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Evaluation of the Effect of Ultrasonic and Sonic Activation  
Systems on Root Canal Filling Quality in Resin Primary Molars:  
in vitro Study 
Rezin Süt Molar Dişlerde Ultrasonik ve Sonik Aktivasyon Sistemlerinin 
Kök Kanal Dolgu Kalitesine Etkisinin Değerlendirilmesi: in vitro Çalışma 
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ABS TRACT Objective: The aim of this study is to evaluate the effect 
of different filling methods on canal filling quality in resin primary 
molar teeth prepared with two different preparation techniques. Mate-
rial and Methods: For the study, 60 maxillary primary second molar 
teeth obtained from resin block were used. Root canals were prepared 
using a manual #K-file (n=30) and a VDW Rotate™ System (n=30) 
rotary instrument. Each group was divided into 3 subgroups according 
to the filling technique used (n=10): Calci-Paste® syringe (control 
group); Calci-Paste® syringe and Uc-One® (ultrasonic activation); 
Calci-Paste® syringe and Eddy® (sonic activation). The quality of the 
canal filling (under filled, optimal filled, overfilled) and the pres-
ence/absence of voids were assessed using cone beam computed to-
mography. SPSS (Statistical Package for Social Science, IBM SPSS®, 
version 26, Chicago, USA) program was used for statistical analysis. 
Results: There was no significant difference between the different 
preparation and filling techniques in terms of filling volume and length, 
In the study, voids were detected in all three filling methods, but the 
highest void filling was found in the Calci-Paste® syringe +ultrasonic 
activation group (48%). The manual preparation and syringe group had 
the most optimally filled teeth but there was no significant difference 
between the groups (For preparation methods p=0.573; for filling meth-
ods p=0.976). Conclusion: In this study, it was found that sonic and ul-
trasonic systems did not improve the quality of root canal filling in resin 
primary molars and ultrasonic activation caused more voids. 
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ÖZET Amaç: Bu çalışmanın amacı, iki farklı preparasyon tekniği ile 
hazırlanan rezin süt molar dişlerde farklı dolum yöntemlerinin kanal 
dolum kalitesi üzerine etkisini değerlendirmektir. Gereç ve Yöntem-
ler: Çalışmada rezin bloktan elde edilmiş 60 adet maksiller süt 2. molar 
diş kullanıldı. Kök kanallarının preparasyonu manuel #K-tipi eğe 
(n=30) ve VDW Rotate™ System (n=30) döner alet kullanılarak ya-
pıldı. Her grup kullanılan dolum tekniğine göre 3 alt gruba ayrıldı 
(n=10): Calci-Paste® enjektör (kontrol grubu); Calci-Paste® enjektör ve 
Uc-One® (ultrasonik aktivasyon); Calci-Paste® enjektör ve Eddy® 
(sonik aktivasyon). Kanal dolumunun kalitesi (eksik dolum, optimal 
dolum, taşkın dolum) ve boşluk varlığı/yokluğu konik ışınlı bilgisayarlı 
tomografi kullanılarak değerlendirildi. İstatistiksel analiz için SPSS 
(Statistical Package for Social Science, IBM SPSS®, version 26, Chi-
cago, ABD) programı kullanıldı. Bulgular: Farklı preparasyon ve 
dolum teknikleri arasında dolum hacmi ve uzunluğu açısından anlamlı 
bir fark bulunmamıştır (p>0,05). Bu çalışmada, her üç dolum yönte-
minde boşluk saptandı ancak en fazla boşluklu dolum Calci-Paste®en-
jektör+ultrasonik aktivasyon (%48) grubunda bulundu. Manuel 
preparasyon ve enjektör grubu en optimal doluma sahipti ancak grup-
lar arasında anlamlı bir fark bulunmadı (preparasyon yöntemleri için 
p=0,573; dolgu yöntemleri için p=0,976). Sonuç: Bu çalışmada, rezin 
süt molar dişlerde sonik ve ultrasonik sistemlerin kök kanal dolumunun 
kalitesini artırmadığı ve ultrasonik sistemlerin daha fazla boşluğa neden 
olduğu bulunmuştur. 
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Pulpectomy, which preserves primary teeth until 
the physiological exfoliation process for function, ap-
pearance and speech, is a widely preferred treatment 
option in children.1 Successful root canal treatment 
relies on thorough debridement, effective chemome-
chanical preparation, and three-dimensional (3D) her-
metic seal without damaging the successor permanent 
tooth germ.2 However, achieving complete pulpec-
tomy is challenging due to the intricate root canal sys-
tem of primary dentition. Narrow and ribbon-shaped 
canals, lateral branching or partial fusion of canals, 
sharp curvatures, deposition of secondary dentin, 
physiological resorption, and cooperation problems 
of children complicate successful root canal prepara-
tion and obturation.1,3,4  

Manual or rotary instruments may be utilised for 
preparing root canals. Manual instrumentation using 
K-files is a commonly used technique in primary den-
tistry, however it has many restrictions, such as the 
inability to effectively clean root canals, step, perfo-
ration or zip formation, canal transport or instrument 
breakage.4,5 Despite the limitations of manual instru-
ments, rotary instruments have been recommended 
due to their efficiency, speed, and advantages of pro-
viding homogeneous filling.6,7  

Obturation with optimum length and quality 
placed sealing is required for a successful endodon-
tic treatment in primary teeth.7,8 A root canal system 
that is sealed hermetically prevents microleakage be-
tween the root canal and the periapical tissues, in-
hibiting the growth of resilient microorganisms and 
the entrance of harmful bacterial substances into the 
periapical region.8  

Numerous materials have been used to fill root 
canals in primary teeth, of which Ca(OH)2/iodoform 
pastes are often preferred because of their antibac-
terial effect, healing properties and rapid resorption 
when overfilled.9,10 They are used with their pro-
vided premixed syringe as recommended by the 
manufacturer, but various obturation techniques 
such as lentulo spiral, pressure syringe, endodontic 
irrigation needle and NaviTip™ (Ultradent, South 
Jordan, UT) system have been described to increase 
the filling quality.11-13 In the limited number of stud-
ies, ultrasonic and sonic activation devices have 

also been tested as a primary root canal filling tech-
nique, but the results are conflicting due to different 
methods.14-16  

Today, 3D software in dentistry is gaining pop-
ularity in many areas.17 Using cone beam computed 
tomography (CBCT) data from an extracted tooth, 
this method facilitates the acquisition of a human 
tooth model with the same morphology.18 Physiolog-
ical root resorption in primary teeth occurs shortly 
after root completion, making it difficult to maintain 
a standard in vitro study of endodontic treatments.19 
Therefore, resin teeth obtained from extracted teeth 
and prepared with 3D software provide an advantage 
in providing the standardization between samples in 
these studies. 

The aim of this study was to evaluate the per-
formance of three various obturation methods (ultra-
sonic activation+premixed syringe, sonic activation+ 
premixed syringe and premixed syringe alone) on the 
quality of root canal filling of resin molar teeth which 
prepared with two different preparation techniques. 
The null hypothesis of the studies was, there is no dif-
ference among techniques according to percentage 
obturated volume (POV), filling quality of root canals 
and void formation.  

 MATERIAL AND METHODS 
This study was approved by the Ethics Committee of 
Afyonkarahisar Health Sciences University (date: 
September 2, 2022, no: 2022/11/454) in compliance 
with the Declaration of Helsinki. 

SAMpLE pREpARATION 
For the study, freshly extracted non-carious one max-
illary second human primary molar with fully formed 
apices was chosen. Following decoronation, a manual 
K file (#10 size, VDW, Munich, Germany) placed 
into canals until the can be seen in the apical foramen 
of the tooth. The working length (WL) was measured 
to be one millimeter shorter than the apex. Radio-
graphic images of molar were taken by CBCT 
(GXDP-700; Gendex Dental Systems), with settings 
of 60 kVp and 7 mA. The “Tooth Segmentation” op-
tion in RealGUIDE 5.0 software (3diemme Software 
Corp) was used to segment the CBCT data and create 
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a 3D model. Subsequently, the obtained CBCT scan 
data were turned into .stl files, enabling their utiliza-
tion with the 3D printer (Ackuretta FreeShape 120, 
Ackuretta Technologies). A mixture of resin 
(KeyVest, Keystone Ind.) with barium sulphate 
(12.5%) was prepared to achieve radiopacity. The 
WL was established 1 mm shorter than that point. 
Then, the root canals were manually prepared with 
hand files up to size 20, rinsed with distilled water 
and dried with paper points. 

Sixty 3D-printed maxillary second primary mo-
lars were randomly assigned to two groups of thirty 
teeth each, based on the root canal shaping method. 
Each group was divided into 3 subgroups, with each 
subgroup having 10 teeth, based on the preferred ob-
turation technique. The distribution of primary mo-
lars is shown in the flow chart (Figure 1). 

ROOT CANAL pREpARATION 
3D printed resin teeth were placed in polyvinyl silox-
ane impression material (Express™ XT Putty Quick, 
3M ESPE Germany) for stabilization during the root 
canal instrumentation process. The apical foramina 
were blocked with modelling wax. A single experi-
enced paediatric dentist performed all instrumenta-
tion. A 30-gauge TruNatomy (Dentsply Sirona) 
irrigation needle was used with a total irrigation vol-
ume of 20 milliliters of distilled water. Between the 
preparation with each file in all groups, the needle 
was inserted up to two millimeters short of the WL. 

■ Manual K-file group: The root canals were 
prepared with K files (VDW) using a step-back 
method. The canals were prepared with a #25 Mas-
ter Apical File. This was followed by a step-back to 
#40. 

■ VDW ROTATE™ group: Root canals were 
prepared using VDW. Rotate™ 20.05 and 25.06 up to 
WL. The instruments were operated at a torque of 2 
N.cm and a speed of 300 rpm. 

ROOT CANAL FILLING 
The root canals were obturated using various obtura-
tion techniques with Calci-Paste® (Pyrax Polimars, 
Uttarakhand, INDIA), a commercially available cal-
cium hydroxide-iodoform paste (Figure 2). 

■ Calci-Paste® syringe (control group): The pre-
pared canals were filled with canal sealer using a 
Calci-Paste® syringe. The procedure was repeated at 
least twice until backfilling was observed in the canal 
mouth. 

■ Calci-Paste® syringe +Uc-One® ultrasonic ac-
tivation group: The prepared canals were filled using 
a Calci-Paste syringe and indirect ultrasonic activa-
tion. The paste was injected by placing the Calci-
Paste syringe into the canal. During the injection, an 
ultrasonic tip (Uc-One®, Epdent, Korea) will be 
placed in contact with the Calci-Paste® syringe. The 
procedure was repeated at least twice until backfilling 
was observed in the canal mouth. 

FIGURE 1: Flow chart.
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■ Calci-Paste® syringe +Eddy® sonic activation 
group: The prepared channels were filled using a 
Calci-Paste syringe and sonic activation. The paste 
was injected by placing the Calci-Paste® syringe into 
the canal. The air-scaler was adjusted to a frequency 
of 6000 Hz and plastic tips of Eddy® (TA-200-S4H, 
MICRON Co., Tokyo, Japan) was placed 2 millime-
ters shorter than the WL. The procedure was repeated 
at least twice until backfilling was observed in the 
canal mouth. For all groups, assuming the canal was 
completely filled, a rubber stopper 1 mm shorter than 
the WL was placed around the filling tool and a moist 
pellet of cotton was used to gently press the material 
into the canal (Figure 3). 

RADIOGRApHIC EvALUATION 
All scans were acquired using same CBCT (KaVO 
3D Op Pro, Biberach, Germany) and scanning pro-
cedure (90 kV, 5.0 mA, 4.07s, 8x15 centimeters field 
of view, 380µm voxel size, 0.38 millimeters slice 
thickness). The length and quality of the canal filling 
were assessed. 

vOLUMETRIC MEASUREMENTS 
Volumetric measurements of the pulp was conducted 
through manual segmentation, utilizing the ITK-
SNAP v. 3.8.0 software (Cognitica, Philadelphia, PA, 
USA, opensource software, www.itksnap.org).20 The 
CBCT scans were transferred to the software in the 
DICOM format. Firstly, the polygon selection tool 
and the “active label” were selected, which allows to 
manually mark the boundaries of the area to be seg-
mented. The examiner established a threshold range 
(-200 to -50 for the lower threshold and 400 to 700 
for the upper threshold) to determine the start and end 
of the segmentation procedure. Consequently, all pix-
els within this area were selected to construct the 3D 
pulp image. Pulp boundaries were marked on each 
axial section and accuracy was checked on sagittal 
and coronal sections. After the pulp boundaries were 
determined, “interpolate along a single axis” was 
marked and the missing points were automatically in-
cluded in the boundaries by the program. The accu-
racy of the marked areas in all three sections was 
checked and the volume calculation in mm3 was au-
tomatically done by the program. For this study, we 
evaluated CBCT images using maximum intensity 
projection with a thickness of 2.7 mm. One den-
tomaxillofacial radiologist with seven years of expe-
rience in CBCT image evaluation and segmentation 
performed all volumetric measurements. The radiol-
ogist had no prior knowledge of the patient’s clinical 
data. The analysis was conducted on a laptop (Dell 
14-in. liquid-crystal display monitor with 1.366×768 
pixels; Dell, Round Rock, TX, USA), in a dimly lit 
and quiet room. Image contrast, brightness, and zoom 

FIGURE 2: Obturation Methods A) Calci-paste® syringe tip, B) EDDY® tip,  
C) Uc-One® tip.

FIGURE 3: 3D-printed resin teeth samples for root canal obturation.
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were adjustable while pulp contouring and volume 
measurement were performed. 

The data from these scans were used to calculate 
the post-obturated volume of the root canal for each 
of the filling materials in each sample (Figure 4). The 
following formula was used to calculate the POV for 
each canal: 

POV=Post-obturated root canal volume (Y)/Pre-
obturated root canal volume (X)×100=(Y/X)×100. 

The radiographic quality of the obturation was 
assessed by evaluating the length of the obturation 
and the presence or absence of voids. 

The quality of obturation was assessed as:21  

■ Under filled- All canals were filled >2 mil-
limeters short of the apex.  

■ Optimal filled- One or more of canals with fill-
ing paste that ends at the apex or up to <2 millimeters 
short of the apex. 

■ Over filled- Any canal with extruded filling 
paste beyond the apex. 

STATISTICAL ANALYSIS 
The SPSS package program (Statistical Package for 
Social Science, IBM SPSS®, version 26, Chicago, 

USA) was used for the statistical analysis. Two-way 
analysis of variance test was performed to examine 
the effects of preparation method and filling meth-
ods on the POV. Homogeneity of variances was 
evaluated by Levene’s test. Mann-Whitney U test 
was used to comparing the methods. Chi-square test 
was used for the analysis of the quality of filling. 
p<0.05 was set as statistically significant for all sta-
tistical tests. 

 RESULTS 
The total mean filling percentage of the root canals in 
the study was 87.17±5.46 (Table 1). The effects of 
the preparation methods (p=0.071) or filling methods 
(p=0.731) alone and their interaction (preparation 
method x filling method, p=0.917) on the filling per-
centage were not found as statistically significant 
(Table 2). 

Voids were detected in all three filling method 
groups, the distribution of voids according to filling 
methods is shown in the Table 3. There were no voids 
in 58.3% (n=35) of the resin teeth included in the 
study; however, voids were observed in 41.7% 
(n=25). Voids were more commonly found in the sy-
ringe+ultrasonic activation group (48%). 

FIGURE 4: Cone-beam computed tomography image of volumetric filling in vertical plane.

Preparation method 
Manual Rotary Total 

Filling methods Syringe 84.84±5.20 88.16±4.42 86.50±4.99 
Syringe+sonic activation 85.55±8.75 89.20±4.54 87.88±6.92 
Syringe+ultrasonic activation 86.19±5.44 88.07±2.84 87.13±4.33 
Total 85.86±6.47 88.47±3.90 87.17±5.46 

TABLE 1:  Comparison of the mean pOv of groups.

pOv: percentage obturated volume.
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Table 4 shows the quality of obturation in each 
group, 45% (n=27) of the teeth were underfilled, 40% 
(n=24) were optimally filled and 15% (n=9) were 
overfilled. The manual preparation and syringe group 
had the most optimally filled teeth but there was no 
significant difference between the groups (for prepa-
ration methods p=0.573; for filling methods p=0.976) 
(Table 5). 

 DISCUSSION 
Root canal treatment in primary teeth presents some 
unique challenges compared to permanent teeth due 
to anatomical and developmental differences. For this 
reason, filling of primary root canals has been care-
fully considered and many methods have been eval-

uated to increase the quality of root canal filling in 
the previous studies.22,23 However, it was seen that a 
consensus could not be reached in the previous stud-
ies.  We assessed the success of sonic and ultrasonic 
activation on the root canal filling of resin teeth. It 
was found that there was no difference between the 
methods in terms of POV and filling quality, but there 
was a significant difference between three methods 
with regard to void formation. 

Today, it is feasible to assess the effectiveness 
of various instrumentation and treatment methods by 
producing standardized resin-based models with 3D 
printing technology using CBCT in conjunction with 
evolving technology.8 Laboratory studies on ex-
tracted human teeth may be a more accurate reflec-

No void With void p value 
preparation method Manuel 60% (21) 36% (9)

0.115
 

Rotary instrument 40% (14) 64% (16)  
Filling method Syringe 40% (14)a 24% (6)a

0.048
 

Syringe+sonic activation 37.1% (13)a 28% (7)a  
Syringe+ultrasonic activation 22.9% (8)a 48% (12)b  

TABLE 3:  Distribution of voids of filling by preparation and obturation method.

Each subscript letter denotes a subset of void categories whose column proportions do not differ significantly from each other at the 0.05 level.

Underfilled % (n) Optimally filled % (n) Overfilled % (n) p value 
preparation method Manual 44.4 (12) 58.3 (14) 44.4 (4) 0.573 

Rotary instrument 55.6 (15) 41.7 (10) 55.6 (5)  

TABLE 4:  Comparison of quality of obturation between the different root canal preparation methods.

Underfilled % (n) Optimally Filled % (n) Overfilled % (n) p value 
Filling method Syringe 29.6 (8) 37.5 (9) 33.3 (3) 0.976 

Syringe+sonic activation 37 (10) 29.2 (7) 33.3 (3)  
Syringe+ultrasonic activation 33.3 (9) 33.3 (8) 33.3 (3)

TABLE 5:  Comparison of quality of obturation between the different obturation methods.

Parameters Sum of squares df Mean square F p value 
preparation methods 102.6 1 102.6 3.39 0.071 
Filling methods 19.1 2 9.54 0.32 0.731 
preparation*filling 5.25 2 2.62 0.09 0.917 

TABLE 2:  The effects of preparation and filling methods on the pOv.

R squared: 0.072; pOv: percentage obturated volume; df: Degree of freedom.
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tion of clinical conditions, but it is difficult to find a 
sufficient number of standardised primary teeth with 
the similar canal morphology.24 To overcome these 
difficulties, resin teeth were obtained from the CBCT 
image of extracted primary human teeth. To the best 
of authors’ knowledge, this is the first study which 
evaluated the filling quality of root canals in resin pri-
mary teeth. 

In the study, assessment of various filling tech-
niques in resin primary teeth was done with CBCT 
which is a non-invasive procedure which provides a 
3-dimensional image of the morphological charac-
teristic. While micro or spiral computed tomography 
(CT) has been used for volumetric measurement of 
obturation materials, CBCT has several advantages 
over spiral CT. These include lower effective radia-
tion dose, lower cost, smaller volume, faster and eas-
ier image acquisition, and interactive display modes 
such as multiplanar reconstruction.25-27 Because of the 
advantages of CBCT, we evaluated the quality of root 
canal filling of resin teeth with CBCT. But one of the 
limitations of the present study is that smaller voids 
cannot be detected by CBCT effectively.22  

In the accessible literature, the studies evaluated 
the filling quality of root canals in primary teeth is 
limited and the results are conflicting. In previous 
studies, some authors have reported improved seal 
quality with rotary files in primary teeth, while 
Govindaraju et al. and Preethy et al. found the obtu-
ration quality of manual and rotary files to be similar, 
as in our study.25,28 The similar results of preparation 
methods may be explained with the studies which re-
ported that the rotary instruments with a greater than 
4% taper have been shown to be more efficient than 
manual files in preparing root canals.29 The contra-
dictory results could be attributed to the differences 
of the materials and methods of the studies, such as 
types of teeth, files, and obturation materials. 

Recently, it was suggested that the ultrasonic ac-
tivation may be applied to root canal filling materials 
to adapt them to the root canals in permanent teeth.30-

32 The usage of ultrasonic activation during en-
dodontic treatments of primary teeth are very limited 
in accessible literature. In the study of Özer et al., au-
thors evaluated the groups with digital radiography, 

and they found that ultrasonic group showed similar 
acceptable score to the proprietary syringe alone for 
the length and the quality of primary teeth root canal 
fillings.14 In another study Ozturk et al. evaluated the 
quality of filling with micro-CT and their findings 
were that ultrasonic activation did not increase the ef-
ficiency of root canal obturation in primary teeth.16 
Ultrasonic activation did not improve root canal ob-
turation quality in primary teeth, as found in studies 
by Özer et al., and Ozturk et al.14,16 The result can be 
related to the canal morphology of the primary teeth. 
The thin root canals of primary teeth may not have 
enough volume to show the effect of ultrasonic acti-
vation.16 In addition, another reason may be that the 
filling material could not pass into the lateral and ac-
cessory canals due to use of resin teeth in the study. 

The sonic and ultrasonic activation were com-
pared in primary teeth obturation only in one study.14 
The authors used a different sonic activator system 
[Endoactivator® (Dentsply, Tulsa, OK)] with 
Metapex® (Meta Biomed Co. Ltd., South Korea) sy-
ringe and they found that the ultrasonic and sonic ac-
tivators showed similar acceptable scores to the 
Metapex® syringe alone for the quality of primary 
tooth root canal fillings.14 In the current study, we 
evaluated the effect of sonic activation on the quality 
of root canal filling of resin teeth using a sonic acti-
vated irrigation system made from elastic polyamide 
with a size of 25.04. Similar to previous study, the 
differences between mean filling percentages of root 
canals and quality of root fillings in sonic and ultra-
sonic groups were not found statistically significant. 
The polymer tip of the ultrasonic activator operates at 
higher frequencies (25-30 kHz) compared to EDDY 
(6 kHz), although its effects on canal filling success 
were found to be similar. The similar results of the 
two systems can be attributed to the fact that they 
were examined on resin teeth, not on human teeth 
with accessory canals.   

One of the most significant factors in the quality 
of a root canal filling is the presence of voids. Partic-
ularly large voids can cause leaks that allow bacterial 
growth and may require retreatment. Although many 
techniques with lentulospiral, NaviTip™ system, in-
sulin, anesthetic or tuberculin syringe have been tried 
to prevent voids, authors emphasized that it is very 
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difficult to completely eliminate them.12,23,24 In the 
present study, 41.7% of the resin teeth have voids. In 
previous studies, Ca (OH)2/iodoform pastes were 
used with different obturation techniques, but the au-
thors stated that the most successful results were ob-
tained in terms of void formation, similar to our 
study, when used with its proprietary syringe.11,12,33  

In the present study, the voids were detected in 
all three obturation methods, but they were more 
commonly found in the syringe+ultrasonic activation 
group (48%). In a study, ultrasonic activation group 
was the second group with the most void after the en-
dodontic irrigation needles. The authors noted that 
there were no significant differences in void amounts 
or locations between the control group and the other 
groups.14 In another study, the void volume percent-
age of the ultrasonic activation+lentulo group was 
found to be similar to lentulo alone and the previous 
injection technique.16 On the contrary, one study on 
permanent teeth found statistically less voids in the 
ultrasonic activation group than in the lentulo spiral 
group.15 The different results might be attributed to 
differences in the type of the obturation material, the 
technique used for preparation, the type of teeth, the 
type of radiographies and differences in the skills of 
operators.12,22  

Our study has some limitations due to the fact 
that it was performed on resin teeth. To ensure stan-
dardization in studies conducted on primary teeth, 3D 
printed resin replicas were used. However, it is 
known that the accessory and lateral canals cannot be 
imitated in resin teeth, and the differences in dentin 
hardness, moisture and radiopacity do not exactly 
mimic human teeth.34,35 Additionally, in future stud-
ies it may be possible to obtain more accurate mod-
els by using micro-CT. 

 CONCLUSION 
The present study showed no significant differences 
between the different preparation and obturation 
techniques considering the POV and length of root 
canal obturation. Otherwise, void formation was 
more commonly found in the syringe+ultrasonic ac-
tivation group. To save time in treating pediatric pa-
tients, it is best to use the proprietary syringe with 
calcium hydroxide-iodoform paste, according to the 
authors. 
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