                                                                       Mariam A. Boshra, et al. 

126 
 

preliminary steps is to prepare proper access 

activity to the root canal system. Adequate 

access cavity ensures easy localization of the 

canals, proper chemo-mechanical 

preparation, and obturation. Deficient cavity 

preparation complicates root canal treatment 

and could lead to the aberration of the 

original root canal anatomy. In such cases, 

the infection perseveres, and the treatment 

fails.1 

Traditional endodontic cavity (TEC) 

involves straight-line pathways into the 

canals done by removing cervical dentin 

projections, and de-roofing the pulp 

chamber in order to reach apical 

constriction. Extensive removal of the tooth 

structure, coronal to the pulp chamber and 

around the canal orifices, is the most 

frequent cause of fracture in endodontically-

treated teeth.2,3 

The last decade has witnessed 

considerable evolutions for minimal 

intervention. In minimally invasive 

endodontics, conservative endodontic access 

cavity (CAC) is a modified design which 

preserves parts of the pulp chamber roof and 

peri-cervical dentin in order to overcome the 

major drawback in the traditional design. 

Peri-cervical dentin which is located 4 mm 

above and 4 mm below the crestal bone, 

serves in the distribution of functional 

stresses in teeth. Although the preserved 

structure may offer the benefit of improved 

fracture resistance, the scientific evidence 

for CAC remains scarce.4,5 

 Out of the root canal treatment 

processes, mechanical preparation is of great 

importance. Earlier, conventional 2% taper 

hand instruments were used in mechanical 

preparation. Then various kinds of Ni-Ti 

rotary and reciprocating instruments appear 

in the market. They excessively improved 

the root canal preparation due to their 

metallurgical properties. Therefore, nickel-

titanium rotary instruments have become the 

main instrument for root canal preparation. 

Since the increased taper of these files had 

reached 9 %, results in aggressive removal 

of the radicular dentin, there were different 

opinions regarding the effect of increased 

tapered nickel-titanium rotary instruments 

on root fracture resistance.6,7 

MATERIALS AND METHODS 

Materials used in this study are shown 

in Table (1). A total of non-identified 20 

intact, sound, single-rooted mandibular 

premolar extracted teeth were selected for 

the study. Teeth were thoroughly washed 

under running water to remove blood and 

mucous, and scaled to remove calculus and 

remnants of periodontal ligaments. All teeth 

were scanned by CBCT and the cervical 

dentin thickness was measured.  

Samples grouping 
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The selected teeth were divided into 

four equal groups, with five samples in each 

group prepared as follows: Group(A): 

samples were accessed traditionally and 

prepared by CMA rotary system. Group(B): 

samples were accessed traditionally and 

prepared by M3 pro gold rotary system. 

Group(C): samples were accessed 

conservatively and prepared by CMA rotary 

system. Group (D): samples were accessed 

conservatively and prepared by M3 pro gold 

rotary system.  

Teeth Preparation 

Each root within each sample was 

marked by indentations using a size 1 

inverted cone bur on all aspects (buccal, 

mesial, distal, and lingual) at three levels 

(3mm, 5mm, and 7 mm)8, as shown in 

figure 1. The roots were covered with wax 

and embedded in putty filled blocks of size 

“5cm*8cm”. Samples were arranged as three 

teeth in each block.  

Preoperative CBCT scan 

Each block was placed on the CBCT 

machine scan holder after labeling the 

holder with four marks to standardize the 

blocks position labelled with the letter “A” 

representing the front position. Each block 

was scanned separately using a CBCT 

machine on Endo mode with these exposure 

parameters (Field of view 5*5 cm, 10 mA, 

System Root level 
Traditional (n = 5) Conservative (n = 5) 

P-value 
Effect 

size (d) Median (Range) Mean (SD) Median (Range) Mean (SD) 

CMA 

Coronal 0.2 (0.1-0.4)  0.22 (0.13) 0.2 (0.1-0.3)  0.2 (0.07) 0.913 0.066 

Middle 0.2 (0.1-0.3) 0.2 (0.1) 0.2 (0.1-0.3) 0.22 (0.08) 0.740 0.199 

Apical 0.1 (0.1-0.2)  0.14 (0.05) 0.2 (0.1-0.2)  0.16 (0.05) 0.549 0.335 

M3 Pro 

Gold 

Coronal 0.3 (0.2-0.4)  0.32 (0.08) 0.2 (0.1-0.4)  0.24 (0.11) 0.233 0.78 

Middle 0.4 (0.2-0.4) 0.34 (0.09) 0.3 (0.1-0.4) 0.28 (0.13) 0.432 0.475 

Apical 0.2 (0.1-0.4)  0.26 (0.13) 0.3 (0.2-0.3)  0.26 (0.05) 0.913 0.066 

*: Significant at P ≤ 0.05.  

        

Table (1): Descriptive statistics and results of Mann-Whitney U test for comparison between 

dentin thickness (mm) of the two access types. 

Figure (1):  Tooth Sample with 

indentations made on root surface at 3, 5, 7 

mm from the apex. 
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90 KvP and 85µm voxel size). Images were 

reconstructed and imported to On-demand 

(3D software Cybermed) (Figure 2). 

Dentin thickness was measured on axial 

CBCT sections at four different surfaces 

(buccal, lingual, mesial, and distal) at levels 

3, 5, 7 mm from the apex. Measurements 

were taken in straight lines from the most 

inner part of the indentation marks to the 

internal root surface. This was done four 

times for each surface, and average 

measurements were calculated at each level. 

In groups A&B: Traditional designs 

were prepared following the conventional 

guidelines in order to obtain a straight-line 

access.9 The preparation was made oval in 

shape, corresponding to pulp chamber 

shape. In groups C&D: conservative access 

was done one mm buccal to the central fossa 

with minimal extension enough to detect 

canal orifices, to preserve pericervical 

dentin, part of the chamber roof and lingual 

shelf with no subsequent removal of tooth 

structure, obtaining slightly oval-shaped 

minimal cavities.10 (Figures 3, 4). 

Root canal preparation 

In CMA traditional and conservative 

groups:- Glide path was confirmed using 

#10 and #15 k hand files. Canals were 

prepared in a sequence of the coronal file, 

median file, apical 1 file, apical 2 files and 

finally  median file in brushing motion.  

In M3 Pro gold traditional and 

conservative groups:-Glide path was also 

Figure (2): Block ready for CBCT. 

scanning. 

Figure (3): Traditional access. 

Figure (4): Conservative access. 
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done, Then  Open file was used followed by, 

Path file then shaping file in pecking 

motion. At last shaping file was used in 

brushing motion. 

Irrigation of the root canals was done 

with 10 ml of 2.5% NaOCl intermittently 

with a 27-gauge side vented needle and 

syringe. 

Postoperative CBCT scanning 

Samples were re-scanned using the 

same preoperative standardized block 

positions and exposure parameters. The 

amount of removed dentin thickness was 

calculated by subtracting the postoperative 

readings from the preoperative (Figure 5). 

Specimen preparation for fracture 

resistance test 

All roots were individually mounted 

vertically in blocks prepared with acrylic 

resin to a depth of 1 mm apical to the 

cement-enamel junction. Periodontal 

ligament simulation was done with Teflon. 

Blocks were mounted on the universal 

testing machine with a loading fixture with a 

spherical tip diameter of 4.8 mm and aligned 

with the center of  root canal opening for 

each root (Figure 6). 

A loading force was applied until root 

fracture occurred using a 30-inclination 

angle. 

Force was recorded in Newton by using 

the following formula: 

MPa =Maximum load in Newtons (N) 

π / 4 × (4.8mm)2 

• π = 3.14 (constant value) 

• Area of cross‑section of plunger 

=4.8mm. 

Statistical Analysis 

Numerical data were explored for 

normality by checking the distribution of 

data and using tests of normality 

(Kolmogorov-Smirnov and Shapiro-Wilk 

tests). Data were presented as median, 

range, mean, and standard deviation (SD) 

Figure (5): axial cuts presenting the 

postoperative B, L, M and D dentin 

thickness. 

D 

B 

M 

L 

Figure (6): loading force applied at 30 degrees 

inclination angle. 
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values. Mann-Whitney U test was used to 

compare between two access types, and the 

two systems. Friedman’s test was used to 

compare between remaining dentin 

thickness at coronal, middle, and apical root 

levels. Spearman’s correlation coefficient 

was used to determine the correlation 

between remaining dentin thickness and 

fracture resistance. The significance level 

was set at P ≤ 0.05. 

RESULTS 

A) Dentin thickness 

- Non-significant difference was 

observed between traditional and 

conservative access cavity dentin thickness 

removed at all levels after being prepared 

with CMA and M3 Pro Gold. (Table 1). 

- Comparing CMA and M3 Pro gold 

systems removed dentin thickness at all  

levels after teeth being accessed 

traditionally; non-significant difference was 

observed. For conservative access, there was 

a non-significant difference at coronal and 

middle levels. However, at the apical level, 

CMA showed significantly lower mean 

value than M3 Pro Gold with P value 0.031. 

(Table 2). 

- No significant difference between 

removed dentin thickness at different root 

levels after being prepared with M3 pro gold 

system in traditional and conservative access 

cavities designs. For CMA traditional and 

conservative groups, there was no 

statistically significant difference too. 

(Table 3). 

B) Fracture resistance 

- Non-significant difference was 

observed between traditional and 

conservative access cavity fracture 

resistance after being prepared with CMA 

and after using M3 Pro gold systems. (Table 

4). 

Access type Root level 
CMA (n = 5) M3 Pro Gold (n = 5) P- 

value 

Effect 

  size  

(d) Median (Range) Mean (SD) Median (Range) Mean (SD) 

Traditional 

Coronal 0.2 (0.1-0.4) 0.22 (0.13) 0.3(0.2-0.4) 0.32 (0.08) 0.192 0.863 

Middle 0.2 (0.1-0.3) 0.2 (0.1) 0.4(0.2-0.4) 0.34 (0.09) 0.052 1.479 

Apical 0.1 (0.1-0.2) 0.14 (0.05) 0.2(0.1-0.4) 0.26 (0.13) 0.118 1.043 

CAC 

Coronal 0.2 (0.1-0.3) 0.2 (0.07) 0.2(0.1-0.4) 0.24 (0.11) 0.575 0.335 

Middle 0.2 (0.1-0.3) 0.22 (0.08) 0.3(0.1-0.4) 0.28 (0.13) 0.389 0.548 

Apical 0.2 (0.1-0.2) 0.16 (0.05) 0.3(0.2-0.3) 0.26 (0.05) 0.031

* 
1.612 

*: Significant at P ≤ 0.05. 

Table (2): Descriptive statistics and results of Mann-Whitney U test for comparison between 

removed dentin thickness (mm) of the two systems.  
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- Comparing fracture resistance for 

traditional access using CMA and M3 pro 

gold, a non-significant difference was 

observed. For conservative access using  

CMA and M3 pro gold, a non -

significant difference was observed too. 

(Table 5). 

 

Access type 
Root 

level 

CMA (n = 5) M3 Pro Gold (n = 5) 

Median (Range) 
Mean 

(SD) 
 Median (Range) Mean (SD) 

Traditional 

Coronal 0.2 (0.1-0.4)  0.22 (0.13) 0.3 (0.2-0.4)  0.32 (0.08) 

Middle 0.2 (0.1-0.3) 0.2 (0.1) 0.4 (0.2-0.4) 0.34 (0.09) 

Apical 0.1 (0.1-0.2)  0.14 (0.05) 0.2 (0.1-0.4)  0.26 (0.13) 

P-value 0.247 0.646 

Effect size (w) 0.28 0.088 

Conservative 

Coronal 0.2 (0.1-0.3)  0.2 (0.07) 0.2 (0.1-0.4)  0.24 (0.11) 

Middle 0.2 (0.1-0.3) 0.22 (0.08) 0.3 (0.1-0.4) 0.28 (0.13) 

Apical 0.2 (0.1-0.2)  0.16 (0.05) 0.3 (0.2-0.3)  0.26 (0.05) 

P-value 0.368 0.819 

Effect size (w) 0.2 0.04 

*: Significant at P ≤ 0.05.   

   

Access type 
CMA M3 Pro Gold 

Median (Range) Mean (SD) Median (Range) Mean (SD) 

Traditional  93.8 (36.5-139)  90.3 (40.8) 130.6 (62.3-185.9)  127.4 (60) 

Conservative  101.3 (65.8-178.1)  123.6 (50.9) 99.4 (50.5-103.7)  83.6 (24.5) 

P-value 0.251 0.462 

Effect size (d) 0.78 0.78 

*: Significant at P ≤ 0.05.  

   

System Traditional Conservative 

Median (Range) Mean (SD) Median (Range) Mean (SD) 

CMA 93.8 (36.5-139) 90.3 (40.8) 101.3 (65.8-178.1)
 

123.6 (50.9) 

M3 Pro Gold 130.6(62.3185.9) 127.4 (60)
 

99.4 (50.5-103.7)
 

83.6 (24.5) 

P-value 0.462 0.251 

Effect size (d) 0.78 0.78 
*: Significant at P ≤ 0.05. 

Table (3): Descriptive statistics and results of Friedman’s test for comparison between removed 

dentin thickness (mm) at different root levels within each group. 

Table (4): Descriptive statistics and results of Mann-Whitney U test for comparison between 

fracture resistance (N) of the two access types.  

Table (5): Descriptive statistics and results of Mann-Whitney U test for comparison between 

fracture resistance (N) of the two systems 123.6 (50.9) and 83.6 (24.5). 
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DISCUSSION 

Successful root canal treatment 

comprises three main steps; access cavity 

followed by biomechanical preparation and 

3D obturation with biocompatible material. 

The traditional endodontic access cavity 

(TEC) design focuses on the inclusion of all 

pulp horns, and removal of the roof of the 

pulp chamber in order to ensure complete 

debridement of the root canal system. 

However, excessive removal of tooth 

structure increases cuspal deflection that 

negatively reduces mechanical and 

biological tooth responses and tooth 

deformability. That’s why there is a need for 

less invasive technique in order to prevent 

loss of endodonitcally treated teeth.11–13 

Inspired by the minimally invasive 

concept, conservative endodontic access 

cavity (CAC) design is a means of 

minimizing tooth structure ejection by 

preserving some of the chamber roof and 

peri-cervical dentin. The cavity design 

affected the chemo-mechanical preparation 

and the file system used.14 

Cleaning and shaping of root canal 

space is one of the most important and 

fundamental aspects of endodontic therapy. 

Conventionally, endodontic instrumentation 

was done by stainless steel hand files, which 

had their own problems, such as stiffness 

and taper. To overcome these limitations, 

Nickel Titanium (NiTi) instruments were 

introduced13,14 

Advancements in rotary nickel titanium 

instruments have led to new concepts and 

techniques of canal preparation. Most of the 

new systems incorporate instruments with a 

taper greater than the ISO standard 0.02 

taper design. Now nickel titanium 

instruments are available with tapers ranging 

from 0.04 to 0.12,  allowing varying levels 

of removed dentin volume.15 

The increase in root canal taper makes 

more space for the irrigation fluids making 

the cleaning process more efficient and 

facilitating obturation. However, larger taper 

correlates to a decrease in the fracture 

resistance due to excessive flaring of the 

canals. So, preservation of residual dentin is 

an essential requirement for the longevity of 

an endodontically treated tooth.16 

In the current study, premolars were the 

selected samples since cusp fractures 

commonly occur in premolars due to the 

undesirable ratio of the crown to root and 

exposure to shear forces.17  

The two rotary systems were selected 

based on having the same cross section 

(convex triangle), non-cutting tips but 

variable taper to compare the effect of 

different root canal tapers on fracture 

strength of endodontic treated teeth and 

remaining cervical dentin thickness. M3pro 
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gold is composed of an orifice opener (8%), 

path file (2%), shaping file (6%), shaping 

file(4%), and finishing file(6%), CMA 

system is composed of a coronal file (10%), 

median file (6%), apical file one (4%) and 

apical file two (6%), all files of both systems 

have non cutting tips and used in rotational 

motion. 

Embedding of the used teeth in a thin 

layer of Teflon was applied to simulate the 

periodontal ligament in the clinical situation.  

Radiographic examinations as 

conventional and digital radiographic 

techniques were adopted for teeth 

visualization, but present a 2D image of a 

3D object. To visualize the 3D object more 

accurately, CBCT has emerged as a 

powerful tool for the evaluation of root 

canal morphology. It can render cross-

sectional and three-dimensional images of 

teeth and jaws that are highly accurate and 

quantifiable.18,19 

CBCT scanning was used in this study 

to compare dentin thickness pre-

instrumentation and post-instrumentation 

with CMA and M3 pro gold system rotary 

systems. This allows visualization of the 

root canal in three planes (axial, coronal, 

and sagittal) that provide the most accurate 

measurements of the root .Teeth samples 

were embedded in wax blocks and they were 

coded with teeth arrangement for 

standardization of teeth imaging before and 

after instrumentation. Four markers were 

used as labels on the CBCT scan holder to 

standardize position of the block. Endo 

mode was used for teeth scanning. The 

amount of removed dentin thickness was 

calculated by subtracting the postoperative 

readings from the preoperative one.8 

Fracture resistance of teeth can be 

measured by different methods, one of the 

most common way is using Universal 

Testing machine which was in accordance 

with various studies.20 Since teeth are most 

vulnerable to fracture when eccentric forces 

are applied, reaching the failure point at 

lower loads compared to other studies with 

axial fracture loads that is why 30-degree 

inclination angle is more useful.21 

The statistical analysis showed no 

significant difference between traditional 

and conservative access cavity designs. This 

may be due to using premolasrs samples 

which already have small occlusal tables; 

therefore, the difference between traditional 

and conservative access cavity designs will 

not strongly affect the remaining dentin 

thickness. Also, there was no significant 

difference found between CMA and M3 Pro 

Gold after teeth being accessed traditionally 

and conservatively. This was confirmed by 

Tomer who compared the remaining dentin 

thickness of root canals with different rotary 
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systems and declared that the cutting 

efficiency was mainly affected by cross 

section design more than the taper.22 

These results were confirmed by Silva 

et al.23 who tested the influence of 

traditional and conservative access cavity 

preparations on the remaining dentine 

thickness in extracted mandibular molars 

prepared with reciprocating instruments 

using microcomputed tomography and 

concluded that there was no significant 

difference due to sample selection which 

was based on morphometric parameters of 

the root canal system (configuration, length, 

volume, and geometry) to ensure 

comparability of the groups.  

Unfortunately, these results were 

opposed by Makti et al.24 who compared the 

remaining dentin thickness of traditional and 

conservative access in molars using CBCT 

and observed significant difference between 

groups. This may be due to use of molars 

which have extensive occlusal table that can 

be highly influenced by the difference in 

access design and use of self-adjusting file 

in the conservative group which removes 

dentin by scrubbing and scraping rather than 

cutting of dentin chips preserving more 

radicular dentin. 

In this study, no significant difference 

was observed between conventional and 

conservative access cavity designs, also 

between CMA and M3 Pro gold rotary 

systems, but what affected mainly the 

amount of dentin removed was the 

comparison between the systems along the 

different levels after teeth being accessed 

conservatively. Non-significant difference at 

the coronal and middle levels; however, at 

the apical level, CMA showed statistically 

significantly lower value of remaining 

dentin thickness than M3 Pro Gold. This is 

explained through configuration of 

premolars anatomy where; the shape was 

oval at the coronal third, round or oval at the 

middle third, and round in the apical third 

sections. This configuration caused less 

contact of rotary files to the tooth structure 

and more untouched areas in the coronal 

part, while in the apical round part, any 

change in the instrument apical taper affects 

the dentin thickness apically. These results 

are comparable to those reported by Ingle 

and Bakland.25 Moreover, multiple different 

results tested the amount of dentin thickness 

along the 3 levels and unfortunately declared 

a significance difference between the used 

systems. This may be attributed to the 

difference in geometrical design of the 

systems.26,27 

Fracture resistance presented no 

significant difference between two access 

cavity designs: traditional and conservative, 

whether with CMA or M3 Pro Gold 
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systems, respectively. Also, no significant 

difference was observed between the two 

systems (CMA, M3Pro gold), whether with 

traditional or conservative access cavities. 

These results were confirmed by Sabeti et 

al.9 and Ozyurek et al.28 who stated that 

there was no significant difference between 

both cavity designs. This may be due to the 

use of premolars with smaller occlusal table, 

so the contracted design did not improve 

fracture resistance. Again using nickel 

titanium instruments with close geometrical 

designs did not significantly affect the 

amount of dentin removed. 

Unfortunately, these results were 

opposed by Krishan et al.29 and Ganesh et 

al.30  who justified using conservative access 

as an alternative to traditional access since it 

increased fracture resistance compared with 

those accessed traditionally. This may be 

due to using hand files in comparison with 

rotary files where hand files that had 2% 

taper when compared with a variable taper 

of rotary files caused the removal of less 

amount of dentin affecting teeth fracture 

resistance, using teeth with curved roots 

abnormal canal anatomy which influences 

the pattern of fracture and finally using 

compression test which can affect the 

obtained results since it did not faithfully 

reproduce the clinical situation.   

Conservative concept has been adopted 

in endodontics recently. However, 

conservative endodontic access cavity 

design cannot represent a valid alternative to 

traditional endodontic access cavity, since it 

neither increases fracture resistance of 

endodontically treated teeth nor influences 

their biomechanical behavior. 

CONCLUSIONS 

Within the limitations of this in-vitro 

study, the following points were concluded: 

1. Conservative access cavity design 

failed to preserve teeth structure and 

intensify the fracture resistance of 

mandibular premolars. 

2. Minimal invasive root canal taper 

stands short of enhancing the fracture 

resistance of root canal treated mandibular 

premolars. 

3. Cervical taper within 8% and 10% 

presented a similar effect on cervical dentin 

thickness in mandibular premolars. 
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