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ABSTRACT 
Background: Chemo-mechanical canal preparation is one of the most important steps 

in eliminating germs and debris from the root canal in both permanent and primary 

teeth, in order to achieve high-level endodontic treatment effectiveness.  

Aim: To evaluate and compare cutting efficiency of manual and rotary file systems in 

primary anterior teeth. 

Material and method:  A total of forty extracted primary anterior teeth both 

maxillary and mandibular were collected. They were divided randomly into two 

groups using Manual instrumentation and Rotary instrumentation. Access cavity 

preparation was performed in both groups, followed by chemo-mechanical 

preparation using hand K files and Kedo S rotary files respectively. A CBCT scan 

was done to assess remaining dentin thickness and canal volume before and after 

instrumentation. All the canals were obturated with Metapex and again taken for 

CBCT scan to evaluate quality of obturation.   

Results: The canal volume was increased more in hand instrumentation group as 

compared to the rotary group, while the remaining dentin thickness showed similar 

results except at the buccal surface of root of cervical third and buccal surface of root 

of apical third showed significant difference between manual and rotary file system. 

There was no difference in quality of obturation in either of the groups. 

Conclusion: The hand K and rotary Kedo S file systems performed almost 

identically. 
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INTRODUCTION 

The virtues of science are skepticism and independence of thought. 

Walter Gilbert 

 The removal of infected dentin, dentin debris, vital and/or necrotic pulp tissue, 

followed by obturation of the root canal system, is the main objective of cleaning and 

shaping the root canal system.[1] 

 Many techniques and instruments have been advocated as an effective way to 

achieve this ultimate goal. Traditionally, the cleaning and shaping have been carried 

out using time consuming hand files. Manual stainless-steel files provide magnificent 

tactile control and sharp cutting surfaces. In 1963, Craig and Peyton [2] discovered that 

stainless steel devices have a lot of potential as endodontic implements. However, the 

preparation of curved canals is limited according to the shape of file. While 

calculating working length, K-Flex files have been deployed to deal with severe 

curvatures. The rigidity of these stainless-steel instruments increases as the size of the 

instruments increases. As an outcome, various degrees of canal transportation may 

occur while preparing curved root canals with simple hand instruments, which can 

lead to ledge formation and zipping perforation. In recent years, a number of 

innovations have been done to overcome these flaws. [3] 

 The use of nickel-titanium for file manufacture is one of the many innovations 

in root canal instrumentation. Nickel-titanium (Ni Ti) files may have an advantage 

over stainless steel instruments because of their excellent flexibility and resistance to 

fracture.[3] From 1990s, until now, NiTi instruments have undergone absolute changes 

in terms of the physical characteristics. So, the paradigm shift has been observed in 

endodontic treatment from manual stainless steel and nickel-titanium files to rotary 

instrumentation, hand filing procedures for canal preparation are time intensive and 

might result in operator-induced errors.  

 The idea of changing and upgrading these tools is to create a Ni-Ti rotary 

instrument that penetrate and eliminates infected dentin while remaining fracture 

resistant even in the most difficult narrow, curved root canals. Another objective of 

changing and upgrading these instruments is to make the cleaning and shaping 
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process easier and to reduce the number of instruments used while preserving the 

shape of the prepared root canals.[4] The most important question with using the rotary 

instruments including the NiTi files is the possibility of their separation due to cyclic 

fatigue and the clinicians lack of knowledge and experience. Manufacturers began 

using heating and cooling methods on NiTi alloys in late 2007 to increase the safety 

of these devices, particularly in root canals.[5] 

 Researchers have consistently demonstrated that using a rotary method to 

prepare root canals in permanent teeth is efficient and successful. However, the 

primary dentition differs from the permanent dentition in a number of aspects. The 

differences include the time of development, number of teeth, external morphology 

and most importantly root canal morphology among others. The size of the pulp 

relative to the crown is also larger in the primary teeth.   

 The principles of canal preparation and dentin shaping using Nickel-titanium 

(Ni-Ti) files have also been applied to primary teeth. Nickel-titanium (Ni-Ti) files 

were introduced in the field of pediatric endodontics by Barr S et al in 2000[6] which 

helped in achieving simplicity, speed, accuracy, safety, and stress reduction during 

root canal preparation, to both the clinician and the patient. But a major concern in 

applying Nickel-titanium (Ni-Ti) rotary files is the possibility of lateral perforation on 

the root surface of primary teeth. These lateral perforations may be caused by the 

rotary files' predesigned larger taper. 

 The introduction of exclusive pediatric rotary files which have different files 

for different teeth and also pre-curved files for ribbon like tortuous and uneven canal 

walls of primary teeth are effectively cleaned with rotary files. Working time and 

instrumentation time are decreased by utilising exclusive pediatric rotary files.  The 

working of pediatric rotary files helps in a clockwise motion that help to pull out 

pulpal tissue and dentin out of the canal. The reduced working time and improved 

root canal preparation with the use of pediatric rotary files is indicated. The steady 

taper of these files assists with coronal expansion and straight-line access in a 

controlled manner. It also helps with adequate canal preparation and avoids the need 

for extensive root surface instrumentation. 

 According to the manufacturers, the newly introduced Kedo-S rotary file 

system consists of three Ni-Ti rotary files. All of the files have a varied taper that 
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corresponds to primary tooth usage. The gradual taper aiding in coronal extension and 

straight-line access are aided. It also helps to avoid over the instrumentation of the 

inner wall of the root surface and preserves the native anatomy of the curved canals in 

primary teeth.[7] This new file system claims to help the dentist in performing the 

pulpectomy procedure precisely resulting in a uniform and predictable quality of 

obturation. However, there are only a small number of studies on this rotary file 

system for canal instrumentation in primary teeth.  Hence, this study was undertaken 

with the aim to evaluate and compare the cutting efficiency of manual and rotary file 

systems in primary anterior teeth. 
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Aim & Objectives 

AIM 

 To evaluate and compare cutting efficiency of manual and rotary file systems 

in primary anterior teeth. 

OBJECTIVES 

The objectives of this study are: 

 To evaluate and compare manual and rotary file systems using cone 

beam computed tomography for remaining dentin thickness in primary 

anterior teeth. 

 To evaluate and compare manual and rotary file systems using cone 

beam computed tomography for canal volume in primary anterior teeth. 

 To compare quality of obturation in manual and rotary file systems 

using cone beam computed tomography in primary anterior teeth. 
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REVIEW OF LITERATURE 

 Structured review of scientific publications in English literature related to 

dissertation topic “A comparative evaluation of cutting efficiency of manual and 

rotary file system in primary teeth: An In- Vitro Study” 

 Until 1960, root canal instruments were produced of carbon steel, which is 

now replaced by stainless steel alloys. Manufactures have developed new stainless 

steel alloys characterized by higher flexibility in bending compared with conventional 

stainless steel instruments to avoid undesirable shaping effects and removing 

excessive amount of tooth materials from inner aspect of curved canals. Up to now, 

even flexible stainless steel instruments with noncutting tips have not produced 

entirely enlargements of severely curved canals. In order to overcome this problem, 

modifications of stainless steel instruments, have been developed which were highly 

flexible instruments made of new alloy nickel-titanium (NiTi). NiTi was developed by 

W. F. Buehler (1960)[8] which is non-magnetic, salt resisting and water-proof alloy. 

This new combination alloy had unique properties of shape memory and super 

elasticity, which makes engine-driven instruments feasible. With this new technique, 

there was significant reduction in preparation time and better-cleaned and shaped root 

canals.   

 Nagaratna PJ et al (2006)[9] conducted an in-vitro investigation to evaluate 

NiTi rotary and K-files hand instrumentation on root canal preparation of primary & 

permanent molars for their efficiency in preparation time, instrument failure and 

shaping the canal. About 20 primary mandibular second molar (I) and 20 permanent 

mandibular first molar (II) were selected. Each was further divided into 10 for K-files 

(a) and 10 for NiTi (b) groups, respectively. Results showed that preparation time for 

primary mandibular second molar for NiTi < primary mandibular second molar for K-

files and permanent mandibular first molar for NiTi < permanent mandibular first 

molar for K-files, which was highly significant. In instrument failure, primary 

mandibular second molar for K-files (40%), permanent mandibular first molar for K-

files (30%) showed more deformation but not fracture and primary mandibular second 

molar for NiTi (10%), permanent mandibular first molar for NiTi (20%) showed 

fracture, but not deformation. Profile showed good canal taper and smoothness 

compared to the K-files. To conclude profile 0.04 taper 29 series, prepared canal 
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rapidly than conventional K-file with good taper, smoothness though the flow was not 

satisfactory. Instrument failure with K-files was less. In primary teeth preparation 

time, instrument failure with profile was less compared to the permanent teeth. To 

conclude it's encouraging to use the Ni-Ti files in primary teeth. In primary teeth root 

canal preparation time, instrument failure with Ni-Ti files were less compared to the 

permanent teeth. 

 The Ni-Ti alloys files used in rotary systems are composed of 56% Ni and 

44% Ti which present a low elasticity modulus, high resilience, corrosion resistance, 

super elasticity and shape’s thermal memory. The flexibility is 2 or 3 times higher 

than stainless steel files and promote the maintenance of the root canal shape by 

avoiding canal transportations, an important factor when negotiating the primary 

molars curved root canals. Crespo et al (2008)[10] conducted an in-vitro study to 

compare the efficiency in both, preparation time and root canal shape, when using the 

Nickel Titanium (Ni-Ti) rotary and K-Files hand instrumentation on root canal 

preparation of sixty single rooted primary teeth. They concluded that the use of rotary 

files in primary teeth has several advantages when compared with manual K files: the 

efficiency in both, preparation time and root canal shape. A decreased working time, 

that helps maintain patient cooperation by diminishing the potential for tiredness. The 

shape of the root canal is more conical, favoring a higher quality of the root canal 

filling, and increasing clinical success.  

 Romero TO et al (2011)[11] compared the duration of instrumentation, 

obturation timing and quality of root canal filling between rotary and manual 

instrumentation techniques. Forty root canal treatments were performed in primary 

posterior teeth. The results showed that the use of rotary technique diminished the 

time of instrumentation to 63%. Time of obturation reduced to 68% and it also 

improved the quality of root canal filling. The study concluded that rotary 

instrumentation in pulpectomy showed satisfactory results. Even though manual 

instrumentation is used for that purpose in deciduous teeth, it presents some 

limitations concerning root canal cleaning, anatomical fidelity and chair time. 

 Rotary instrumentation using motor-driven nickel-titanium files (Ni-Ti) is an 

easy technique that requires a smaller number of instruments. Its greater cutting 

efficacy in dentin reduces the stresses on the files , which present variable tapers to 
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allow better cleaning, apical control and obturation. Additionally, their similarity with 

the root canal morphology allows simple and effective preparation, thereby reducing 

the occurrence of iatrogenic errors. The Ni-Ti rotary instruments are able to maintain 

the original root canal shape without creating severe irregularities as zipping, steps 

and perforations, especially in narrow curved canals. 

 Pinheiro SL et al (2012)[12] done an in-vitro study to compare the cleaning 

ability and instrumentation time between manual and rotary techniques in deciduous 

molars. 15 extracted deciduous molars included for the study were coronally opened 

and filled with India ink dye. The results showed that the Protaper system presented 

shorter instrumentation timing compared to manual instrumentation. Endo-wave 

system did not present statistically significant difference in instrumentation time 

compared to other groups.  

 Farhin et al (2014)[13] conducted an in-vitro study on 120 mandibular primary 

molar to compare instrumentation time and cleaning efficacy of manual 

instrumentation, rotary systems and reciprocating systems in the preparation of 

primary molar root canals. The reciprocating and the rotary systems showed better 

cleaning efficacy when compared to manual instrumentation especially, in coronal 

and middle one third.  

 In the bygone decade, several rotary NiTi endodontic file systems have been 

launched to improve the shaping procedure. However, all these systems recommended 

the use of a series of files to accomplish the final shape. Recently, the concept of 

single-file systems has been introduced and is currently being debated for its 

applicability in contemporary endodontics. Prabhakar A R et al (2015)[14] conducted 

an in-vitro study to compare Reciprocating vs Rotary Instrumentation. A total of 24 

extracted human primary teeth with minimum 7 mm root length were included in the 

study. Cone beam computed tomographic images were taken before and after the 

instrumentation for each group. Dentin thickness, centering ability, canal 

transportation, and instrumentation times were evaluated for each group. A significant 

difference was found in instrumentation time and canal transportation measures 

between the two groups. Wave one showed less canal transportation as compared with 

one shape, and the mean instrumentation time of wave one was significantly less than 

one shape. Reciprocating single-file systems was found to be faster with much less 
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procedural errors and can hence be recommended for shaping the root canals of 

primary teeth. 

 Zameer M et al (2016)[15] done an in-vitro study  to evaluate the efficacy of 

radicular dentin removal, risk of perforation, and shape of the canal on using manual 

and rotary instruments in primary teeth. Sixty primary teeth selected were divided into 

three groups; all the teeth were then embedded into resin and sectioned for 

examination before and after instrumentation. H-files were used for manual technique, 

and 2% taper and 4% taper I-Race files were used for rotary.  No statistical 

differences were found between 2% and 4% instrumentation with respect to the 

amount of dentin removed. In few specimens, root perforations were observed in 

areas coinciding with largest root resorption. In primary teeth without significant root 

resorption, the use of nickel-titanium-rotary files with 2% and 4% taper up to size 30 

revealed to be safe and had prepared the root canals with greater conservation of tooth 

structure than manual instrumentation. However, 4% taper instrumentation had an 

additional advantage of providing more funnel-shaped canal desired for ideal 

compaction of obturating material. The fifth generation of shaping files is the last that 

has been introduced, with instruments characterized by having the centre of mass 

and/or rotation offset, with a design, which should minimize the engagement between 

the file and the dentin.  

 Colombo M et al (2017)[16] conducted a study to evaluate and analyze 

periapical radiographs, the technical quality of root canal treatment performed by 

postgraduate students radiographically  on 74 patients. The quality of endodontic 

treatment was evaluated by examining the length of the filling in relation to the 

radiographic apex, the density of the obturation according to presence of voids and the 

taper of root canal filling. It was found that 78% of root canal fillings performed by 

postgraduate students resulted radiographically adequate.   

 Govindraju L et al (2017)[17] regulated a study to compare quality of 

obturation and instrumentation time using hand file and two rotary file system in 

primary molars. 45 primary mandibular molars were selected. A post obturation 

radiograph was taken to assess the quality of obturation. Marked reduction in the 

instrumentation time has been appreciated.  
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 Govindaraju L et al (2017)[18] conducted a study to clinically evaluate quality 

of obturation and instrumentation time using  two modified rotary file systems with 

manual instrumentation in primary teeth. Forty five mandibular molars were taken 

and instrumented with k hand file, protaper universal file and K3 rotary file. Digital 

radiographs were taken to compare but no significant difference were seen with 

respect to quality of obturation.  Statistically significant difference result was seen as 

rotary file had lesser instrumentation time. There are many in vitro studies done in 

primary teeth comparing different rotary instrumentation systems with manual 

instrumentation. As there are no in vivo study done comparing manual files with 

ProTaper and Mtwo, this randomized, controlled, single-blinded trial was conducted 

to evaluate the quality of obturation and instrumentation time using K-file, ProTaper, 

and Mtwo. ProTaper files are triangular in cross-section while the Mtwo files have S-

shaped cross section. These files get engaged into the walls of the canals, producing 

smooth and tapered canal walls. 

 Reddy J et al (2018)[19] conducted an in vitro study to evaluate the canal 

cleaning ability of two reciprocating single file systems: Reciproc (VDW, Munich, 

Germany) and WaveOne gold (Dentsply Maillefer, Ballaigues, Switzerland) using 

scanning electron microscopy (SEM).  Forty freshly extracted human mandibular 

premolar teeth with single root and canal were selected. The samples were randomly 

divided into two experimental groups (n = 15 each). The WaveOne Gold group 

presented a larger amount of debris than the Reciproc Group, however, without a 

statistically significant difference (P > 0.05). A larger amount of debris in the control 

group was observed, with the statistically significant difference between Reciproc and 

WaveOne Gold groups (P < 0.05). It was concluded that the two reciprocating single-

file instrumentation systems presented similar effectiveness for root canal cleaning.  

 Raidan a (2018)[20] conducted an in vitro study to compare the shaping ability 

of two rotary nickel-titanium systems manufactured from different NiTi 

wires. Twenty simulated root canals each with a curvature of 35° in resin blocks were 

divided into two groups of 10 canals each. In most canal segments, no significant 

differences were observed between either system in the amount of material removed. 

Both systems were comparable to each other in regards to their ability to enlarge root 

canal in the same way without procedural errors.  
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 Manisha et al (2018)[21] conducted an in vivo study to compare post-operative 

pain after pulpectomy with K-files, Kedo-S files and MTwo files in primary teeth in 

4-6 years old children. Despite the tortuous course of primary root canal system, a 

paradigm shift occurred from conventional hand files to rotary system, which lead to 

faster, cost-effective, uniform and predictable fillings. 44% of volunteers in K-file 

group had moderate pain followed by Kedo-S group that is 8% and then MTwo files 

that is 4%. One of the many advantages being, reduction in post-operative pain with 

the use of rotary system. Many rotary file systems were introduced, with the recent 

one, the Kedo-S. So the present study aimed to compare and evaluate the post – 

operative pain after pulpectomy using K-files, MTwo files and Kedo-S files in 

deciduous molars. The least post operative pain was found in MTwo group followed 

by Kedo-S group and K-file group.  

 Pulpectomy is the choice of treating symptomatic decayed primary teeth and is 

a challenging and time-consuming procedure in pediatric dentistry. An efficient 

chemo-mechanical preparation is essential for effective canal disinfection and thereby 

contributes to the success of the endodontic procedure. Conventionally, hand files are 

used for cleaning and shaping and are time-consuming. The length of the appointment 

is strongly associated with the child's behavior. Removal of organic debris is the 

primary goal of canal preparation in primary teeth. Use of rotary instrumentation for 

pulpectomy is an emerging practice in pediatric dentistry. The canals of the 

permanent teeth are prepared rapidly and uniformly with NiTi files resulting in 

superior obturation. Rotary instrumentation in primary teeth was advocated for its 

ability to provide conical-shaped canals and reduced the instrumentation time. An in 

vitro study comparing the canal cleaning capacity of hand files, Mtwo and ProTaper 

showed no significant differences.[5] Another in vitro study compared the cleaning 

capacity and instrumentation time of K-files and Mtwo and concluded that there was 

no significant difference in cleaning capacity, but reduced instrumentation time with 

the use of Mtwo rotary system was evident.[12] There are no in vivo studies in the 

literature comparing the manual instrumentation with Mtwo rotary system for 

pulpectomy in primary teeth.  

 G jeevanandan et al(2018)[22] conducted an in vivo study to compare and 

evaluate  the instrumentation time and quality of obturation between rotay file( Kedo-

S) and manual instrumentation techniques in 4-7 years old children. Mean 
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instrumentation timing was significantly less and improved quality of obturation with 

rotary Kedo-S files.  

 Prashant et al (2019)[23] conducted an in-vivo study on 120 patients to 

compare manual and rotary instrumentation techniques in deciduous teeth.  In the 

study, they found lesser instrumentation time and filling time with rotary system 

compared to manual endodontic method.  

 Panchal et al(2019)[24]  conducted an in vivo study to compare post-operative 

pain after root canal instrumentation with hand K- files, H- files and rotary Kedo-S 

file in 4-6 yrs old children. Rotary files Kedo-S showed significantly less post 

operative pain as compared to K-file and H-file at 6 and 12 hrs intervals. Among the 

various rotary file systems, the ProTaper file system is widely used and studied.  

 Even though until 2016 no files were available exclusively for the preparation 

of the root canals of primary teeth, the files that were used to prepare the permanent 

tooth was also used in primary dentition. Invention of Kedo S files, an exclusive 

rotary endodontic files for primary teeth, was a new venture in the field of pediatric 

dentistry, more specifically pediatric endodontics. Seema et al (2020)[25] conducted 

an in-vitro study on 63 primary molar teeth to compare manual and rotary 

instrumentation techniques in deciduous teeth.  In the study, they found the rotary 

Kedo S file system performed slightly better in root canal preparations in primary 

molars. Within the experimental conditions of the present study, the following 

conclusions were drawn that all the three file systems do not show any statistical 

significant differences at middle third and apical third but at coronal third Kedo S 

removed significantly less amount of dentin as compared to the Hand K file on the 

mesial side and on the distal side all the three file systems performed almost similarly. 

Taper of the preparations did not show significant differences, even though the rotary 

files showed good taper in maximum number of root canals. 
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MATERIALS AND METHODS 

 The present study was conducted in Department of Paediatric and Preventive 

Dentistry, Babu Banarasi Das College of Dental Sciences, Lucknow after obtaining 

clearance from institutional ethical committee of BBDCODS, Lucknow (Annexure 1).  

STUDY DESIGN 

 An in-vitro study was performed for comparative evaluation of cutting 

efficacy in manual and rotary file system for primary teeth. Total 40 extracted teeth 

were collected and examined. 

 The teeth were randomly divided into two groups:  

Group A:  Teeth with manual instrumentation  

Group B:   Teeth with rotary instrumentation. 

SAMPLE SIZE 

 The sample size was calculated and 40 extracted teeth were included for 

carrying out the experimental study.  

Eligibility Criteria: 

 Inclusion criteria 

1. At least 2/3rd of root remaining 

2. At least 2 mm of crown structure present over CEJ 

Exclusion Criteria 

1. Any evidence of external/internal resorption. 

TOOTH STANDARDIZATION 

 Both maxillary and mandibular extracted primary anterior teeth were included 

in the study. 



Materials and Methods  

14 

Armamentarium: 

o Diagnostic Instruments (Root canal explorer 37-123, Mouth Mirror, Tweezer)  

o Disposable Syringes (Dispovan) – 24 gauge 

o Safe-end diamond-point (ISO No. 220) 

o Smooth broach (Dentsply Sirona, USA) 

o Barbed broach (Dentsply Sirona, USA) 

o Irrigant (3% Sodium Hypochlorite Hyposol, India) 

o Hand files Dentsply M-Access K file 21mm 

o Rotary files Kedo S file (Reegans Dental Care, India) 

o Apex locator (Canal Pro Coltene, India) 

o Endomotor (Canal Pro Coltene, India) 

o Metapex (Meta Biomed, Korea) 

Methodology:   

GROUP A 

Access cavity preparation: 

 A sample of 20 extracted teeth was taken. Access opening was performed in 

extracted teeth. The canals were located with the help of a smooth broach and 

extirpation of the pulp was done with barbed broach. The roof of the access cavity 

was removed using safe-end diamond-point (ISO No. 220).  

Working length determination:  

 A no.10 K-file was introduced manually into the root canal using tactile 

sensation till the apical foramen is reached. On confirming this with the help of an 

apex locator, a length 1 mm short of the apex was noted as working length for the root 

canal preparation. The root canal was then prepared up to the estimated canal length.  
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Chemo-mechanical Preparation: 

 The pulp chamber was copiously irrigated with a 3% Sodium Hypochlorite 

(Hyposol, India) solution. Hand K files were then used for preparing the root canals 

using the step back technique. The last file that was used was the size #40 K file. It 

was made a point not to go over 3/4 of the canal's estimated length for preventing any 

endodontic mishaps.  

 All the samples were taken for specimen analysis using Cone Beam Computed 

Tomography (CBCT). The parameters measured were: 

 Remaining dentin thickness: Dentin removal was assessed at three different 

levels namely, the coronal third, the middle third and the apical third. At each 

of these levels, we also assessed the dentin removal on the mesial, distal, 

buccal, and lingual surfaces of the root. 

 Canal volume: CBCT software was used to calculate the canal volume. 

Obturation of canals: 

 After CBCT scan, the 40 canals were again irrigated with 3% Sodium 

Hypochlorite (Hyposol, India) and dried with the help of paper points so as to start 

with obturating the canals. Calcium hydroxide iodoform paste (Metapex) was the 

preferred material for obturation of primary teeth. A standardised mix of metapex 

without additives or fillers was injected into each canal, as per the manufacturers' 

recommendation and the technological limitations of obturation procedures. After 

obturation, a CBCT scan was again conducted for each sample to determine the 

depth-of-fill. The final obturation was assessed as underfilled, optimally filled and 

overfilled based on the CBCT scans. 

GROUP B 

Access cavity preparation: 

 A sample of 20 extracted teeth was taken. Access opening was performed in 

extracted teeth. The canals were located with the help of a smooth broach and 

extirpation of the pulp was done with barbed broach. The roof of the access cavity 

was removed using safe-end diamond-point (ISO No. 220).  
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Working length determination:  

 A no.10 K-file was introduced manually into the root canal using tactile 

sensation till the apical foramen is reached. On confirming this with the help of an 

apex locator, a length 1 mm short of the apex was noted as working length for the root 

canal preparation. The root canal was then prepared up to the estimated canal length.  

Chemo-mechanical Preparation: 

 The pulp chamber was irrigated with 3% Sodium Hypochlorite (Hyposol, 

India). Root Canals were prepared with the help of Kedo S files till the working 

length using the Canal Pro Endomotor using the lateral brushing motion. The torque 

and speed were both adjusted at 2.2–2.4 N cm and 250–300 rpm respectively. It was 

made a point not to go over 3/4 of the canal's estimated length to prevent any 

endodontic mishaps.  

 All the samples were taken for specimen analysis using Cone Beam Computed 

Tomography (CBCT). The parameters measured were: 

 Remaining dentin thickness: Dentin removal was assessed at three different 

levels namely, the coronal third, the middle third and the apical third. At each 

of these levels, we also assessed the dentin removal on the mesial, distal, 

buccal, and lingual surfaces of the root. 

 Canal volume: CBCT software was used to calculate the canal volume. 

Obturation of canals: 

 After CBCT scan, the 40 canals were again irrigated with 3% Sodium 

Hypochlorite (Hyposol, India) and dried with the help of paper points so as to start 

with obturating the canals. Calcium hydroxide iodoform paste (Metapex) was the 

preferred material for obturation of primary teeth. A standardised mix of metapex 

without additives or fillers was injected into each canal, as per the manufacturers' 

recommendation and the technological limitations of obturation procedures. After 

obturation, a CBCT scan was again conducted for each sample to determine the 

depth-of-fill. The final obturation was assessed as underfilled, optimally filled and 

overfilled based on the CBCT scans. 
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STATISTICAL METHODS 

 A total sample size of 40 extracted teeth were included in the study. The 

sample size per group was calculated by using the following formula- 

n = t x t x p (1-p) 
--------------------------------- 

e^2 
n=2*(1.96*1.96)*(13*13 

--------------------------------------- 
(8.8*8.8) 

= 17 
 

where, n= sample size, t= confidence level of t statistic at 95%, standard value= 1.96 

,p= difference in groups = 5% ,e= margin of error= 0.05% 

 The minimum sample size was 17 in each group and it was increased to 20 to 

guarantee an equitable distribution. Thus, 40 teeth were taken for two groups.  

RANDOMIZATION 

 Allocation of extracted teeth was done randomly to avoid any bias and ensure 

equal distribution of maxillary and mandibular teeth in both the groups. 

Statistical analysis 

 The continuous remaining dentin thickness and canal volume data were summarised 

as Mean ± SD (standard deviation).  Pre and post groups were compared by paired t-test. Pre 

to post change (pre-post) in outcome measures of two independent groups were compared by 

independent Student’s t-test.  The discrete (categorical) obturation quality data were 

summarised in number (n) and percentage (%) and compared by chi-square (χ2) test. A two-

tailed (α=2) p < 0.05 was considered statistically significant. Analyses were performed on 

SPSS software (Windows version 22.0).   
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ARMAMENTARIUM 
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HAND K FILE PRE AND POST INSTRUMENTATION  
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ROTARY KEDO S FILE PRE AND POST INSTRUMENTATION 
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RESULTS AND OBSERVATIONS 

 The present in-vitro study deals with the comparative evaluation of cutting 

efficacy of manual and rotary file systems in primary teeth. Total 40 extracted teeth 

were collected and randomized equally into two groups and treated with manual 

instrumentation (Group 1, n=20) and rotary instrumentation (Group 2, n=20).  

 The outcome measures of the study were remaining dentin thickness, canal 

volume and quality of obturation. All the outcome measures were assessed at pre 

treatment and post treatment. The remaining dentin thickness was measured in 

millimeter (mm) whereas canal volume was measured in cube millimeter (mm3) and 

both were assessed using cone beam computed tomography (CBCT).   

 The objective of the study was (i) to compare the remaining dentin thickness, 

(ii) to compare the canal volume, and (iii) to compare the quality of obturation 

between two groups (Group 1 and Group 2).  

Outcome measures 

A. Remaining dentin thickness 

I. Cervical third 

(i) Mesial 

 The remaining dentin thickness of two groups (Group 1 and Group 2) at the 

mesial side of the cervical third is summarised in Table 1 and also depicted in Graph 

1-2. In both groups, the mean dentin thickness at the mesial side of the cervical third 

decreased (or changed) comparatively at the post as compared to pre and the decrease 

(restoration) was evidently higher in Group 2 as compared to Group 1. 

 At mesial, the mean (± SD) dentin thickness of Group 1 at pre was 1.32 ± 0.31 

mm and post it was 1.15 ± 0.24 mm. Comparing the pre and post mean dentin 

thickness of Group 1, paired t-test showed similar (p > 0.05) dentin thickness between 

the two periods (1.32 ± 0.31 vs. 1.15 ± 0.24, diff=0.17 ± 0.46, t=1.66, p = 0.114) i.e. 

did not change (or decrease) significantly (Table 1 and Graph 1). 
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 In contrast, in Group 2, it was 1.17 ± 0.22 mm at pre and 0.95 ± 0.26 mm at 

post and it decreased significantly (p < 0.001) at post as compared to pre (1.17 ± 0.22 

vs. 0.95 ± 0.26, diff=0.22 ± 0.10, t=10.34, p < 0.001)  (Table 1 and Graph 1)   

 Further, comparing the pre to post mean change in dentin thickness (i.e. 

remaining dentin thickness) between two groups, Student’s t-test showed similar (p > 

0.05) remaining dentin thickness between the two groups (0.17 ± 0.46 vs. 0.22 ± 0.10, 

diff=0.05, t=0.48, p = 0.636) though it remained 22.7% higher in Group 2 as 

compared to Group 1 (Table 1 and Graph 2). 

(ii) Distal 

 The remaining dentin thickness of two groups at the distal side of the cervical 

third is summarised in Table 1 and also depicted in Graph 3-4. In both groups, the 

mean dentin thickness at the distal side of the cervical third also decreased (or 

changed) comparatively at the post as compared to pre and the decrease (restoration) 

was evidently higher in Group 2 as compared to Group 1. 

 At the distal level, the mean dentin thickness of Group 1 at pre was 1.33 ± 

0.35 mm and post it was 1.24 ± 0.22 mm. Comparing the pre and post mean dentin 

thickness of Group 1, paired t-test showed similar (p > 0.05) dentin thickness between 

the two periods (1.33 ± 0.35 vs. 1.24 ± 0.22, diff=0.09 ± 0.48, t=0.79, p = 0.442) i.e. 

did not change (or decrease) significantly (Table 1 and Graph 3). 

 In contrast, in Group 2, it was 0.80 ± 0.12 mm at pre and 0.64 ± 0.11 mm at 

post and it decreased significantly (p < 0.001) at post as compared to pre (0.80 ± 0.12 

vs. 0.64 ± 0.11, diff=0.16 ± 0.07, t=10.10, p < 0.001)  (Table 1 and Graph 3)   

 Further, comparing the pre to post mean change in dentin thickness (i.e. 

remaining dentin thickness) between two groups, Student’s t test showed similar (p > 

0.05) remaining dentin thickness between the two groups (0.09 ± 0.48 vs. 0.16 ± 0.07, 

diff=0.07, t=0.64, p = 0.526) though it remained 45.2% higher in Group 2 as 

compared to Group 1 (Table 1 and Graph 4). 

(iii) Buccal 

 The remaining dentin thickness of two groups at the buccal side of the cervical 

third is summarised in Table 1 and also depicted in Graph 5-6. In both groups, the 
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mean dentin thickness at the buccal side of the cervical third also decreased (or 

changed) comparatively at the post as compared to pre and the decrease (restoration) 

was evidently higher in Group 2 as compared to Group 1. 

 At buccal, the mean dentin thickness of Group 1 at pre was 1.35 ± 0.23 mm 

and post it was 1.33 ± 0.25 mm. Comparing the pre and post mean dentin thickness of 

Group 1, paired t-test showed similar (p > 0.05) dentin thickness between the two 

periods (1.35 ± 0.23 vs. 1.33 ± 0.25, diff=0.02 ± 0.36, t=0.19, p = 0.855) i.e. did not 

change (or decrease) significantly (Table 1 and Graph 5). 

 In contrast, in Group 2, it was 1.23 ± 0.22 mm at pre and 1.03 ± 0.21 mm at 

post and it decreased significantly (p < 0.001) at post as compared to pre (1.23 ± 0.22 

vs. 1.03 ± 0.21, diff=0.20 ± 0.12, t=7.65, p < 0.001)  (Table 1 and Graph 5)   

 Further, comparing the pre to post mean change in dentin thickness (i.e. 

remaining dentin thickness) between two groups, Student’s t-test showed significantly 

(p < 0.05) different and higher (92.5%) remaining dentin thickness in Group 2 as 

compared to Group 1 (0.02 ± 0.36 vs. 0.20 ± 0.12, diff=0.18, t=2.18, p = 0.036) 

(Table 1 and Graph 6). 

(iv) Lingual 

 The remaining dentin thickness of two groups at the lingual side of the 

cervical third is summarised in Table 1 and also depicted in Graph 7-8. In both 

groups, the mean dentin thickness at the lingual side of the cervical third also 

decreased (or changed) comparatively at the post as compared to pre and the decrease 

(restoration) was evidently higher in Group 2 as compared to Group 1. 

 At lingual, the mean dentin thickness of Group 1 at pre was 1.29 ± 0.35 mm 

and post it was 1.19 ± 0.31 mm. Comparing the pre and post mean dentin thickness of 

Group 1, paired t-test showed similar (p > 0.05) dentin thickness between the two 

periods (1.29 ± 0.35 vs. 1.19 ± 0.31, diff=0.10 ± 0.53, t=0.80, p = 0.433) i.e. did not 

change (or decrease) significantly (Table 1 and Graph 7). 

 In contrast, in Group 2, it was 1.40 ± 0.24 mm at pre and 1.17 ± 0.22 mm at 

post and it decreased significantly (p < 0.001) at post as compared to pre (1.40 ± 0.24 

vs. 1.17 ± 0.22, diff=0.24 ± 0.12, t=8.57, p < 0.001)  (Table 1 and Graph 7)   
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 Further, comparing the pre to post mean change in dentin thickness (i.e. 

remaining dentin thickness) between two groups, Student’s t-test showed similar (p > 

0.05) remaining dentin thickness between the two groups (0.10 ± 0.53 vs. 0.24 ± 0.12, 

diff=0.14, t=1.15, p = 0.258) though it remained 59.6% higher in Group 2 as 

compared to Group 1 (Table 1 and Graph 8). 

Table 1: Remaining dentin thickness (mm) of two groups at mesial, distal, buccal 

and lingual sides of cervical third 

Sides 

Group 1 

(n=20) 

Group 2 

(n=20) 

Comparison of change 

(Group 1 vs. Group 2) 
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Mesial 
1.32 ± 

0.31 

1.15 ± 

0.24 

0.17 ± 

0.46 
1.66 0.114 

1.17 ± 

0.22 

0.95 ± 

0.26 

0.22 ± 

0.10 
10.34 <0.001 

0.17 ± 

0.46 

0.22 ± 

0.10 

0.05 

(22.7) 
0.48 0.636 

Distal 
1.33 ± 

0.35 

1.24 ± 

0.22 

0.09 ± 

0.48 
0.79 0.442 

0.80 ± 

0.12 

0.64 ± 

0.11 

0.16 ± 

0.07 
10.10 <0.001 

0.09 ± 

0.48 

0.16 ± 

0.07 

0.07 

(45.2) 
0.64 0.526 

Buccal 
1.35 ± 

0.23 

1.33 ± 

0.25 

0.02 ± 

0.36 
0.19 0.855 

1.23 ± 

0.22 

1.03 ± 

0.21 

0.20 ± 

0.12 
7.65 <0.001 

0.02 ± 

0.36 

0.20 ± 

0.12 

0.18 

(92.5) 
2.18 0.036 

Lingual 
1.29 ± 

0.35 

1.19 ± 

0.31 

0.10 ± 

0.53 
0.80 0.433 

1.40 ± 

0.24 

1.17 ± 

0.22 

0.24 ± 

0.12 
8.57 <0.001 

0.10 ± 

0.53 

0.24 ± 

0.12 

0.14 

(59.6) 
1.15 0.258 

 

 The remaining dentin thickness of two groups at mesial, distal, buccal and 

lingual sides of cervical third is summarised in Mean ± SD. The pre and post data of 

each group was compared by paired t test whereas pre to post change (pre-post) 

between two groups were compared by Student’s t test. 
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Graph 1. For each group, bar graphs showing comparison of difference in pre and 

post mean dentin thickness at mesial side of cervical third. In both groups, the mean 

dentin thickness at the mesial side of the cervical third decreased (or changed) 

comparatively at the post as compared to pre and the decrease (restoration) was 

evidently higher in Group 2 as compared to Group 1. 
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Graph 2. Bar graphs showing comparison of difference in mean remaining dentin 

thickness between two groups at mesial side of cervical third. Student’s t-test showed 

remaining dentin thickness between the two groups it remained 22.7% higher in 

Group 2 as compared to Group 1 
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Graph 3. For each group, bar graphs showing comparison of difference in pre and 

post mean dentin thickness at distal side of cervical third. In both groups, the mean 

dentin thickness at the distal side of the cervical third also decreased (or changed) 

comparatively at the post as compared to pre and the decrease (restoration) was 

evidently higher in Group 2 as compared to Group 1. 
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Graph 4. Bar graphs showing comparison of difference in mean remaining dentin 

thickness between two groups at distal side of cervical third. Student’s t test showed 

similar (p > 0.05) remaining dentin thickness between the two groups though it 

remained 45.2% higher in Group 2 as compared to Group 1 
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Graph 5. For each group, bar graphs showing comparison of difference in pre and 

post mean dentin thickness at buccal side of cervical third. In both groups, the mean 

dentin thickness at the buccal side of the cervical third also decreased (or changed) 

comparatively at the post as compared to pre and the decrease (restoration) was 

evidently higher in Group 2 as compared to Group 1. 
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Graph 6. Bar graphs showing comparison of difference in mean remaining dentin 

thickness between two groups at buccal side of cervical third. Student’s t test showed 

similar (p > 0.05) remaining dentin thickness between the two groups though it 

remained 92.5% higher in Group 2 as compared to Group 1. 



Result and Observations  
 

28 

ns ***

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40
M

ea
n

Group 1 Group 2

Dentin thickness (mm)- Cervical third (Lingual)

Pre
Post

 
nsp > 0.05 or ***p < 0.001- as compared to Pre 

Graph 7. For each group, bar graphs showing comparison of difference in pre and 

post mean dentin thickness at lingual side of cervical third. In both groups, the mean 

dentin thickness at the lingual side of the cervical third also decreased (or changed) 

comparatively at the post as compared to pre and the decrease (restoration) was 

evidently higher in Group 2 as compared to Group 1. 
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Graph 8. Bar graphs showing comparison of difference in mean remaining dentin 

thickness between two groups at lingual side of cervical third. Student’s t-test showed 

similar (p > 0.05) remaining dentin thickness between the two groupsthough it 

remained 59.6% higher in Group 2 as compared to Group 1 
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II. Middle third 

(i) Mesial 

 The remaining dentin thickness of two groups at mesial side of middle third is 

summarised in Table 2 and also depicted in Graph 9-10. In both groups, the mean 

dentin thickness at mesial side of middle third decreased (or changed) comparatively 

at post as compared to pre and the decrease (restoration) was evident higher in Group 

1 as compared to Group 2.  

 At mesial, the mean dentin thickness of Group 1 at pre was 1.03 ± 0.21 mm 

and post it was 0.78 ± 0.20 mm. Comparing the pre and post mean dentin thickness of 

Group 1, paired t test showed significant (p < 0.01) decrease in dentin thickness at 

post as compared to pre (1.03 ± 0.21 vs. 0.78 ± 0.20, diff=0.25 ± 0.29, t=3.74, p = 

0.001) (Table 2 and Graph 9).  

 Similarly, in Group 2, it was 1.06 ± 0.21 mm at pre and 0.86 ± 0.18 mm at 

post and it also decreased significantly (p < 0.001) at post as compared to pre (1.06 ± 

0.21 vs. 0.86 ± 0.18, diff=0.20 ± 0.07, t=12.33, p < 0.001)  (Table 2 and Graph 9)   

 Further, comparing the pre to post mean change in dentin thickness (i.e. 

remaining dentin thickness) between two groups, Student’s t test showed similar (p > 

0.05) remaining dentin thickness between the two groups (0.25 ± 0.29 vs. 0.20 ± 0.07, 

diff=0.05, t=0.67, p = 0.509) though it remained 18.4% higher in Group 1 as 

compared to Group 2 (Table 2 and Graph 10). 

(ii) Distal 

 The remaining dentin thickness of two groups at distal side of middle third is 

summarised in Table 2 and also depicted in Graph 11-12. In both groups, the mean 

dentin thickness at distal side of middle third also decreased (or changed) 

comparatively at post as compared to pre and the decrease (restoration) was evident 

almost similar between the two groups.  

 At distal, the mean dentin thickness of Group 1 at pre was 1.11 ± 0.22 mm and 

post it was 0.94 ± 0.22 mm. Comparing the pre and post mean dentin thickness of 

Group 1, paired t test showed significant (p < 0.05) decrease in dentin thickness at 
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post as compared to pre (1.11 ± 0.22 vs. 0.94 ± 0.22, diff=0.17 ± 0.33, t=2.32, p = 

0.032) (Table 2 and Graph 11).  

 Similarly, in Group 2, it was 1.15 ± 0.20 mm at pre and 0.98 ± 0.18 mm at 

post and it also decreased significantly (p < 0.001) at post as compared to pre (1.15 ± 

0.20 vs. 0.98 ± 0.18, diff=0.17 ± 0.07, t=10.38, p < 0.001)  (Table 2 and Graph 11)   

 Further, comparing the pre to post mean change in dentin thickness (i.e. 

remaining dentin thickness) between two groups, Student’s t test showed similar (p > 

0.05) remaining dentin thickness between the two groups (0.17 ± 0.33 vs. 0.17 ± 0.07, 

diff=0.00, t=0.00, p = 1.000) (Table 2 and Graph 12). 

 (iii) Buccal 

 The remaining dentin thickness of two groups at buccal side of middle third is 

summarised in Table 2 and also depicted in Graph 13-14. In both groups, the mean 

dentin thickness at buccal side of middle third also decreased (or changed) 

comparatively at post as compared to pre and the decrease (restoration) was evident 

slightly higher in Group 2 as compared to Group 1.  

 At buccal, the mean dentin thickness of Group 1 at pre was 1.10 ± 0.28 mm 

and post it was 0.94 ± 0.33 mm. Comparing the pre and post mean dentin thickness of 

Group 1, paired t test showed similar (p > 0.05) dentin thickness between the two 

periods (1.10 ± 0.28 vs. 0.94 ± 0.33, diff=0.17 ± 0.44, t=1.69, p = 0.108) i.e. did not 

change (or decrease) significantly (Table 2 and Graph 13).  

 In contrast, in Group 2, it was 1.11 ± 0.18 mm at pre and 0.93 ± 0.19 mm at 

post and it decreased significantly (p < 0.001) at post as compared to pre (1.11 ± 0.18 

vs. 10.93 ± 0.19, diff=0.18 ± 0.07, t=11.57, p < 0.001)  (Table 2 and Graph 13)   

 Further, comparing the pre to post mean change in dentin thickness (i.e. 

remaining dentin thickness) between two groups, Student’s t test showed similar (p > 

0.05) remaining dentin thickness between the two groups (0.17 ± 0.44 vs. 0.18 ± 0.07, 

diff=0.02, t=0.15, p = 0.880) though it remained 8.3% higher in Group 2 as compared 

to Group 1 (Table 2 and Graph 14). 
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(iv) Lingual 

 The remaining dentin thickness of two groups at lingual side of middle third is 

summarised in Table 2 and also depicted in Graph 15-16. In both groups, the mean 

dentin thickness at lingual side of middle third also decreased (or changed) 

comparatively at post as compared to pre and the decrease (restoration) was evident 

higher in Group 2 as compared to Group 1.  

 At lingual, the mean dentin thickness of Group 1 at pre was 1.00 ± 0.23 mm 

and post it was 0.89 ± 0.30 mm. Comparing the pre and post mean dentin thickness of 

Group 1, paired t test showed similar (p > 0.05) dentin thickness between the two 

periods (1.00 ± 0.23 vs. 0.89 ± 0.30, diff=0.11 ± 0.30, t=1.58, p = 0.130) i.e. did not 

change (or decrease) significantly (Table 2 and Graph 15).  

 In contrast, in Group 2, it was 0.96 ± 0.14 mm at pre and 0.78 ± 0.12 mm at 

post and it decreased significantly (p < 0.001) at post as compared to pre (0.96 ± 0.14 

vs. 0.78 ± 0.12, diff=0.18 ± 0.06, t=14.23, p < 0.001)  (Table 2 and Graph 15)   

 Further, comparing the pre to post mean change in dentin thickness (i.e. 

remaining dentin thickness) between two groups, Student’s t test showed similar (p > 

0.05) remaining dentin thickness between the two groups (0.11 ± 0.30 vs. 0.18 ± 0.06, 

diff=0.07, t=1.04, p = 0.306) though it remained 40.0% higher in Group 2 as 

compared to Group 1 (Table 2 and Graph 16). 
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Table 2: Remaining dentin thickness (mm) of two groups at mesial, distal, buccal 

and lingual sides of middle third 

Sides 

Group 1 

(n=20) 

Group 2 

(n=20) 

Comparison of change 

(Group 1 vs. Group 2) 
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Mesial 
1.03 ± 

0.21 

0.78 ± 

0.20 

0.25 ± 

0.29 
3.74 0.001 

1.06 ± 

0.21 

0.86 ± 

0.18 

0.20 ± 

0.07 
12.33 <0.001 

0.25 ± 

0.29 

0.20 ± 

0.07 

0.05 

(18.4) 
0.67 0.509 

Distal 
1.11 ± 

0.22 

0.94 ± 

0.22 

0.17 ± 

0.33 
2.32 0.032 

1.15 ± 

0.20 

0.98 ± 

0.18 

0.17 ± 

0.07 
10.38 <0.001 

0.17 ± 

0.33 

0.17 ± 

0.07 

0.00 

(0.0) 
0.00 1.000 

Buccal 
1.10 ± 

0.28 

0.94 ± 

0.33 

0.17 ± 

0.44 
1.69 0.108 

1.11 ± 

0.18 

0.93 ± 

0.19 

0.18 ± 

0.07 
11.57 <0.001 

0.17 ± 

0.44 

0.18 ± 

0.07 

0.01 

(8.3) 
0.15 0.880 

Lingual 
1.00 ± 

0.23 

0.89 ± 

0.30 

0.11 ± 

0.30 
1.58 0.130 

0.96 ± 

0.14 

0.78 ± 

0.12 

0.18 ± 

0.06 
14.23 <0.001 

0.11 ± 

0.30 

0.18 ± 

0.06 

0.07 

(40.0) 
1.04 0.306 

 

The remaining dentin thickness of two groups at mesial, distal, buccal and 

lingual sides of middle third is summarised in Mean ± SD. The pre and post data of 

each group was compared by paired t test whereas pre to post change (pre-post) 

between two groups were compared by Student’s t test. 
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**p < 0.01 or ***p < 0.001- as compared to Pre 

Graph 9. For each group, bar graphs showing comparison of difference in pre and ost 

mean dentin thickness at mesial side of middle third. In both groups, the mean dentin 

thickness at the mesial side of the middle third also decreased (or changed) 

comparatively at the post as compared to pre and the decrease (restoration) was 

evidently higher in Group 2 as compared to Group 1. 
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nsp > 0.05- as compared to Group 1 

Graph 10. Bar graphs showing comparison of difference in mean remaining dentin 

thickness between two groups at mesial side of middle third. Student’s t test showed 

similar (p > 0.05) remaining dentin thickness between the two groups though it 

remained 18.4% higher in Group 1 as compared to Group 2 
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*p < 0.05 or ***p < 0.001- as compared to Pre 

Graph 11. For each group, bar graphs showing comparison of difference in pre and 

post mean dentin thickness at distal side of middle third. In both groups, the mean 

dentin thickness at the distal side of the middle third also decreased (or changed) 

comparatively at the post as compared to pre and the decrease (restoration) was 

evidently higher in Group 2 as compared to Group 1. 
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Graph 12. Bar graphs showing comparison of difference in mean remaining dentin 

thickness between two groups at distal side of middle third. Student’s t test showed 

similar (p > 0.05) remaining dentin thickness between the two groups. 
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nsp > 0.05 or ***p < 0.001- as compared to Pre 

Graph 13. For each group, bar graphs showing comparison of difference in pre and 

post mean dentin thickness at buccal side of middle third. In both groups, the mean 

dentin thickness at the buccal side of the middle third also decreased (or changed) 

comparatively at the post as compared to pre and the decrease (restoration) was 

evidently higher in Group 2 as compared to Group 1. 
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nsp > 0.05- as compared to Group 1 

Graph 14. Bar graphs showing comparison of difference in mean remaining dentin 

thickness between two groups at buccal side of middle third. Student’s t test showed 

similar (p > 0.05) remaining dentin thickness between the two groups though it 

remained 8.3% higher in Group 2 as compared to Group 1 
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nsp > 0.05 or ***p < 0.001- as compared to Pre 

Graph 15. For each group, bar graphs showing comparison of difference in pre and 

post mean dentin thickness at lingual side of middle third. In both groups, the mean 

dentin thickness at the lingual side of the middle third also decreased (or changed) 

comparatively at the post as compared to pre and the decrease (restoration) was 

evidently higher in Group 2 as compared to Group 1. 
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Graph 16. Bar graphs showing comparison of difference in mean remaining dentin 

thickness between two groups at lingual side of middle third. Student’s t test showed 

similar (p > 0.05) remaining dentin thickness between the two groups though it 

remained 40.0% higher in Group 2 as compared to Group 1 
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III.  Apical third 

(i) Mesial 

 The remaining dentin thickness of two groups at mesial side of apical third is 

summarised in Table 3 and also depicted in Graph 17-18. In both groups, the mean 

dentin thickness at mesial side of apical third decreased (or changed) comparatively at 

post as compared to pre and the decrease (restoration) was evident slightly higher in 

Group 2 as compared to Group 1.  

 At mesial, the mean dentin thickness of Group 1 at pre was 0.67 ± 0.19 mm 

and post it was 0.56 ± 0.18 mm. Comparing the pre and post mean dentin thickness of 

Group 1, paired t test showed significant (p < 0.05) decrease in dentin thickness at 

post as compared to pre (0.67 ± 0.19 vs. 0.56 ± 0.18, diff=0.11 ± 0.18, t=2.77, p = 

0.012) (Table 3 and Graph 17).  

 Similarly, in Group 2, it was 0.79 ± 0.15 mm at pre and 0.65 ± 0.11 mm at 

post and it also decreased significantly (p < 0.001) at post as compared to pre (0.79 ± 

0.15 vs. 0.65 ± 0.11, diff=0.14 ± 0.06, t=10.28, p < 0.001)  (Table 3 and Graph 17)   

 Further, comparing the pre to post mean change in dentin thickness (i.e. 

remaining dentin thickness) between two groups, Student’s t test showed similar (p > 

0.05) remaining dentin thickness between the two groups (0.11 ± 0.18 vs. 0.14 ± 0.06, 

diff=0.03, t=0.60, p = 0.553) though it remained 18.5% higher in Group 2 as 

compared to Group 1 (Table 3 and Graph 18). 

(ii) Distal 

 The remaining dentin thickness of two groups at distal side of apical third is 

summarised in Table 3 and also depicted in Graph 19-20. In both groups, the mean 

dentin thickness at distal side of apical third also decreased (or changed) 

comparatively at post as compared to pre and the decrease (restoration) was evident 

slightly higher in Group 2 as compared to Group 1. 

 At distal, the mean dentin thickness of Group 1 at pre was 0.72 ± 0.28 mm and 

post it was 0.55 ± 0.21 mm. Comparing the pre and post mean dentin thickness of 

Group 1, paired t test showed significant (p < 0.01) decrease in dentin thickness at 
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post as compared to pre (0.72 ± 0.28 vs. 0.55 ± 0.21, diff=0.17 ± 0.23, t=3.21, p = 

0.005) (Table 3 and Graph 19).  

 Similarly, in Group 2, it was 0.65 ± 0.09 mm at pre and 0.40 ± 0.09 mm at 

post and it also decreased significantly (p < 0.001) at post as compared to pre (0.65 ± 

0.09 vs. 0.40 ± 0.09, diff=0.25 ± 0.09, t=11.82, p < 0.001)  (Table 3 and Graph 19)   

 Further, comparing the pre to post mean change in dentin thickness (i.e. 

remaining dentin thickness) between two groups, Student’s t test showed similar (p > 

0.05) remaining dentin thickness between the two groups (0.17 ± 0.23 vs. 0.25 ± 0.09, 

diff=0.08, t=1.53, p = 0.135) though it remained 34.0% higher in Group 2 as 

compared to Group 1 (Table 3 and Graph 20). 

(iii) Buccal 

 The remaining dentin thickness of two groups at buccal side of apical third is 

summarised in Table 3 and also depicted in Graph 21-22. In both groups, the mean 

dentin thickness at buccal side of apical third also decreased (or changed) 

comparatively at post as compared to pre and the decrease (restoration) was evident 

comparatively higher in Group 2 as compared to Group 1.  

 At buccal, the mean dentin thickness of Group 1 at pre was 0.68 ± 0.22 mm 

and post it was 0.59 ± 0.26 mm. Comparing the pre and post mean dentin thickness of 

Group 1, paired t test showed similar (p > 0.05) dentin thickness between the two 

periods (0.68 ± 0.22 vs. 0.59 ± 0.26, diff=0.10 ± 0.22, t=1.92, p = 0.070) i.e. did not 

change (or decrease) significantly (Table 3 and Graph 21).  

 In contrast, in Group 2, it was 0.86 ± 0.11 mm at pre and 0.62 ± 0.10 mm at 

post and it decreased significantly (p < 0.001) at post as compared to pre (0.86 ± 0.11 

vs. 0.62 ± 0.10, diff=0.24 ± 0.09, t=12.01, p < 0.001)  (Table 3 and Graph 21)   

 Further, comparing the pre to post mean change in dentin thickness (i.e. 

remaining dentin thickness) between two groups, Student’s t test showed significantly 

(p < 0.05) different and higher (59.6%) remaining dentin thickness in Group 2 as 

compared to Group 1 (0.10 ± 0.22 vs. 0.24 ± 0.09, diff=0.14, t=2.63, p = 0.012) 

(Table 3 and Graph 22). 
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(iv) Lingual 

 The remaining dentin thickness of two groups at lingual side of apical third is 

summarised in Table 3 and also depicted in Graph 23-24. In both groups, the mean 

dentin thickness at lingual side of apical third also decreased (or changed) 

comparatively at post as compared to pre and the decrease (restoration) was evident 

slightly higher in Group 2 as compared to Group 1.  

 At lingual, the mean dentin thickness of Group 1 at pre was 0.68 ± 0.24 mm 

and post it was 0.54 ± 0.20 mm. Comparing the pre and post mean dentin thickness of 

Group 1, paired t test showed significant (p < 0.05) decrease in dentin thickness at 

post as compared to pre (0.68 ± 0.24 vs. 0.54 ± 0.20, diff=0.14 ± 0.23, t=2.77, p = 

0.012) (Table 3 and Graph 23).  

 Similarly, in Group 2, it was 0.84 ± 0.13 mm at pre and 0.66 ± 0.12 mm at 

post and it also decreased significantly (p < 0.001) at post as compared to pre (0.84 ± 

0.13 vs. 0.66 ± 0.12, diff=0.18 ± 0.12, t=6.99, p < 0.001)  (Table 3 and Graph 23)   

 Further, comparing the pre to post mean change in dentin thickness (i.e. 

remaining dentin thickness) between two groups, Student’s t test showed similar (p > 

0.05) remaining dentin thickness between the two groups (0.14 ± 0.23 vs. 0.18 ± 0.12, 

diff=0.04, t=0.71, p = 0.485) though it remained 22.2% higher in Group 2 as 

compared to Group 1 (Table 3 and Graph 24). 
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Table 3: Remaining dentin thickness (mm) of two groups at mesial, distal, buccal 

and lingual sides of apical third 

Sides 

Group 1 

(n=20) 

Group 2 

(n=20) 

Comparison of change 

(Group 1 vs. Group 2) 
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Mesial 
0.67 ± 

0.19 

0.56 ± 

0.18 

0.11 ± 

0.18 
2.77 0.012 

0.79 ± 

0.15 

0.65 ± 

0.11 

0.14 ± 

0.06 
10.28 <0.001 

0.11 ± 

0.18 

0.14 ± 

0.06 

0.03 

(18.5) 
0.60 0.553 

Distal 
0.72 ± 

0.28 

0.55 ± 

0.21 

0.17 ± 

0.23 
3.21 0.005 

0.65 ± 

0.09 

0.40 ± 

0.09 

0.25 ± 

0.09 
11.82 <0.001 

0.17 ± 

0.23 

0.25 ± 

0.09 

0.08 

(34.0) 
1.53 0.135 

Buccal 
0.68 ± 

0.22 

0.59 ± 

0.26 

0.10 ± 

0.22 
1.92 0.070 

0.86 ± 

0.11 

0.62 ± 

0.10 

0.24 ± 

0.09 
12.01 <0.001 

0.10 ± 

0.22 

0.24 ± 

0.09 

0.14 

(59.6) 
2.63 0.012 

Lingual 
0.68 ± 

0.24 

0.54 ± 

0.20 

0.14 ± 

0.23 
2.77 0.012 

0.84 ± 

0.13 

0.66 ± 

0.12 

0.18 ± 

0.12 
6.99 <0.001 

0.14 ± 

0.23 

0.18 ± 

0.12 

0.04 

(22.2) 
0.71 0.485 

 

The remaining dentin thickness of two groups at mesial, distal, buccal and 

lingual sides of apical third is summarised in Mean ± SD. The pre and post data of 

each group was compared by paired t test whereas pre to post change (pre-post) 

between two groups were compared by Student’s t test. 
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**p < 0.05 or ***p < 0.001- as compared to Pre 

Graph 17. For each group, bar graphs showing comparison of difference in pre and 

post mean dentin thickness at mesial side of apical third. In both groups, the mean 

dentin thickness at mesial side of apical third decreased (or changed) comparatively at 

post as compared to pre and the decrease (restoration) was evident slightly higher in 

Group 2 as compared to Group 1.  
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Graph 18. Bar graphs showing comparison of difference in mean remaining dentin 

thickness between two groups at mesial side of apical third. Student’s t test showed 

similar (p > 0.05) remaining dentin thickness between the two groups though it 

remained 18.5% higher in Group 2 as compared to Group 1 
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**p < 0.01 or ***p < 0.001- as compared to Pre 

Graph 19. For each group, bar graphs showing comparison of difference in pre and 

post mean dentin thickness at distal side of apical third. In both groups, the mean 

dentin thickness at distal side of apical third decreased (or changed) comparatively at 

post as compared to pre and the decrease (restoration) was evident slightly higher in 

Group 2 as compared to Group 1. 
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nsp > 0.05- as compared to Group 1 

Graph 20. Bar graphs showing comparison of difference in mean remaining dentin 

thickness between two groups at distal side of apical third. Student’s t test showed 

similar (p > 0.05) remaining dentin thickness between the two groups though it 

remained 34.0% higher in Group 2 as compared to Group 1 
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nsp > 0.05 or ***p < 0.001- as compared to Pre 

Graph 21. For each group, bar graphs showing comparison of difference in pre and 

post mean dentin thickness at buccal side of apical third. In both groups, the mean 

dentin thickness at buccal side of apical third decreased (or changed) comparatively at 

post as compared to pre and the decrease (restoration) was evident slightly higher in 

Group 2 as compared to Group 1. 
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*p < 0.05- as compared to Group 1 

Graph 22. Bar graphs showing comparison of difference in mean remaining dentin 

thickness between two groups at buccal side of apical third. Student’s t test showed 

significantly (p < 0.05) different and higher (59.6%) remaining dentin thickness in 

Group 2 as compared to Group 1 
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*p < 0.05 or ***p < 0.001- as compared to Pre 

Graph 23. For each group, bar graphs showing comparison of difference in pre and 

post mean dentin thickness at lingual side of apical third. In both groups, the mean 

dentin thickness at lingual side of apical third decreased (or changed) comparatively 

at post as compared to pre and the decrease (restoration) was evident slightly higher in 

Group 2 as compared to Group 1. 

ns

0.00

0.05

0.10

0.15

0.20

M
ea

n

Group 1 Group 2

Remaining dentin thickness (mm)- Apical third 
(Lingual)

 
nsp > 0.05- as compared to Group 1 

Graph 24. Bar graphs showing comparison of difference in mean remaining dentin 

thickness between two groups at lingual side of apical third. Student’s t test showed 

similar (p > 0.05) remaining dentin thickness between the two groups though it 

remained 22.2% higher in Group 2 as compared to Group 1 
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Total remaining dentin thickness  

 The total (cervical + middle + apical) remaining dentin thickness of two 

groups is summarised in Table 4 and also shown in Graph 25-26. In both groups, the 

mean total dentin thickness decreased (or changed) comparatively at post as compared 

to pre and the decrease (restoration) was evident comparatively higher in Group 2 as 

compared to Group 1.  

 In Group 1, the mean total dentin thickness at pre was 12.24 ± 2.10 mm and at 

post it was 10.68 ± 1.42 mm.  Comparing the pre and post mean total dentin thickness 

of Group 1, paired t test showed significant (p < 0.01) decrease in total dentin 

thickness at post as compared to pre (12.24 ± 2.10 vs. 10.68 ± 1.42, diff=1.56 ± 2.17, 

t=3.22, p = 0.005) (Table 4 and Graph 25).  

 Similarly, in Group 2, it was 11.97 ± 0.53 mm at pre and 9.64 ± 0.53 mm at 

post and it also decreased significantly (p < 0.001) at post as compared to pre (11.97 ± 

0.53 vs. 9.64 ± 0.53, diff=2.34 ± 0.40, t=26.43, p < 0.001) (Table 4 and Graph 25)   

 Further, comparing the pre to post mean change in total dentin thickness (i.e. 

remaining dentin thickness) between two groups, Student’s t test showed similar (p > 

0.05) total remaining dentin thickness between the two groups (1.56 ± 2.17 vs. 2.34 ± 

0.40, diff=0.78, t=1.57, p = 0.124) though it remained 33.2% higher in Group 2 as 

compared to Group 1 (Table 4 and Graph 26). 
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Table 4: Total remaining dentin thickness of two groups 

Group Pre 

(n=20) 

Post 

(n=20) 

Change  

(Pre-Post) 

t 

value 

p 

value 

Group 1 12.24 ± 2.10 10.68 ± 1.42 1.56 ± 2.17 3.22 0.005 

Group 2 11.97 ± 0.53 9.64 ± 0.53 2.34 ± 0.40 26.43 <0.001 

Group 1 vs. Group 2 

diff. (%) 

t value 

p value 

   

0.78 (33.2) 

1.57 

0.124 

  

 

 The total remaining dentin thickness of two groups is summarised in Mean ± 

SD. The pre and post data of each group was compared by paired t test whereas pre to 

post change (pre-post) between two groups were compared by Student’s t test.  
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Graph 25. Bar graphs showing comparison of difference in pre and post mean total 

dentin thickness of two groups.  In both the groups, the mean total dentin thickness 

decreased (or changed) comparatively at post as compared to pre and the decrease 

(restoration) was evident comparatively higher in Group 2 as compared to Group 1. 
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Graph 26. Bar graphs showing comparison of difference in mean total remaining 

dentin thickness between two groups. Student’s t test showed similar (p > 0.05) total 

remaining dentin thickness between the two groups though it remained 33.2% higher 

in Group 2 as compared to Group 1 . 
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B. Canal volume 

 The canal volume of two groups is summarised in Table 5 and also shown in 

Graph 27-28. In both groups, the mean canal volume increased comparatively at post 

as compared to pre and the increase was evident comparatively higher in Group 1 as 

compared to Group 2.  

 In Group 1, the mean canal volume at pre was 5.45 ± 2.46 mm3 whereas at 

post it was 7.20 ± 2.19 mm3.  Comparing the pre and post mean canal volume of 

Group 1, paired t test showed significant (p < 0.001) increase in canal volume at post 

as compared to pre (5.45 ± 2.46 vs. 7.20 ± 2.19, diff=1.75 ± 1.07, t=7.32, p < 0.001) 

(Table 5 and Graph 27).  

 Similarly, in Group 2, it was 6.35 ± 2.62 mm3 at pre and 7.60 ± 2.48 mm3 at 

post and it also increased significantly (p < 0.001) at post as compared to pre (6.35 ± 

2.62 vs. 7.60 ± 2.48, diff=1.25 ± 0.44, t=12.58, p < 0.001) (Table 5 and Graph 27)   

 Further, comparing the pre to post mean change or net increase in canal 

volume between two groups, Student’s t test showed similar (p > 0.05) pre to post 

increase in canal volume between the two groups (1.75 ± 1.07 vs. 1.25 ± 0.44, 

diff=0.50, t=1.93, p = 0.061) though it was 28.6% higher in Group 1 as compared to 

Group 2 (Table 5 and Graph 28). 
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Table 5: Canal volume (mm3) of two groups 

Group Pre 

(n=20) 

Post 

(n=20) 

Change  

(Post-Pre) 

t 

value 

p 

value 

Group 1 5.45 ± 2.46 7.20 ± 2.19 1.75 ± 1.07 7.32 <0.001 

Group 2 6.35 ± 2.62 7.60 ± 2.48 1.25 ± 0.44 12.58 <0.001 

Group 1 vs. Group 2 

diff. (%) 

t value 

p value 

   

0.50 (28.6) 

1.93 

0.061 

  

 

 The canal volume of two groups is summarised in Mean ± SD. The pre and 

post data of each group was compared by paired t test whereas pre to post change 

(pre-post) between two groups were compared by Student’s t test.  
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Graph 27. Bar graphs showing comparison of difference in pre and post mean canal 

volume of two groups. In both groups, the mean canal volume increased 

comparatively at post as compared to pre and the increase was evident comparatively 

higher in Group 1 as compared to Group 2.   
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Graph 28. Bar graphs showing comparison of difference in pre to post net mean 

increase in canal volume between two groups. Student’s t test showed similar (p > 

0.05) pre to post increase in canal volume between the two groups though it was 

28.6% higher in Group 1 as compared to Group 2 
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C. Quality of Obturation 

 The obturation quality (underfilled canals/optimal filled canals/overfilled 

canals) of two groups is summarised in Table 6 and shown graphically in Graph 29. 

The both groups showed similar obturation quality. In Group 1, there were 3 (15.0%) 

samples/cases with underfilled canals, 16 (80.0%) optimal filled canals and 1 (5.0%) 

overfilled canals whereas it were 2 (10.0%), 18 (90.0%) and 0 (0.0%) respectively in 

Group 2. Comparing the frequency (%) distribution of obturation quality of two 

groups, χ2 test showed similar obturaion quality between the two groups (χ2=1.32, p = 

0.518) i.e. did not differed significantly.   

Table 6: Frequency distribution of obturation quality of two groups 

Obturation quality 

Group 1 

(n=20) (%) 

Group 2  

(n=20) (%) 

χ2  

value 

p  

value 

Underfilled canals 3 (15.0) 2 (10.0) 1.32 0.518 

Optimal filled canals 16 (80.0) 18 (90.0) 

Overfilled canals 1 (5.0) 0 (0.0) 
 

 The obturation quality of two groups were summarised in number (n) and 

percentage (%) and compared by χ2 test.  
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Graph 29. Bar graphs showing distribution of quality of obturation of two groups. 

Comparing the frequency (%) distribution of obturation quality of two groups, χ2 test 

showed similar obturation quality between the two groups did not differ significantly.   
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DISCUSSION 

 Pulpectomy is a therapeutic option for painful primary teeth with radicular 

pulp necrosis or chronic inflammation. (Pinkham and Casamassimo 2005).[26] 

Pulpectomy includes complete pulpal tissue debridement, and preparation of canal, 

followed by obturation with a biocompatible and resorable material. In the literature, 

hand files are the traditional approach of cleaning and shaping the canals in primary 

teeth. For years, hand K files have been used to prepare root canals in both primary 

and permanent teeth.  Despite the fact that it is the most frequently approved and 

utilised method for canal debridement and shaping, hand instrumentation is time 

consuming and can result in iatrogenic errors. Both the dentist and the patient found 

hand K files to be tiring. In paediatric patients, the downsides, such as discomfort and 

longer chair side time, lead to uncooperative behaviour. Endodontic treatment is more 

difficult and time consuming using traditional hand files due to the tortuous path of 

root canals in primary teeth. 

 In recent years, many Ni-Ti file systems have been created to enhance the 

canal shaping technique. Ni-Ti files have become popular because to their great 

flexibility and ability to follow the natural root canal structure. The key benefit of 

these files is the decrease in endodontic errors owing to instrument separation, which 

is primarily due to the avoidance of continuous dentinal over engagement.[27] The file 

systems also have the additional advantage of reducing working time and ensuring the 

performance of the shaping procedure. When it comes to treating children, all of these 

factors become much more crucial.[28] 

 This was an in-vitro study that dealt with comparative evaluation of cutting 

efficacy of manual and rotary file systems in primary teeth. According to the formula, 

a total of 40 extracted anterior teeth were divided into two groups and randomised 

equally. The outcome measures of the study were remaining dentin thickness, canal 

volume and quality of obturation. All outcome measures were evaluated both before 

and after treatment. 

 The quantity of dentin removed and the aggressiveness of the root canal 

instrument have a positive association.[29] An adequate quantity of preserved dentin 



Discussion 
 

53 

thickness is essential to provide enough resistance to lateral and occlusal pressures for 

an endodontically treated tooth.[20]  

 In the present study, dentin thickness was evaluated at three levels from the 

cervical level to the apex of the canal at equal intervals. Maxillary and Mandibular 

anteriors were selected for the study to maintain uniformity straight canals were 

assessed, thus they were accepted. In the study, efficient CBCT imaging provides a 

viable and non-destructive approach for assessing canal shape before and after canal 

preparation.[30] 

 In both the groups, the mean dentin thickness at each side of coronal, middle 

and cervical third decreased (or changed) comparatively at post as compared to pre 

and it remained 33.2% higher in Group 2 as compared to Group 1. It can be seen as 

cleaning and shaping of root canals leads to better removal of debris as well as 

unsupported dentin.[31] 

 The root of primary teeth is shorter, thinner, and more curved than permanent 

teeth's root, with root tip resorption.  Painless and efficient, with minimal treatment 

time and adequate root canal debridement without compromising tooth structure, a 

successful pulpectomy procedure for primary teeth should be used. 

 On comparing the pre to post mean change in dentin thickness between two 

groups, remaining dentin thickness between the two groups remained 22.7% higher in 

Group 2 as compared to Group 1. It is evident that the intensive canal preparation due 

to hand instrumentation leads to more loss of dentin. It was a similar finding as 

Shahriar et al (2009), [37] the thickness of dentin removed varies significantly between 

the two techniques. In the hand instrumentation group, significantly greater dentin 

was removed in all sites. This study found that at all levels Stainless Steel hand 

instrumentation removed more dentin than Ni-Ti rotary instrumentation. This finding 

is in line with previous research that reported Ni-Ti rotary files suitable of preparing 

curved root canals with superior tooth structure preservation.  

 Nagaratna et al. (2006), [32] compared the taper of Hand K and rotary file 

preparations in primary teeth, having found that rotary files provided significantly 

better preparation and less dentin removal than Hand K files. It came to the same 

conclusion as the current study. 
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 In a study by Kummer et al. (2008), [33] it was observed that instrumentation 

with hand K files removed more dentin as compared to rotary instrumentation, except 

at the apical third. This study's findings were similar to the present research, in that 

Hand K files removed more dentin in our comparison. 

 The exclusive pediatric rotary file, Kedo-S file system (Reeganz Dental Care 

Pvt. Ltd. India) was introduced (Jeevanandan 2017) [34]. It consists of three Ni–Ti files 

(D1, E1, U1) for use only in primary teeth. The presence of variably varying taper is 

another hallmark of these files. The D1 and E1 files have a tip diameter of 0.25 and 

0.30 mm, respectively, and were developed for molar instrumentation. The D1 file 

contains 4, 5, 6, 8% tapers in various lengths, allowing it to be utilised exclusively in 

primary molar canals that are narrower, such as the mesiobuccal and mesiolingual 

canals. E1 file has 4, 6, 8% tapers in different length corresponding to be used in 

wider canals in primary molars namely distal canal(s).  

 In the present study, U1 Kedo S files were used for the anterior teeth canal 

preparation of rotary groups canals as recommended by manufacturers’ and were 

compared with the standard method of preparing the canals with stainless steel K-files 

(15–40).  Due to its form memory capability, Ni–Ti rotary instruments can produce 

curved canal(s) with minimum canal transit. When compared to stainless steel files, 

Ni–Ti instruments have more flexibility and are more resistant to torsional fracture. 

Due to the obvious flexibility of Ni–Ti rotary files, the dentist can use them more 

confidently in a curved root canal (s) 

 In this study, Kedo-S paediatric rotary files were tested to see if the newly 

developed customized rotary files for primary teeth with a shorter length and adjusted 

taper might be a viable alternative to existing adult rotary files and traditional 

stainless steel K files for primary teeth. This study has the benefit of using a three-

dimensional CBCT evaluation technique to determine the residual dentin thickness. 

 There were also a few studies that found no difference in rotary and manual 

instrumentation. In primary molars, Silva et al. (2003) [35] compared the cleaning 

ability of rotary technique to manual instrumentation. There were no significant 

differences between them in the results. 
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 There is a plethora of info out there about using NiTi files for endodontic 

treatments. Nagaratna et al. (2006), [32] also found that with the ProFile method, it was 

also discovered that the canal preparation had an acceptable taper and smooth walls; 

nevertheless, instrument breakage was recorded. The present study used single file 

rotary system which have yielded similar results with other rotary systems in 

permanent and primary root canals and also demonstrated better cutting efficacy and 

their ability to preserve working length and canal curvature in shorter time, to 

simplify the root canal instrumentation. 

 In both the groups, the mean canal volume increased comparatively at post as 

compared to pre and the increase was evident comparatively higher in Group 1 as 

compared to Group 2. The pre to post increase in canal volume between the two 

groups was 28.6% higher in Group 1 as compared to Group 2. 

 The present study demonstrated a significant increase in the volume of the 

canals post-instrumentation. Further, comparison of the instrumentation techniques 

presented a statistically significant difference, wherein manual system showed 

increase in the volume of the preparation compared to rotary files. It is evident that 

increase in canal volume would definitely remove the infected dentin effectively but 

also can lead to early exfoliation of tooth. [36] 

 The ribbon shape of the root canals in primary teeth, with a narrow mesiodistal 

width compared to their buccolingual dimension, discourages gross enlargement of 

the canals, according to Curzon(2005). [36]  

 In permanent teeth, the object of mechanical preparation is to provide an even, 

circular, apical one-third of the canal which will be obturated with an accurately 

fitting master point. On the contrary in primary tooth, attempts to prepare a circular 

apical one-third mechanically may result in lateral perforation of the canal because of 

its hourglass shape.[28] 

 Azar et al. (2011), [38] concluded that, in both primary and permanent teeth, the 

Mtwo rotary device demonstrated adequate cleaning capabilities and obtained results 

comparable to K-files in less time. Also, Kummer et al. (2008) [33] observed that the 

Hero 642 rotary instrumentation removed less dentin and led to more uniform root 
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canal preparation in primary teeth than by hand files. This difference could be due to 

varied tools used for investigation. 

 In the present study, the obturation quality (underfilled canals/optimal filled 

canals/overfilled canals) of two groups is also evaluated and it was found that both the 

groups showed similar obturation quality. The volumetric analysis was done before 

and after obturation for quality of filling. In this study, standardization was 

maintained by using a common biomechanical procedure and obturating material of 

same radio-opacity and consistency. Metapex is easily available, widely used, and one 

with a moderate to high success rate. An acceptable obturation technique is the one 

which shows optimal filling. There are many goals for pulpectomy operations in 

primary teeth; one is that radiographic evidence of effective filling without severe 

overextension or underfilling should be present. 

 Due to the possibility of extruding the filling material beyond the root and 

inducing irritation, pulpectomies filled short or to the apex had a substantially higher 

survival rate than overfilled canals, as per studies. Whereas Bawazir et al. (2006) [39] 

reported that overfilled and properly filled root canals had significantly higher 

radiographic success rates than underfilled. Nevertheless, overfilling should not be 

recommended over an optimally filled root canal. Potential drawbacks of overfilling 

are foreign body reaction or deflection of the unerupted permanent tooth.  

 In the present study, volumetric analysis was done for quality of obturation 

using CBCT. As clinical radiographs are only 2 Dimensional reproductions, the 

radiographic monitoring of root canal treatment is challenging because of the 

difficulties in distinguishing features superimposed onto each other.[40] 

 Radiographs illustrate image only two dimensionally. The disadvantage with 

sectioning is that it could result in loss of tooth material. A literature search revealed 

that only sectioning studies have been undertaken to assess root canal preparation and 

cleaning efficacy at various levels in primary teeth. CBCT is a non-invasive technique 

and gives a 3-dimensional interpretation at various levels, avoids loss of material, 

yields reproducible results, and the specimens can be used for further research. Added 

to these, the specific location of dentin thickness can be determined accurately. 

Hence, CBCT was chosen as the tool for investigating the efficacy of preparation, and 

further without loss of specimen, the samples were utilized for evaluating the volume 
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of root canal filling. Song et al. reported that C.B.C.T is superior to periapical 

radiograph in evaluating the apical extension of root canal obturation.  
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CONCLUSIONS 

 The present in-vitro study was performed for comparative evaluation of 

cutting efficiency in manual and rotary file system for primary teeth. Total 40 

extracted teeth were collected and examined. The study was conducted in the 

Department of Paediatric and Preventive Dentistry, Babu Banarasi Das College of 

Dental Sciences, Lucknow after obtaining clearance from institutional ethical 

committee of BBDCODS, Lucknow. The following observations made from the 

current study's experimental conditions: 

 The dentin thickness at the buccal surface of the root of cervical third and 

apical third showed significant difference between manual and rotary file 

system.  

 The dentin thickness of mesial, distal and lingual surfaces of cervical and 

apical third did not show significant differences. 

 The distal surface of middle third showed similar remaining dentin thickness 

in both the groups.  

 The two file systems did not show any statistically significant differences at 

middle third for remaining dentin thickness. 

 Canal volume of the preparations increased more in hand instrumentation 

group than in the rotary group. 

 The obturation quality did not show any difference in either of the groups. 
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Formula used for the analysis 
 
 

Arithmetic Mean  
 
The most widely used measure of central tendency is arithmetic mean, usually 

referred to simply as the mean, calculated as 

 

Standard deviation and standard error 

The standard deviation (SD) is the positive square root of the variance, and calculated 

as  

 
and SE (standard error of the mean) is calculated as 

 
where, n= no. of observations 
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Minimum and Maximum 
 
Minimum and maximum are the minimum and maximum values respectively in the 

measure data and range may be dented as below 

Range = Min to Max 

and also evaluated by subtracting minimum value from maximum value as below 

Range = Maximum value-Minimum value 

 
Median  
 
The median is generally defined as the apical measurement in an ordered set of data. 

That is, there are just as many observations larger than the median as there are 

smaller. The median (Μ) of a sample of data may be found by first arranging the 

measurements in order of magnitude (preferably ascending). For even and odd 

number of measurements, the median is evaluated as 

M= [(n+1)/2]th observation- odd number 

M= [n(n+1)/2]th observation – even number 

 
Paired t-test 
 
Paired t-test was used to calculate the differences between two paired samples i.e. 

when in each observation in Sample 1 is in some way correlated with an observation 

in Sample 2, so that the data may be said to occur in pairs and calculated as    

t = d/Sd 

where, d is the mean of difference within each pair of measurements and Sd the 

standard error of the difference. The degrees of freedom (DF) is calculated as  

DF = n-1 

 
Student’s t Test 
 
Student’s t-test was used to calculate the differences between the means of two groups  

 

t =  
 

X1 – X2 
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S2 is the pooled variance and n1 and n2 are number of observations in group 1 and 2 

respectively. The degrees of freedom (DF) is calculated as  

DF = n1 + n2 – 2 

Chi-square test 
 
The chi-square (χ2) test is used to compare the categorical data as  

 
where, Fij is the observed frequency while fij the expected frequency. The degrees of 

freedom (DF) is calculated as 

 
DF= (r-1) (c-1) 

 

Statistical significance 
 
Level of significance "p" is the probability signifies level of significance. The 

mentioned p in the text indicates the following: 

p > 0.05- not significant (ns) 

p  < 0.05- just significant (*) 

p < 0.01- moderate significant (**) 

           p < 0.001- highly significant (***) 

χ2= ΣΣ  
 

 (Fij –fij)2 

 

fij 
 

 
where,  
  
 SE =  
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