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Abstract

Objective The objective of this study is to evaluate the occurrence of coronal dentinal micro-cracks after access cavity
refinement using high-speed burs and ultrasonic tips by means of micro-computed tomography (micro-CT) analysis.
Methods In this study, 18 mandibular cadaveric incisors were divided into two groups according to the protocol of the
preparation of the conventional access cavity. The diamond bur 802 # 12 was used until the perforation of the pulp roof.
Then, the Endo-Z bur was used for the group #1 and the ultrasonic tip Start-X # 1 for the group #2 to finish and refine the
access cavity. The preparation time of each access cavity has been recorded. The teeth underwent a micro-CT scan before
and after the preparation of the access cavity. Fisher's exact test, the Chi-square test, the Kolmogorov—Smirnov test, the
Mann—Whitney test, and the Student's test were used for statistical evaluation.

Results The percentage of teeth with new micro-cracks is not significantly different between the two groups (-p-value <0.5).
The number of newly formed micro-cracks and extension size were not significantly different between the two groups. The
direction of extension of the micro- cracks was occluso-apical. The average duration of the access cavity is significantly
smaller with the Endo-Z system (-p- value < 0.001). The roughness of walls surfaces has no statistically difference between
the two groups.

Conclusion The use of ultrasound, although slower, is considered safe in the creation of dentinal micro-cracks, in the prepa-
ration of the access cavity.

Keywords Endodontic access - Ultrasonic tip - Microcracks - Refinement bur - Micro-CT

Introduction achieve the above technical stages. An access cavity (AC) is

defined as “the opening prepared in a tooth to gain entrance

The main purpose of endodontic treatment is the prevention
and treatment of endodontic infection through the shaping,
cleansing and three-dimensional obturation of the root canal
system [1]. An appropriate access is required to successfully
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to the root canal system for the purpose of cleaning, shap-
ing and obturating” [2]. Walton has described the access
preparation as “the most important phase of the root canal
treatment” since it maximizes cleaning, shaping and obtura-
tion. The control of the instruments and materials is difficult
within the pulp system without a proper access [3].

Richman introduced the ultrasonic (US) instrumentation
into endodontics which revolutionized the endodontic treat-
ment [4]. Nowadays, the ultrasonic tips are a basic part of the
endodontic equipment since they have multiple uses [5, 6].
They have many employments such as: access refinement,
calcified canal location, pulp stone removal, management
of intracanal obstruction, delivering energy to irrigating
solutions, condensation of gutta-percha, root-end prepara-
tion during surgical procedures, and placement of mineral
trioxide aggregate [5-7].
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Usually, the initial opening of the access cavity of ante-
rior teeth is made with a round diamond bur [8]. The Endo-Z
bur can be used after the perforation of the pulp chamber
roof because it can safely rest on the pulp floor to eliminate
the remaining pulp ceiling and its taper is very useful in the
drafting and finishing of the cavity. In fact, burs driven in an
air motor are more aggressive than ultrasonic tips driven in a
piezo ultrasonic device. The ultrasonic tips eliminate small
volumes of dentin and are more conservative with a greater
longevity than the conventional high-speed diamond burs
[4-9]. In addition, the water that runs over the entire length
of the tip shaft provides effective cooling of the tooth with
no risk of overheating during the AC preparation. There-
fore, US tips could substitute the conventional high-speed
diamond burs due to their conservative action and great lon-
gevity [9, 10]. Moreover, their use can be indicated also with
operative microscope high magnification due to the higher
visibility for the absence of the handpiece head [4].

In a previous study, Abedi et al. found a higher incidence
of crack formation in correspondence of the walls of the
retrograde cavities prepared by US tips compared with those
made by burs [11]. In contrast, Rainwater et al. did not find
any significant difference between conventional ultrasonic
tips, diamond-coated ultrasonic tips, and high-speed stain-
less-steel burs for the number or type of cracks [12]. In a
recent systematic review, John et al. concluded that ultra-
sonic root-end preparation resulted in higher crack formation
than burs [13].

Despite many studies have investigated the correlation of
dentinal defects formation in the root dentine during instru-
mentation, there are no studies investigating the correlation
of dentinal defects formation after the preparation of the AC
on cadaveric teeth where no crack related to tooth extraction

Fig. 1 preparation of the
samples
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is possible [14]. Thus, the purpose of this study is to evaluate
the occurrence, location, and extension of dentinal defects
(CEDD) after access cavity preparation with Endo-Z bur
and Start-X ultrasonic device by means of a micro-computed
tomography (micro-CT) imaging system and compare the
final surface quality of dentinal cavity walls.

Materials and methods
Sample selection and specimen preparation

Five cadaveric jaws from donors ranging from 65 to 79 years
old were collected in accordance with the local ethics com-
mittee (Protocol number EVS18/15). The samples were
sectioned using a separator disk with abundant irrigation to
obtain lower central and lateral incisors surrounded by alve-
olar bone (Fig. 1). Twenty intact teeth without caries, cracks
and artificial alterations were included in the study. The
specimens were stored in a 0.1% thymol solution then kept
drying 24 h before micro-CT scanning. The samples were
placed on a customized support to perform a preliminary
low resolution micro-CT scan to obtain an overall outline
of the canal anatomy and to select teeth that met the inclu-
sion criteria (SkyScan 1172, Bruker micro-CT, Kontich,
Belgium). Preliminary scans were conducted as follows:
450 projections through a 225° rotation (180° plus cone
angle of the X-ray source) using a 1.0 mm thick aluminum
filter, voltage =100 kV, current=_80 pA, source-to-object
distance = 80 mm, source-to-detector distance =220 mm,
pixel binning =8 X 8, exposure time/projection=0.2 s. The
inclusion criteria were teeth with intact crowns and absence
of significant abrasions or pulp calcifications. Samples
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with average root length of 12 +2 mm and one single root
canal were included. Of twenty teeth assessed for inclusion,
two were excluded due to anatomical features and 18 were
included in the micro-CT study and stored in test tubes filled
with isotonic solution. A single expert operator with over
ten years of experience in endodontics and blinded to the
objective of the study prepared the samples. The samples
were randomly distributed into 2 groups (n=9) according to
the preparation protocol of the traditional access cavity: in
the Endo-Z group the access opening was performed using
an 802 #12 bur, followed by the endo Z bur (Dentsply-
Maillefer, Ballaigues, Switzerland); while in the Start-X
group, the pulp chamber was accessed using an 802 #12 bur,
followed by Start-X #1 ultrasonic tip (Dentsply-Maillefer,
Ballaigues, Switzerland) for access cavity refinement. The
samples preparation was done under operative microscope
(OPMI Pro Ergo, Carl Zeiss, Germany) following a geo-
metrical pattern to remove the same tissues amount and the
time required for access preparation was recorded.

Microcomputed tomography analysis

The samples were scanned at a high spatial resolution before
and after access creation (SkyScan, Bruker-microCT) to
assess the extension of the cavity and the presence of enamel
and dentin cracks. The micro-CT scanning parameters before
and after access cavity creation were as follows: 2400 pro-
jections at 100 kV and 100 pA, with a focus point of 8§ pm.
The focus-object and object-detector distances were 98 mm
and 218 mm, respectively. The total scan time was 4 h. High-
resolution 16-bit TIFF images were acquired. This resulted
in a volume of approximately 1000 x 1000 x 1000 isotropic
voxels containing a length of 9.2 pm. NRecon software was
used to reconstruct the cross-sectional micro-CT images
using the Feldkamp algorithm and standard parameters for
beam hardening (60%) and ring artifact correction (7%).
The native SkyScan data were automatically recognized,
and the orthogonal cross sections were extrapolated using
the DataViewer with the 3D recording function. The cross
sections were imported in JPEG format and analyzed with
ImageJ 1.43u 64-bit software (National Institute of Health,
Bethesda, MD). An automatic threshold algorithm (MT-
minimum threshold algorithm) was used to eliminate the
possibility of manual errors [15]. All images from pre- and
postoperative scans were analyzed by two blinded operators.
Each access cavity was dynamically studied by observing
the high-resolution 3D rendering and the orthogonal trans-
verse sections. The cross sections were analyzed in relation
to the cementum enamel junction (CEJ) through a plane
perpendicular to the major axis of the canal, and coronally
for the entire length of the crown. The following parameters
were analyzed:

e Presence of CEDDs: the number of teeth with or with-
out CEDDs and the number of CEDDs present in each
tooth were calculated before and after the AC prepara-
tion, and percentages were also calculated.

e Location of CEDDs: the location of the CEDDs was
registered as buccal, lingual, mesial, or distal in cor-
respondence of the AC.

e Extension of CEDDs: the extension of the CEDDs was
measured by multiplying the number of cross sections,
in which each CEDD appeared by the thickness of the
cross-Sect. (0.01 mm). The dimensions of the CEDDs
were registered before and after the AC preparation for
new and pre-existing cracks, thus registering a dimen-
sional expansion for the pre-existing cracks. Linear
measurements of the crack and their volume before
and after preparation were registered to quantify the
extension.

The teeth were allocated to each group to equally dis-
tribute specimens with preoperative presence or absence of
CEDDs.

Furthermore, the three-dimensional (3D) reconstructed
images of AC were used for the visual evaluation of the
surface roughness of the dentinal walls. The surface rough-
ness of the AC walls after the AC preparation procedures
was observed for irregularities and striations. A quantita-
tive scale classification containing four scores was used, as
previously described [16]: Score O represented a very rough
surface, score 1 rough surface, score 2 smooth surface, and
score 3 very smooth surface. Roughness scoring was evalu-
ated per tooth by two blinded evaluators. In case of dis-
cordance between them, both operators analyzed the images
together until full agreement was reached.

Statistical analysis

Statistical analysis was performed using SPSS software
(SPSS for Windows Version 20.0; IBM Corp, Armonk,
NY) set at P <0.05. The Fisher exact test compared the per-
centage of teeth with or without new CEDDs after AC. The
Chi-square test and Fisher’s exact test calculated the percent-
ages of new CEDDs and pre-existing cracks postoperative
expansion. The Kolmogorov—Smirnov test evaluated distri-
bution normality of the dimensions and the duration of the
AC preparation procedures between groups. Mann—Whitney
test was applied to compare the size of the cracks between
the two methods of AC preparation, and Student’s t-test was
conducted to compare the duration of the AC preparation
procedures between the two groups, and to evaluate the
effect of the two methods of AC refinement on roughness
scoring and equality of the means, Levene’s test was finally
conducted for the equality of variances.
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Table 1 Sample baseline
characteristics of the ten lower

incisors included in the study®

Endo-Z group (n=9) Start-X group (n=9) P
Canal volume (mm?) 4.18+0.69 3.99+0.45 0.33
Canal Surface area (mm?) 3221+1.15 29.79+4.51 0.19

“Data are mean + standard deviation. Statistical significance is indicated by P <0.05

Fig.2 The direction and extension of the pre-existing CEDD in the
preoperative Micro-CT high-resolution scans

Results

Baseline pulp chamber volume and surface area displayed
homogeneity between groups (P > 0.05) and are presented
in Table 1.

In the preoperative scans, three of the eighteen teeth
presented pre-existing cracks: one in the Endo-Z group
and two in the Start-X group. In all cases, the pre-exist-
ing CEDDs extended from the incisal surface to the CEJ
(Fig. 2).

Fig.3 The direction and the
extension of the new CEDDs
from the incisal margin to the
CEJ

@ Springer

A single new CEDDs was registered in Endo-Z group,
while new CEDDs appeared in two teeth from Start-X group
(Fig. 3). The percentage of teeth with new CEDDs was not
significantly different between the two groups (P=0.11).
The new CEDDs extended from the incisal margin to the
CEJ. All CEDDs were located on the buccal and lingual
coronal walls.

In 65% of the cases, an extension of pre-existing micro-
cracks was observed with no statistically significant differ-
ence between groups (P=0.21). The mean size and volume
of the cracks were calculated (Figs. 4 and 5) and the results
were not significantly different between groups (P =0.33)
(Table 2). The mean surface roughness of the inner walls of
the access cavity was reported and there was no difference
between groups (P=0.42).

Discussion

Tooth fracture, at any level, is one of the main factors lead-
ing to tooth loss [17]. The endodontic treatment includes
several steps that may play an important role in the durabil-
ity of teeth. Therefore, many studies evaluated the influence
of different instruments and procedures on the formation of
dentinal defects and tooth fracture strength [18-20].

The current tendency is to preserve as much of the sound
tooth structure as possible, starting from the AC prepara-
tion [21]. Nevertheless, no studies investigated the influ-
ence of this procedure on the integrity of the residual tooth
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Fig.4 The analysis of the
dimension and pattern of
CEDD:s in the coronal portion
through the evaluation of the
cross-section images

Fig.5 The analysis of the fracture pattern and volume of the CEDDs
trough the evaluation of the three-dimensional micro-CT volumes

structure. In the present study, cadaveric human incisors
were used to compare the effect of two different AC prepa-
ration procedures on the development of CEDDs by means
of a micro-CT imaging system. Mandibular incisors were
selected because they are more susceptible to cracks due
to their low mesio-distal dentin thickness and anatomical
position [22]. According to the present investigation, most

of the CEDDs observed after AC preparation were already
detectable in the preoperative images, except for one newly
CEDD formed in the Group 1 and 2 in one specimen of
Group 2. However, this was not statistically significant and
do not demonstrate the causality of USs in CEDDs forma-
tion. On the other hand, the extension of already existing
CEDDs was detected in both groups with no statistically
significant differences.

Generally, vertical root fractures develop due to a crack
line initiated at the crown level [23]. This was already sug-
gested in a similar study that found that CEDDs seemed
directed occluso-apically [14]. Thus, vertical root fractures
are to be considered as the extension of coronal micro-
cracks. For both studies, the results are similar, except for the
roughness of the AC which was smoother for the Endo-Z bur
group [14]. This could be explained by the large AC surface

Table 3 Average access cavity procedure time (min:s) in both groups

Group Mean +SD Minimum Maximum
Endo-Z 4:21+1:15 3:06 5:36
Start-X 10:28 +3:32 7:56 14:00

Table 2 Percentage of new CEDDs; number of preoperative, new, and extended CEDDs; the mean dimension and volume of CEDDs and the

mean surface roughness of the access cavity inner walls

Group Preoperative CEDDs ~ New CEDDs (%)  Dimension of CEDDs Volume of CEDDs?* Roughness®
(%) (mm)* (mm?)

Bur (Endo-Z) 11.2 11.1 0.95+0.39 0.55+0.29 2.74+0.88

Ultrasonic (Start-X) 22.2 22.3 1.07+£0.44 0.61+0.12 1.97+0.91

*Data are mean + standard deviation. Statistical significance is indicated by P <0.05

The mean, standard deviation, minimum and maximum duration of the AC procedures are shown in Table 3. Endo-Z performed significantly

faster than Start-X (P=0.014)

@ Springer
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in molars compared to the small one in lower incisors. Other
studies have shown that surfaces prepared with carbide burs
are smoother than those prepared with diamond-coated US
tips [24].

A previous micro-CT study showed that dentinal defects
are more common in the endodontically treated teeth of
older patients (40-70 years) [25]. Several studies highlighted
the impact of US on the formation of dentinal defects in
retrograde cavities. Peters et al. suggested that the incidence
of cracks in retrograde cavities may be increased using US
[26]. Likewise, Layton et al. demonstrated a significantly
greater number of cracks after root resection and US retro-
grade preparation compared to teeth with only root resection
[27]. In contrast, Beling et al. found no significant increase
in the number of cracks after US preparation of the root [28].
This is in accordance with several other studies that found
comparable number of cracks using stainless-steel, diamond-
coated, or zirconium-coated tips [12, 29, 30].

The micro-CT analysis allows a 3D non-destructive eval-
uation of teeth before and after experimental procedures,
and the detection of preoperative dentinal defects [30].
This explains the use of micro-CT in the current study for
the evaluation of CEDDs before and after AC preparation.
Therefore, samples can be examined by evaluating hundreds
of sections to determine the location of the fracture, avoiding
damage to the tooth structure, and obtaining reliable results
[19, 31, 32]. Nevertheless, previous studies used destructive
experimental models [31, 33]. For example, dentinal defects
in retrograde cavities or after root canal shaping were evalu-
ated by root sectioning and microscopic observation [11,
33]. These latter methods are biased since they do not allow
preoperative visualization of the defects. Moreover, cutting
procedures could initiate cracks themselves.

In the present study, the AC procedures were significantly
shorter when performed with bur rather than with US. None-
theless, generally, the use of US instead of high-speed burs,
presents several advantages [34]. However, Tobon-Arroyave
et al. suggested a positive association between dentinal
defects and the longer time required for ultrasonic prepara-
tion of retrograde cavities [35]. However, dentinal defects
occurred regardless of the dentinal walls thickness [35].
Thus, the extended time needed for ultrasonic preparation
may have also influenced the results of the present study.

The use of cadaveric jaws, in the present study, better
aligns with a clinical scenario. Moreover, the presence of the
periodontal ligament allows the US energy to be absorbed
leading to the formation of fewer CEDDs [36]. Furthermore,
teeth were preserved from preoperative cracks due to extrac-
tion stress which may have influenced the results. However,
dentinal defects appear to be mainly due to storage condi-
tions, as dehydration, and not to extraction phenomena [23,
37]. Specimens of the present study were stored in a 0.1%
thymol solution, as previously reported [19]. Moreover, as

@ Springer

it has been described that the spread of dentinal cracks may
continue even during storage, although no stress is applied,
the samples were kept moist along all experimental proce-
dures [16, 38, 39]. In conclusion, within the limitations of
this study, the access cavity preparation with ultrasonic tips
did not significantly predispose the formation of dentinal
defects and cracks of the tooth structure compared with
high-speed burs.
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