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Introduction: The Contracted Endodontic Cavity (CEC) design emphasizes 

preserving tooth structure as an alternative to the Traditional Endodontic Cavity 

(TEC) design. However, this approach may result in canal transportation and 

reduced centering ability during cleaning and shaping. The aim of this study was to 

evaluate the effect of the CEC design on canal transportation and centering ability 

in mandibular molars using Cone-Beam Computed Tomography (CBCT). 

Materials & Methods: In this ex vivo study, 30 mandibular molars with mature 

roots and closed apices were randomly assigned to two groups: TEC and CEC. All 

root canals were cleaned and shaped. Canal transportation and centering ability were 

assessed at 1-, 3-, and 5-millimeter intervals from the apex, following Gambill's 

method. Data were analyzed using the Kruskal-Wallis and Mann-Whitney tests. 

Results: Canal transportation was significantly greater in the CEC group compared 

to the TEC group for both mesio-buccal and distal canals at 1 mm (P=0.04 and 

P=0.022, respectively), 3 mm (P=0.021 and P=0.019, respectively), and 5 mm 

(P=0.04 and P= 0.013, respectively) from the apex. In contrast, centering ability was 

significantly lower in the CEC group compared to the TEC group for both mesio-

buccal and distal canals at 1 mm (P=0.011 and P=0.032, respectively), 3 mm 

(P=0.035 and P=0.001, respectively), and 5 mm (P=0.005 and P=0.001, 

respectively) from the apex. No significant differences in canal transportation or 

centering ability were observed between the mesio-buccal and distal canals within 

each group, nor at different levels within the same canal. 

Conclusion:  According to the results of the present study, the TEC design provides 

better preservation of canal anatomy during the cleaning and shaping process. 

Keywords: Endodontics, Root Canal Preparation, Root Canal Therapy, Cone-Beam 

Computed Tomography 
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Introduction 

The primary goal of root canal therapy is the long-term preservation of teeth in a healthy 

and functional state [1]. However, some endodontically treated teeth - particularly maxillary 
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premolars and mandibular molars - may eventually require extraction due to fractures or 

extensive decay, with mechanical stress being a major contributing factor [2, 3]. 

Loss of dentin during access cavity preparation is a key risk factor for tooth fracture [4]. 

The Traditional Endodontic Cavity (TEC), which involves complete removal of the pulp 

chamber roof to facilitate canal access and instrumentation, has remained largely unchanged 

for decades [3, 5, 6]. 

In contrast, the Contracted Endodontic Cavity (CEC) was introduced to preserve coronal 

dentin by retaining part of the pulp chamber ceiling, thereby maintaining structural integrity 

and reducing susceptibility to fracture [7-9]. 

While inadequate access design may hinder canal location, negotiation, debridement, 

disinfection, and obturation [3], studies suggest that the CEC can improve fracture resistance 

in certain teeth, although it may complicate cleaning and shaping procedures in mandibular 

molars [1, 3, 10]. 

Canal transportation is a common procedural complication during cleaning and shaping, 

often resulting from limited access to the apical third or canal curvature [11, 12]. This 

displacement of the canal path compromises cleaning efficiency and may adversely affect 

treatment prognosis [12, 13]. 

Cone Beam Computed Tomography (CBCT) provides a reliable, non-invasive method for 

evaluating canal morphology and preparation-induced changes, enabling precise three-

dimensional assessment of canal transportation without altering the original anatomy [14-16]. 

Given that the effect of the CEC on different teeth may vary, there is a need for a 

comprehensive investigation into its impact on treatment outcomes and procedural errors. 

The present study aims to evaluate the effect of the CEC on canal transportation and centering 

ability in the mesio-buccal and distal canals of mandibular molars using CBCT. 

 

Materials & Methods 

This ex vivo study was conducted on mandibular molars that were extracted for various 

reasons and had fully matured roots. The study protocol was approved by the Ethics 

Committee of Babol University of Medical Sciences (IR.MUBABOL.HRI.REC.1397.197).  

The inclusion criteria were pulp chamber height greater than 2 mm, root canal lengths 

between 19 and 22 mm, and canal curvature between 10 and 25 degrees, as measured using 

the Schneider method (canal curvature was measured after placement of the initial file). Teeth 

with decay, restorations, previous root canal treatments, fractures, root resorption, or any 

other anomalies were excluded [9, 11].  

The minimum sample size was calculated based on the results of a previous study by Asha 

et al. [17], considering a study accuracy of 95% (α=0.05) and a power of 80% (β=0.2), with 

15 samples per group. A total of 43 mandibular molars with mature roots, closed apices, and 

free from decay, restorations, previous root canal treatments, fractures, root resorption, or 

other anomalies were collected. The teeth were disinfected for 1 hour in a 5.25% sodium 

hypochlorite solution and stored in normal saline at 4°C until the study was conducted [9].  

The teeth were mounted in a standardized manner, both vertically and horizontally, in a 

wax block up to the cementoenamel junction (CEJ). CBCT scans were then acquired using a 
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Newtom 5G device (Newtom, Verona, Italy) with a field of view (FOV) of 6×8 cm and a 

voxel size of 75 microns. The anatomical characteristics of the teeth, along with the inclusion 

criteria, were reviewed, and any teeth that did not meet the inclusion criteria were excluded 

from the study. Ultimately, 30 teeth met the criteria and were included in the analysis. 

The teeth were randomly divided into two groups, and access cavities were prepared under 

dental loupes (ML4 LED HeadLight with HR/HRP Binocular Loupes, Heine, Germany) with 

2.5X magnification: 

TEC Group: It was prepared according to conventional guidelines. The pulp chamber 

ceiling was completely removed, and direct access to the apical third of the root canal was 

created [9]. 

CEC Group: It was prepared on the mesial side relative to the central fossa. The cavity 

was extended apically and distally while preserving part of the pulp chamber ceiling. The 

mesiodistal, buccolingual, and circumferential removal of coronal dentin was minimized, 

extending only enough to maintain part of the pulp chamber ceiling and allow identification 

of the root canal orifices. The occlusal enamel was beveled at a 45-degree angle. The extent 

of the access cavity between the buccal and lingual orifices was unequal, with the cavity 

slightly tilted toward the buccal side [5, 18]. The sample CBCT images of the teeth after 

preparation of each access cavity is shown in Figure 1. 

Figure 1. CBCT images of the teeth; A: Traditional Endodontic Access Cavity (TEC) design; B: 

Contracted Endodontic Access Cavity (CEC) design. 

 

The canals were negotiated using size 10 K-files (Dentsply Maillefer, Ballaigues, 

Switzerland). To determine the working length, a size 15 file (Dentsply Maillefer, Ballaigues, 

Switzerland) was inserted into the canal, and radiographs were taken to measure the working 

length, which was set 1 mm shorter than the apex. Canal curvature was calculated using the 

Schneider method. Teeth that did not meet the inclusion criteria were excluded, resulting in 

15 teeth in each group. 

The root canals were cleaned and shaped according to the manufacturer's instructions 

using ProTaper Gold rotary files (Dentsply Maillefer, Ballaigues, Switzerland) with an NSK 

ENDO-MATE DT motor. Irrigation was performed with 2.5% sodium hypochlorite 

(Domestons, Alvand, Iran). Canal preparation was performed using file F2 for the mesio-

buccal canal and file F3 for the distal canal, with RC-Prep (Dentsply Maillefer, Ballaigues, 

Switzerland) as the lubricant [19]. 
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After preparation, CBCT scans were repeated using the same parameters for each sample. 

Canal transportation and centering ability were assessed using the Show Distances Toolbar 

in Newtom Viewer software (Cefla S.C., Imola, Italy) at three horizontal sections: 1, 3, and 

5 mm from the apex of the root (Figure 2). 
 

Figure 2. Axial section images before (B) and after (A) canal preparation without transportation in the TEC 

group, and before (D) and after (C) canal preparation with transportation in the CEC group. 

 

 

Measurement of Canal Transportation 

Canal transportation was evaluated using the method described by Gambill et al. with the 

following formula: 

(Y1 − Y2) − (X1 − X2) 

Where: 

X1 and Y1: The minimum distance from the external root surface to the distal and mesial 

unprepared canal wall. 

 X2 and Y2: The minimum distance from the external root surface to the distal and mesial 

prepared canal wall (Figure 3). 

A result of zero indicates no transportation, while any deviation from zero signifies canal 

transportation [20].  

 
 

Figure 3. Schematic representation of the values X1, X2, Y1, and Y2, 

before (A) and after (B) canal preparation. 
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Measurement of Canal Centering Ability 

Canal centering ratio was evaluated using the following formula: 

𝒀𝟏 − 𝒀𝟐

𝑿𝟏 − 𝑿𝟐
   or     

𝑿𝟏 − 𝑿𝟐

𝒀𝟏 − 𝒀𝟐
    

If the result of the fraction is 1, it indicates that centralization has not changed and the 

instrument has remained perfectly centered. The closer this value is to zero, the less ability 

the file has to remain centered in the canal [9]. 

 

Statistical analysis 

The data were analyzed using SPSS software (IBM Corp., Armonk, NY, USA), version 

26. To compare the mean canal transportation and centering ability at the 1, 3, and 5 mm root 

sections from the apex based on access cavity design, as well as within each access cavity 

design according to canal type, the Mann-Whitney U test was applied. To compare 

differences between sections, the Kruskal-Wallis test was used. A p-value less than 0.05 was 

considered statistically significant. 

Results 

The mean canal curvature of the mesio-buccal canal in the TEC and CEC groups was 19 

± 2.6° and 17.8 ± 3.8°, respectively, while the mean curvature of the distal canal was 18.1 ± 

2.5° and 16.7 ± 4.1°, respectively. No statistically significant difference was observed in the 

curvatures of the mesio-buccal and distal canals between the two groups. In this case study, 

no rotary file separation occurred during instrumentation. 

The mean and standard deviation values for canal transportation and centering ratio at the 

1, 3, and 5 mm root sections for the mesio-buccal and distal canals are presented in Table 1.  

 
Table 1. Comparison of mean canal transportation (mm) and centering ratio between different access 

cavity designs of mesio-buccal and distal canals at 1, 3, and 5 mm apical sections 

Canal Section Access Cavity Transportation p-value* Centering Ratio p-value* 

Mesio-buccal 

1 mm 
TEC 0.02 ± 0.04 

0.040 
0.921 ± 0.16 

0.011 
CEC 0.104 ± 0.05 0.502 ± 0.48 

3 mm 
TEC 0.04 ± 0.06 

0.021 
0.897 ± 0.16 

0.035 
CEC 0.121 ± 0.07 0.463 ± 0.48 

5 mm 
TEC 0.053 ± 0.08 

0.040 
0.899 ± 0.15 

0.005 
CEC 0.14 ± 0.12 0.48 ± 0.42 

Distal 

1 mm 
TEC 0.027 ± 0.04 

0.022 
0.906 ± 0.16 

0.032 
CEC 0.106 ± 0.06 0.5 ± 0.5 

3 mm 
TEC 0.053 ± 0.08 

0.019 
0.883 ± 0.17 

0.001 
CEC 0.147 ± 0.11 0.383 ± 0.43 

5 mm 
TEC 0.067 ± 0.10 

0.013 
0.847 ± 0.23 

0.001 
CEC 0.18 ± 0.12 0.37 ± 0.37 

*Mann-Whitney Test 
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The minimum canal transportation was observed in the mesio-buccal canal at the 1 mm 

apical section in the TEC group, while the maximum canal transportation occurred in the 

distal canal at the 5 mm apical section in the CEC group. Additionally, the minimum 

centering ratio was observed in the distal canal at the 5 mm apical section in the CEC group, 

while the maximum centering ratio was observed in the mesio-buccal canal at the 1 mm 

apical section in the TEC group. 

Statistically significant differences between the TEC and CEC groups were observed in 

both the mesio-buccal and distal canals at all three apical sections, with the CEC group 

exhibiting greater canal transportation and poorer centering ability compared to the TEC 

group. 

When comparing the mean canal transportation and centering ratio of the mesio-buccal 

and distal canals across the 1, 3, and 5 mm apical sections within each access cavity design, 

no statistically significant differences were found (Table 2). 

 

 
Table 2. Comparison of mean canal transportation and centering ratio of mesio-buccal and distal canals 

between 1, 3, and 5 mm apical sections within each access cavity design 

Canal Access Cavity Section Transportation p-value* Centering Ratio p-value* 

Mesio-buccal 

TEC 

1 mm 0.02 ± 0.04 

0.53 

0.921 ± 0.16 

0.81 3 mm 0.04 ± 0.06 0.897 ± 0.16 

5 mm 0.053 ± 0.08 0.899 ± 0.15 

CEC 

1 mm 0.104 ± 0.05 

0.12 

0.502 ± 0.48 

0.46 3 mm 0.121 ± 0.07 0.463 ± 0.48 

5 mm 0.14 ± 0.12 0.48 ± 0.42 

Distal 

TEC 

1 mm 0.027 ± 0.04 

0.68 

0.906 ± 0.16 

0.78 3 mm 0.053 ± 0.08 0.883 ± 0.17 

5 mm 0.067 ± 0.10 0.847 ± 0.23 

CEC 

1 mm 0.106 ± 0.06 

0.21 

0.5 ± 0.5 

0.83 3 mm 0.147 ± 0.11 0.383 ± 0.43 

5 mm 0.18 ± 0.12 0.37 ± 0.37 

*Kruskal-Wallis Test 

 

 

No statistically significant differences were found between the mesio-buccal and distal 

canals within each group, based on the type of access cavity and section (Table 3). 
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Table 3. Comparison of mean canal transportation and centering ratio based on canal type (mesio-buccal vs. 

distal) at 1, 3, and 5 mm apical sections within each access cavity design 

Access Cavity Section Canal Transportation p-value* Centering Ratio p-value* 

TEC 

1 mm 
Mesio-buccal 0.02 ± 0.04 

0.67 
0.921 ± 0.16 

0.73 
Distal 0.027 ± 0.04 0.906 ± 0.16 

3 mm 
Mesio-buccal 0.04 ± 0.06 

0.8 
0.897 ± 0.16 

0.72 
Distal 0.053 ± 0.08 0.883 ± 0.17 

5 mm 
Mesio-buccal 0.053 ± 0.08 

0.84 
0.899 ± 0.15 

0.65 
Distal 0.067 ± 0.10 0.847 ± 0.23 

CEC 

1 mm 
Mesio-buccal 0.104 ± 0.05 

0.39 
0.502 ± 0.48 

0.45 
Distal 0.106 ± 0.06 0.5 ± 0.5 

3 mm 
Mesio-buccal 0.121 ± 0.07 

0.21 
0.463 ± 0.48 

0.31 
Distal 0.147 ± 0.11 0.383 ± 0.43 

5 mm 
Mesio-buccal 0.14 ± 0.12 

0.35 
0.48 ± 0.42 

0.45 
Distal 0.18 ± 0.12 0.37 ± 0.37 

*Mann-Whitney Test 

Discussion 

The results of the present study demonstrate that canal transportation was significantly 

greater in both the mesio-buccal and distal canals at all three levels (1 mm, 3 mm, and 5 mm 

from the apex) in the CEC group compared to the TEC group. In contrast, the centering 

ability was significantly superior in the TEC group at all three levels for both the mesio-

buccal and distal canals. These findings suggest that the CEC had a negative impact on both 

canal displacement and centering ability in the mesio-buccal and distal canals of mandibular 

molars. 

This may be explained by the conservative nature of CEC preparation, which preserves 

part of the pulp chamber ceiling. While this is structurally beneficial, it can create coronal 

interference and compromise straight-line access to the canal or its initial curvature [21]. 

Limited access increases pressure on the outer canal wall, particularly in the apical region, 

leading to excessive dentin removal and transportation [9, 11]. In this study, access preparation 

was performed under magnification to minimize operator-related interference. 

Our findings are consistent with previous studies. Kishan et al. reported that conventional 

access better preserved canal anatomy compared to truss cavities, although their evaluation 

was limited to mesial canals [7]. Similarly, Alovisi et al. found that TEC preserved canal 

geometry better and resulted in less transportation during shaping [11]. Rover et al., studying 

maxillary molars, also reported greater transportation and reduced centering ability in CEC 

groups [9].  

A notable limitation of their study was the lack of specification regarding the method used 

to standardize canal curvature, which could represent a confounding factor, as increased 

canal curvature is known to exacerbate transportation and reduce centering ability. 
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Although not statistically significant, transportation was greater in distal canals than in 

mesio-buccal canals, while centering ability was superior in mesio-buccal canals. This may 

be related to the use of larger and less flexible F3 files (30#, 0.09 taper) in distal canals 

compared to F2 files (25#, 0.08 taper) in mesio-buccal canals. Larger tapers reduce flexibility 

and may increase transportation. Additionally, transportation and loss of centering ability 

increased with distance from the apex, likely due to the greater taper of the shaping files. 

Moore et al. found no difference between TEC and CEC in canal wall alteration [1], 

possibly due to their use of smaller, more flexible instruments (0.06 taper), which exert less 

pressure on canal walls [9]. In contrast, Asha et al. reported improved centering and reduced 

transportation with conservative designs [17]; however, they used different file systems with 

smaller tapers, which may explain the discrepancy. 

Since canal geometry strongly influences preparation outcomes, preoperative anatomical 

assessment is essential [22]. CBCT provides a reliable, non-destructive method for evaluating 

canal morphology before and after preparation [18, 23],  though its accuracy depends on 

appropriate voxel size selection [24].  

Both mesio-buccal and distal canals were included due to the reported prevalence of type 

II canals in mesial roots [25]. The mesio-buccal canal was selected for analysis because it 

typically offers less direct access to the apex, allowing for a more challenging evaluation. 

ProTaper Gold files were used due to their enhanced fatigue resistance while maintaining 

similar geometry to ProTaper Universal instruments [26]. 

Although CEC preserves more tooth structure, the resulting coronal interference may 

compromise shaping quality. The findings of this study suggest that CEC increases canal 

displacement and reduces centering ability, highlighting the need for further refinement of 

conservative access designs to balance structural preservation with procedural accuracy. 

Conclusion 

Based on the results of the present study, the traditional endodontic cavity is more 

effective in preserving the original canal anatomy during the shaping process than the 

contracted endodontic cavity. 
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