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Abstract: Endodontic treatments are performed to avoid extractions and maintain the natural den- 11
tition. Root canal treatments are undertaken to eliminate or prevent an infection within the root 12
canal system. Chemical and mechanical root canal debridement are the main methods used in en- 13
dodontics to remove necrotic tissue, microorganisms, and microbial byproducts from the canal. 14
However, to date there is no objective method to clinically determine the proper root canal disinfec- 15
tion level and thus proceed with the obturation. Clinicians just rely on their experience and habits 16
or can trust in empirical methods such as the insertion of paper cones inside the channel and then 17
check their appearance after the removal. Even in the in vitro and ex vivo scientific studies thereis 18
no objective method to analyze and compare the efficacy of different endodontic chemo-mechanical 19
techniques and materials. The most frequently used method is to visually analyze some areas with 20
a scanning electron microscope (SEM), even if the resulting images are hardly quantifiable and 21
could greatly vary according to the analyzed area. A new device to clinically test the cleanliness of 22
aroot canal and display the result in an objective score was recently developed. The device analyzes 23
the luminescence generated by an enzyme cycling method that process the adenosine triphosphate 24
(ATP), adenosine diphosphate (ADP) and adenosine monophosphate (AMP) present in organic res- 25
idues. The aim of the present in vitro study was to test the efficacy and reliability of thisnovel device 26

in a controlled in vitro environment, before using it in clinical practice. 27
Keywords: Root canal; cleaning; debridement; irrigating solution 28
29
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Clinicians are aware that the success of endodontic treatment heavily relies on the clean- 42
liness and debridement of the root canal system, which is not easy due to complex canal 43

anatomy and limitations related to the use of instruments mainly designed to shape 44
round canals [4,5]. Therefore, they look for improvements in the shaping and cleaning 45
procedures, with new material and techniques, aiming at improving removal of pulp 46
tissue, bacteria and infected debris [6-8]. 47

However, despite its crucial clinical relevance, assessing canal cleanliness in vivoisnota 48

simple, well-defined and objective procedure [9,10]. It typically involves methods like 49
visual inspection using magnification, detection of debris or dirt on instruments or pa- 50
per points, which are based mainly on individual judgement. Despite progress in digi- 51
tal imaging techniques, currently radiographs or cone-beam computed tomography 52
(CBCT) cannot detect and evaluate debris and tissue inside canals and canal morphol- 53
ogy. Microbiological sampling techniques to detect bacterial presence have also been 54
proposed as an alternative means to decide when shaping and cleaning procedures in 55
vivo are completed, suggesting when they can obturate properly disinfected canals. 56
However, these microbial culturing techniques that quantify bacterial presence (and not 57
residual debris) are not simple to use in a clinical environment and are currently used 58
mostly for in vitro studies [11-13]. 59
Assessing canal cleanliness in vitro often involves techniques such as scanning electron 60
microscopy (SEM) to visualize the surface of the canal walls for debris and biofilm, and 61
chemical analyses to detect residual organic or inorganic materials [14,15]. These meth- 62
ods can provide valuable images of the cleanliness of root canal systems in laboratory 63
settings, but there is a limitation related to the fact that it is not easy and/or reliable to 64
evaluate and count debris taking in considerations all the canal walls surfaces. Using 65
digital imaging analysis software may help to quantify debris removal more precisely 66
and consistently, but still it is a procedure usually limited to small portions of the canal 67
space. The same problem can also be a limit of histological studies, which usually show 68
only small part of the canals [16]. 69
More recently techniques like fluorescence-based imaging or spectroscopy have been 70
proposed as an aid in detecting bacteria and residual organic material [17]. These tech- 71
nologies can help assessing the cleanliness during endodontic procedures and could be 72
used both in vitro and in vivo. 73
The aim of the present study was to evaluate the in vitro sensitivity and precision of a 74
new device to quantify the presence of organic debris inside an artificial root canal. 75

76
2. Materials and Methods 77
2.1 Specimen selection 78
Five single channel endodontic transparent resin training blocks were selected. The arti- 79

ficial canals (SystemB blocks, Kerr, Glendora, CA, USA) were designed for evaluation of 80
root canal filling techniques and consequently their dimensions were approximately .06 81

tapered with apical size 25. Such transparent blocks were also chosen to visually check 82
the cleanliness and dirt of the specimens. A 60°curvature was present in the apical third 83
with a radius of 5 mm, thus allowing proper insertion of needles and other irrigating 84
devices (Figure 1). Moreover, the artificially prepared canals were selected to avoid vari- 85
ation in canal shaper and in debris production generated by mechanical instrumenta- 86

tion. Therefore, there was no need to instrument or prepare the artificial canals and the 87
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only variables were related to artificial contaminations and subsequent debridement. 88
The blocks were not instrumented to avoid the creation of debris, revealed from a pre- 89
liminary analysis. Sample size was determined by Power Analysis and calculated based 90
on preliminary data obtained after 4 initial measurements with a power of 80% and a 91
0.05 alpha type error (G*Power, Heinrich-Heine-Universitdt Diisseldorf, Diisseldorf, 92
Germany). With an effect size of 1.48, sample calculation was 3 and consequently a total 93
number of 5 artificial blocks was considered sufficient to provide significant data. 94

95
Figure 1. Artificial resin canal, as provided by the manufacturer. 96
2.2 Device 97
The analyzed procedure is based on the use of 1 device consisting of a dedicated swab 98
(Endotester, Endocator Inc, Aptos, CA, USA) and a luminometer (Endocator, Endocator 99
Inc, Aptos, CA, USA) (Figures 2 and 3). Endotester is containing the swab and the rea- 100
gent for testing of a root canal (Figure 2). Endotester uses an enzyme cycling method 101
based on a combination of luminescent reactions from firefly luciferase, pyruvate, ortho- 102
phosphate dikinase (PPDK) and pyruvate kinase (PK). This method produces a given 103
amount of luminescence that is proportional to the amounts of adenosine triphosphate 104
(ATP), adenosine diphosphate (ADP) and adenosine monophosphate (AMP) present. 105
ATP is a source of energy necessary for various forms of life that are present in organic 106
residues, such as microorganisms and biological substances that originate from other 107
living organisms. This ATP monitoring system allows you to measure and detect or- 108
ganic residues at high speed and high sensitivity by detecting ATP using luciferase, 109

which is why it is widely used in determining cleanliness levels. However, conventional 110
ATP monitoring system is insufficient because ADP and AMP generated from ATP deg- 111

radation are completely overlooked. A new ATP + ADP + AMP monitoring system as 112
shown in Figure 4. This method definitely enables highly sensitive analyses of a wider 113
range of organic residues. This kit is a simple integrated testing instrument that contains 114
both the test reagent and the swab device required for testing cleanliness levels (Figure 115

2). The luminescence is measured by the Endocator (Figure 3). 116
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Figure 2. (a) Endotester specifics; (b) Endotester swab outside the main body and sampling sy- 118
ringe. 119
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Figure 3. (a) Endocator with RLU display (RLU=84); (b) Endocator with ES display (ES=14/100). 121
RLU: Relative light unit. ES: Endoscore. 122

2.3 Samples and sampling procedure 123
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All the samples were collected from blocks, that were not instrumented and/or cleaned 124
because from a preliminary analysis we found that the blocks provided by the manufac- 125
turer inside their plastic packaging already contained some organic contamination, even 126
if there was no visual sign of any debris or manufacturing remnants inside the canal 127
(Figure 1). 128
To test the efficacy and reliability of this novel device in vitro, for each canal 3 consecu- 129
tive measurements were taken and compared. The null hypothesis was that there should 130
be no significant difference amongst the 5 samples and there should be no significant 131
difference between the three consecutive measurements on the same samples. 132
The sampling procedure strictly followed the instruction of use (IFU) provided by the 133
manufacturers. An endodontic needle mounted on a syringe was inserted into the chan- 134
nel to rinse with 1 ml distilled water. A delicate up and down movement of the needle 135
was performed to agitate the irrigating solution inside the artificial canal. Then, the nee- 136
dle tip was positioned in the apical third (3 mm from the apex) and the irrigating solu- 137
tion was collected and transferred to the Endotester. For each procedure a single sterile 138
needle and syringe were used to avoid any type of cross contamination. 139
The swab stick was then removed from the main body and 1-2 drops of the sample liq- 140
uid were released by the needle inside the upper part of the tube main body (Figures 141
2B). The swab stick was reinserted in the tube and moved to ensure proper absorption of =~ 142
the sample liquid. Then the swab stick was completely inserted inside the casing to mix 143
the sample solution with the releasing reagent surfactant (Benzalkonium chloride) and 144
the luminescent reagent (Luciferin, Luciferase, Magnesium acetate, Phosphoenolpyruvic = 145
acid, Pyrophosphoric acid, PPDK, PK). Correct mixing of the two components was en- 146
sured by shaking the Endotester casing for at least 10 seconds and allow visual assess- 147
ment of dissolution of the luminescent reagent with the sample solution. Finally, the En- 148
dotester was inserted into the Endocator to measure the generated Iuminescence. The 149

outcomes were displayed according to 2 different measuring scale, each of them chosen 150
by the examiner (Figure 3): Endoscore (ES) and Relative Light Unit (RLU). The measure- 151
ments were displayed after 10 seconds, and the overall procedure was completed inless 152
than 1 minute. All the measurements were performed by one trained operator to elimi- 153
nate variables amongst examiners. 154

PK

ADP

PPDK

ATP AMP

A

Luciferase

155

Figure 4. Principle of luminescence method using the enzyme cycling. PK: Pyruvate kinase. PPDK: 156
Pyruvate orthophosphate dikinase. ATP: adenosine triphosphate. ADP: adenosine diphosphate. 157
AMP: and adenosine monophosphate. 158
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2.4 Outcomes

ES is a 0 to 100 analogic scale, where 0 correspond to absence of organic material and 100
to dirty channel. RLU is a continuous scale, the higher the score the higher is the amount
of organic material collected, with values ranging from 0 to more than 600000. No infor-
mation about the correlation between the two scales was provided by the manufacturer.
In the IFU, only for the ES the following values were suggested: 0-30 is clean, 31-60 is
contaminated, and 61-100 is dirty.

2.5 Statistical analysis

All the data were recorded using both scales (ES and RLU) and were than divided in 6
groups: A, B and C representing the first, second and third sampling for each block, ac-
cording to ES, and D, E and F representing the first, second and third sampling for each
block, according to RLU.

Descriptive analysis was performed to determine mean and standard deviation (SD) of
the findings for the 6 groups. Paired T-test with Bonferroni correction was executed to
find out significant differences (p<0.05) between the 6 groups per score type. Statistical
analysis was undertaken using SPSS (SPSS, v25.0 for Windows, SPSS Inc Chicago, IL,
USA).

3. Results

Descriptive results are shown in Table 1. Mean and SD of ES/RLU for first, second and
third sampling resulted to be 31+6.32/263.8+88.23, 25.8+8.87/210.8+139.74 and
17.8+4.81/110.8+37.51 (A/D, B/E and C/F).

When comparing the first 5 measurements, no significant difference was noted amongst
the 5 specimens. However, all specimens showed a debris contamination which demon-
strated a high sensitivity of the device. Same non-significant differences were noted
when comparing the second and third measurements.

For each canal, the score comparison between the three consecutive samplings showed
statistically significant difference only between the first and third measurements both for
ES (p=0.00115999) and RLU (p=0.00532749).

Canal ES RLU
A B C D E F
1 38 41 26 366 457 176
2 37 25 18 333 175 108
3 30 24 16 270 168 96
4 24 20 14 168 140 84
5 26 19 15 182 114 90
Mean 31 25.8 17.8 263.8 210.8 110.8
SD 6.32 8.87 4.81 88.23 139.74 37.51

doi:10.20944/preprints202402.0516.v1
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Table 1. Descriptive analysis. A/D=first samples, B/C=second samples, D/E=third samples; ES=En- 188

doscore; RLU= Relative Light Unit; SD=Standard Deviation. 189

190
4. Discussion 191
The present study was conducted in a controlled laboratory environment, trying to re- 192
duce all possible variables related to cross contamination and sampling (no differences 193
in canal anatomy and/or endodontic procedures, since all tests were performed in non- 194
instrumented wide canal, which allowed proper needle insertion at the desired length). 195

Measurements were performed by a skilled operator and a skilled assistant to minimize 196
any procedural error. Results show that the Endocator device is rapid, simple touse and 197
provides precise measurements, detecting the organic components present or left inside 198

an artificial canal. The device exhibits high sensitivity, because it can check minimal, 199
non-visible, organic debris contamination, as shown in new canals that were not instru- 200
mented or contaminated by pulp or other organic tissues. The high sensitivity is demon- 201
strated by the fact that a new, clean canal (not used or artificially contaminated) pro- 202
vides RLU values ranging from 168 to 366 (for the first measurements), which are very 203
small values compared to the measuring scale which allows maximum RLU at 450000. 204

In the other modality (ES) the highest values are defined as 100 Over, and values for the = 205
first measurements from the present study ranged from 24 to 38 for the first initial meas- 206
urement. 207

Such differences promote the use of RLU in laboratory testing, because if provides a 208
wider, more accurate range of values, and consequently more precise comparisons. The 209
suggested clinical ES values (0-30 clean, 31-60 contaminated, and 61-100 dirty) should be 210

reevaluated with further studies. In the present study, when using the proposed “clini- 211
cal score”, 2 samples showed contamination values after the first measurements, 1 of 212
them also after the second measurement and none of them after the third one. Such dif- 213
ferences, however, are based on an empirical scale, which need to be validated, also be- 214
cause it is not supported by the data of the present study. 215

Results from the present study showed that, when comparing differences amongst the 5 216

canals, there was no significant difference amongst the data, when analyzing the same 217
measuring step (first, second and third), showing the precision and reliability of the test =~ 218
(p<0.05). Such results show that the Endocator could be a valid and predictable device 219
for objective evaluation of canal cleanliness using an easy, not expensive, non-distractive 220
methodology. 221

Precision of Endocator was also confirmed by differences between first, second and third 222
measurements performed on the same canal. In such cases, to make the measurements 223
some irrigating solution (distilled water) and some activation (using the needle withup 224
and down motion) were added, as a consequence of the sampling technique. In all tested 225
canals there was a reduction of the canal contamination in the following measurements 226
and the device was able to detect it: in fact, a statistically significant difference was noted 227
in all specimens between the first and third measurements (p=0.001 and 0.005 for the ES 228
and RLU values, respectively), even if no visible sign of contamination could be visually =~ 229

detected. These results also show the future importance of preliminary testing of artifi- 230
cial canals to be used in vitro study before assessing quality of canal debridement pro- 231
vided by different techniques and materials. 232
The differences shown in each sample by consecutive measurement could be also very 233

useful in performing in vitro studies about cleaning when the different methodologies 234
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are implemented during use [18]. Traditional microscopic or histological studies can 235
only show the results of a methodology, while the Endocator can evaluate the different 236
steps inside a procedure [19-22]. For example, it may allow to quantify how a technique 237
can be improved by adding more steps or increasing time or volumes of irrigants. 238
The high sensitivity of RLU values is an extremely positive factor in providing accurate 239
measurements both in vitro and we expect similar results in vivo, which makes the de- 240
vice very useful for experimental research and clinical cases. In clinical cases, the device = 241
can display the amount of contamination left inside the canal and then the dentist can 242
choose whether the final cleaning procedure should be implemented or not. On the 243

other hand, such a high sensitivity requires to be very careful in the sampling procedure = 244
to avoid any cross contamination related to needles, syringes, gloves etc. Further studies =~ 245
will be necessary to improve or standardize the sampling procedure in terms of quantity = 246

of solution to be collected, depth of needle insertion and possible influence of relevant 247
amounts of blood, exudate or chemicals in the sample liquid. 248

249
5. Conclusions 250

Within the limitations of the present study, it is possible to conclude that Endocator was 251

able to determine small variations of canal contamination in a controlled laboratory en- 252
vironment, showing precise and reliable measurements. These findings suggest the pos- 253
sible use of the Endocator for in vitro comparative studies amongst different irrigation 254
techniques and materials with an objective, non-distractive methodology. Further stud- 255
ies are however necessary to determine its use in clinical studies or clinical practice, be- 256
cause the technique is very sensitive, and there is a potential risk that differences in the 257
sampling technique may affect results. So, the proposed ES scale should be also vali- 258
dated. 259
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