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ABSTRACT 
 
VICTORIA JANE BALL. A Micro-Computed Tomographic Assessment of 
Dentin Removal Following Ultrasonically Activated Irrigation Comparing 
Stainless Steel and Nickel-Titanium Tips (Under the direction of DR. MARC 
LEVITAN).  
  

Introduction: Ultrasonic irrigation is performed to disinfect and debride the canal 

space, yet little is known about the influence of ultrasonic tip selection and its impact on 

the surrounding structural components. The aim of this study was to quantitatively evaluate 

the amount of dentin removed following ultrasonic irrigation using the EndoUltra™ 

ultrasonic device. We compared this to a Satelec® Aceton® P5 Newtron® XS LED 

ultrasonic unit, commonly used in our postgraduate clinic at the Medical University of 

South Carolina.  

Methods: Thirty mandibular premolars were standardized in length and 

instrumented to a size 35/04 taper. The teeth were then randomly divided into two groups 

(n = 15). Group A: 20/02 NSK Varios SS U files; Group B: 15/02 EndoUltra™ NiTi tips. 

Teeth were scanned following instrumentation using a micro-computed tomographic 

(micro-CT) device at an isotropic resolution of 16 μm. Ultrasonic irrigation was completed 

for both Groups using 6% sodium hypochlorite (NaOCl), 17% EDTA and 2% CHX, with 

0.9% saline rinse following each irrigating solution. After final irrigation, the teeth were 

scanned a second time. Three-dimensional models were created to determine volumetric 

changes in dentin from pre- and post-irrigation scan comparisons. Statistical analysis of 

data was performed with a Wilcoxon signed-rank test, with significance set at P < .05.  
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Results: Removal of dentin was observed within both Groups. A statistically 

significant difference (P < .01) in the amount of dentin removed between Group A 

(Satelec® using a 20/02 SS U file) and Group B (EndoUltra™ 15/02 NiTi tip) following 

ultrasonic irrigation was observed. 

Conclusions: Both groups exhibited dentin removal following ultrasonic 

activation. The EndoUltra™ manufacturer’s claim that their activator tips do not engage or 

remove tooth structure was disproved.   
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Introduction  

Importance of Endodontic Irrigation  

In order for root canal treatment to be successful, vital and necrotic remnants of 

pulp tissue, microorganisms, and microbial toxins must be removed from the root canal 

system (1-4). This may be facilitated through chemomechanical debridement (5-7), 

however because of the complex nature of root canal anatomy (8-10) complete cleaning 

and shaping of the root canal system can be a challenge (11-20). Studies by Peters (21) and 

Paque (22) found that a significant part of the root canal wall is actually left untouched by 

contemporary instrumentation techniques. These uninstrumented areas may shelter tissue 

debris, microbes, and their by-products (8-10) which may result in persistent periradicular 

inflammation (23, 24). In order to clean beyond what is touched by root canal 

instrumentation alone, irrigation of the entire root canal system with antimicrobial 

solutions (25) is necessary to kill bacteria, disrupt the formation of biofilms, and dissolve 

remaining tissue remnants (26).  

 

Syringe Irrigation  

Before the advent of passive ultrasonic irrigation (PUI), conventional irrigation 

with syringes has been advocated as an efficient method of irrigant delivery (27). This 

technique involves dispensing of an irrigant into a canal through needles or cannulas of 

variable gauges, either passively or with agitation. The latter is achieved by moving the 

needle up and down the canal space. Some of these needles are designed to dispense the 

irrigating solution through their most distal ends, whereas others are designed to deliver an 
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irrigant laterally through closed-ended, side-vented channels (28). The use of side-vented 

needles was proposed to improve the hydrodynamic activation of an irrigant and reduce 

the chance of apical extrusion (29).  

One disadvantage of conventional hand-held syringe needle irrigation is that the 

mechanical flushing action is relatively weak, making thorough canal debridement difficult 

(30-32). Another disadvantage of using conventional syringe needle irrigation is that when 

used, the irrigating solution is only delivered 1 mm deeper than the tip of the needle (33). 

This is disturbing because the needle tip is often located in the coronal third of a narrow 

canal or, at best, the middle third of a wide canal (34). The penetration depth of the 

irrigating solution and its ability to disinfect dentinal tubules are therefore limited and has 

been challenged (35-37).  

Several studies (38-42) have shown that PUI is more effective than conventional 

syringe needle irrigation in removing pulpal tissue remnants and dentin debris. This might 

be due to the much higher velocity and volume of irrigant flow that are created in the canal 

during ultrasonic irrigation (43). It has been shown that large amounts of dentin debris 

remain in canal irregularities and oval-shaped canals after syringe irrigation (24, 31, 39, 

44). During ultrasonic irrigation, oscillation of the file adjacent to canal irregularities might 

also have removed more debris from these hard-to-reach locations (43, 45). Several studies 

(46-52) have shown that when irrigating with a syringe, debridement properties of the 

solutions were adequate in the coronal two thirds of the canals but were less effective in 

the apical third (46).  

Factors that have been shown to improve the efficacy of syringe needle irrigation 
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include closer proximity of the irrigation needle to the apex (34, 48, 53), larger irrigation 

volume (54), and smaller-gauge irrigation needles (34). Smaller-gauge needles/cannulas 

might be chosen to achieve deeper and more efficient irrigant replacement and debridement 

(27, 34, 53). However, the closer the needle tip is positioned to the apical tissue, the greater 

is the chance of apical extrusion of the irrigant (33, 34). Slow irrigant delivery in 

combination with continuous hand movement will minimize NaOCl accidents. With 

careful use, the benefits of deep intracanal irrigation should outweigh its risks (55). 

Moreover, irrigant flow rate and the exchange of irrigant should also be considered as 

factors directly influencing fluid flow beyond the needle or cannula (56). However, it is 

difficult to standardize and control the fluid flow rate during syringe needle irrigation (56). 

Thus, it would be advantageous to develop new application systems that increase dentin 

tubular penetration depths. This ensures more thorough debridement of the prepared canals, 

while minimizing apical extrusion to eliminate the cytotoxic effects of canal irrigants such 

as NaOCl on the periapical tissues (57, 58). To achieve these goals, the use of ultrasonic 

irrigation systems is recommended (59, 60). Several studies have demonstrated enhanced 

root canal cleanliness as well as improved removal of the smear layer when using ultrasonic 

irrigation systems compared to conventional needle irrigation techniques (20, 38, 40, 44, 

61-65). 

 

Ultrasonic Irrigation  

In 1957, Richman was the first to report the use of ultrasonics in endodontic 

treatment (66). Twenty-one years later, in 1976, Howard Martin et al discovered that the 
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use of ultrasonically activated K-files could cut dentin and found that this application was 

useful in the preparation of root canals before obturation (67-69).  Martin and Cunningham 

later coined the term “endosonics” which described the use of an ultrasonic and synergistic 

system of root canal instrumentation and disinfection (70). These ultrasonic devices were 

driven by magnetostriction or piezoelectricity, resulting in oscillation (25-40 kHz) of the 

inserted file which initiates acoustic microstreaming in the irrigation fluid (71).  Initially, 

it was thought that ultrasonics allowed root canal preparation along with activated 

irrigation (70). However, it was shown that this dual use of ultrasonics resulted in 

unsatisfying preparation quality along with frequent zipping and straightening (72-84), and 

so it was recommended that acoustic streaming be the main mode of action of ultrasonics 

(85-90).  

Ultrasonic energy works by producing multiple nodes and antinodes along the 

entire length of a vibrating tip. This mechanism of action serves to decrease the back and 

forth movement of the tip when a portion of the instrument, even if pre-curved, contacts 

dentin (91). There are two types of ultrasonic irrigation methods that have been described 

in the literature: one in which irrigation is combined with simultaneous ultrasonic 

instrumentation (UI) and another without simultaneous instrumentation, referred to as PUI 

(90, 92, 93). UI is described as intentionally bringing the file into contact with the root 

canal wall. This method has been shown to be less effective in removing pulp tissue and 

smear layer from the root canal wall compared to PUI (90, 93) due to a reduction in acoustic 

streaming and cavitation (90). Another disadvantage of UI is uncontrolled cutting of the 

root canal wall without effective cleaning. This is attributed to the fact that root canal 
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anatomy is complex (94) making it unlikely that an instrument will come in contact with 

the entire root canal wall (95).   

During PUI, the root canal system is filled with an irrigating solution and the 

ultrasonically oscillating file is placed into the canal to activate the solution. This is done 

after the root canal has been cleaned and shaped so that the ultrasonic file can move freely 

allowing the solution to penetrate easier into the apical portion of the root canal (92, 96, 

97) resulting in more effective disinfection (74, 89, 90, 98-100). The cleaning ability of 

PUI involves the adequate removal of dentin debris, microorganisms and organic tissue 

from the root canal system (92). It also allows for active streaming of the irrigating solution 

to contact a greater surface area of the canal wall resulting in enhanced disinfection (20, 

70, 89, 92, 100-102).  

Weller et al. first described the term PUI (93). The term “passive” was initially used 

to describe the “noncutting” action of the ultrasonically activated file. This term, “passive”, 

however, does not accurately describe the actual process because it is in fact an active 

process (92). Even though contact between the ultrasonic file and the root canal wall is not 

currently recommended during ultrasonic activation, unintentional contact may occur due 

to the complex anatomy of the root canal system (103). This unintentional contact of the 

file to the root canal wall can dampen the file motion and reduce its cleaning efficacy (87, 

90) and may lead to uncontrolled removal of dentin (104) and result in the formation of a 

ledge or perforation (105, 106, 107).  

In 2013, Boutsioukis et al conducted a study to measure the visualization of file-to-

wall contact during ultrasonically activated irrigation in simulated canals. In this study, 
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they found that not one of the thirty participants were able to avoid file-to-wall contact 

during 20 seconds of ultrasonic activation. Wall contact of the file during ultrasonic 

activation of irrigating solutions occurred in all cases studied (105). The authors concluded 

that although file-to-wall contact may be unintentional (108), its occurrence renders the 

term “Passive Ultrasonic Irrigation” incorrect. Passive implies no contact with the canal 

wall and their study found that file-to-wall contact was unavoidable. Therefore, the 

author’s proposed that the term “PUI” be substituted with “Ultrasonically Activated 

Irrigation (UAI)” to more appropriately describe this method of irrigant activation (105).  

 

A Novel Ultrasonic Irrigation Device  

Many ultrasonic products are available on the market with their manufacturers 

advertising that their products do not remove dentin or tooth structure (109, 110). In 2014 

Vista™ Dental Products introduced EndoUltra™, the world’s first cordless, compact, battery 

operated piezo ultrasonic activation device.  Oscillating at a frequency of 40 kHz (40,000 

cycles/second) and utilizing a 15/02 or 25/04 nickel-titanium (NiTi) tip, the developers of 

the EndoUltra™ claim that their activator tips resonate down the entire length of the tip and 

will not engage or remove tooth structure (110).  

 

Purpose of Study 

The purpose of this study was to investigate the claim that the EndoUltra™ would 

not engage or remove tooth structure. This was done by quantitatively evaluating the 

amount of dentin removed following UAI with the EndoUltra™. We chose to compare the 
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EndoUltra™ to a Satelec® ultrasonic device, commonly used in our postgraduate clinic. To 

our knowledge, no prior studies have been reported using a micro-Computed Tomography 

(micro-CT) device to assess the amount of dentin removed following UAI comparing these 

two files. The null hypothesis were:  

(1) The EndoUltra™, utilizing NiTi activator tips, would not remove tooth structure, as 

advertised by the manufacturer.  

(2) There is no significant difference in the total volume of dentin removed when the 

EndoUltra™ device is compared to the Satelec® device.  

 

Materials and Methods  

Specimen Selection 

The study was submitted and accepted (Pro00045023) by the Institutional Review 

Board (IRB) as well as approved by the ethics committee of the institution. A total of thirty 

extracted human de-identified permanent single-rooted mandibular premolars with straight 

root canals were selected for use in this study. The teeth were collected from the Medical 

University of South Carolina College of Dental Medicine pre-clinical laboratory, cleaned, 

sterilized and stored in a glass jar with Listerine® (Johnson & Johnson Consumer Inc, New 

Brunswick, NJ). The teeth were then selected from the glass jar and isolated into individual 

plastic containers containing sterile saline and assigned a number 1 through 30.  
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Randomization of Specimens  

To control for bias, a 2-sided coin was flipped with the group assigned “heads” = 

Group A and “tails” = Group B. The specimens were consecutively divided until 15 

specimens were assigned to a single group (n = 15), with the remainder completing the 

other group. To recap:  

Group A – Satelec® with 20/02 NSK Varios SS U-file  

Group B – EndoUltra™ with 15/02 NiTi tip 

 

Access and Patency 

A single operator performed all access cavities the same way on a bench top. 

Conventional access cavities were prepared using a #4 round carbide bur (Henry Schein, 

Melville, NY) and refined with an Endo-Z bur (Brasseler, Savannah, GA) using a high-

speed hand piece with water. A dental operating microscope (Seiler Precision Microscope, 

St. Louis, MO) at a magnification of 12.5X was used to assist in locating canals. Patency 

was confirmed when a #8 stainless steel (SS) K-file (Henry Schein, Melville, NY) was 

visualized with the microscope exiting the apex.  

 

Specimen Standardization & Working Length Determination   

Using the microscope, the canal length was determined by placing a #10 SS K-file 

(Henry Schein, Melville, NY) into the canal until the tip of the file was flush with the root 

surface at the apical foramen. Specimens were decoronated to a standard length of 19.0 

mm by removing excess crown structure with a 0816 diamond bur (Brasseler, Savannah, 
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GA) perpendicularly to the tooth axis and creating a flat reference point on the crown. The 

working length (WL) was determined by subtracting 1.0 mm from the standardized length 

of 19.0 mm, making the WL 18.0 mm.  

 

Canal Instrumentation  

A single operator instrumented all specimens the same way on bench top. Files 

were lubricated prior to insertion with ProLube® root canal conditioner (DENTSPLY Tulsa 

Dental Tulsa, OK) and passively enlarged using a watch-winding technique and alternating 

#8, 10, and 15 SS K-files (Henry Schein, Melville, NY) until the working length of 18.0 

mm was reached. An Aseptico DTC AEU-25 torque controlled motor and a contra angle 

rotary hand piece with 8:1 reduction (DENTSPLY Tulsa Dental Specialties) was used for 

rotary instrumentation.  The motor was set at 500 rpm and 300 g-cm torque. Coronal flaring 

was performed using 25/08 and 40/10 NiTi orifice shapers (Brasseler, Savannah, GA). 

Teeth were then instrumented in a crown-down manner to a size 35/04 taper using 

EndoSequence rotary files (DENTSPLY Tulsa Dental, Tulsa, OK). Throughout 

instrumentation, ProLube® was used as a lubricant and placed on hand and rotary files prior 

to their entry into the canal.  Using a 30-gauge needle, all canals were irrigated with 6% 

NaOCl (Chlor-XTRA™ Vista Dental Products) to facilitate the removal of organic debris. 

Apical patency was maintained throughout instrumentation by reintroducing a #10 SS K-

file into the canal after the use of each rotary.   
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When instrumentation was complete, all canals were flushed with 3 mL of sterile 

saline using a 30-gauge needle to remove any remaining debris.  Specimens were returned 

to their individual compartment trays in preparation for micro-CT scanning (Scan 1).   

 

Pre-Ultrasonically Activated Irrigation (Scan 1)  

Following instrumentation, but prior to ultrasonic activation (Scan 1), each 

specimen was scanned using a micro-CT device (μCT 40; Scanco Medical AG, 

Brüttisellen, Switzerland) at 16 μm resolution (70 kVp, 114 μA, 8W).    

 

Micro-Computed Tomography Scanning  

The specimens were mounted in a 15 mm diameter sized tubes, each holding 3 

specimens. The specimens were secured within the tube using packing foam to prevent any 

movement while being scanned. A small piece of foam was also placed between each 

specimen to prevent overlapping of the specimens in the Z-plane and to reduce noise. A 

diagram similar to Figure 1 was recorded in a log book to indicate how the specimens were 

stacked within the tube to ensure correct sample identification. Specimens were submersed 

in saline within the tube to prevent dehydration as well as allow for density calibration. 

The top of the tube was sealed with Parafilm® M (Bemis Company, Inc., Neenah, WI) to 

prevent evaporation of saline during scanning (Figure 1).  A low resolution two-

dimensional radiograph, referred to as a scout view, was taken prior to the three-

dimensional micro-CT scan to ensure correct placement of the specimens within the tube. 

The scout view also allowed the ability to individually identify the specimens within the 
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tube by labeling them (Figure 2). If the specimens were positioned correctly on the scout 

view then the micro-CT scan was performed. To achieve a 16 μm voxel size, samples were 

placed in a 15 mm diameter tube which held up to 3 specimens at one time. Each specimen 

took 57 minutes to scan, therefore to scan the entire 15 mm tube with 3 specimens, took 

171 minutes.  After the specimens were scanned, each sample was carefully placed back 

into their individual compartment trays containing sterile saline.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Specimens mounted in tube secured with packing foam (represented by black 
space around the specimens). A small piece of foam (represented by the yellow oval) was 
placed between each specimen to prevent overlapping. Saline was placed in the tube and 
the top was sealed with Parafilm® M (represented by the gray cover on top of the tube) 
to prevent evaporation of the saline during scanning.   
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Figure 2. A scout view of the specimens was taken prior to the three-dimensional micro-
CT scan to ensure correct placement within the tube.  
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Figure 3. A 33 mm size 20/02 taper SS NSK Varios U file secured to an NSK 
Varios E12 95 degree angle holder.  

 

 

Group A  

Following the pre-UAI (Scan 1), all specimens had a final rinse using the following 

irrigation sequence: 2 mL of 6% NaOCl (Chlor-XTRA™ Vista Dental Products, Racine, 

WI) delivered 3 times over a 20 s period, 2 mL of 17% EDTA (Vista Dental Products, 

Racine, WI) delivered 3 times over a 20 s period, 2 mL of 2% CHX (CHX-Plus™ Vista 

Dental Products, Racine, WI) delivered 1 time over a 20 s period, rinsing with 3 mL of 

sterile saline between each solution.  Ultrasonic activation of irrigating solutions described 

in the final rinse protocol previously mentioned was performed in Group A using a 33 mm 

size 20/02 taper SS NSK Varios U file (NSK America Corp, Schaumburg, IL, USA) 

secured to a NSK Varios E12 95 degree angle holder (NSK America Corp, Schaumburg, 

IL, USA) (Figure 3) that was then attached to the Satelec® Aceton® P5 Newtron® XS LED 
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ultrasonic unit (Satelec Aceton Group, Merignac, France) and operated at a power setting 

of 10 in accordance with the manufacturer’s recommendations (111). A rubber stop was 

used to indicate insertion depth of the file and placed 3 mm short of the WL, at a length of 

15 mm. The file was held steady, as close to the longitudinal axis of the root canal as 

possible. A new file was used after every 4 root canals.  

 

                                      

           

 

 

   

 

 Figure 4. A 21 mm size 15/02 taper EndoUltra™ NiTi activator tip.  

 

Group B  

The same final rinse protocol described in Group A was performed in Group B, 

however UAI was performed in Group B using a 21 mm size 15/02 taper NiTi activator tip 

(Figure 4) attached to the EndoUltra™ ultrasonic device operating at a frequency of 40,000 

Hz. A rubber stop was used to indicate insertion depth of the activator tip and placed at the 

same distance previously described in Group A, at 15 mm. The NiTi activator tips were 

replaced after every 20 canals in accordance with the manufacturer’s recommendations 

(112).                                    
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Post-Ultrasonically Activated Irrigation (Scan 2)  

All specimens were scanned again following ultrasonic activation, post-

ultrasonically activated irrigation or post-UAI (Scan 2) using the same protocol as 

described previously.   

 

Micro-Computed Tomography Analysis  

All scans were evaluated using the μCT Scanco Evaluation software V6.1-2 

(Scanco Medical AG, Brüttisellen, Switzerland). Specifically, the canal space was 

manually contoured for each individual premolar for both pre- and post- UAI scans. 

Segmentation values were set equally for all specimens, which allowed accurate 

delineation of any residual soft tissue from dentin. Canal volumes from preliminary scans 

were subsequently subtracted from post-UAI scans to determine volumetric changes in 

dentin (Figure 5).  
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Figure 5. Representation of pre- and post-UAI micro-CT analysis of the canal space. 
The change (Δ) in canal space volume from post- and pre-scans was representative of 
dentin removal.  
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Results  

The present study sought to determine the validity of the manufacturer’s claim that 

performing ultrasonic irrigation with the EndoUltra™ NiTi activator tips would not engage 

or remove tooth structure. Contrary to the manufacturer’s claim, post- UAI scans 

demonstrated lower dentin volumes compared to pre-UAI scans, rejecting the first null 

hypothesis.  

To determine the translational relevance of the EndoUltra™, we chose to compare 

the amount of dentin removed to the Satelec®. A statistically significant difference (P < 

.01) in the amount of dentin removed, based on volumetric changes in dentin from pre- and 

post-UAI scans, was observed in Group A (Satelec®  with a 20/02 SS U file) compared to 

Group B (EndoUltra™ 15/02 NiTi tip), rejecting the second null hypothesis.   

An overview of the results is depicted in Table 1 and Figures 6 & 7. The results 

(Table 1) revealed that 68% (0.74/0.44) more dentin was removed in Group A (Satelec® 

with a 20/02 SS U file) compared with Group B (EndoUltra™ 15/02 NiTi tip). 

A nonparametric Wilcoxon signed-rank test with the level of significance set at   P 

< .05 (95% CI) was performed rather than a paired Student’s t-test as a result of non-

normally distributed data. A post-hoc power analysis revealed that based on our results in 

Table 1, we were sufficiently powered (> 99%) with an n =15 per group and a α level of 

0.05.  
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Table 1. The change in volume from post- and pre-UAI µCT scans. Data 
expressed as mean ± SEM. 

 

 

 Pre-UAI   Post-UAI  Δ = Dentin  
      

Group Canal Volume 
(mm³)   Canal Volume 

(mm³)   
Removed 

 (mm³) 

A (20/02 SS)  29.5 ± 2.1  30.6 ± 2.0   0.74 ± 0.07 

 B (15/02 NiTi)  34.8 ± 1.5   33.4 ± 1.5    0.44 ± 0.07 

0
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Group A (20/02 SS) Group B (15/02 NiTi)

* 

Figure 6. micro-CT scans showed greater change in canal volume in Group A (20/02 
SS) compared to Group B (15/02 NiTi), indicating a greater amount of dentin was 
removed. * denotes P < .05 
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Figure 7. Three-dimensional representations of pre- and post-UAI micro-CT 
scans showing increased volume of canal space indicating dentin removal.  
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Discussion & Conclusions   

In summary, both types of ultrasonic files used in this study removed dentin after 

ultrasonic activation. Although minimal, the EndoUltra™ ultrasonic device utilizing the 

NiTi activator tips did remove tooth structure, contrary to the manufacturer’s claim.  

Although optimal standardization would entail using ultrasonic files of equivalent 

tip size and taper for both groups, the EndoUltra™ NiTi activator tips exist in only two 

sizes, 15/02 and 25/04. The 20/02 SS U file is the standard U file used when performing 

ultrasonic irrigation at the Medical University of South Carolina Postgraduate Endodontics 

Clinic and thus was readily available and of interest to the author. Given the size and taper 

of this SS U file, the EndoUltra™ 15/02 activator tip was the closer comparison of the two 

choices.  

A micro-CT scan of the specimens prior to instrumentation (pre-instrumentation 

scan) was not performed in this study. The sensitivity of the micro-CT operating at a tube 

voltage of 70 kVp and tube current of 114 µA has sufficient resolution to distinguish 

between bone and soft tissue or debris, independent of a pre-instrumentation scan (Figure 

8). Therefore we do not believe our measurements were significantly affected.  
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Figure 8. The sensitivity of the micro-CT will allow us to segment out any 
residual soft tissue or debris left over after instrumentation. Given the sensitivity 
and well-defined dentin layer, accounting for soft tissue or debris from pre- to 
post- scans is feasible independent of a pre- instrumentation scan.  
 

 

We used thirty single, straight-rooted mandibular premolars in this study, assuming 

that they all have similar initial canal volume. Although there is a chance that one group 

would have a larger initial average canal volume, the randomization should nullify this 

potential confounder. However, the authors acknowledge that randomization following 

instrumentation would more strongly counter any chance for bias, as opposed to 

randomizing them prior.  

One could question if the measured amounts of dentin removed in this study 

translate to a clinical setting. This study was conducted under optimal visibility and access, 

which can be considered as a “best-case scenario” (113). Orientation of the files and their 

depth within the canals were ideal and carefully controlled. However, this is not always 

possible in a clinical setting. We believe our measurements are the minimum amount of 
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dentin removed using these devices and that there could be more dentin removed in a 

clinical setting.  

The results of this study, as well as the results from a recent study conducted by 

Boutsioukis et al, both disproved manufacturer’s claims and showed that dentin was 

removed after performing ultrasonic irrigation (113). Therefore, it is noteworthy to mention 

that ultrasonic activation should not be regarded as a “passive” procedure because in fact, 

dentin is removed when specimens are evaluated using a micro-CT (113). 

The manufacturers of the EndoUltra™ claim that their NiTi activator tips possess 

“noncutting” edges and a blunt tip designed specifically to prevent damage to dentin when 

performing ultrasonic irrigation (110). The results of this study showed that although the 

removal of dentin was slight, the EndoUltra™ 15/02 NiTi activator tip did remove dentin, 

contrary to the manufacturer’s claims (110).  

This research could be expanded by measuring the difference in dentin removed 

using the EndoUltra™ 25/04 NiTi tip compared to its’ smaller 15/02 NiTi tip. Another study 

could measure the difference in dentin removed comparing the EndoUltra™ 25/04 NiTi tip 

and a 20/02 or 25/02 SS U file. All of these studies could be replicated in both straight and 

curved root canals.  

Another interesting study would be to compare an IrriSafe™ file versus an 

EndoUltra™ activator tip. Both manufacturers (109, 110) claimed their products did not 

remove tooth structure or damage root canal walls. Our study showed that the EndoUltra™ 

in fact does remove dentin and a study by Boutsioukis et al showed that the IrriSafe™ file 



23 
 

also removed dentin (113). Future research is needed to determine if the difference in 

dentin removed by these files is clinically relevant.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 
 

List of References  

 

1. Gu L, Kim JR, Ling J, Choi KK, Pashley DH, Tay FR. Review of Contemporary 

Irrigant Agitation Techniques and Devices. J Endod 2009;35:791-804. 

2. Siqueira JF Jr, Rôças IN. Clinical implications and microbiology of bacterial 

persistence after treatment procedures. J Endod 2008;34:1291–301. 

3. Wong R. Conventional endodontic failure and retreatment. Dent Clin North Am 

2004;48:265–89. 

4. Basmadjian-Charles CL, Farge P, Bourgeois DM, Lebrun T. Factors influencing 

the long-term results of endodontic treatment: a review of the literature. Int Dent J 

2002;52:81–6. 

5. Sjögren U, Hagglund B, Sundqvist G, Wing K. Factors affecting the long-term 

results of endodontic treatment. J Endod 1990;16:498–504.  

6. European Society of Endodontology. Consensus report of the European Society of 

Endodontology on quality guidelines for endodontic treatment. Int Endod J 

1994;27:115–124. 

7. Peters OA, Koka RS. Preparation of coronal and radicular spaces. J.I. Ingle, L.K. 

Bakland, J.C. Baumgartner (Eds.), Endodontics (6th ed), Canada: BC Decker Inc, 

Hamilton 2008:877–991. 

8. Hess W. The anatomy of the root-canals of the teeth of the permanent dentition: 

part I. William Wood & Co, New York 1925:1–47. 



25 
 

9. Skidmore AE, Bjorndal AM. Root canal morphology of the human mandibular 

first molar. Oral Surg Oral Med Oral Pathol 1971;32:778–784. 

10. Vertucci FJ. Root canal anatomy of the human permanent teeth. Oral Surg Oral 

Med Oral Pathol 1984;58:589–599. 

11. Gutarts R, Nusstein J, Reader A, Beck M. In vivo debridement efficacy of 

ultrasonic irrigation following hand-rotary instrumentation in human mandibular 

molars. J Endod 2005;31:166–170. 

12. Svec TA, Harrison JW. Chemomechanical removal of pulpal and dentinal debris 

with sodium hypochlorite and hydrogen peroxide vs normal saline solution. J 

Endod 1977;3:49–53. 

13. Walton RE. Histologic evaluation of different methods of enlarging the pulp canal 

space. J Endod 1976;2:304–311. 

14. Haga CS. Microscopic measurements of root canal preparations following 

instrumentation. J Br Endod Soc 1968;2:41–46. 

15. Gutierrez JH, Garcia J. Microscopic and macroscopic investigation on results of 

mechanical preparation of root canals. Oral Surg Oral Med Oral Pathol 

1968;25:108–116. 

16. Shuping GB, Østravik D, Sigurdsson A, Trope M. Reduction of intracanal 

bacteria using nickel-titanium rotary instrumentation and various medications. J 

Endod 2000;26:751–755. 

17. Card SJ, Sigurdsson A, Østravik D, Trope M. The effectiveness of increased 

apical enlargement in reducing intracanal bacteria. J Endod 2002;28:779–783. 



26 
 

18. Fariniuk LF, Baratto-Filho F, da Cruz-Filho AM, de Sousa-Neto MD. Histologic 

analysis of the cleaning capacity of mechanical endodontic instruments activated 

by the ENDOflash system. J Endod 2003;29:651–653. 

19. Ferreira RB, Alfredo E, Porto de Arruda M, Silva Sousa YT, Sousa-Neto MD. 

Histological analysis of the cleaning capacity of nickel-titanium rotary 

instrumentation with ultrasonic irrigation in root canals. Aust Endod J 

2004;30:56–58. 

20. Cunningham WT, Martin H. A scanning electron microscope evaluation of root 

canal debridement with the endosonic ultrasonic synergistic system. Oral Surg 

Oral Med Oral Pathol 1982;53:527–531. 

21. Peters OA, Schonenberger K, Laib A. Effects of four Ni-Ti preparation 

techniques on root canal geometry assessed by micro computed tomography. Int 

Endod J 2001;34:221-30.  

22. Paque F, Balmer M, Attin T, Peters OA.  Preparation of oval-shaped root canals 

in mandibular molars using nickel-titanium rotary instruments: a micro-computed 

tomography study. J Endod 2010;36:703-7.  

23. Naidorf IJ. Clinical microbiology in endodontics. Dent Clin North Am 

1974;18:329-44.  

24. Wu MK, de Schwartz FB, van der Sluis LW, Wesselink PR. The quality of root 

fillings remaining in mandibular incisors after root-end cavity preparation. Int 

Endod J 2001;34:613-9.  



27 
 

25. Haapasalo M, Shen Y, Qian W, Gao Y. Irrigation in endodontics. Dent Clin North 

Am 2010;54:291-312. 

26. Gulabivala K, Patel B, Evans G, Ng YL. Effects of mechanical and chemical 

procedures on root canal surfaces. Endod Topics 2005;10:103-22.  

27. van der Sluis LW, Gambarini G, Wu MK, Wesselink PR. The influence of 

volume, type of irrigant and flushing method on removing artificially placed 

dentine debris from the apical root canal during passive ultrasonic irrigation. Int 

Endod J 2006;39: 472–6. 

28. Kahn FH, Rosenberg PA, Gliksberg J. An in vitro evaluation of the irrigating 

characteristics of ultrasonic and subsonic handpieces and irrigating needles and 

probes. J Endod 1995;21:277–80.  

29. Hauser V, Braun A, Frentzen M. Penetration depth of a dye marker into dentine 

using a novel hydrodynamic system (RinsEndo). Int Endod J 2007;40:644–52.  

30. Nair PN, Henry S, Cano V, Vera J. Microbial status of apical root canal system of 

human mandibular first molars with primary apical periodontitis after ‘‘one-visit’’ 

endodontic treatment. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2005; 

99:231–52.  

31. Wu MK, Wesselink PR. A primary observation on the preparation and obturation 

in oval canals. Int Endod J 2001;34:137–41.  

32. Wu MK, Dummer PM, Wesselink PR. Consequences of and strategies to deal 

with residual post-treatment root canal infection. Int Endod J 2006;39:343–56.  

33. Ram Z. Effectiveness of root canal irrigation. Oral Surg Oral Med Oral Pathol 



28 
 

1977; 44:306–12.  

34. Chow TW. Mechanical effectiveness of root canal irrigation. J Endod 

1983;9:475–9.  

35. Cheung GS, Stock CJ. In vitro cleaning ability of root canal irrigants with and 

without endosonics. Int Endod J 1993;26:334–43.  

36. Heard F, Walton RE. Scanning electron microscope study comparing four root 

canal preparation techniques in small curved canals. Int Endod J 1997;30:323–31.  

37. Langeland K, Liao K, Pascon EA. Work-saving devices in endodontics: efficacy 

of sonic and ultrasonic techniques. J Endod 1985;11:499–510.  

38. Sabins RA, Johnson JD, Hellstein JW. A comparison of the cleaning efficacy of 

short-term sonic and ultrasonic passive irrigation after hand instrumentation in 

molar root canals. J Endod 2003;29:674–8.   

39. Goodman A, Reader A, Beck M, Melfi R, Meyers W. An in vitro comparison of 

the efficacy of the step-back technique versus a step-back/ultrasonic technique in 

human mandibular molars. J Endod 1985;11:249–56.  

40. Cameron JA. The synergistic relationship between ultrasound and sodium 

hypochlorite: a scanning electron microscope evaluation. J Endod 1987;13:541–5. 

41. Metzler RS, Montgomery S. Effectiveness of ultrasonics and calcium hydroxide 

for the debridement of human mandibular molars. J Endod 1989;15:373–8.  

42. Lee SJ, Wu MK, Wesselink PR. The efficacy of ultrasonic irrigation to remove 

artificially placed dentine debris from different-sized simulated plastic root 



29 
 

canals. Int Endod J 2004;37:607–12.   

43. Lee SJ, Wu MK, Wesselink PR. The effectiveness of syringe irrigation and 

ultrasonics to remove debris from simulated irregularities within prepared root 

canal walls. Int Endod J 2004;37:672–8. 

44. Cunningham WT, Martin H, Forrest WR. Evaluation of root canal debridement by 

the endosonic ultrasonic synergistic system. Oral Surg Oral Med Oral Pathol 

1982; 53:401–4.   

45. Lumley PJ, Walmsley AD, Walton RE, Rippin JW. Cleaning of oval canals using 

ultrasonic or sonic instrumentation. J Endod 1993;19:453–7.  

46. O’Connell MS, Morgan LA, Beeler WJ, Baumgartner JC. A comparative study of 

smear layer removal using different salts of EDTA. J Endod 2000;26:739–43.  

47. Yamada RS, Armas A, Goldman M, Lin PS. A scanning electron microscopic 

compar- ison of a high volume final flush with several irrigating solutions: part 3. 

J Endod 1983;9:137–42.  

48. Goldman M, Kronman JH, Goldman LB, Clausen H, Grady J. New method of 

irrigation during endodontic treatment. J Endod 1976;2:257–60.  

49. Grossman LI. Irrigation of root canals. J Am Dent Assoc 1943;30:1915–7.  

50. Wu MK, Wesselink PR. Efficacy of three techniques in cleaning the apical 

portion of curved root canals. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 

1995;79: 492–6.  

51. Falk KW, Sedgley CM. The influence of preparation size on the mechanical 



30 
 

efficacy of root canal irrigation in vitro. J Endod 2005;31:742–5.  

52. Lertchirakarn V, Palamara JE, Messer HH. Patterns of vertical root fracture: 

factors affecting stress distribution in the root canal. J Endod 2003;29:523–8.  

53. Sedgley CM, Nagel AC, Hall D, Applegate B. Influence of irrigant needle depth 

in removing bioluminescent bacteria inoculated into instrumented root canals 

using real-time imaging in vitro. Int Endod J 2005;38:97–104.  

54. Sedgley C, Applegate B, Nagel A, Hall D. Real-time imaging and quantification 

of bioluminescent acteria in root canals in vitro. J Endod 2004;30:893–8.  

55. Abou-Rass M, Piccinino MV. The effectiveness of four clinical irrigation 

methods on the removal of root canal debris. Oral Surg Oral Med Oral Pathol 

1982;54: 323–8.  

56. Boutsioukis C, Lambrianidis T, Kastrinakis E, Bekiaroglou P. Measurement of 

pressure and flow rates during irrigation of a root canal ex vivo with three 

endodontic needles. Int Endod J 2007;40:504–13.  

57. Bradford CE, Eleazer PD, Downs KE, Scheetz JP. Apical pressures developed by 

needles for canal irrigation. J Endod 2002;28:333–5.  

58. Serper A, Ozbek M, Calt S. Accidental sodium hypochlorite-induced skin injury 

during endodontic treatment. J Endod 2004;30:180–1.  

59. Alacam T. Scanning electron microscope study comparing the efficacy of 

endodontic irrigating systems. Int Endod J 1987;20:287–94.  

60. Cameron JA. Factors affecting the clinical efficiency of ultrasonic endodontics: a 



31 
 

scanning electron microscopy study. Int Endod J 1995;28:47–53.  

61. Cameron JA. The use of ultrasonics in the removal of the smear layer: a scanning 

electron microscope study. J Endod 1983;9:289-292.  

62. Cameron JA. The use of ultrasound in the cleaning of root canals: a clinical 

report. J Endod 1982;8:472-474.  

63. Reynolds MA, Madison S, Walton RE, Krell KV, Rittman BR. An in vivo 

histological comparison of the stepback, sonic, and ultrasonic techniques in small, 

curved root canals. J Endod 1987: 13: 307-314.  

64. Druttman AC, Stock CJ. An in vitro comparison of ultrasonic and conventional 

methods of irrigant replacement. Int Endod J 1989:22:174-178.  

65. Walker TL, DelRio CE. Histological evaluation of ultrasonic and sonic 

instrumentation of curved root canals. J Endod 1998:15:49-59.    

66. Richman MJ. The use of ultrasonics in root canal therapy and root resection. J 

Dent Med 1957:12:12-18.  

67. Martin H. Ultrasonic disinfection of the root canal. Oral Surg Oral Med Oral 

Pathol 1976;42:92-9. 

68. Martin H, Cunningham WT, Norris JP, Cotton WR. Ultrasonic versus hand filing 

of dentin: a quantitative study. Oral Surg Oral Med Oral Pathol 1980;49:79–81. 

69. Hülsmann M, Peters OA, Dummer PMH. Mechanical preparation of root canals: 

shaping goals, techniques and means. Endod Topics 2005;10;30–76. 

70. Martin H, Cunningham WT. Endosonics – the ultrasonic synergistic system of 

endodontics. Endod Dent Traumatol 1985:1:201-206. 



32 
 

71. Stock CJ. Current status of the use of ultrasound in endodontics. Int Dent J 

1991:41:175-182. 

72. Kielt LW, Montgomery S. The effect of endosonic instrumentation in simulated 

curved root canals. J Endod 1987;13:215-219.  

73. Hülsmann M, Stryga F. Comparison of root canal preparation using different 

automated devices and hand instrumentation. J Endod 1993;19:141-145.  

74. Ahmad M, Pitt Ford TR, Crum LA. Ultrasonic debridement of root canals: an 

insight into the mechanisms involved. J Endod 1987b;13:93-101.  

75. Luiten DJ, Morgan LA, Baumgartner JC, Marshall JG. A comparison of four 

instrumentation techniques on apical canal transportation. J Endod 1995:21:26-32.  

76. Lim KC, Webber J. The effect of root canal preparation on the shape of the 

curved root canal. Int Endod J 1985;18:233-239.  

77. Stamos DG, Haasch GC, Chenail B, Gerstein H. Endosonics: clinical impressions. 

J Endod 1985: 11:181-187.  

78. Pedicord D, ElDeeb M, Messer H. Hand versus ultrasonic instrumentation: its 

effect on canal shape and instrumentation time. J Endod 1986:12:375-381.  

79. Chenail BL, Teplitsky PE. Endosonics in curved root canals. Part II. J Endod 

1988:14:214-217.  

80. Goldman M, White RR, Moser CR, Tenca JI. A comparison of three methods of 

cleaning and shaping the root canal in vitro. J Endod 1988:14:7-12.  

81. Ahmad M, Pitt Ford TR. A comparison using macroradiography of canal shapes 

in teeth instrumented ultrasonically and by hand. J Endod 1989:15:339-344. 



33 
 

82. Yahya AS, ElDeeb ME. Effect of sonic versus ultrasonic instrumentation on canal 

preparation. J Endod 1989:15:235-239.  

83. Yamaguchi M, Matsumori M, Ishikawa H, Sakurai T, Nakamura H, Naitoh M, 

Shiojima M, Kikuchi A. The use of ultrasonic instruments in the cleansing and 

enlargement of the root canal. Oral Surg Oral Med Oral Pathol 1988:65:349-353.  

84. Fogarty TJ, Montgomery S. Effect of preflaring on canal transportation. Effect of 

ultrasonic, sonic and conventional techniques. Oral Surg Oral Med Oral Pathol 

1991:72:345-350.  

85. Briseno BM, Sobarzo V, Devens S. The influence of different engine-driven, 

sound ultrasound systems and the Canal Master on root canal preparation: an in 

vitro study. Int Endod J 1993:26:190-197. 

86. Walmsley AD, Lumley PJ, Laird WR. The oscillatory pattern of sonically 

powered endodontic files. Int Endod J 1989:22:125-132.  

87. Walmsley AD, Williams AR. Effect of constraint on the oscillatory pattern of 

endosonic files. J Endod 1989;15:189-194. 

88. Walmsley AD. Ultrasound and root canal treatment: the need for scientific 

evaluation. Int Endod J 1987:20:105-111.  

89. Lumley PJ, Walmsley AD, Laird WR. Streaming patterns produced around 

endosonic files. Int Endod J 1991:24:290-297.  

90. Ahmad M, Pitt Ford TR, Crum LA. Ultrasonic debridement of root canals: 

acoustic streaming and its possible role. J Endod 1987a;13:490-9. 



34 
 

91. Guerisoli DM, Marchesan MA, Walmsley AD, Lumley PJ, Pecora JD. Evaluation 

of smear layer removal by EDTAC and sodium hypochlorite with ultrasonic 

agitation. Int Endod J 2002; 35(5):418-21. 

92. van der Sluis LWM, Versluis M, Wu MK, Wesselink PR. Passive ultrasonic 

irrigation of the root canal: a review of the literature. Int Endod J 2007;40:415-

426. 

93. Weller RN, Brady JM, Bernier WE. Efficacy of ultrasonic cleaning. J Endod 

1980;6:740-743. 

94. Peters OA. Current challenges and concepts in the preparation of root canal 

systems: a review. J Endod 2004;30559-567.  

95. Wu MK, van der Sluis LWM, Wesselink PR. The capability of two hand 

instrumentation techniques to remove the inner layer of dentine in oval canals. Int 

Endod J 2003;36:218-224.  

96. Krell KV, Johnson RJ, Madison S. Irrigation patterns during ultrasonic canal 

instrumentation. Part I: K-type files. J Endod 1988;14:65-8.  

97. Krell KV, Johnson RJ. Irrigation patterns of ultrasonic endodontic files. Part II. 

Diamond-coated files. J Endod 1988;14:535-7.  

98. Ahmad M, Pitt Ford TR, Crum LA, Walton AJ. Ultrasonic debridement of root 

canals: acoustic cavitation and its relevance. J Endod 1988;14:486-493.  

99. Ahmad M, Roy RA, Kamarudin AG. Observations of acoustic streaming fields 

around an oscillating ultrasonic file. Endod Dent Traumatol 1992;8:189-194.  



35 
 

100. Roy RA, Ahmad M, Crum LA. Physical mechanisms governing the 

hydrodynamic response of an oscillating ultrasonic file. Int Endod J 1994;27:197-

207.  

101. Stamos DE, Sadeghi EM, Haasch GC, Gerstein H. An in vitro comparison study 

to quantitate the debridement ability of hand, sonic, and ultrasonic 

instrumentation. J Endod 1987;13:434-40.  

102. Lussi A, Nussbacher U, Grosrey J. A novel noninstrumented technique for 

cleansing the root canal system. J Endod 1993;19:549-53.  

103. Vertucci F (2005) Root canal morphology and its relationship to endodontic 

procedures. Endod Topics 10, 3-29.  

104. Lea SC, Felver B, Landini G, Walmsley AD. Ultrasonic scaler oscillations and 

tooth- surface defects. J Dent Res 2009;88:229-34. 

105. Boutsioukis C, Verhaagen B, Walmsley AD, Versluis M, van der Sluis LWM. 

Measurement and visualization of file-to-wall contact during ultrasonically 

activated irrigation in simulated canals. Int Endod J 2013;46:1046-55. 

106. Mayer BE, Peters OA, Barbakow F. Effects of rotary instruments and ultrasonic 

irrigation on debris and smear layer scores: a scanning electron microscopic 

study. Int Endod J 2002;35:582-9.   

107. Sundqvist G, Figor D (1998) Endodontic treatment of apical periodontitis. In: 

Ørstavik, D, Pitt Ford, TR, eds. Essential Endodontology, 2nd edn, pp. 242-70. 

Oxford: Blackwell Science Ltd.   

108. Jensen SA, Walker TL, Hutter JW, Nicoll BK. Comparison of the cleaning 



36 
 

efficacy of  passive sonic activation and passive ultrasonic activation after hand 

instrumentation in molar root canals. J Endod 1999;25:735–8.   

109. Aceton-Satelec. Be Successful IrriSafe™ brochure. Available at: 

http://www.pure-newtron. com/IMG/pdf/irrisafe_brochure.pdf. Accessed March 

17, 2016.   

110. Vista-Dental. EndoUltra™ product features. Available at: 

http://www.endoultra.com/produ ct-features.html. Accessed January 5, 2015. 

111. NSK. Tip Book. The multi-function ultrasonic tips for all applications. Available 

at: https://www.avtecdental.com/uploads/TipBook.pdf. Accessed January 5, 2015. 

112. Vista-Dental. EndoUltra™ technique. Available at: 

http://www.endoultra.com/technique.html. Accessed January 5, 2015.  

113. Boutsioukis C, Tzimpoulas N. Uncontrolled Removal of Dentin during In Vitro 

Ultrasonic Irrigant Activation. J Endod 2016;42:289-293.   

 

 
 
 
 
 
 
 
 
 

 

https://www.avtecdental.com/uploads/TipBook.pdf
http://www.endoultra.com/technique.html

	A Micro-Computed Tomographic Assessment of Dentin Removal Following Ultrasonically Activated Irrigation Comparing Stainless Steel and Nickel-Titanium Tips
	Recommended Citation

	Ball Thesis Cover Page
	VBall, Thesis 2016, edit 17

