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Influence of Endodontic Access Cavity Design on Fracture Strength of Maxillary Incisors and Premolars and on Fatigue Resistance of Reciprocating Instruments
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Introduction: The aim of this study was to compare the effect of two different access cavity designs on fracture strength of endodontically treated teeth and on cyclic fatigue resistance of Reciproc blue instruments.

Methods: Forty (40) maxillary central incisor teeth and forty (40) upper first premolars were selected and divided into 4 groups (n = 20/group): Group 1A, incisors prepared with conservative access cavity (CEC); group 1B, incisors prepared with traditional access cavity (TEC); group 2A, premolars prepared with CEC; group 2B, premolars prepared with TEC. After access cavity preparation, all teeth were endodontically treated, restored, and then loaded to fracture. A total of 80 Reciproc blue R25 files were used for root canal shaping and then tested for cyclic fatigue. Normality of data distribution was evaluated by Kolmogorov-Smirnov test. Data were statistically analyzed by Independent T-test and the significance level was set at p < 0.05.

Results: No statistically significant differences in fracture strength were found between the two tested access cavities both for incisors (P = 0.70) and premolars (0.422). Cyclic fatigue resistance of Reciproc blue R25 was significantly reduced in endodontically treated teeth with CEC (P < 0.001).

Conclusions: Within the limits of the present in vitro study, CEC does not increase fracture strength of endodontically treated teeth in comparison to TEC. Conservative Endodontic Cavity causes more cyclic fatigue of Reciproc blue R25 than Traditional Endodontic Cavity.
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INTRODUCTION

Endodontically treated teeth (ETT) are more exposed to fracture risk than vital teeth during function (1–3). The goal of an endodontic treatment is to eliminate microorganisms from the root canal system while preserving as much dental substance as possible. The interest for the preservation of dental tissues in order to reduce the incidence of post-operative fractures inspired new trends oriented on the realization of minimal and extremely conservative endodontic access cavities.

Minimally invasive endodontics requires operator skills, in-depth knowledge of root canal anatomy, constant professional updating and the aid of instruments such as magnification systems, ultrasonic-assisted preparation technique, modern bur designs and file systems (4). Some Authors (5) proposed a new access cavity model respecting the minimally invasive dentistry concept, limiting the removal of peri-cervical, peri-cingular dentin, and part of the pulp chamber roof: the conservative (or contracted) access cavity (CEC). Many endodontists emphasized this concept by creating innovative models of access cavity design: the ninja access (NEC) and the truss access (TREC). NEC is based on opening a small hole oriented to the center of the pulp chamber from which all root canal treatment is carried out. TREC consists of a very small hole in correspondence of every single root canal, maintaining a large portion of the pulp chamber roof.

A recent study by Corsentino et al. (6) showed how TREC did not increase the fracture resistance of endodontically treated molars compared to CEC. Other Authors provided evidence that CEC resulted in higher fracture resistance compared to the traditional access cavity design (TEC) (7). However, a contracted cavity could create a non-linear access to root canals with a consequent increased fatigue of Ni-Ti instruments (8). There is no clear evidence concerning the impact of minimally invasive techniques on success rate of ETT; moreover, information about the fatigue resistance of instruments used to shape root canals with different cavity access designs is lacking. However, shaping root canal of teeth treated with TECs seems to lead to a better preservation of root canal geometry compared to CECs, particularly at the apical level (9).

A widely discussed clinical aspect regarding survival of ETT refers to the influence of the remaining residual coronal substance. Different authors found an increase in fracture strength of ETT with the increase of residual dentin height (10, 11); moreover, cavity wall thickness and width are related to teeth/restorations survival (12).

This study evaluated the fracture strength of endodontically treated maxillary central incisors and premolars with CEC and TEC and compared the effect of the two access cavity designs on fatigue resistance of Reciproc blue R25. The null hypothesis tested H0 was that there were no statistically significant differences on fracture strength of teeth treated with the two types of access cavity, and on fatigue resistance between the instruments used to shape teeth with CEC and TEC, respectively.



MATERIALS AND METHODS


Teeth Collection and Selection

After local ethics approval and patients' informed consent, 40 recently human intact central maxillary incisors and 40 upper first premolars extracted for periodontal reasons were selected for the study. The exclusion criteria were the presence of caries, previous restorations, or visible fracture lines or cracks.

Bucco-lingual and mesio-distal dimensions of each crown were measured with the use of a Digital Caliper (Digimatic 500; Mitutoyo, Kanagawa, Japan); the cervico-incisal/cervico-occlusal dimensions were taken on all 4 sides of the crown for each tooth. In order to standardize the experimental procedure, central maxillary incisors with similar MD (6.72 ± 0.49 mm) and BL (6.07 ± 0.80 mm) dimensions at the cervical line and similar root length (12.59 ± 0.82 mm) and premolars with similar MD (5.84 ± 0.96 mm) and BL (7.84 ± 0.66 mm) dimensions at the cervical line and similar root length (14.18 ± 1.03 mm) were included in the present study.

Teeth were subsequently assigned to 4 test groups (n = 20):

Group 1A: maxillary incisors with conservative access cavity (CEC)

Group 1B: maxillary incisors with traditional access cavity (TEC)

Group 2A: upper first premolars with conservative access cavity (CEC)

Group 2B: upper first premolars with traditional access cavity (TEC)

A point of reference for each tooth was determined with teeth measurements and x-ray observation.

Samples were stored in saline solution (0.9%) at a temperature of 37°C to prevent dehydration until preparation.



Samples Preparation

In groups 1A and 2A teeth were prepared with CEC. In maxillary incisors, penetration was performed using a diamond bur (No.#12, Coltene) slightly above the cingulum area, with an initial inclination of the bur of ~45°, identifying the point of reference for each tooth on the palatal surface. Penetration of the bur was done up to the breaking of the chamber roof and root canal orifice location, with no subsequent correction of its inclination. The punctiform cavities obtained were slightly enlarged with the same bur in order to make them compatible with the instrument insertion, without the removal of coronal interferences (Figure 1). In upper premolars, penetration was performed using a diamond bur (No.#12, Coltene) until the breakthrough of the pulp chamber roof, with no subsequent removal of coronal interferences represented by dentinal triangles, obtaining slightly oval shaped minimal cavities (Figure 2A). Considering that the maximum diameter of Reciproc R25 is 1.05 mm (at the end of the working portion), size 1.2 mm was chosen as the minimum CECs diameter of the oval access for premolars and of the circular access for incisors, in order to allow free access of Reciproc instruments.


[image: Figure 1]
FIGURE 1. Opening the endodontic access cavity in maxillary incisors: in group 1 (A) conservative access cavity design was performed with the penetration of a diamond bur with an inclination of ~45°; in group 2 (B) the penetration phase was followed by an enlargement phase to realize traditional access cavity design (B).



[image: Figure 2]
FIGURE 2. Example of a maxillary incisor (A) and an upper first premolar (B) positioned for the test.


TECs (groups 1B and 2B) were prepared following previously reported principles (13). In group 1B the penetration step was performed using a diamond bur (No.#12 Coltene, Whaladent, Altststten, Switzerland) mounted on a high-speed handpiece under water cooling. Access was created in the cingulum area, with an inclination of the bur of 45° and almost perpendicularly to the palatal surface up to the breaking of the chamber roof and root canal orifice location. Coronal interferences were removed using a Zekrya Endo Z bur (No.#152; Dentsply Sirona, York, USA). Also in premolars the penetration phase was followed by an enlargement phase in order to completely remove all coronal interferences and to allow a linear access to root canals. With TECs, cavities reflecting the anatomy of the pulp chamber were obtained. Access cavity preparation was performed by the same operator for all teeth.

After access cavities preparation, patency was checked for all root canals with a k-file #10.

Endodontic treatment was performed by a single operator for all teeth. Eighty new Reciproc blue R25 files (VDW GmbH, Munich, Germany) were used for endodontic treatment. Root canal shaping was performed following manufacturer's protocol. Instruments were then divided into 4 groups (n = 20):

Group 1a: instruments used for incisors with CEC

Group 1b: instruments used for incisors with TEC

Group 2a: instruments used for premolars with CEC

Group 2b: instruments used for premolars with TEC

Mechanical preparation was alternated with irrigation of 5% sodium hypochlorite solution; Root canal filling was performed according to the continuous wave of condensation technique. Restorations were realized with Prime&Bond Active Universal Adhesive (Dentsply srl Italy, Rome, IT), SDR (Dentsply Srl) as core material, and Ceram-X Duo E2 (Dentsply Srl) for the occlusal surface (2 mm).

Samples were stored in saline solution (0.9%) at a temperature of 37°C to prevent dehydration until test.



Fracture Strength Test

Teeth were positioned in an aluminum stub and embedded in self-curing resin (Gnathus cold self-curing acrylic resin; Zhermak, Badia Polesine, Italy) with the long axis perpendicular to the base of the block with the use of a parallelometer, leaving the roots exposed 2 mm apically from the CEJ to evaluate the type of fracture (14). A universal loading machine (Triaxal Tester T400 Digital; Controls Srl, Cernusco, Italy) was used. Incisors were inserted into the holding device with an inclination of 135° in relation to the horizontal plane and pressure was applied in correspondence of the peri-cingular area (Figure 2A). Premolars were inserted into the holding device perpendicularly to the horizontal plane; pressure of the rod tip was applied 2 mm from the apex of the palatal cusp in direction of the central fossa (Figure 2B) in order to simulate an occlusal vertical load. A controlled load was applied with a stainless steel rod with a tip diameter of 2 mm at a crosshead speed of 1 mm/min. All samples were loaded until fracture, and the maximum breaking load was recorded in Newton (N).

After the test, the specimens were observed under a stereomicroscope (SZR-10; Optika SRL, Ponetranica, Italy) at 80x to evaluate the type of fracture. Fractures were highlighted using an aqueous methylene blue solution (1%) and divided into: favorable (F), when involving the coronal portion without crossing the CEJ; unfavorable (UF), when involving the root (Figure 3).


[image: Figure 3]
FIGURE 3. Evaluation of pattern of fracture for both incisors (upper) and premolars (lower).




Cyclic Fatigue Test

Reciproc blue R25 files were subjected to cyclic fatigue test after their use. The test was performed using a custom-made device which allowed a reproducible simulation of an instrument confined in a curved canal (15) with 60° angle of curvature and 5 mm radius of curvature to the center of the 1.5 mm wide canal. It ensured three dimensional alignment and positioning of all instruments at 19 mm in length. To reduce friction between instruments and metal canal walls, synthetic Oil WD-40 (WD 40 Company, San Diego, CA, USA) was sprayed into the artificial canal. Reciprocating movement was activated in an endodontic micromotor (X-SMART Plus; Dentsply Maillefer, Ballaigues, Switzerland) using RECIPROC ALL as a setting.

To eliminate the error related to the operator's reaction time, the procedure was recorded and timed on the video.



Statistical Analysis

Quantitative variables were expressed as mean (standard deviation) and Confidence Interval (95%). Normality distribution of data was tested according to Shapiro-Wilks's Test. Student t-test was performed to find significant differences between two independent groups. Homogeneity of variances was tested with the Levene's test and in the case of heteroscedasticity the Welch statistics were used. All analyses were performed using the SPSS software (v.20), setting the level of significance at p ≤ 0.05.




RESULTS

No statistically significant differences were found between the two access cavity designs tested for fracture strength of endodontically treated maxillary central incisors (p = 0.70) and upper first premolars (p = 0.422); slightly higher values were observed in group 1A and 2A, treated with CEC (Tables 1, 2).


Table 1. Distribution of fracture strength values (N/mm2) and time of fracture variable(s) variable within groups (mean, sd, CI 95%).
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Table 2. Distribution of fracture strength values (N/mm2), time of fracture variable (s) within groups (mean, sd, CI 95%).
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Occurrence frequency of each failure pattern was detected and calculated as percentage. In group 1A, favorable fractures occurred in 66% of cases, in group 1B favorable fractures occurred in 25% of cases; in group 2A favorable factures occurred in 80% of cases and in group 2B in 70% of cases. Statistically significant differences were observed between groups 1a and 1b (P < 0.001) and between groups 2a and 2b (P < 0.05) for cyclic fatigue resistance values. A significantly higher mean time to fracture was registered for instruments of groups 1b and 2b.



DISCUSSION

The aim of this study was to evaluate how a conservative access (CEC) cavity could influence the fracture resistance of endodontically treated maxillary incisors and first premolars, and the cyclic fatigue resistance of Reciproc blue instruments. No significant differences were observed between the two different cavity designs for fracture strength of the two type of teeth tested, but cyclic fatigue resistance of instruments used with CEC was significantly lower. The null hypothesis tested H0 was partially rejected because, although the two types of access cavities did not affect the fracture strength of endodontically treated teeth, they influenced the fatigue resistance of endodontic instruments.

An ideal access cavity should guarantee the complete removal of the pulp chamber and the cleansing, shaping, filling of the canals. An excessive reduction of the access cavity size, however, could interfere with an adequate canal shaping and obturation (16); at the same time a too extensive access cavity and, therefore, an extensive removal of healthy tooth tissue, has been demonstrated to reduce fracture resistance (6, 17).

Consequently, conservative endodontic access cavity preparation (CEC) was proposed to preserve tooth structure maximally (18, 19). Literature has not yet well-defined answers that can lead us to approach these new trends in total safety. There are conflicting opinions regarding the fracture resistance of ETT prepared with size-reduced endodontic access cavities: some researchers showed how a conservative approach increased the strength of treated teeth, compared to a traditional approach (5, 14); other studies did not find significant differences (20, 21). Although minimal invasive intervention has been embraced in some area of dentistry (20), the CEC concept in endodontics has largely been opposed because it poses challenge not encountered with TECs.

The literature provides only one study (14) investigating fracture strength of maxillary incisors treated with CECs and TECs with which compare the results of this study. In this previous study the mean fracture load values were 1134.6 ± 109.2 N for CEC and 1305.2 ± 97.6 N for TEC, which are considerably greater than those recorded in the current study (429.78 ± 91.30 N for CEC and 418.48 ± 91.13 N for TEC). However, both studies concluded that CECs did not influence biomechanical behavior of anterior ETT, this is maybe because performing CECs in maxillary incisors determined a minimum coronal dentin conservation compared to TECs. Although dentin conservation was greater for CECs performed in premolars (14), the absence of significant difference between the two cavitary designs in terms of bond strength is maybe related to the maintenance, in both cases, of the two marginal ridges; marginal ridges of at least 2 mm thickness represent a reinforcing factor and their loss represents a risk factor for tooth fracture (22).

Different studies investigated the influence of endodontic access cavity design on fracture resistance of posterior ETT (6, 7, 20, 21, 23, 24), and also fracture strength values recorded for upper premolars in the current study are a little lower compared with those obtained in previous studies (7, 23).

This discrepancy in results is maybe due of different methodology features. There are no exact rules to prepare the CEC; the aim is to preserve as much as possible tooth structure and to locate the canal orifices. Furthermore, in this study a small 2 mm diameter ball herein was used for load test; with a larger diameter (7, 23) a greater force is needed to generate the critical pressure required to fracture the tooth.

Another important aspect is the type of fracture of ETT: previous studies revealed a higher frequency of vertical fractures (25, 26), most of them in the root area, reducing the possibility to save the teeth (25).

In the present study, a higher percentage of restorable fractures related to CEC was observed both in maxillary central incisors and first upper premolars; this is in agreement with other studies which related the volume of dentin removal with the increase probability of vertical fractures (26). Literature presents contradictory results also regarding root canal shaping of ETT with contracted access cavities. In fact, some authors (20) showed that small cavities did not interfere with shaping effectiveness and with the biomechanical characteristics of endodontically treated teeth; others (14) found substantial differences in root canal shaping of teeth with different sizes of access cavity design. The embedding of teeth was performed with the use of an acrylic self-curing resin according to previous studies (6, 20), other studies (27–29) used in addition a cushion material to simulate periodontal ligament and tooth mobility and also to amortize the load.

Other aspects should be considered, such as the increased separation risk of Ni-Ti instruments during canal preparation (30).

A study of Yahata et al. (31), conducted on 3D reproductions of maxillary central incisors, highlighted how an incisal shifted access cavity (similar to TEC) significantly reduces the percentage of iatrogenic damage such as apical transportation compared to a traditional lingual access (similar to CEC). These minimally invasive cavities actually managed to preserve more healthy dental tissue, but they could make the procedures of root canal treatment more difficult and less predictable.

The second part of this study revealed a lower cyclic fatigue resistance of Reciproc blue R25 used to shape CEC cavities compared to instruments used to shape TEC cavities. The results obtained can be explained with the absence of a straight access to canals orifices (32). Ni-Ti instruments touched a large area of root dentin and residual chamber roof; the torque generated during canal shaping proportionally increased to the increase of the contacted surface (33), thus reducing fatigue resistance of endodontic instruments. These results are in disagreement with a previous study (20) which detected no instrumentation efficacy risk associated with CECs in maxillary molars, but the authors suggested a careful application of CECs in these teeth presenting a particularly challenging root canal system.

The results of cyclic fatigue test could also be related to the type of instrument used. Yared in (34) proposed a single Ni-Ti instrument with reciprocating motion for clinical use. Reciprocating instruments are less subjected to torsional fracture because rotation angles are lower than “deflection angles,” defined as the maximum amount of rotation that an instrument can withstand before it exceeds its elastic limit and fails in torsional mode. Reciprocating instruments complete a 360° rotation in several movement cycles, minimizing the risk of “taper lock” (35). Many authors (36–38) have shown that alternate rotation increases the cyclic fatigue resistance about six times compared to continuous rotation. The number of cycles performed before separation during a test is cumulative and related to the stress intensity generated by compression/tension forces the curved portion of the canal (39). Many studies have shown that fracture time is also related to the rotation speed of the instrument. Although the rotational speed of the continuous rotation systems is lower than that of modern reciprocating systems (280 rpm against 300 rpm of the Reciproc system), reciprocating speed is not constant. The acceleration and deceleration process in both directions of rotation generates less stress on the instrument, providing greater resistance to cyclic fatigue. In addition, as observed by Gavini et al. (40), “Reciprocal All” mode accomplishes 10 cycles of reciprocating motion at the second and 3.33 revolutions per second. So the speed when reciprocating files are used is lower that the one indicated by the manufacturer's instructions.

In teeth presenting a complex root anatomy endodontic instruments are exposed to higher stress (33). Therefore, it should be advisable to realize traditional endodontic access cavities, rather than conservative ones. It is possible that CEC access hampers an adequate cleansing and disinfection of the root canal system, but no evidence is available yet (41).

Endodontic procedures must be planned according to a minimally invasive approach. The quantity of the residual tooth substance plays a fundamental role in the fracture resistance of ETT. An ideal access cavity should be minimally invasive but should allow adequate and safe cleaning, shaping and filling of the root canal system. A tooth that needs an endodontic treatment is probably a tooth with extensive carious lesion, fracture or previous restoration, therefore from a clinical point of view in most cases the shape and extent of the endodontic access cavity are guided by different factors and it is not always possible to perform extremely contracted access cavities.

The limitations of this study should be considered. The impossibility to assess the overall restorative scenarios ex vivo is due to the fact that clinical conditions cannot be simulated identically in vitro.

In this experimental study load was applied to upper central incisors at an angle of 135° from the longitudinal axis, considering both the mean values of the interincisal angle and the incisal guide (42), and a vertical occlusal load was applied to upper premolars. Teeth are normally subjected to a dynamic load: a continuous load as in maximum intercuspation and a cyclic load as in chewing (43); furthermore, load is transmitted in different directions. In case of malocclusion or parafunctions, the load is distributed differently than in physiological condition. In this study only a single direction load was examined.

Another aspect to take into account is the endodontic file used for canals shaping. In the present ex vivo study, all maxillary central incisors were shaped with Reciproc R25. Given the mean diameter at the apex of maxillary central incisors, R25 would not be the best clinical choice in order to remove the whole dentin layer in the apical region (44). On the other hand, teeth included in the present study were extracted for periodontal or orthodontic reasons. As a previous study demonstrated, the incidence of pulpal calcifications of periodontally involved teeth was 62% in histological and 30% in radiographic examinations (45). The incidence of calcified canals also correlates with age: almost all central incisors included in this study were extracted for periodontal reasons in subjects of age >60 years. Moreover, the emergence of necrotic tissue remnants can cause the formation of dystrophic calcifications in tissues that are susceptible to deposits of calcium (46). These calcifications cause a reduction in the root canal lumen.

Another point to take into account is the time lapse between the extraction and the analysis. The collection of 40 intact central maxillary incisors with similar MD and BL dimensions and similar root length, with no previous restorations or endodontic treatment, took months to complete. Therefore, although all teeth were stored in saline solution at 37°C before use, the time between the extraction and the laboratory phases was not the same for all teeth. For the above-mentioned reasons, Reciproc R25 was selected to shape the root canal of all extracted central maxillary incisors included in this study, in order to standardize the protocol.

Further in vitro and in vivo studies on anterior teeth, including various loading conditions, are necessary to confirm the results of this study and to evaluate all aspects involved in the use of contracted access cavities before recommending their use in daily clinical practice.

Within the limits of this in vitro study, we concluded that contracted endodontic access cavities do not represent a valid alternative to traditional endodontic access cavities, since they don't increase fracture resistance of endodontically treated teeth. Moreover, they also lead to greater cyclic fatigue of Reciproc blue R25 instruments compared to a traditional access cavity design.
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