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Abstract
Background. Calcium hydroxide, due to its favorable properties, such as an antimicrobial effect as well 
as its ability to dissolve necrotic tissues, inhibit tooth resorption and stimulate the formation of a hard 
tissue barrier, is widely used in root canal treatment.

Objectives. The objective of this study was to compare the efficacy of 3 methods of delivery of calcium 
hydroxide into the canals.

Material and methods. This in vitro experimental study was performed on acrylic resin blocks with 
simulated curved canals (curvature of 24° and 44°). Calcium hydroxide was delivered into the canals with 
3 different instruments : a hand file, a Lentulo and a rotary file. The data was analyzed using the three-way 
analysis of variance (ANOVA) and Tukey’s test.

Results. The density of calcium hydroxide was significantly different among the 3 groups (p < 0.001).  
The manual delivery technique resulted in the lowest and using a rotary file in the highest density of cal-
cium hydroxide (p < 0.001). The mean density of calcium hydroxide was significantly higher in the canals 
with curvature of 24°, irrespective of the delivery method (p < 0.001). The lowest mean density of calcium 
hydroxide was noted at 1 mm and 3 mm from the apex, whereas the highest mean density was noted 
at 11 mm from the apex, irrespective of delivery method (p < 0.001).

Conclusions. A rotary file seems to be the most efficient instrument for delivering calcium hydroxide into 
the canals, especially into the apical region of canals with greater curvature.
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Introduction
During endodontic treatment, the infected tissue is of-

ten removed using canal irrigation with disinfecting solu-
tions and biomechanical cleaning. After the infected and 
necrotic tissue has been eliminated, the root canal should 
be disinfected, instrumented and shaped.1 Despite efforts 
to completely clean and disinfect the root canal system, 
some microorganisms may still remain lodged in the den-
tinal tubules. If intracanal medicaments are not used be-
tween treatment sessions, the residual microorganisms 
may proliferate and soon reach their baseline count.2 

Calcium hydroxide is extensively used as an intracanal 
medicament. It has many of the properties of an ideal me-
dicament, such as the ability to physically seal the canal 
and prevent canal reinfection by inhibiting the prolifera-
tion of microorganisms.3

It also has optimal biological properties such as the 
ability to dissolve necrotic tissues, inhibit tooth resorp-
tion and stimulate the formation of a hard tissue barrier.3 
It has an analgesic effect and can control inflammation. It 
shows antimicrobial activity against the majority of end-
odontic pathogens, as it changes the bacterial cell wall and 
destructs the molecular structure of endotoxins.4 The an-
timicrobial activity of calcium hydroxide is attributed to 
its high pH (12.5). Thus, the efficacy of calcium hydroxide 
depends on its dissolution and release of  hydroxyl ions 
(OH−), which can penetrate into the surrounding tissues.5

Calcium hydroxide should be applied in sufficient 
amounts into the root canal in order to be able to pro-
vide adequate concentration of calcium and hydroxyl ions 
to exert their biological effects.6 Calcium hydroxide kills 
the microorganisms by direct contact. Thus, in order to 
achieve maximum biological effects, calcium hydroxide 
should be applied and spread uniformly and with the 
highest density along the canal working length.7,8

Uniform and high-density (condensed) filling of  the 
root canals with calcium hydroxide to the working length 
depends on the technique of delivery of calcium hydrox-
ide into the canal. Calcium hydroxide can be delivered 
into the canal with different instruments (e.g., a syringe, 
a Lentulo, hand files, rotary files, spreaders, and pluggers). 
To date, few studies have assessed the effect the technique 
of delivering calcium hydroxide into the root canal system 
has on its density.9–11 Thus, this study aimed to compare 
the density of  calcium hydroxide in simulated root ca-
nals in resin blocks following its delivery with a hand file, 
a Lentulo and a rotary file. 

Material and methods 
This in vitro experimental study was performed on sim-

ulated root canals with curvature of 24° and 44° in resin 
blocks. The sample size was calculated to be 10 samples 
in each group according to a study by Simcock and Hicks.7  

To further increase the accuracy of results, 15 samples were 
evaluated in each group. A total of 45 canals with curvature 
of 24° and 45 canals with curvature of 44° were evaluated. 

Acrylic resin blocks with simulated root canals were used. 
The size of root canals was 30 and they had curvature of 24° 
and 44°. The acrylic blocks were masked by a cover in order 
for the operating clinician to be blinded to the canal content. 

A K-file size 10 (Mani Inc., Tochigi, Japan) exceeded 
the working length by 1 mm to ensure absence of canal 
obstruction. The canal lengths were equal (13 mm). The 
acrylic blocks underwent digital radiography perpen-
dicular to the surface of the canal curvature, whereas the 
X-ray tube was within a distance of 10 cm from the block 
and at an angle of 90° relative to the sensor.

Calcium hydroxide paste (Golchai Co., Tehran, Iran) 
was prepared with distilled water at 44  wt% One single 
clinician applied calcium hydroxide into the canals in all 
3 groups. He was blinded to the objectives of  the study. 
The 3 groups were as follows:
– the hand file group – the canals were filled with calcium 

hydroxide paste using a hand K-file size 25 (Mani Inc.) 
to the working length counterclockwise; 

– the Lentulo group – the canals were filled with calcium 
hydroxide using a  Lentulo size 25 (Dentsply Maillefer 
US, Tulsa, USA) up to 1–2 mm to the working length 
with an air motor handpiece (NSK Ltd., Tokyo, Japan) 
at a speed of 500 rpm; 

– the rotary file group – the canals were filled with cal-
cium hydroxide using an  Mtwo® rotary file size 25 
(VDW, Munich, Germany) to the working length with 
a limited-torque electric motor (Endo E Class; Saeyang 
Microtech Co. Ltd., Daegu, Korea) counterclockwise at 
a constant 150 rpm.
The extrusion of calcium hydroxide from the canal ori-

fice in the acrylic block indicated that the canal was filled.7 
After calcium hydroxide had been applied into the canals 
in each group, excess paste was removed from the canal 
orifice and the orifice was sealed using the intermediate 
restorative material (IRM) (Dentsply Caulk, York, USA). 

Digital radiographs were obtained for each canal perpen-
dicular to the canal curvature before and after root canal 
filling with calcium hydroxide under the same exposure 
settings (70 kV, 6 mA, 0.20 s). The X-ray tube was within 
a distance of 10 cm from the sample and at an angle of 90° 
relative to the sensor. The sensor was held with a cardboard 
positioning device and each tooth was taped to the sensor to 
ensure that all radiographs were taken from the same posi-
tion. Fifteen radiographs were obtained for the canals with 
curvature of 44° in each group (a  total of 45 radiographs) 
and 15 radiographs were obtained for the canals with curva-
ture of 24° in each group (a total of 45 radiographs). 

An expert oral and maxillofacial radiologist analyzed 
the radiographs using the DIGORATM software (Soredex, 
Helsinki, Finland) twice with a 1-week interval. To assess 
the intra-examiner reliability, the intraclass correlation 
coefficient (ICC) was calculated (0.93).
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The radiologist was not aware of the group allocation of the 
samples. To analyze the radiographs, first the calibration was 
performed using a 6-step aluminum step wedge, and then 
horizontal lines at a distance of 1 mm, 3 mm, 7 mm, and 
11 mm from the apex were drawn on each radiograph us-
ing the ruler of the software. Using the densitometry feature, 
a perpendicular line was drawn at the center of the canal and 
density was recorded at the intersection points of this line 
and the previously drawn horizontal lines. The density val-
ues are between 0 and 256 shades of grey. 

The data was analyzed with the PASW Statistics for Win-
dows, v. 18.0 (SPSS Inc., Chicago, USA) using descriptive 
and inferential statistics. The normal distribution of data 
was evaluated using the Kolmogorov–Smirnov test. Since 
the density data was normally distributed (p > 0.05), the 
comparisons were made using the three-way analysis 
of variance (ANOVA). Tukey’s post-hoc test was applied 
for pairwise comparisons. A value of p < 0.05 was consid-
ered statistically significant. 

Results 
Table 1 shows the mean density of calcium hydroxide at 

different levels from the apex according to the canal curva-
ture in the 3 groups. According to the three-way ANOVA,  
there was a  significant difference in the mean density 
of calcium hydroxide among the 3 groups (p < 0.001). The 
manual technique group showed the lowest and the ro-
tary file group the highest mean density of  calcium hy-
droxide in the canals (Table 2).

The three-way ANOVA also showed a significant differ-
ence in density of calcium hydroxide between the canals 
with curvature of 24° and 44° (p < 0.001). The mean den-
sity of  calcium hydroxide was higher in the canals with 
curvature of 24° than in the case of the canals with curva-
ture of 44° (Table 3). A significant difference was revealed 
in the density of calcium hydroxide at different distances 
from the apex (p < 0.001) – the lowest mean density was 
noted at 1 mm and 3 mm from the apex, whereas the high-
est mean was noted at 11 mm from the apex (Table 4). 

Discussion 
This study compared the efficacy of 3 methods of de-

livering calcium hydroxide into the canal, namely the 
manual technique, a Lentulo and a rotary file. The results 
showed that the density of  calcium hydroxide delivered 
into the canals was affected by the technique of delivery 
and the canal curvature. 

In this study, simulated root canals in transparent resin 
blocks were used to assess the effect of the canal curvature 
on the density of calcium hydroxide. Some studies have 
also considered the role of the canal curvature and stan-
dardized the samples in this respect.7,9–11 However, to the 
best of the authors’ knowledge, no previous study has as-
sessed the effect of the canal curvature on calcium hydrox-
ide delivery into different parts of the canal. Thus, we eval-
uated canals with curvature of 24° and 44° and the density 
of calcium hydroxide was evaluated at different distances 
from the apex to assess the effect of the canal curvature 
on this variable. Some previous studies simulated canals 
with curvature of 44° (sizes 40 and 50).9,10 It has been sug-
gested to decrease the size of a master apical file to 20 or 
25 in the preparation of severely curved or S-shaped ca-
nals to prevent procedural errors.12,13 Simcock and Hicks 
showed that in a canal prepared with a master apical file 
size 25 (as the minimum amount of  canal preparation), 
only 45% of the optimal amount of calcium hydroxide is 
delivered, but in canals prepared with a master apical file 
size 40, calcium hydroxide is more efficiently delivered.7  

Table 1. Mean density of calcium hydroxide at different distances from the 
apex according to the canal curvature in the 3 groups 

Distance Canal 
curvature Hand file Lentulo Rotary file

1 mm
24° 63.27 ±10.54 74.53 ±32.64 101.80 ±21.57

44° 43.67 ±20.60 48.87 ±21.99  92.80 ±23.83

3 mm
24° 65.13 ±7.45 76.33 ±32.57 100.27 ±19.62

44° 41.60 ±12.00 50.53 ±23.16  95.73 ±22.86

7 mm
24° 70.73 ±10.50 81.93 ±27.40 101.93 ±17.54

44° 56.40 ±14.24 57.73 ±22.04 100.80 ±23.79

11 mm
24° 71.13 ±14.98 93.33 ±28.59 103.40 ±18.23

44° 73.40 ±15.69 67.47 ±23.07 101.40 ±28.10

Data presented as mean ± standard deviation (SD).

Table 2. Mean density of calcium hydroxide in the canals in the 3 methods 

Method Mean SD Minimum Maximum

Hand file 60.67a 17.71 23.00 111.00

Lentulo 68.84b 29.85 22.00 136.00

Rotary file 99.77c 21.78 53.00 170.00

Means sharing the same superscript letter are not significantly 
different (p > 0.05). 

Table 4. Mean density of calcium hydroxide at different distances from the apex 

Distance Mean SD Minimum Maximum

1 mm 70.82a 30.84 22.00 143.00

3 mm 71.60a 29.99 22.00 148.00

7 mm 78.26ab 26.92 22.00 157.00

11 mm 85.02b 26.15 31.00 170.00

Means sharing the same superscript letter are not significantly 
different (p > 0.05). 

Table 3. Mean density of calcium hydroxide in the canals with curvature of 
24° and 44° 

Canal curvature Mean SD Minimum Maximum

24° 83.65b 25.81 26.00 143.00

44° 69.20a 30.25 22.00 170.00

Means sharing the same superscript letter are not significantly 
different (p > 0.05). 
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Staehle et al. recommended the canal preparation to size 
50 in order to enhance the density of calcium hydroxide.14 
Deveaux et al. suggested canal preparation to size 50 in 
straight canals or those with a slight curvature to enhance 
the density of  calcium hydroxide.10 We considered size 
30 canals in this study, since one of our objectives was to 
assess the quality of delivery of calcium hydroxide in se-
verely curved canals with curvature of 44°.

It should be noted that a Lentulo may break in the ca-
nal9; 1  such case of  a  Lentulo fracture occurred in our 
study. A  Lentulo fracture has a  higher frequency in se-
verely curved canals. In the case of a Lentulo fracture, re-
moving the broken piece from the canal is difficult. Thus, 
the use of plastic syringes is often preferred to a Lentulo 
for the delivery of a medicament into the canal.8–10,12 

Several studies have shown that the technique of deliv-
ering calcium hydroxide into the canal affects its density 
in the root canal system. The current results showed a sig-
nificant difference in the density of calcium hydroxide de-
livered into the canal with 3 different methods of a hand 
file, a Lentulo and a rotary file; this finding was in agree-
ment with those of previous studies.6,8,9,11,12

The current findings regarding the lowest density of cal-
cium hydroxide delivered into the canal using the manual 
technique (a hand file) were in accordance with the find-
ings of previous studies.7,9,10 The density of  calcium hy-
droxide delivered with a Lentulo was higher compared to 
a hand file; this finding also confirmed the results of previ-
ous studies.9,11 The current results also revealed that a ro-
tary file was superior to a Lentulo in delivering calcium 
hydroxide into the canal. Simock and Hicks concluded 
that a Lentulo is not significantly different from a rotary 
file for the delivery of calcium hydroxide into minimally 
or optimally prepared canals.7 However, they evaluated 
extracted teeth in their study and excluded curved canals, 
since the curvature is considered an influential factor in 
this respect. They estimated the density of  calcium hy-
droxide by weighing its amount delivered into the canal. 
Our study showed that a Lentulo and a rotary file showed 
a similar performance in the coronal areas of the canals 
with curvature of 24° with regard to the density of calcium 
hydroxide. 

The current findings showed that the density of calci-
um hydroxide delivered with a rotary file was the highest 
compared to the other 2 methods of delivery. Rotary in-
struments show a fast and uniform performance in the ca-
nal preparation. Moreover, rotary files can access the en-
tire root canal length (especially in the apical region) due 
to the flexibility of NiTi files in curved canals. The NiTi 
rotary systems are more and more frequently used for the 
root canal preparation. They provide clean and smooth 
root canal walls and create a  relatively round cross-sec-
tional shape.12 They can be used safely in curved canals as 
well.15 Rotary files can extrude dentinal debris easily from 
the root canal when operating clockwise.16 They can also 
deliver calcium hydroxide and sealers into the canal when 

operating counterclockwise.11 Thus, rotary systems and 
a Lentulo can efficiently deliver calcium hydroxide with 
optimal density into the canals. 

The current results regarding the density of calcium hy-
droxide delivered with 3 methods into the root canals with 
curvature of 24° and 44° revealed that the degree of curva-
ture can affect the density of calcium hydroxide delivered 
into the canal using a hand file and a Lentulo. In the canals 
with curvature of 24°, the density of calcium hydroxide at 
1 mm, 3 mm, 7 mm, and 11 mm from the apex was high-
er. However, in the case of a rotary file, the curvature had 
no effect on the density of  calcium hydroxide. The find-
ings also indicated that in delivering calcium hydroxide by 
means of a hand file, a Lentulo and a rotary file into the ca-
nal, the highest density was noted at 11 mm from the apex. 

The current results confirmed that the canal curvature 
affects the density of  calcium hydroxide delivered into 
the canal in such a way that the calcium hydroxide den-
sity in more severely curved canals (44°) was significantly 
decreased compared to canals with less curvature (24°). 
This  finding should be taken into account by clinicians. 
Future studies are warranted to assess the time required 
for delivering calcium hydroxide into the canal by rotary 
files and its substantivity. Also, the efficacy of  different 
rotary files with variable cross-sectional designs for the 
calcium hydroxide delivery into the canals of  extracted 
human teeth should be compared in further studies. 

Conclusions 
The current results revealed that the canal curvature 

affects the delivery of calcium hydroxide into the canal. 
A rotary file operating counterclockwise yielded the high-
est density of  calcium hydroxide in more apical regions 
and in the canals with greater curvature compared to Len-
tulo and a hand file. 
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