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ABSTRACT 
Aim of the study To compare the influence of three types of endodontic access cavities: conventional, 

conservative and ultraconservative on the mechanical resistance of endodontically treated teeth. The increase of 

fracture risk and the advantages of each design were also evaluated. Material and methods Twenty recently 

extracted sound molars were included. Teeth were randomly divided into 4 groups of 5 teeth each, as follows: 

Group 1. control group (no access cavity), Group 2. conventional access, Group 3. conservative access, Group 

4. ultraconservative (ninja) access. After complete endodontic treatment of Groups 2-4 followed by their 

adhesive coronal restoration with composite resins, all teeth were mechanically tested for fracture resistance. 

Results Increased fracture resistance was registered when conservative or ultraconservative access was 

performed, comparative to the conventional one. The number of restorable fractures was also significantly 

higher in these groups. Conclusions Preservation of dentinal structure during access cavity increases the fracture 

resistance of teeth with endodontic treatment. 

Keywords: Access cavity, fracture strength, restorable fracture, conservative design. 

 
INTRODUCTION  

The main purpose of the 

endodontic treatment consists in 

thoroughly debridement and disinfection 

of the endodontic space, followed by the 

three-dimensional sealing of the 

endodontic system. [1, 2] A coronal access 

cavity has to be performed in order to 

allow the identification and treatment of 

all root canals. For this aim, conventional 

designed access cavities have been 

imagined and introduced in the clinical 

practice. [3] Opening the pulp chamber 

with the removal of its entire roof for a 

better visualization of the pulpal flour, 

ensuring canals identification, straight-line 

access, shaping, irrigation and obturation 

were taught for many years. [3] 

Meanwhile, multiple studies have shown 

that this type of access cavity implies a 

considerable loss of tooth structure, 

reducing the fracture resistance of the 

treated teeth. [4]  

Modern therapeutic principles 

promote a minimally invasive concept, 

with the conservation of as much as 

possible from the tooth structure, without 

altering the quality of the endodontic 

treatment, in order to increase the fracture 

resistance of the endodontically treated 

teeth. [4] The minimally invasive concept 

in Endodontics aims to treat and prevent 

pulpal and periapical pathology respecting 

the same biological and mechanical 

principles, while generating the smallest 
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quantity change in hard dental tissues. [1, 

5] 

Weakening of tooth structure is a 

major drawback in conventional 

endodontic access cavity, mainly due to 

pathology. [6] For the restoration of these 

teeth, various treatment modalities may be 

used, ranging from simple direct 

restoration with or without a post and core 

to more complex indirect restorations, 

including inlays, onlays and full crowns. 

[7] Also, conventional access has been 

shown to demonstrate a significantly 

higher percentage of non-restorable 

fractures of teeth, which was reasoned to 

be related to the higher volume of coronal 

tooth structure loss. [8] 

To eliminate these inconvenience, 

Clark and Khademi (2010) introduced a 

more conservative endodontic access 

cavity. The aim of this design was to 

preserve some of the pulp chamber roof 

and of the pericervical dentin. [9] Studies 

of more conservative access cavity designs 

such as contracted (a small conservative 

cavity on the occlusal surface that allows 

the clinician to access all the canal 

orifices), truss (a direct access from the 

occlusal surface to expose the mesial and 

distal canal orifices and leaving the 

intervening dentin intact) and ninja 

(ultraconservative approach) have been 

reported to improve the fracture resistance 

of endodontically treated teeth and to 

reduce the dependency on more complex 

and expensive post-endodontic restorations. 

[10] Also, magnification and illumination 

by using the dental operating microscope 

(DOM) are elements of high importance in 

endodontic therapy, especially for 

determining the position of root canals, 

removal of soft tissues or calculus from the 

pulp chamber and performing improved 

quality treatments in complex endodontic 

systems with less tooth structure loss. [11, 

12] 

Aim of the study 

The purpose of this in vitro study 

was to identify the influence of three types 

of endodontic access cavities: the 

conventional (CA), the conservative (CC) 

and the ultraconservative “ninja” (NC) 

access, on the fracture resistance of 

endodontically treated teeth and analyze of 

the fractures types induced by the 

mechanical testing. 
MATERIAL AND METHODS 

Twenty recently extracted human 

teeth were selected (4 maxillary first 

molars, 4 maxillary second molars, 4 

maxillary third molars, 4 mandibular 

second molars and 4 mandibular third 

molars). The excluding criteria were the 

presence of deep carious lesions, coronal 

restorations, visible fissure lines or 

fractures. All teeth were introduced in 

sodium hypochlorite 5% solution for 15 

minutes, then ultrasonically scaled, 

brushed with prophylactic paste and rinsed 

prior to endodontic treatment. Teeth were 

stored in recipients with saline solution at 

room temperature between all procedures. 

All selected teeth from each morphological 

type were approximately the same size in 

order to avoid possible errors generated by 

volume differences. 

All teeth were randomly divided 

into four groups according to the types of 

access cavities: Group 1. control group (no 

access cavity)-CG, Group 2. conventional 

access-CA, Group 3. conservative access-

CC and Group 4. ultraconservative access-

NC. Each group included one tooth of 

each type (n=5). The assigned access 

cavities were performed with different 

designs on the three working groups 

(Figure 1), using the following burs and 

diamond instruments: diamond access bur 

(Jota, Switzerland) and cylindroconical 

non-active tip diamond instrument (Jota) 

connected to the high speed piece and 

under water cooling, round long-neck burs 

0.12, 0.14, 0.16 (Jota) connected to the 

contra-angle piece for all groups, and 

Gates Glidden burs for coronal orifice 

opening # 3, 4 and 5 (Group 2), # 2, 3 and 

4 (Group 3) and Muller burs and GG burs 

# 2 and 3 (Group 4). 
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Figure 1. Aspect of one sample from each working Group: CA (Group 2), CC (Group 3),  

NC (Group 4) 

 

Endodontic treatment 

Working lengths were determined 

using hand K-files ISO#08-20 for 

negotiation and a crown-down technique 

with the FlexMaster rotary system (VDW 

GmbH Munich, Germany) was used for 

shaping. The endodontic space was 

irrigated with sodium hypochlorite 5,25% 

solution (Chloraxid, Cerkamed, Poland) 

for a total 30 min time. All canals were 

irrigated for 3 min using EDTA 17% 

solution (MD-Cleanser, Meta Biomed, 

Republic of Korea), followed by saline 

solution and ethylic alcohol 96% for 1 min. 

The root canals were dried with 

paper points and filled with corresponding 

gutta-percha points in a single-cone 

technique using Adseal (Meta Biomed, 

Republic of Korea) sealer. The gutta-

percha points were sectioned using an 

electronically heated plugger (System B 

pack cordless, Sybron Endo, Orange, CA, 

USA) and vertical compacted with hand 

pluggers to achieve a perfect seal at the 

coronal orifice. The access cavities were 

cleaned with sterile cotton pellets soaked 

in ethylic alcohol 96% in order to 

eliminate any leftover gutta-percha and 

sealer. 

Coronal restoration 

The margins of the access cavities 

were beveled in a 45° angle using green 

coded diamond tapered conical end burs 

(Jota, Switzerland). The enamel and dentin 

were etched using 37% phosphoric acid 

(Spofa Dental, Czech Republic) for 30, 

respectively 15 seconds, then rinsed for 30 

seconds with water and gently dried. 

Single Bond 2 (3M ESPE, USA) was 

carefully applied all over the cavity walls, 

gently air blown, then light cured with a 

LED light curing lamp (Woodpecker LED 

E, China). The access cavities were 

restored using a flowable composite with 

nanoparticles (BRILLIANT Flow, 

Coltene/Whaledent, USA), contoured and 

polished with red coded rugby ball shaped 

diamond bur (Jota) and polishing burs 

(Kenda AG Dental Polishers, Vaduz, 

Liechtenstein). Digital periapical X-rays 

for control were taken.  

Compression resistance test 

Twenty rings were sectioned from 

a polypropylene tube with a 30 mm 

diameter and a lumen of 20 mm. The 

twenty treated samples were fixed in a 

vertical position with the occlusal surfaces 

parallel to the ground inside the rings 

using a pressure curing acrylic resin 

(Superpont C+B, Spofa Dental) with a 

visible free limit of 2 mm below the 

cemento-enamel junction (limit that 

corresponds clinically to the level of the 

alveolar ridges). The samples were 

numbered and then tested in groups with 

the help of a computer-controlled 

compression testing system (Mecmesin 

Multitest 5i, Software-Emperor Force). 

Each sample was placed in the above-

mentioned equipment, with the purpose of 

disruptive testing. The loading force was 

applied in the central pit of each tooth 

parallel to its long axis using a 5 mm 

diameter round tip steel rod at a speed of 
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5mm/min, for a 3mm displacement (Figure 

2). The force at which the fracture 

occurred was registered in Newton by the 

machines software. The teeth were 

visually examined to determine the level 

of fractures. Fractures were classified as 

restorable, when located above the level of 

the acrylic plate, and non-restorable 

(located below the corresponding 

considered level of the alveolar ridge). 

 

 
 

Figure 2. The Multitest 5i resistance-testing machine (left). Sample 1 (Control Group) ready 

for the compression test (right). 

 
RESULTS 

The loading forces and fracture 

curves for each sample of the tested groups 

were represented as diagrams, where on 

the vertical axis the Force (N) was 

registered, and on the horizontal axis, the 

displacement in millimeters (Figure 3 a-d). 

 

 
 Figure 3. Variation of fracture forces (N) and displacements (mm) in all four Groups 

(a. Group 1-Ctrl, b. Group 2-Conv, c. Group 3-Cons, d. Group 4-Ninja) 
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The highest value of the fracture 

force was registered in Group 1, while 

Groups 3 and 4 had similar resistance at 

the compression test. The lowest fracture 

forces were registered in Group 2, the 

conventional access cavities. From each 

group, significant samples have been 

separately analyzed and represented as 

diagram and fracture model in pictures 

(Figures 3 and 4). 

In sample 4, Group 1, the 

inflections on the fracture curve observed 

at points 1 and 2 do not represent 

significant fractures of the molar, while in 

point 3 a complete decrease of the total 

reaction force is seen, representing the 

irreparable fracture of the tooth (Figure 4a). 

                                

      
Figure 4. Fracture curves and aspect after fracture for: a) Sample 4 (Group1)  

and b) Sample 5 (Group 2)  

 

Since the testing has not been 

filmed and analyzed during the entire 

process, it can be assumed that moments 1 

and 2 represent small chippings of the 

occlusal enamel. This graphic 

representation is a very good image of the 

high resistance of a sound tooth. 

The sample 5 from Group 2 

presents multiple fractures coronally, the 

first one appearing at a very low value of 

the force of only 410 N. Comparing the 

decline of the curve from moment 1 to 

moment 2, it can be assumed that the first 

fracture is small, restorable, or, in the best 

case, is representing a chipping (Figure 4b). 

The representative sample 5 of 

Group 3 has a fragile character with only 

one fracture focus at a force of 

approximately 1800 N (Figure 5a). Sample 

3 from Group 4 suffered a minimal, 
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probably restorable fracture at moment 1, 

subsequently appearing a mutilating 

fracture (Figure 5b).

 

                         

           
                                                                                                                                      

Figure 5. Fracture curves and aspect after fracture for: a) Sample 5 (Group 3)  

and b) Sample 3 (Group 4)  

 

The average fracture force values 

for every study group were registered as 

diagram (orange segments in Figure 6a), 

alongside the standard deviations (the grey 

segments). It may be seen from the 

graphical comparison of the fracture 

resistance that the control group (Group1) 

and conservative access group (Group3) 

have registered the highest values of 

fracture force, while the conventional 

access group (Group2) the lowest. The 

standard deviations have rather high values, 

but perfectly explainable due to the 

variable nature of the samples. 
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Figure 6. Diagram of the average values of Forces (N) (left) and displacements (mm) (right) 

corresponding to fracture in each Group 

 

The average values of the 

displacements monitored from the moment 

the load begun until the first fracture (blue 

columns) and the standard deviations (the 

grey segments) are represented 

comparative in Figure 6b. The recorded 

displacement represents a measure of the 

elastic-plastic deformation capacity of the 

tooth before losing its reaction force. Mean 

values and standard deviation are recorded 

in Table 1. 

 

Table 1. Mean fracture force, displacement and standard deviations for each group 

 
Group Mean  

Fracture 

Force (N) 

Standard  

Deviation (N) 

Mean 

 Displacement to 

fracture (mm) 

Standard  

Deviation (mm) 

1. Ctrl. 1808.592 ±1243.311 1.496 ±0.889 

2. Conv. 679.056 ±266.729 1.337 ±0.760 

3. Cons. 1848.634 ±252.354 1.331 ±0.233 

4. Ninja 1044.484 ±748.723 0.926 ±0.575 

 

Regarding the type of fractures and 

their restorability character, the following 

results have been recorded: in the control 

group (Group 1): 60% of the fractures 

were above the bone level (restorable 

fractures) and 40% were located below 

(non-restorable fractures). In Group 2, all 

the fractures (100%) were non-restorable. 

In Groups 3 and 4, better results were 

observed, with a percentage of 70% for 

Group 3 and 80% for Group 4 represented 

by restorable fractures. 
DISCUSSIONS 

The remaining tooth structure after 

endodontic treatment is considerably 

connected to the longevity of the molars 

that are not covered by prosthetic crowns. 

[4] Minimally invasive access cavities 

seem to be more and more approached in 

clinical practice because of this reason. 

The results of the present study are in 

concordance with other studies, which 

showed that teeth with traditional access 

cavities have a smaller resistance to 

fracture compared with teeth with 

conservative or ultra-conservative access 

cavity. [13] Although teeth with 

conservative access are more resistant to 

fracture, recent studies showed that 

conservative access cavities could increase 

the risk of insufficient shaping of the root 

canals and the incidence of procedural 

errors is mentioned. [14] 

Other study concluded that 

traditional endodontic procedures reduce 

the rigidity of a tooth only by 5%, totally 
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attributed to the access cavity. [15] Also, 

literature has shown that from all teeth, 

especially molars may fracture, even 

without an endodontic treatment. [4] The 

structural loss of integrity produced by the 

access cavity can lead to a high incidence 

of fracture of endodontically treated teeth. 

[16] 

Despite the numerous studies 

regarding minimally invasive access 

cavities, many unrevealed aspects remain, 

such as the effect of this type of access 

cavities on the quality of shaping and 

obturation of the endodontic space. [14] 

That's why both traditional and minimally 

invasive access cavities are still considered 

in clinical practice.  

The strength resistance reported in 

the present study cannot be considered as a 

reference point due to the testing 

methodology and due to the very different 

conditions in a hypothetical real situation 

(the machine was set for a continuous 

3mm displacement, while the behavior of a 

patient when accidentally biting a hard 

object is almost impossible to determine). 

Also, the 100% proportion of non-

restorable fractures in the conventional 

access group can only be explained by the 

differences in structure and mineralization 

of the teeth extracted from different 

individuals. 
CONCLUSIONS 

Although a small number of 

specimens were included in the present 

study and they were very diverse, the 

results can definitely conclude that a 

conventional access cavity is weakening 

the fracture resistance of teeth with 

endodontic treatment. As opposite, 

conservative and ultraconservative access 

cavities increase the fracture resistance and 

strength of treated teeth. The number of 

restorable fractures in the control group 

and in the conservative access group being 

significantly higher than those of non-

restorable, a minimally invasive access 

cavity is to be preferred instead of a 

traditional one when performing 

endodontic therapy.  
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