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INTRODUCTION  

 

The main goal of endodontic treatment is to 

reduce the number of bacteria and their 

byproducts which perpetuates apical 

periodontitis. Effective chemo-mechanical 

debridement techniques on par with stringent 

disinfection protocols aid in possibly 

diminishing the bacterial load residing in the 

complexities of the root canal systems. 

The main cause of endodontic diseases is 

bacteria and therefore, disinfection of the root 

canal system is essential for successful 

healing and results. The anatomy of the root 

canal system is complex, and bacteria 

consider this complexity to be an environment 

conducive to installation and development. 

The treatment of the root canal consists of 

multiple steps in which the dentist accesses 

the infected canals, cleans them, then fills and 

seals the space to prevent reinfection. The 

root canal cleaning process involves modeling 

the canal with needles to provide enough 

space for the irrigation solution to disrupt the 

biofilm and kill bacteria along the entire 

length of the canal. These needles also 

participate in the disinfection process by 

removing infected dentinal debris, dead 

tissue, and foreign material from the root 

canal space.  Several mechanical devices and 

techniques were introduced to make canal 

preparation easier and to further improve the 

effectiveness of instrumentation. The devices 

for root canal instrumentation may be 

classified as either manual or machine 

assisted. Machine-driven endodontic 

instruments help to prepare the root canals 

swiftly with much ease as opposed to manual 

instrumentation. Diverse machine-assisted 

techniques include automated, sonic and 

ultrasonic, laser systems and non-instrumental 

root canal preparation techniques. Therefore, 

these needles are essential tools for achieving 

the objectives of a canal treatment. 

Consequently, the design and metallurgy of 

needles have been frequently studied in the 
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literature and many improvements have been 

made to increase their clinical performance.  

 

According to Bird, Chambers, and Peters 

(2009), nickel-titanium (NiTi) rotary tools 

have become a standard tool for modeling 

root canal systems. These tools offer the 

clinician more advantages compared to 

conventional stainless steel tools. They are 

more flexible, have an increased cutting 

efficiency (Kim, et al., 2012; Peters, 2004; 

Walia, Brantley, Gerstein, 1988) and can 

comply conical root canal preparations with a 

reduced tendency to root canal transport 

(Chen, Messer, 2002; Kim et al., 2012).  

However, nickel-titanium instruments appear 

to have a high risk of fracture (Arens, et al., 

2003; Sattapan, et al., 2000) mainly due to 

bending and torsional stresses during rotation 

in the duct system. root (Berutti, et al., 2003; 

Parashos, Messer, 2006). When there is a 

large area of contact between the cutting edge 

of the instrument and the root canal wall, 

during rotation, the instrument will be 

subjected to an increase in torsional stress 

(Peters, et al., 2004; Blum, et al., 1999).  

 

 

THE IMPORTANCE OF THE GLIDE 

PATH  

 

Preparing a reproducible glide path can 

reduce torsional stress on root canal 

instruments. A sliding path is a smooth 

passage that extends from the canal orifice in 

the pulp chamber to the apex of the root 

(West, 2006). This will provide a continuous, 

uninterrupted path for the nickel-titanium 

rotary tool to enter and move freely to the 

apex of the root canal. The main purpose of a 

sliding path is to create a root canal diameter 

of the same size or ideally, a larger size than 

the first rotary tool introduced (Berutti, et al., 

2004; Varela-Patio, et al., 2005; Berutti, et al., 

2009). Another way to reduce torsional stress 

is to incorporate more progressive taper into 

the instrument design, for example, the 

universal ProTaper® system (Dentsply / 

Maillefer). According to West (2001), 

progressive taper allows the use of only small 

areas of dentin. This design concept also 

contributes to maintaining the original 

curvature of the channel (Yun, Kim, 2003).  

 

NICKEL-TITAN ALLOY  

 

Nickel-Titanium (NiTi) was developed in the 

early 1960s by Walia et al. they first 

introduced those manuals for endodontic use 

in 1988. It has been observed that needles are 

more flexible compared to stainless steel 

batteries and have superior resistance to 

torsion fractures. The flexibility of nitinol can 

be attributed to a reduced modulus of 

elasticity compared to stainless steel, while 

the superior breaking strength is due to the 

ductility of the alloy. Those NiTi rotary 

needles have become increasingly popular 

and have proven to be safe, efficient and well 

adaptable to tool even highly curved root 

canals. Although these traditional NiTi 

needles have been popular, manufacturers 

have tried various methods to improve NiTi 

performance, to make them more efficient and 

more resistant to deformation and fracture. In 

recent years there have been significant 

improvements in the design and control of 

raw materials in relation to the microstructure, 

material properties and manufacturing 

processes for endodontic instruments. One 

approach that has been implemented includes 

changing the shape of the cross section of 

wire mesh. Other methods include producing 

better NiTi alloys by heat treatment and M 

wire technology (Dentsply Tulsa Dental 

Specialties, Tulsa, OK). M wire technology 

implements a thermomechanical processing 

procedure that produces a superelastic wire 
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blank that has improved mechanical 

properties compared to those traditional NiTi. 

Johnson et al. examined M-wire needles and 

reported an increase of almost 400% in cyclic 

fatigue resistance compared to those of 

traditional NiTi of the same type and shape. 

Recently, the manufacturer of the Universal 

ProTaper® needle system (Dentsply Tulsa 

Dental Specialties, Tulsa, OK) (PTU) tried to 

improve the mechanical properties and 

performance of the popular system, using M-

wire technology, implementing different sizes 

of tips and caps and using a geometry. 

rectangular cross with the ProTaper Next seria 

(Dentsply Tulsa Dental Specialties, Tulsa, 

OK) (PTN) series.  

 

 

PROTAPER GOLD 

 

The ProTaper Gold (2014) was fabricated 

using gold heat treatment technology. It has 

convex triangular cross-section and 

progressive taper which enhances cutting 

action while decreasing rotational friction 

between the blade of the file and dentin. PTG 

instruments produced less transportation; 

maintained more dentin than ProTaper 

Universal (PTU). During the manufacturing 

phase, the files are subjected to a unique heat 

treatment process ultimately exhibiting 

different phase transformation behaviour, 

higher flexibility, and higher cyclic fatigue 

resistance. The physical properties mentioned 

above are most suited for preparing root 

canals with challenging abrupt curvatures. 

 

PG rotary needles have the exact same 

geometries as ProTaper Universal (PU) (PU; 

Dentsply Maillefer, Ballaigues, Switzerland), 

but can appear slightly curved when removed 

from the package due to their metallurgy. This 

is not a defect, but rather an advantage as 

assumed by the manufacturer. The PG system 

has been metallurgically improved through 

heat treatment technology. Those PGs have a 

convex triangular cross section and 

progressive taper. The best known systems, 

specially designed to widen root canals by 

crown-down technique, are ProTaper 

Universal (Dentsply Sirona) and, more 

recently, Protaper Gold (Dentsply Sirona). 

They have multiple and variable conicities 

along the needles and have a non-cutting tip. 

They consist of 8 needles, 3 to shape the root 

walls - Sx, S1 and S2 and 5 for the apical 

finish - F1, F2, F3, F4 and F5. However, 

while the ProTaper Universal system is made 

of conventional Ni-Ti alloy, is super elastic 

and contains Austenite at body temperature, 

the ProTaper Gold system contains a heat-

processed alloy with high flexibility, cyclic 

strength and memory effect, which contains 

Martensite and R-phase alloy at body 

temperature. The Sx, S1 and S2 instruments 

have the working area in their coronal and 

middle portions, so where their conicities and 

diameters are large. The tip of these needles 

does not have to engage in the walls of the 

canal, so it requires early preview. Removing 

interference from the coronary area of the root 

canal allows work on a curved portion smaller 

in length, correct assessment of the length of 

the canal and optimizes irrigation. The tools 

used for pre-molding are Gates-Glidden 

cutters, X-Gates cutters, or ultrasonic handles. 

The actual enlargement technique with these 

systems begins with the preparation of the 

walls on 2/3 of the initial working length, 

later after the pre-marking with the 

instruments Sx and S1 is perfected, following 

the treatment of the entire channel with those 

S1 and S2. After determining the final 

working length, the apical finishing treatment 

involves working with those F1 -F5 

depending on the complexity of each case. 

The sequence of ProTaper Universal tools is 

relatively long (4-7 tools), they are relatively 
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rigid and have some breaking potential. The 

Protaper Gold system has the advantage that it 

is much more flexible and therefore more 

suitable for preparing curved channels, but it 

consists of the same long sequence of 

instruments, and they are indicated to be used 

only once, because stress induces the 

martensitic phase, they deform and remain so.  

 

 

Those PGs are available in eight sizes:   

 

• X (the size of the peak 19 with a taper 

of 0.04)  

• S1 (the size of the peak 18 with a taper 

of 0.04)  

• S2 ( the size of the peak 20 with a 

taper of 0.04) 

• F1 (the size of the peak 20 with a taper 

of 0.07) 

• F2 (the size of the peak 25 with a taper 

of 0.08)  

• F3 (the size of the peak 30 with a taper 

of 0.09)  

• F4 (the size of the peak 40 with a taper 

of 0.06)  

• F5 (the size of the peak 50 with a taper 

of 0.05) 

 

 

 

PROTAPER NEXT 

 

The ProTaper Next (2013) was made utilizing 

M-Wire technology which incorporates five 

files (X1–X5). The files are inbred with tapers 

of 0.04 mm, 0.06 mm, 0.07 mm, 0.06 mm, and 

0.06 mm, respectively. An off-centred 

rectangular cross-section design imparts 

improved file strength with unique 

asymmetric rotary motion that further 

enhances ProTaper canal shaping efficiency 

and cyclic fatigue resistance. This property 

allows the file to maintain a two-point contact 

with each canal at a time. In accordance with 

a study by Tewari et al., ProTaper Next was 

found to be most effective in microbial 

reduction than K3XF, Hyflex CM and hand 

instruments. ProTaper Next showed maximal 

microbial load reduction than self-adjusting 

files and manual instrumentation. To sum it 

up, the PTN system reinforces file strength, 

capable of reducing lateral and apical 

compaction of debris with more efficient 

cleansing of the root canal system.  

 

The first instrument in the system is ProTaper 

Next X1, with a tip size of 0.17 mm and a 

taper of 4%. This tool is used after creating a 

slide path that can be reproduced using hand 

tools or PathFile rotary tools ™. This 

instrument is always followed by the second 

instrument, ProTaper Next X2 (0.25 mm tip 

and 6% taper). ProTaper Next X2 can be 

considered the first finishing needle in the 

system, as it leaves the canal prepared with a 

shape and taper suitable for optimal irrigation 

and root canal obturation. ProTaper Next X1 

and X2 have a percentage conical design 

increasing and decreasing over the active 

portion of the instruments. The last three 

finishing tools are ProTaper Next X3 (0.30 

mm tip with 7% taper), ProTaper Next X4 

(0.40 mm tip with 6% taper) and ProTaper 

Next X5 (0.5 mm tip with 6% conic). These 

instruments have a decreasing percentage 

from tip to tail. ProTaper Next X3, X4 and X5 

can be used either to create more taper in a 

root canal or to prepare larger root canal 

preparation systems. Research by Johnson et 

al., (2008) showed that M-Wire alloy could 

reduce cyclic fatigue by 400% compared to 

similar instruments made from conventional 

nickel-titanium alloys. The added 

metallurgical benefit contributes to more 

flexible tools, increased safety and protection 
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against instrument fracturing (Gutmann, Gao, 

2012).  

 

Newly introduced PTG system channel 

modeling characteristics compared to those of 

the widely used PTN and PTU systems Newly 

introduced PTG system channel modeling 

characteristics compared to those of the 

widely used PTN and PTU systems  

 

All instruments showed untouched areas of 

the root canal wall, indicating that none were 

able to completely clean the dentinal walls, 

which is in line with previous studies on NiTi 

Rotary Systems; however, it is worth noting 

that the average range of untouched areas of 

the root canal wall (6% -13%) was smaller 

than previous reports using a similar 

methodology. In general, the PTU and PTG 

systems led to significantly less affected canal 

walls and a larger increase in the area, 

perimeter and smaller diameter of the 

channels than the PTN system. These results 

could be explained by differences in the 

design of the tools. Although PTU and PTG 

have a similar geometry, the smaller 

dimensions, off-center mass and regressive 

taper of PTN instruments should reduce the 

contact area with the channel and therefore its 

cutting capacity. channel even in extremely 

curved channels. In general, PTG and PTN 

produced significantly less channel transport 

than PTU instruments. Interestingly, although 

PTG and PTN have neither geometric design 

nor similar metallurgy, the differences did not 

significantly affect their ability to center. One 

explanation may be the improved flexibility 

of PTN instruments as a consequence of its 

design features (off-center rotation mass and 

rectangular cross section), alloy (M wire) and 

smaller instrument dimensions. dentin could 

predispose teeth to root fracture. Therefore, 

when an instrument remains centered in the 

canal, more dentin is expected to be 

maintained, which may explain the higher 

percentage of remaining dentin thickness 

observed with PTG and PTN instruments. 

PTG and PTN systems also showed similar 

increases in volume and area in the coronary 

and middle third of the root canal, despite 

their different sizes. It could be assumed that 

the heat treatment of the alloy in PTG tools 

can predispose the tools to plastic 

deformation and interruption of cuts during 

use, reducing its cutting capacity. This finding 

confirms the previous literature which showed 

the plastic deformation of the instruments 

after clinical use as a result of the heat 

pretreatment of the alloy. However, others 

have shown that PTN has eliminated similar 

amounts of dentin as PTU.  

 

Optimum success of endodontic treatment 

relies on maximal decrease of bacterial 

burden to levels compatible with periradicular 

tissue healing, therefore it is imperative to 

utilize highly sensitive methods to quantify 

reduction in intracanal bacterial populations. 

For instance, if no system can predictably 

eliminate all the discernible bacteria from the 

main root canal (as determined by qualitative 

analysis), the best one will be the system that 

advances significantly higher decrease in 

bacterial levels. Quantitative intergroup 

correlation between ProTaper Next and 

ProTaper Gold instrumentation demonstrated 

no significant difference between them in 

reducing bacterial burden.  

 

Root canal instrumentation is recommended 

to be performed with sodium hypochlorite 

(NaOCl) as an irrigant in the canal(s) and a 

reservoir in the pulp chamber. NaOCl has 

antimicrobial and tissue-dissolving activity, 

but can also cause the corrosion of metals. 

Corrosion resistance of NiTi instruments is 

controversial. However, most previous studies 
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were performed after passive exposure of the 

instruments to NaOCl for different time 

periods immediately before the fatigue test or 

while instruments were immersed in a low 

concentration of NaOCl (ie, 1.2%) to avoid 

the corrosion of the test models, which 

typically are or contain metallic parts such as 

stainless steel. Currently, a couple of studies 

have shown that immersion in water or 

NaOCl at simulated body temperature was 

associated with a marked decrease in the 

fatigue life of heat treated NiTi files, 

compared to the room temperature. Therefore, 

fatigue resistance should be tested under 

specific temperature conditions. 

 

S-shaped or bayonet shaped canals pose great 

problems during endodontic therapy, since 

they involve at least two curves, with the 

apical curve having maximum deviations in 

anatomy. Endodontic cleaning and 

instrumentation is often regarded as 

technically demanding and difficult when 

such systems are presented. Those systems 

pose high stress and dangerous anatomy for 

nickel-titanium (NiTi) rotary instruments with 

an increased risk of instrument fracture. Two 

different mechanisms may lead to NiTi rotary 

fracture: cyclic fatigue and torsional fracture. 

When a rotary file undergoes repeated 

compression and extension in a curved canal, 

this can cause work hardening of the metal, 

which causes cyclic fatigue and an increased 

risk of fracture. Fatigue has been implicated 

as the main reason for the fracture of 

endodontic rotary files in clinical use.  

 

The effectiveness of ProTaper Next also has 

been affirmed by various in vitro studies 

wherein ProTaper Next advances higher 

bacterial reduction than Twisted file, PTU and 

Manual technique In an in vitro study 

comparing ProTaper Next, PTU and WaveOne 

in canals contaminated with E. faecalis, it was 

found that ProTaper Next was best in bacterial 

reduction when compared with PTU. This 

demonstrates that instrument design assumes 

a major role in bacterial reduction during root 

canal preparation. 

The hypothesis that the geometrical design of 

instrument can impact the decrease of 

microbial load has been affirmed. The 

rectangular shaped cross-section of ProTaper 

Next shapes the root canal asymmetrically, 

with only two points of contact being 

available during continuous rotation. 

Henceforth, dentinal debris can be evacuated 

coronally when instrument has a larger area of 

getaway. The dentinal debris compacted onto 

the root canal walls blocks the dentinal 

tubules and this might hinder the expulsion of 

bacteria from inside them. Despite having the 

greatest number of files, the ProTaper Gold 

demonstrated the lowest bacterial reduction, 

perhaps in light of the fact that it has 

asymmetrical design and a constant pitch. 

“Not the number, but the design of file 

system” plays a pivotal role in microbial 

removal from the root canal system along 

with the endodontic irrigant.  

ProTaper Next showed better microbial 

reduction percentage than ProTaper Gold 

since it maintains a two-point contact with 

bigger radius on canal walls whereas 

ProTaper Gold maintains three-point contact 

with comparatively lesser radius on wall 

which interferes with removal of bacterial 

debris from root canal. Therefore, it is 

important to select the appropriate type of 

instrument to aid in the chemo-mechanical 

debridement procedures.  

 

CONCLUSIONS 

 

Rotary root canal preparation is an important 

step in endodontic therapy. ProTaper tools are 

a breakthrough in canal modeling procedures. 

It was the first system to offer cutting angles, 
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a progressive conical design on a single 

needle, both on the modeling and finishing 

needles. The success of this system lies in the 

fact that it offers a reproducible final shape 

that ensures a 3D disinfection and a 3D filling 

of the canal system. The instruments have 

increased flexibility and increased resistance 

to cyclic fatigue, which ensures greater safety. 

Using the rotating ProTaper system, the root 

canals are widened - quickly modeled, 

making precise intervention possible, with 

easy results to anticipate.  
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