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A b s t r ac t
Pulpectomy is indicated in primary teeth with carious pulp exposures in which coronal and radicular pulp exhibits clinical signs of hyperemia
or evidence of pulp necrosis with or without caries involvement. In primary teeth, it can be challenging and time-consuming, especially during
canal preparation, which is considered one of the most important steps in root canal therapy. The development of NiTi rotary files has helped
pediatric dentists also. With the availability of rapidly coming versions of these files, it may be difficult to pick appropriate file systems and
techniques most suitable for an individual case. Practitioners must always bear in mind that all file systems have benefits and weaknesses.
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Introduction

1

Maintenance of primary teeth until physiological exfoliation
contributes to proper mastication, phonation, aesthetics and
prevents the development of deleterious habits in children.
Therefore, primary teeth with pulpitis or necrosis should
be considered for endodontic treatment.[1] Pulpectomies
of primary teeth with severe pulpal involvement should be
considered as the treatment of choice.[2]
Clinical success is achieved when there is painlessness,
no sign of inflammation, infection or mobility. Radiographic
success is achieved when the lesions are resolved within six
months, and no pathologic root resorption is observed.
The development of nickel-titanium alloys has allowed
the use of rotary instruments in endodontic treatment.
When compared to the permanent dentition, the rotary
instrumentation is faster in deciduous teeth, due to
the smaller root canal length. The rotary technique of
instrumentation is known to minimize the debris extrusion
and also facilitates obturation. It also favors a patient’s
cooperation by shortening the treatment time for shaping
the canals that is one of the greatest challenges in pediatric
endodontics. Some systems that have been used for pediatric
endodontics are ProFile, ProTaper, Hero 642, Mtwo, K3,
FlexMaster and Wave One.[3]

R ota ry

s ys t e m s i n

P a e d iat r i c D e n t i s t ry

The application of rotary instrumentation in Paediatric
Endodontics dates back to 1993. The use of NiTi rotary files in
primary teeth root canals was first described by Barr et al. in
2000. Since then various NiTi rotary systems with a modified
technique have found its use in Paediatric Dentistry.[4]
Ni-Ti files have an elastic memory because of which
they do not need pre-curvature; they can prepare the root
canal in high speed as they are motor activated. The elastic
memory of the Ni-Ti file reduces the probability of root canal
deformation, and the radial land of the Ni-Ti file keeps it in
the centre of the root canal via wall support and inactive tips.
It has been seen that shaping procedures can be more easily
and predictably completed, but a good demonstration of an
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effective cleansing of the entire root canal system using Ni-Ti
rotary instruments has not been shown.[5]

Design of Rotary Instruments
Taper
The taper usually is expressed as the amount the file diameter
increases each millimeter along its working surface from
the tip towards the filehandle. It is particularly important
concerning “system concepts”.[6] These files have the constant
apical tip size, but their taper varies from 0.04–0.12. The idea
behind variable or graduating tapers is that each successive
file is only engaging a minimal aspect of the canal wall.[7]
Design of Tip
The cutting instrument can have a cutting or non-cutting
tip. Rotary files with cutting tips are more aggressive than
non-cutting tips. A non-cutting tip will create a concentric
circle at the end of the root that can be obturated easily.[7]
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Rake Angle
Rake angles affect the cutting efficiency of the instrument,
and it is the angle formed by the cutting edge to the long
axis of the instrument. The cutting efficiency of the positive
rake angle is better than neutral rake angles, which just scraps
the canal. If the angle formed by the leading edge and the
surface to be cut acute, the rake angle is said to be negative
or scraping.[7]
Radial Land
A radial land is a surface that projects axially from the central
axis, between flutes, as far as the cutting edge, this surface
is called the land.[8]
Helical Angle
The helical angle is the angle that the cutting edge makes
with the long axis of the file. As a rotary file works in a
canal, the dentinal debris needs to be removed quickly and
effectively.[9]
Pitch
It is the number of spirals or threads/unit. Screws have
a constant pitch and constant helical angles so that the
instrument can be pulled down/sucked down into the canal.
This feature is highly significant in rotary instrumentation
while using files with a constant taper.[10]

T h e P r o T ap e r S ys t e m
These instruments were designed by Dr. Cliff Ruddle, Dr.
John West, and Dr. Pierre Machtou. ProTaperNiTi instruments
(DentsplyMaillefer, Ballaigues, Switzerland) represent a
new generation of instruments for shaping root canals. The
ProTaper system is based on a unique concept and comprises
just six instruments, three shaping files and three finishing
files [Table 1].[11,12]

Technique of using ProTaper in Primary Teeth
The pulpectomy starts with the access and removal of coronal
tissue. The abrupt cervical constriction in primary molars,
with a shelf of dentin overlying the canal orifice, which results
in an acutely curved root canal orifice, should be removed
to facilitate straight-line access and to reduce the risk of

instrument separation. Then approximate working length
is measured. After the approximation of working length
and before instrumentation, the pulp chamber is copiously
irrigated with 2.5% sodium hypochlorite.
Then a number 10 k file is first used to explore the canals.
Now the ProTaper SX file is inserted into the canal to about
3 mm beyond the root canal orifice with a slight brushing
motion to remove any remaining overlying dentin and to
improve straight-line access. The S2 file is then inserted into
the canal while rotating and taken to the working length.
The S2 file has a tip size of 20 and an apical taper of 4%,
which approximates the root canal size of primary molars. If
a point of resistance is encountered, no attempt is made to
go beyond the resistance point to avoid risk of instrument
separation. Pulp tissue is commonly wrapped around the S2
file when it was withdrawn.
Irrigation with 2.5% sodium hypochlorite and normal
saline is done copiouslyduring filing. Lateral perforation is
avoided by using only SX and S2 files during preparation.
The S1 file is not used, because it is too small to efficiently
prepare the root canals of primary molars, and the F series is
not used either, because the increased taper (7%~9 %) and
tip size might result in excessive apical dentin removal. For
teeth undergoing physiological root resorption the greater
taper (8%~5.5%) F2 file might be a better choice than S2.[13]
Advantages
Reduces friction, increases the cutting efficiency, lowers the
risk of instrument separation, replacesGates-Glidden drills,
selective removal of dentin.[13]
Disadvantages
Cannot be used twice in same root and unexpected lateral
perforation.[14]

T h e K3

r ota ry s ys t e m

The K3 rotary nickel-titanium file system (SybronEndo,
Orange, California) was introduced initially in North America
in January 2002. The K3 system was designed by Dr. John
McSpadden (Lookout Mountain, Georgia).[15] The availability
of K3 canal shaping files concerning various parameters is
given in Table 2.

Table 1: Design specifications
No. of instruments/set
6 ( 3 shaping files; SX, S1, S2; 3
finishing files; F1,F2,F3)

Tip sizes
19-30

Size increments
r.p.m. (recommended)
Vary along the working part of 150 to 300 minimal axial force, low to medium
an individual instrument
torque to fracture, varying working torque

Table 2: The availability of K3 canal shaping files with regard to taper, tip size, and length
Taper
02
04
06
08
10
12
10

Tip size
#15 - #40
#15 - #60
#15 - #60
#25
#25
#25

17 mm

YES
YES
YES

21 mm
YES
YES
YES
YES
YES
YES
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25 mm
YES
YES
YES
YES
YES
YES

30 mm
YES
YES
YES

Lenghts
19,21,25 mm

Rotary Endodontics in Pediatric Dentistry: Literature Review

Technique of using K3 Rotary System in Primary Teeth
The pulpectomy procedure is begun with standard access
and removal of coronal tissue. The working length is
established by placing the first adjusting file to radiographic
working length; the instrumentation is started with the
0.06 taper file. The canals are cleansed and shaped with 3
progressively larger tapered files, using the “crown down”
technique; each instrument is changed according to the
manufacturer’s recommendation. After use of each file, the
root canals are irrigated with 1 mL of 1% NaOCl. This system
is used with at 350 rpm and slow torque.[16]
Advantages
Excellent cutting characteristics, increased flexibility, canal
tracking, prevents screwing in effect, minimum wear of
root canal walls, less time, less canal transportation, resist
torsional and cyclic fatigue, reduces patient’s fatigue and
tactile control.[2,16-18]
Disadvantages
High cost, use at a particular speed (300 – 350rpm), handling
should be gentle and should never be forced.[19]

T h e F l e x M a s t e r S ys t e m
Another new generation files are FlexMaster (FM) nickeltitanium (NiTi) files [Table 3]. They have been used in
Europe successfully for some time. The cutting blades of FM
instruments have no radial lands to provide efficient and
effective removal of dentine. The overall manufacturing
quality is high, with minimal metal flash and rollover.[20]

Technique of using FlexMaster in Primary Teeth
The pulpectomy procedure begins with standard access and
removal of coronal tissue using the crown down preparation
technique. The root canal orifices were enlarged with the
orifice shaper “Introfile” until the middle third of the root
canal. At first 25/0.04 taper is used until the resistance is felt
followed by 25/0.02 taper till the working length.[5]
Another technique of application of the Flex-Master
system for the preparation of primary root canals during
pulpectomy is instrumentation with 25-mm-long FlexMaster
Ni-Ti rotary files using a modified crown down technique
with 35/0.06, 35/0.04, 30/0.06 and 40/0.02 tapers. Shaping is
completed with a gentle advance and withdrawal motion.
Instruments are removed when resistance is felt and changed
for the next instrument.[21]
Advantages
Superior radiographic findings, less chair time, occasional
instrument fracture, safe, less canal transportation and fewer

canal aberrations, prepare curved canals rapidly, and with
minimal transportation.[21,22]

T h e H e r o S h ap e r s
The Hero instruments (Micro-Mega, Besancon, France) are
an example of a second-generation rotary system. Three
essential rules must be followed when using the HERO 642
(Micro-Mega, Besancon on, France)–the first rotary NiTi
instrument designed without radial lands:[23]
• The difficulty of the case, including consideration of the
canal curvature, and degree of dentine mineralization
determine the most suitable sequence
• The correct levels of penetration for each taper must be
respected
• Circumferential shaping of the canal is achieved using a
brushing motion.

The technique of using HERO Shaper in Primary Teeth
The canal orifice must be located and an access cavity
prepared by removing all coronal interferences. The canal
orifice must be opened and preferably enlarged. A preoperative radiograph is used to estimate the working length.
The first penetration with a #10 K-file coupled to an electronic
apex locator will confirm the first evaluation. The working
length can be re-evaluated once the coronal two-thirds has
been prepared. Preparation is performed with 21 mm nickeltitanium instruments with 2 and 4% tapers using the crown
down technique.
The rotation speed must be kept constant and not exceed
600 r.p.m. The waves should not exceed the penetration
levels of the files, i.e., 0.06 at 2/3 WL and 0.04 at WL. However,
if the canal is large or its curve is moderate, it can allow a 0.06
instrument to penetrate to the apex. It may not be necessary
to use the 0.04 instruments in that scenario.[14,24]
Advantages
The requirement of limited numbers of files are required,
simpler, short operating time, remove interferences, facilitate
treatment more efficiently, uniform dentine removal and
symmetrical canal shapes.[25]
Disadvantages
Risk of breakage must be taken into consideration; no
pressure should be applied on the head of the handpiece,
use at constant rotational speed and high cost.[14,24]

T h e M t wo N i T i R ota ry S ys t e m
A new generation of NiTi rotary instruments recently
introduced in the European market is the Mtwo endodontic
instruments (VDW, Munich, Germany). After this basic

Table 3: Available FlexMaster instruments in different lengths and ISO sizes
Taper (%)
2
4
6

Marking
One ring
Two rings
Three rings

ISO Size
15-70
15-40
15-40

Length (mm)
21, 25, 31
21, 25, 31
21, 25
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sequence, which gives the canal a #25/.06 shape, three
different approaches to root canal preparation are permitted
by this system. The first sequence allows clinicians to achieve
enlarged apical diameters using the size 30/0.05 taper,
35/0.04 taper or 40/0.04 taper; the second leads to a .07 taper
maintaining a size #25 apical preparation; the third implies
the use of the Mtwo apical files.[26]

Technique of using Mtwo Rotary System in Primary
Teeth
The procedure of pulpectomy begins with access preparation
and removal of coronal tissue. A Pre-treatment radiograph
is taken to determine the working length. The Root canal
preparation is done with 21 mm long MtwoNiTi rotary files
driven with constant torque at a maximum speed of 280rpm.
Four rotary instruments are used 10/0.04, 15/0.05, 20/0.06 and
25/0.06 to full working length.[27,28]
Advantages
Increased instrument stability, efficient dentine removal,
excellent lateral cutting ability, automatic upwards transport
of debris, no screw-in effect, short working time, efficient
preparation and no unnecessary loss of tooth substance.29
Disadvantages
High deformation rate, instrument fractures, and high cost.[29]

T h e W av e O n e R e c ip r o c at i n g S ys t e m
New Wave One NiTi file system from DENTSPLY Maillefer is
a SINGLE file system, SINGLE-file system, to shape the root
canal completely from the beginning till the end. Mostly, the
technique requires only one hand file, followed by one single
Wave One file to shape the canal thoroughly.
The Wave One single-file reciprocating system consists of
three files. Lengths available are 21, 25 and 31mm:
The Wave One Small file:
• They are used for the instrumentation of fine canals.
• The tip size is ISO 21, with a continuous 6% taper.
The Wave One Primary file:
• Used for the instrumentation of the majority of the canals.
• The tip size is ISO 25 with8% apical taper that reduces
towards the coronal end.
The Wave One Large file:
• Used for the instrumentation of large canals.
• The tip size is ISO 40 with 8% apical taper that reduces
towards the coronal end.[30]

Technique of using Wave One in Primary Teeth[30]
• Straight-line access,
• Wave One files selection;
• Single-file shaping;
• Copious irrigation with 5% NaOCl and EDTA before,
during, and after instrumentation.
Wave One file selection and Clinical Procedure[31]
A good pre-operative IOPA radiograph will give an estimation
of a number of canals, canal size, canal length, and degree of
12

its curvature. Only the first-hand file into the canal will aid in
the selection of the Wave One file as follows:
• Use Wave One Small file in the canals where 10 K-file is
very resistant to movement
• Use Wave One Primary file in the canals where 10 K-file
moves to whole canal length easily or passively.
• Use Wave One Large file in the canals where a 20 K-file
or larger goes to the whole length.

Single-file Shaping
• Insert hand file into 2/3rd of the canal length and provide
watch-winding motion.
• In motion insertion of Wave One file to 2/3rdof the canal
length.
• Copious irrigation.
• Insert hand file to a full length of the canal, confirm with
an apex locator and reconfirm with a radiograph.
• Insert Wave One file to a full length of the canal.
• Confirm the diameter of apical foramen with hand file of
the same size as Wave One file (snug fit implies complete
preparation)
• If Wave One file is loose at the apical end, consider the
next size of Wave One file
Guidelines for use[31]
• Use Wave One files with a progressive up and down
movement 3-4 times with minimal force application.
• Removal of a file is recommended on a regular basis
followed by cleaning the file and irrigating the canal.
• Confirm the patency of the canal if the file does not
progress and consider using a smaller Wave One file.
• Glide path management is minimal with Wave One
shaping files, but it can also be secured firstly with path
files.
• Complete hand preparation of an apical portion of the
non-reproducible glide path in severely curved canals
should be considered.
• If used short of a length, the brushing action of Wave One
files can help to relocate the canal orifice and to expand
coronal shape.
• Copious and constant irrigation with NaOCl and later
EDTA, to avoid instrumentation in a dry canal.
• Activation of irrigating solutions to enhance their
effectiveness in short preparation time, ideally use
EndoActivator (DENTSPLY Maillefer).
Advantages
One instrument per tooth, low cost, less instrument
separation, decreased global shaping time, eliminates of
procedural errors using a single instrument and possibility
of prior contamination.[30]

Kedo –S Rotary System
Kedo-S (Reeganz Dental Care); Kids Endodontic Shaper is
the world’s first rotary file exclusively for shaping primary
teeth. It is invented by Dr.Ganesh Jeevanandan and came
into existence in Nov 2016.
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It is a three files system 16mm in length - D1, E1, U1. D1 is
specifically designed for molars with narrower canals. E1 is
designed for molars with wider canals, and U1 is devised for
incisors. They are made functional at a speed of ≤ 250 rpm.
This system claims to provide a safe procedure and simple
technique to complete the shaping of primary root canals in
the shortest time available. However, studies are yet to be
conducted to confirm its efficacy.[32]

S u m m a ry

and

C o n c lu s i o n

The research in the field of rotary endodontic instruments is an
ongoing process. With every passing day, newer systems with
better efficiencies are being introduced. NiTi rotary system in
Paediatric Dentistry is like a double-edged sword with great
advantages and disadvantages. There is a reduction in tactile
sensitivity during apical preparation if compared with manual
preparation, so to control working length, previous training
of the operator in rotary instrumentation is important. The
high cost of and need for training to learn the technique are
other limitations Ni-Ti rotary systems.

References
1.

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Leonardo MR, Silva LAB, Nelson FP, Silva RAB, Raffaini MSGG. Ex
vivo evaluation of the accuracy of two electronic apex locators
during root canal length determination in primary teeth. IntEndod
J 2008;41:317–21.
George S, Anandaraj S, Issac JS, John SA, Harris A. Rotary
endodontics in primary teeth – A review. Saudi Dent J 2016:28:12–17.
Farhin K, Devendra P, Jitesh P, Mayur W, Pooja S, Shagufta D.
Application of Rotary Instrumentation in Paediatric Endodontics - A
Review. Int J PrevClin Dent Res 2014;1(3):48-52.
Barr ES, Kleier DJ, Barr NV. Use of nickel titanium rotary files for
root canal preparation in primary teeth. Pediatr Dent 2000;22:77-8.
Moghaddam KN, Mehran M and Zadeh HF. Root canal cleaning
efficacy of rotary and hand files instrumentation in primary molars.
Iran Endod J 2009;4(2):53-7.
Cohen. Pathways of pulp 10th edition 2016.
Zarna Sanghvi, Kunjal Mistry: Design features of rotary instruments
in endodontics. J Ahmedabad Dent College and Hospital
2011;2(1):6-11.
Schafer E, Tepel J. Relationship between design features of
endodontic instruments and their properties. Part III. Resistance
to bending and fracture. J Endod 2001;27:299-303.
Diemer F, Calas P. Effect of pitch length on the behavior of rotary
triple helix root canal instruments. J Endod 2004;30:716-718.
Young GR, Parashos P, Messer HH. The principles of techniques
for cleaning root canals. Australian dental Journal Supplement
2007; 52:52-60.
RuddleCJ.TheProTaper Technique: Shaping the future of
endodontics. Endodontic topic 2005;1-4.
Ruddle CJ. The ProTaper technique. Endodontic Topics 2005;10:187–190.
Kuo CI, Wang YL, Chang HH, Huang GF, Lin CP, Li UM et al.
Application of Ni-Ti rotary files for pulpectomy in primary molars.
J Dent Sci 2006;1:10–15.

14. Ozen, B, Akgun, OM. A Comparison of Ni-Ti Rotary and Hand Files
Instrumentation in Primary Molars. J Int Dent Med Res 2013;6(1):6-8.
15. Mounce RE. The K3 rotary nickel–titanium file system. Dent Clin N
Am 2004;48:137–157.
16. Ochoa-Romero T, Mendez-Gonzalez V, Flores-Reyes H, PozosGuillen AJ. Comparison between rotary and manual techniques
on duration of instrumentation and obturation times in primary
teeth. J ClinPediatr Dent 2011;35(4):359-63.
17. Elmsallati EA, Wadachi R, Ebrahim AK, Suda H. Debris retention
and wear in three different nickel-titanium rotary instruments.
AustEndod. J 2006;32:107–111.
18. Selvakumar H, Anandhan V, Thomas E, Swaminathan K, Vijayakumar
R. Evaluation of canal transportation and centering ability of K3
(0.02%) and K3 (0.04%) with hand K files in primary teeth using
spiral computed tomography. Journal of Indian SocPedodPrev
Dent 2014;32(4)
19. Gambarini G. The K3 rotary nickel titanium instrument system.
Endodontic Topics 2005;10:179–182.
20. Sonntag D.FlexMaster:A universal system. Endodontic Topics
2005;10:183–186.
21. Bahrololoomi Z, Tabrizizadeh M, Salmani L. In Vitro Comparison of
Instrumentation Time and Cleaning Capacity between Rotary and
Manual Preparation Techniques in Primary Anterior Teeth. J Dent
Tehran Univ Med Sci 2007;4(2):59-62.
22. Abbas M, Navid R, Masoumeh E. Radiographic assessment and chair
time of rotary instruments in the pulpectomy of primary second
molar teeth: a randomised controlledclinical trial. J Dent Res Clin
Dent Prospect 2014;8:84–89.
23. Calas P. HEROShapers: The adapted pitch Concept. Endodontic
Topics 2005;10:155–162.
24. Kummer TR, Calvo MC, Cordeiro MM, de Sousa Vieira R, de Carvalho
Rocha. Ex vivo study of manual and rotary instrumentation
techniques in human primary teeth. Oral Surg Oral Med Oral Pathol
Oral RadiolEndod 2008;105:84–92.
25. Veltri M, Mollo A, Mantovani L, Pini P, Balleri P, Grandini S. A
comparative study of Endo flare-Hero Shaper and MtwoNiTi
instruments in the preparation of curved root canals. Int. Endod.
J 2005;38:610-616.
26. Malagino VA, Grande NM, Plotino G, Somma F. The MtwoNiTi rotary
system for root canal preparation.Roots 2006;3:67-70.
27. Azar MR, Mokhtare M. Rotary Mtwo system versus manual K-file
instruments: Efficacy in preparing primary and permanent molar
root canals. Indian J Dent Res 2011;22(2):363.
28. Azar MR, Safi L, Nikaein A. Comparison of the cleaning capacity
of Mtwo and ProTaper rotary systems and manual instruments in
primary teeth. Dent Res J 2012;9(2)146-51.
29. Pinheiro SL, Araujo G, Bincelli I, Cunha R, Bueno C. Evaluation of
cleaning capacity and instrumentation time of manual, hybrid and
rotary instrumentation techniques in primary molars. IntEndod J
2012;45(4):379–85.
30. KaurA ,Kukreja N, Bansal A, Bansal J, Kukreja U, Chaudhary D et
al.The battle in endodontics: A Review. Dental journal of advance
studies 2014;(2)
31. Webber J, Machtou P, Pertot W, Kuttler S, Ruddle C, West J et al.
The Wave One single-file reciprocating system. Roots 2011;1:28-33.
32. Jeevanandan G. Kedo-S Paediatric Rotary Files for Root Canal
Preparation in Primary Teeth – Case Report. J CliDiag Res 2017;11(3):
3-5.

International Journal of Health and Biological Sciences, Apr-Jun, 2020; 3(2):09-13

13

