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However, there were limitations and obstacles to this
achievement, which included instruments that were less
than ideal for the cleaning and shaping of the root canal,
techniques of application that may have actually pushed
contaminated debris into the periradicular tissues, and
intracanal medicaments that were far to potent and po-
tentially tissue-irritating for the problem at hand. In fact
many of the so-called “endodontic flare-ups” that have
been a discussion topic for clinicians and were written
about extensively in the endodontic literature for many

years were probably due to the failure to clean the canal
properly, aggressive movement of debris into the peri-
radicular tissues during canal preparation and the exces-
sive use of phenolic compounds, such as formocreosol,
camphorated parachloropenol, cresatin and the like to
“kill” the bacterial populations. The latter approach ac-
tually did more to irritate the periradicular tissues and re-
sulted in the excessive use of antibiotics by the clinician
who thought that the “flare-up” was due to infection. In
the contemporary practice of endodontics, the focus is

The ProTaper® System: Key to Contemporary
Goals in Root Canal Treatment

The major goal of endodontics, in particular root canal treatment is the retention of teeth 
in symptom-free function. Because the need for this treatment is based heavily on bacterial 

infection of both the dental pulp and its extension to the periradicular tissues, removal of this
etiology and disinfection of the root canal system is paramount to achieving the major goal. 

For decades, this concept has been advocated and technological and anti-microbial 
developments have been directed to this end.

JAMES L. GUTMANN DDS/DALLAS, TEXAS (USA)

Fig. 1a: Maxillary first molar with necrotic
pulp. – Fig. 1b: Canals prepared using the 
ProTaper Rotary instruments; MB – F2; DB –
F2; P - #40 ProFile®; obturated with Resilon/
Epiphany.

Fig. 2a: Mandibular second molar with exten-
sive decay. – Fig. 2b: Canals prepared with 
ProTaper® hand instruments; MB & ML – F1; 
D – F3; obturated with ProTaper® gutta-percha
and sealer.

Fig. 3a: Maxillary first molar with calcified
canals. – Fig. 3b: Canals prepared with 
ProTaper® rotary instruments; MB & DB – F2;
P – F3; obturated with ProTaper® gutta-percha
and sealer.
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more on careful removal of the offending agents (carious
tooth structure, contaminated dental pulp, necrotic de-
bris) and the gentle disinfection of the canal system. Mul-
tiple developments have supported this approach and in-
clude:
❙ Advocacy for the use of the crown-down technique of

root canal cleaning and shaping
❙ Development of instruments that will eliminate the

contaminated intracanal debris rapidly and effectively
without pushing the contaminants beyond the end of
the root 

❙ Enhanced determination of working length within the
root due to initial shaping with the crown-down tech-
nique, which has minimized overinstrumentation and
the pushing of debris apically

❙ Effective use of irrigants deeper into the root canal
sooner during treatment because of the enhanced
canal shaping with the crown-down technique

❙ The use of irrigants and chelating agents to remove the
contaminated smear layer prior to canal disinfection

❙ Enhanced disinfection through the use of calcium hy-
droxide, chlorhexidine or a combination of both

The crown-down technique of canal cleaning
and shaping

The essentials of this approach to root canal cleaning and
shaping are the following:
❙ Cutting of a straight-line access opening from the oc-

clusal or lingual tooth surface into the pulp chamber;
❙ Removing of all overhanging ledges from the pulp

chamber roof;
❙ Removing of lingual ledges or cervical bulges that de-

velop due to the deposition, over time, of dentine in the
cervical portion of the tooth; 

❙ Developing divergent walls in the pulp chamber from
the cavosurface margin to the chamber floor; and

❙ Cutting of a funnel-shaped preparation, with its nar-
rowest portion located in the tooth apically, in stepwise
manner in the coronal, middle and apical portion of the
root canal, respectively. The clinical benefits of using
the crown-down technique are multiple and impact
greatly on the achievement of predictable success with
non-surgical root canal treatment. Table 1 provides a

summary of these benefits. These benefits are realized
with hand stainless steel instruments (K-files), hand
NiTi instruments (ProTaper® For Hand Use – Dentsply
Deutschland) and engine driven NiTi instruments (Pro-
Taper®, ProFile, GT files – Dentsply Deutschland).
Therefore, both pure or integrated cleaning and shap-
ing techniques with a wide range of instruments will be
enhanced as will the clinicians’ ability to apply these
techniques in a wide variety of anatomical situations.
Biologically, many of the benefits attained with the
crown-down technique mirror or complement the
clinical benefits, and ultimately contribute signifi-
cantly to the overall case success. These benefits are
listed in Table 2. Very few limitations exist in the appli-
cation of the crown-down technique. Its application
may be limited however to the use of hand instruments
in specific situations. As with any technique, there will
be a learning curve in its implementation, and the

Ease of removal of obstacles that prevent access to the root apex
(e.g. pulp stones)

Enhanced tactile feedback with all instruments by removal of
coronal interferences

Enhanced movement of instruments apically into the canal
Enhanced working length determination due to minimal tooth

contact in the coronal 1/3
Increased space for irrigant penetration and debridement
Rapid removal of the bulk of dental pulp tissue that is located in

the coronal 1/3
Straight-line access to root curves and canal junctions
Enhanced movement of dentinal and tissue debris coronally
Decreased deviation of instruments in canal curvatures by reduc-

ing root wall contact
Decrease in canal blockages
Minimisation of instrument separation by reducing contact with

the canal walls
More ideal canal shapes that facilitate and promote enhanced

canal obturation
Predictable levels of quality canal cleaning & shaping for the

practitioner
Facilitation of one-visit root canal treatment within reasonable

time periods

Table 1: Clinical Benefits of the Crown-Down Technique.

Fig. 4a: Mandibular lateral incisor – acute pulpitis. – Fig. 4b:
Canal prepared with ProTaper® rotary instruments – F3; obtu-
rated with Resilon/Epiphany.
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achievements with this technique of root canal clean-
ing and shaping may be affected by the following con-
siderations.

❙ Operator desire to learn and skill level developed in ap-
plication.

❙ The use of end-cutting rotary instruments in small or
partially calcified canals may predispose to perforation
as the instrument moves apically.

❙ In canals that curve severely as they exit the pulp cham-
ber the rotary instruments cannot be curved prior to
placement and ease of penetration to enlarge the coro-
nal third of the canal may be hampered. In these cases,
the crown-down technique can still be implemented
by using hand instruments extensively prior to rotary
instruments.

❙ If large, less flexible rotary instruments are used too rap-
idly and deeply in the root canal, a ledge may form. 

Development and design of instruments for
rapid debris removal

The demands encountered in cleaning and shaping of
the root canal system have fostered the development of
many new technologies aimed to facilitate this process.
Priorities have included the development of flexible yet
strong metals, variably tapered instrument shafts with
both cutting and non-cutting tips, unique cutting edges
or surfaces, rotary instrumentation and the incorporation
of designs that favour the augering of debris from the
canal through the coronal access opening. One of the
new rotary systems, that are used by hand (ProTaper® For
Hand Use) or are engine driven (ProTaper® Rotary) have
enhanced the cleaning and shaping process. What re-
mains, however is the challenge of the root canal
anatomy that is ever variable and unpredictable.
The ProTaper® system of root canal cleaning and shaping
is both revolutionary in its design and vastly different
from other system. Initial clinical applications using this
system have been favourable. Furthermore, the shaping
that is produced using the ProTaper® files, hand or engine
driven, enhances the obturation of the root canal regard-
less of the filling technique chosen.The ProTaper® system
consists of 6 unique files, all with a wide range of tapers
and designs. Guidelines for their use, both hand and ro-
tary are seen in Figures 1 & 2. The ProTaper® system has
distinct characteristics that can be beneficial in achiev-
ing quality outcomes, whether used by hand or engine
driven. For example, the ProTaper® instrument shafts
have balanced pitch and helical angles that optimizes
the cutting action, aids in debris removal and reduces the
tendency of the rotary instrument to thread itself in the
canal. Secondly, the instrument has a partially active tip
that is designed to aid in the smooth advancement of the
instrument apically. Thirdly, each shaping instrument
has variable tip diameters that permit the safe and effi-

Rapid removal of contaminated, infected tissue from the root
canal system

Removal of tissue debris coronally, thereby minimizing the push-
ing of debris apically

Reduction in postoperative pain that may occur with the apical
extrusion of debris

Better dissolution of contaminated tissue with increased irrigant
penetration

Easier smear layer removal because of better contact of chelating
agents with canal walls

Enhanced disinfection of canal irregularities due to irrigant pene-
tration in patent canals and patent tubule orifices following
smear layer removal

More accurate management of the working length, canal clean-
ing and shaping and control of obturation materials with respect
to the biology of the apical root tissues and surrounding peri-
radicular tissues

Table 2: Biological Benefits of the Crown-Down Technique.

Fig. 5a: Maxillary first premolar – necrotic
pulp. – Fig. 5b: Canal prepared ProTaper®
hand instruments – F2; obturated with Re-
silon/Epiphany.

Fig. 6a: Mandibular second molar – acute pul-
pitis. – Fig. 6b: Canal prepared with ProTaper®
hand instruments; all canals F1; obturated
with ProTaper® gutta-percha and sealer.
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cient movement of the instrument in the canal, while al-
lowing the more coronal cutting surfaces to enlarge spe-
cific areas in the canal. Fourthly, the triangular cross-sec-
tion offers increased cutting efficiency by reducing in-
strument contact with the dentine walls. Finally, the mul-
tiple tapers that are present in each instrument ensure
extreme flexibility, reduced torsional loading and in-
creased instrument efficiency. The detailed use of the
ProTaper® instrument can be found in publications from
Dentsply Deutschland.

Enhanced working length determination

Once the coronal and middle thirds of the canal have
been extensively debrided and opened by using the Pro-
Taper® shaping instruments (S1, SX and S2), unimpeded
access to the apical third is quite simple in most cases.
The measuring instrument, usually a size #15 K-file that
is curved at the tip prior to entry into the canal, is placed
easily to the estimated length without binding in the
coronal 2/3 of the canal. Not having the coronal binding
will provide the clinician with a better tactile feel for the
shape of the apical third of the canal along with the posi-
tion and nature of the apical constriction. If the #15 fits
too loosely a larger instrument is chosen for the proce-
dure. 

Irrigant penetration for tissue dissolution

The ability to debride tissue from the apical portion of the
canal has always been a challenge and the penetration of
this portion of the system with irrigant was always limited
until a minimal apical preparation size was achieved (ap-
proximately a #25 K-file). More often than not, the tissue
debris remaining in the canal blocked the movement of
the irrigant. With the crown-down shaping and debride-
ment of the coronal 2/3, achieved by using a ProTaper®

file, irrigants can penetrate the apical portion freely and
assist in tissue dissolution and bacterial control. This
process also enhances the movement of the working
length file to its desired position. Critical in this process
is the use of copious amounts of irrigants at all times.

Irrigant and chelating solution penetration for
smear layer removal

The removal of the smear layer prior to disinfection of the
dentine and dentinal tubules has become and accepted
and needed treatment modality in root canal treatment.
The smear layer is laden with bacteria, bacterial byprod-
ucts, products of inflammation, tissue debris, cells and so
forth, and its retention will prevent bacteriological con-
trol on the dentine surface and in the tubules. By creating
a larger and more uniform space in the root canal via
cleaning and shaping with the ProTaper® system, the
movement of both irrigants and chelating agents is en-
hanced, especially in their ability to reach the fins, webs

and cul de sacs that are present in the complexities of the
root canal system. In fact more often than not, the unique
taper of the ProTaper® instruments, in particular the S1
coronally and the F1, 2 & 3 apically, may very eliminate
many of these canal irregularities during cleaning and
shaping, thereby enhancing further the ability of the so-
lutions to dissolve tissue debris and eliminate the smear
layer.

Enhanced disinfection

Disinfection of the root canal system is essential for suc-
cess and therefore, removal of the contaminated debris
and control of microbial populations are necessary. Ta-
pered preparations and rapid removal of the contami-
nates by the ProTaper® system of canal cleaning, en-
hances this process at the onset, thereby allowing more
time for disinfection during the process with sodium
hypochlorite. Furthermore, the ProTaper® system of
canal cleaning and shaping can achieve a high level of
shaping that permits the placement of both chlorhexi-
dine and calcium hydroxide deep into the canal, reach-
ing the anatomical eccentricities. This by itself is one of
the major benefits of using the ProTaper® system. 
Notwithstanding the biological benefits of using the Pro-
Taper® system of canal cleaning and shaping, ultimately
the cleanliness and shape of the root canal create a situ-
ation where the obturation and seal of the root canal will
be far better regardless of the techniques that are used for
this purpose (lateral or vertical compaction, injectible
techniques, core-carrier techniques). The ProTaper® sys-
tem of canal cleaning and shaping create ideal shapes for
obturation. With the availability of gutta-percha that is ta-
pered to match with the shapes created by the ProTaper®,
high quality root canal treatment can be provided pre-
dictably on every patient. However, contemporary root
canal treatment encourages and supports obturation that
is based on the use of gutta-percha, sealer and com-
paction or a resin-based material, sealer and com-
paction. Paste fills are not desirable within the standard
of care for the patients that we serve. 
Figures 1–6 represent teeth cleaned and shaped using the
ProTaper® system and obturated with ProTaper® gutta-
percha cones or resin-based (Resilon™ – Epiphany™ ob-
turation system) materials.
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