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Abstract: The pulpectomy procedure includes the complete removal of the pulpal tissue, debridement, and preparation of the 
canal space, followed by obturation.  The standard method of cleaning and shaping the canals in primary teeth uses hand files, which 
can lead to iatrogenic errors. Kedo S files are exclusive pediatric rotary file systems of which the Kedo S Square file system (IV 
generation) have various advantages. The study aims to evaluate and compare the cleaning efficacy of Kedo S Square files and manual 
K files in root canals of primary teeth: An In-vitro comparative study was conducted, which included 56 root canals from 25 primary 
molars. 2-3ml of India ink dye was injected into canals and were randomly divided into two groups in which instrumentation was 
done using Kedo S Square files and Manual K files, respectively. The teeth were subjected to decalcification and dehydration and 
observed under a stereomicroscope for traces of Indian ink in the canals. Results were recorded and statistically analyzed using the 
Chi-Square test. Kedo S Square files had statistically better cleaning efficacy compared to the K file in the coronal(P=0.001), 
middle(P=0.000), and apical third(P=0.001) of the root canal. The cleaning efficacy of both Kedo S Square and K files varied in different 
thirds of the canals, but it was not statistically significant.  Pediatric rotary Kedo S Square files were effective compared to Manual K 
Files concerning cleaning efficacy. 
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1. INTRODUCTION 
 
The main goal in pediatric dentistry is to retain the primary 
teeth in the oral cavity until their physiological exfoliation to 
preserve arch integrity1. One of the treatment options for 
pulpally affected primary molars is pulpectomy, which is 
preferred over-extraction and placement of space maintainers 
because of the increased chance of decalcification of the 
abutment teeth and supra-eruption of opposing teeth. 
Therefore, the best space maintainer is the primary tooth 2. 
Pulpectomy in children is challenging due to the complex root 
canal anatomy in primary molars, i.e., tortuous canals, lateral 
branching, connecting fibrils, and apical ramification1.  The main 
goal of pulpectomy is achieving success through these 
complexities by eliminating microorganisms via proper chemo-
mechanical preparation2,3. Hand instrumentation, the most 
acceptable and widely used method, however, can lead to 
iatrogenic errors such as ledging, zipping, apical blockage, canal 
transportation, and instrument breakage4. Lengthy endodontic 
appointments and behavior management problems are 
additional challenges in children5.The standard method of 
cleaning and shaping the canals in primary teeth is using hand 
files. Hand instrumentation, despite being the most acceptable 
and widely used method, is time-consuming and can lead to 
iatrogenic errors such as ledging, zipping, apical blockage, canal 
transportation, and instrument breakage6. Lengthy endodontic 
preparation and behavior management problems are 
additional challenges7. Over the years, Rotary Nickel-Titanium 
instrumentation techniques have been developed and 
introduced to overcome these problems. The first case of 
biomechanical preparation with adult rotary files in primary 
teeth was reported using Profile 0.04 taper permanent rotary 
instruments6.  Studies have reported using adult rotary files 
with better cleaning efficacy in primary teeth compared to K 
files7,8. However, some studies did not show a significant 
difference in cleaning efficacy between the two techniques9–11. 
It could be attributed to the relatively thin canal walls, high 
chance of lateral perforation, and difficulty in complete 
instrumentation of flat, oval, curved, and irregularly shaped 
canals in primary teeth12. In addition, Pediatric patients have 
limited mouth openings and the longer length of adult rotary 
files makes it more difficult to use them5.An evolution in 
pediatric endodontics occurred with introduction of an 
exclusive Paediatric Rotary System Kedo-S file system. The 
newer IV generation Kedo S Square file system consists of only 
2 files, i.e., the P1 file for molars and the A1 file for interiors, 
thereby reducing instrumentation time compared to Manual 
files13. Apart from the variable taper and variable diameter, the 
Kedo S Square files are designed with a triangle (3-point 
contact) cross section in the apical 5mm and tear drop-shaped 
cross section (2-point contact) in the coronal 7mm enabling 
its preparation of less aggressive on dentin, particularly in the 
apical third of the root canals. It has also been reported that 
the fracture rate of Kedo S Square files and post-operative pain 
following instrumentation was less compared to manual 
instrumentation14,15. However, data available on the cleaning 
efficacy of the single pediatric files- Kedo S Square files in the 
narrow and curved root canals of primary molars are scarce. 
Therefore, this in vitro study aimed to compare the cleaning 
efficacy of rotary Kedo S Square files with manual K files in the 
root canals of primary molar teeth using the 'clearing 
technique' under Stereomicroscope. 
 
2. MATERIALS AND METHODS 
 
2.1. Ethical statement 

 
The Institutional Review Board approved the methodology for 
the study (IRB) & Institutional Ethical Committee (IEC) IEC 
number – IGIDSIEC2020NRP53PGKDPPD. The study was 
conducted according to Helsinki Declaration as revised in 
2013, and the participant's consent was obtained for using 
their extracted teeth. 
 
2.2. Inclusion criteria 
 

 Primary maxillary and mandibular molars with at least two 
third of root intact extracted due to dental caries, non-
restorable coronal structure, recurrent periapical 
infection, and over-retention due to altered root 
resorption pattern.  

 
2.3. Exclusion criteria 
 

 Teeth with internal resorption, perforation in the 
furcation 

 
Based on the inclusion and exclusion criteria, twenty-five 
primary molars were selected (15 Maxillary molars and 10 
Mandibular molars), and 56 canals were instrumented (21 
Mesiobuccal canals, 8 Mesiolingual canals, 13 Distobuccal 
canals, 3 Distolingual canals, 2 Distal canals, 9 Palatal canals) 
 
2.4. Collection of teeth and Sample Preparation 
 
The Extracted primary teeth were stored in distilled water to 
prevent dehydration. They were later immersed in 0.5% 
sodium hypochlorite for disinfection for 1 week, and the 
samples were then mounted on wax blocks.  
 
2.5. Method of Root Canal Preparation 
 
The access cavity was prepared using a large round diamond 
bur. The occlusal surfaces of the teeth were flattened, leaving 
2mm of coronal tooth structure. The pulp chamber and root 
canals were irrigated with 3% sodium hypochlorite solution for 
the dissolution of organic tissues using a side vent 23-gauge, 
5ml syringe. A # 10 K-file was used to determine the 
radiographic initial working length. Next, 2-3 ml of India Ink 
dye was injected into the canals using a 30-gauge insulin 
syringe, following which the root canals were randomly 
divided into two groups by lottery method. In Group 1, 28 
root canals (11 Mesiobuccal, 4 Mesiolingual, 6 Distobuccal, 2 
Distolingual, 1 Distal, 4 Palatal canals) were instrumented using 
PediatricrotaryKedo S Square files with an Endodontic Motor 
at 300 rpm and 2.2 Ncm torque. In Group 2, 28 root canals 
(10 Mesiobuccal, 4 Mesiolingual, 7 Distobuccal, 1 Distolingual, 
1 Distal, 5 Palatal canals) were instrumented with manual 
21mm Kfiles in a filing motion up to #30 file. Next, 5 mL of 2% 
sodium hypochlorite was used for irrigation of the canal. After 
every use, the K and Kedo S Square files were inspected for 
deformation/fracture. K files were disposed of after a 
maximum of 4 canals16, and Kedo S square files were used for 
the instrumentation of 10 teeth (According to the 
manufacturer's instruction, a maximum of 12 teeth can be 
instrumented by Kedo S square file). Root canals in both groups 
were dried with paper points. The coronal cavity was sealed 
with Intermediate Restorative Material (IRM), and the teeth 
were removed from the modeling wax blocks. The apices 
were then sealed with sticky wax to prevent acid entry during 
decalcification. 
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2.6. Decalcification and Dehydration 
 
The teeth were decalcified using 7% hydrochloric acid for two 
days, and the solution was changed every day. After 
decalcification, the samples were washed under running water 
and immersed in a diluted ethyl alcohol solution for 

dehydration. Initially, 70% alcohol for 16 hours (changed every 
8 hours) was used, followed by 80% alcohol for 8 hours, 95% 
alcohol for 8 hours, and 100% alcohol for 8 hours. Finally, the 
dehydrated teeth were cleared by immersing them in methyl 
salicylate for 6 hours. 

  

 
 

A consort flow chart followed during the different stages of this in vitro study. 
 
1.1 Stereomicroscopic Analysis 
 
The teeth were then immersed in glass petri dishes with 
methyl salicylate and observed for remaining traces of India ink 
in the coronal, middle, and apical third of the canals using a 
Stereo microscope under 10X magnification, which 
determines the cleaning efficacy of the respective files used for 
instrumentation. Grading was scored by three independent 
examiners using the Silva LA et al. 17 scoring criteria.  
 
Score 0: Total clearing (canal was completely clean)  
Score 1: Almost complete ink removal (traces of ink in some 

areas)  
Score 2: Partial ink removal (remnants of ink found on some 

walls in some areas)  
Score 3: No ink removal (appreciable amount of ink present) 
 
2. STATISTICAL ANALYSIS 
 
A non-parametric test was used for the data analysis. Pearson's 
Chi-Square test was used to compare the cleaning efficacy 
between the groups. SPSS 17 version software was used and p 
value <0.05 was considered statistically significant.  
 
3. RESULTS 
 

56 canals in 25 extracted primary molars were assessed under 
Stereomicroscope for remaining traces of India Ink in the 
coronal, middle, and apical third of the canals. The mean 
cleaning efficacy of KedoSsquare files was better than Manual K 
files (Table 1). The data were qualitative, expressed as a 
percentage, and a non-parametric test was used for further 
analysis. In the coronal third, 20 out of 28 canals instrumented 
with KedoSsquarefiles resulted in complete clearing of ink, 
whereas with manual files, only 8 out of 28 canals showed 
complete clearing of ink (Table 2), and the difference was 
statistically significant. In the Middle third, 3 out of 28 canals 
instrumented with Kedo S Square files showed complete 
clearing of ink, and only 1 out of 28 canals that were 
instrumented with manual K files showed complete clearing of 
ink (Table2)(Figures a and b) and the difference was also found 
to be statistically significant.  In the apical third, 13 out of 28 
canals instrumented with Kedo S2files exhibited complete ink 
clearing. In comparison, only 5 out of 28 canals instrumented 
with manual K files showed complete clearing of ink (Table 2), 
and the difference was also statistically significant. Kedo S 
Square files demonstrated complete clearing in almost half of 
the samples in each of the sections of the root canal, more so 
in the coronal third (71.42%). In addition, no sections of the 
canals instrumented with Kedo S Square files were assessed and 
scored 3 (Appreciable amount of ink present)
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Fig a- Canal Instrumented with Kedo S2 showing Complete ink removal Score ‘0’ 
 

illustrates completely clean canals in the coronal third of the canal showing the total clearing 
 

 
 

Fig b - Canal Instrumented with Manual K file showing Partial ink removal Score ‘2’ 
 

Illustrates remnants of ink found on some walls in some areas showing partial ink removal 

 

Table 1- Mean Cleaning Efficacy scores for each group at each third of the canal 
Groups Coronal third Middle third Apical third 
Kedo S Square rotary files 0.3214 0.6071 0.6071 
Manual K files 1.2857 1.5 1.4642 

 

Table 1 illustrates the mean cleaning efficacy scores in the coronal, middle, and apical third of canals instrumented with Kedo S 
Square rotary and Manual K files, respectively. 
 

Table 2-Comparison of Cleaning Efficacy of KedoS Square file& manual K file in coronal, middle and 
apical thirds of canals 

  0 
Total 
clearing 
n (%) 

1 
Almost complete ink 
removal 
n (%) 

2 
Partial ink 
removal 
n (%) 

3 
No ink 
removal 
n (%) 

Chi-
square 

df p-
value 

 
Coronal 
Third 

Rotary 
N=28 

20(71.4%) 7(25.0%) 1 (3.6%) 0  
17.12 

 
3 

 
0.001* 

Manual 
N=28 

8 (28.6%) 8 (28.6%) 8 (28.6%) 4 (14.3%) 

 
Middle 
Third 

Rotary 
N=28 

13 (46.4%) 13 (46.4%) 2 (7.1%) 0  
21.87 

 
3 

 
0.000* 

Manual 
N=28 

1 (3.6%) 14 (50.0%) 11 (39.3%) 2 (7.1%) 

 
Apical 
Third 

Rotary 
N=28 

13 (46.4%) 13 (46.4%) 2 (7.1%) 0  
15.78 

 
3 

 
0.001* 

Manual 
N=28 

5 (17.9%) 9 (32.1%) 10 (35.7%) 4 (14.3%) 

* - Denotes statistical significance p<0.05 
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Table 2 compares the cleaning efficacy scores in the coronal, middle, and apical third canals instrumented with Kedo S Square 
rotary and Manual K files, respectively. 
 
3. DISCUSSION 
 
Instrumentation of primary teeth root canals is usually done 
either with manual or rotary instruments18. The use of manual 
instrumentation is time-consuming and leads to iatrogenic 
errors such as ledging, zipping, canal transportation, and 
instrument breakage. Similarly, using adult rotary instruments 
leads to over-instrumentation of the relatively thin primary 
root canals, and the longer length of adult rotary files makes it 
difficult to use in children4. The keto-S file system is an exclusive 
pediatric rotary file system with modified - length, taper, and 
tip diameter, which prevents the instrumentation of the thin 
primary root canals. The Kedo S Square file system (IV 
generation) is the latest exclusive single file system, and it is 
important to know if these files are ideal concerning cleaning 
efficacy. Since it is a new file system and few studies have been 
done, this study was conducted to compare the Cleaning 
efficacy of Kedo S Square files with Manual K files in root canals 
of primary molars using an ink clearing technique under 
Stereomicroscope. In the present study, extracted primary 
molars (multirooted) were used as their complex canal 
morphology makes the Cleaning and shaping procedure highly 
challenging and significant for proper obturation determining 
the success of pulpectomy compared to primary anterior 
(single-rooted)1. Various methods for determining the cleaning 
efficiency of instrumentation are 'Canal staining and clearing 
technique,' Volumetric analysis using Computed tomography, 
Spiral Computed Tomography, Splitting the tooth 
longitudinally for microscopic evaluation, etc. Among these, 
the Canal Staining-Clearing Method is considered less invasive 
and cost-effective, allowing visualization of root canals in a 
three-dimensional view. Using Stereomicroscope makes it 
more sensitive, accurate, and consistent16. Hence, the clearing 
technique and Stereomicroscope were utilized in this study to 
examine the traces of ink in the canals, thereby determining 
the cleaning efficacy of the files. In our study, Kedo S Square 
files have better clinical efficacy than manual K files in all thirds 
of the canals. Stereomicroscopic evaluation of Kedo S Square 
files at the coronal third of the canals revealed better cleaning 
efficacy (p= 0.001), with 71.4% of canals showing complete ink 
removal compared to Manual K Files, which showed only 
28.6% of canals with complete ink removal. It Can be 
attributed to the variable taper of Kedo S Square files which 
engages more dentin during instrumentation. Similar results 
are supported by a study conducted by Lakshmi et al. 13. In 
the middle third of the canals, Kedo S Square files had significant 
cleaning efficacy (p <0.001) with 46.4% canals showing the total 
clearing of ink compared to Manual K Files (3.6%). In the apical 
third of the canals, Kedo S Square files had significantly better 
cleaning efficacy (p=0.001), with 46.4% of canals showing 
complete ink removal compared to Manual K Files, where only 
17.9% of canals showed complete ink removal.  
SampannaKalita et al. 19 reported that KedoS rotary file (First 
generation) had significantly better cleaning efficacy (p= 
0.0001) in the coronal, middle, and middle apical third when 
rotary Protaperfiles were compared to Manual K files. Similarly, 

Hend A Alfadhli et al. 20 reported that Kedo SG (Second 
Generation) had significantly higher cleaning capacity than 
Manual K files (p= 0.013). On comparing two pediatric rotary 
files, NileshRathi et al. 16 reported that Pro AF Baby Gold files 
had better cleaning efficacy than the Kedo S rotary file (First 
generation) at all thirds of the canal. Still, the difference was 
significant only in the apical third of the canal. However, the 
files used in the mentioned studies are multi-file systems. In 
our study, Kedo S Square files are single file systems with the 
added advantage of variable - cross-section, taper, and 
diameter.This study showed that Kedo S Square files have 
significantly better cleaning efficacy compared to Manual K files 
at all thirds of the canal. It can be attributed to its taper and 
cross-section 13, i.e., 3-point contact in the apical 5 mm of the 
file with a triangle-shaped cross-section and 2-point contact in 
the coronal 7 mm of the file with a teardrop-shaped cross-
section. The variable taper of rotary file improves cleaning 
efficacy21, increases flexibility22, and resistance to cyclic 
fatigue23,24. A variable cross-section of the rotary file increases 
cutting efficiency and fracture resistance of the files during 
constant taper, and constant cross section cause excessive 
screwing within the canal, thereby increasing the incidence of 
fracture 23,25. In this study, the files had no deformation or 
incidence of fracture. Kedo S Square files demonstrated better 
obturation in shorter instrumentation time and reduced 
postoperative pain compared to hand files13.In an in-vitro 
study, the results may not reflect their clinical efficacy. 
Therefore, other factors that contribute to the efficiency of 
Kedo S Square files, such as shaping & centering ability, 
acceptance by the patient concerning time & post-operative 
pain, and the Operators competence, could be studied in the 
future.  
 
4. CONCLUSION 
 
We conclude that the Pediatric rotary Kedo S Square files were 
more effective than Manual K Files regarding cleaning efficacy. 
Therefore, it could be a promising tool in Pediatric 
Endodontics. Nevertheless, Clinical studies are required to 
confirm these results and to evaluate patient acceptance, 
efficiency, and treatment outcome. Therefore, a randomized 
clinical trial is in progress using these pediatric Kedo S Square 
files, which will be shared soon. 
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