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Chapter Outline

The past decades have seen many changes in the practice of 
endodontics, such as in materials, techniques, equipment, 
instrument design, and the types of metals used to manufac-
ture endodontic instruments. However, the goals of non- 
surgical endodontic therapy has not changed: “Root canal 
systems must be cleaned and shaped: cleaned of their organic 
remnants and shaped to receive a three-dimensional hermetic 
(fluid-tight seal) filling of the entire root canal space.”332

Diagnostic Materials and Devices
Assessment of Pulp Sensibility
One of the greatest diagnostic challenges in clinical practice is 
the accurate assessment of pulp status. A variety of pulp testing 
approaches exist, and there may be confusion as to their  

validity or appropriateness in different clinical situations. 
When tests are evaluated, there are some terms that may lead 
to more definitive and possibly quantifiable endodontic diag-
noses. These terms are sensitivity, the ability of a test to identify 
teeth with disease; specificity, the ability of a test to identify 
teeth without disease; and predictive value, the ability of a test 
to foretell what the diagnosis actually is.

Pulp stimulation with cold or heat is the oldest method of 
evaluating the pulp’s health and its ability to respond to exter-
nal stimulation, but evaluation of pulpal response must not be 
confused with vitality testing, which requires assessment of 
pulpal circulation.140

Cold Tests
Cold thermal testing causes contraction of the dentinal fluid 
within the dentinal tubules, resulting in a rapid outward flow 
of fluid within the patent tubules. This rapid movement of 
dentinal fluid results in hydrodynamic forces acting on the Aδ 
nerve fibers within the pulp-dentin complex, leading to a sharp 

The authors acknowledge the excellent scholarship of Drs. Van Himel and 
John McSpadden in authoring previous editions of this chapter.
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prepared by delivering CO2 into a custom-made plastic cylin-
der, and the stick is applied to the buccal surface of the tooth. 
This method is particularly effective when trying to assess 
teeth that have been restored with full-coverage metal restora-
tions.397 Rickoff314 reported that CO2 snow applied to a tooth 
for 5 minutes did not jeopardize the health of the pulp, nor 
does it damage the surface of the enamel.300 On the other hand, 
CO2 may cause pitting of the surface of porcelain restorations 
when applied for as little as 5 seconds.203 When testing with a 
cold stimulus, the advantage of refrigerant sprays and frozen 
carbon dioxide is that the cold stimulus does not go into a 
liquid phase but rather a gas phase. This allows testing to be 
specific to one tooth at a time, without cold water from melted 
ice stimulating adjacent teeth.

Ice-cold water is another useful and inexpensive test. The 
tooth being tested should be isolated with a rubber dam and 
then bathed with water from a syringe. Cold tests should be 
applied until the patient definitely responds or the stimulus 
has been applied for a maximum of 15 seconds.121 One of the 
significant benefits of ice-water testing is that it can be used 
on any tooth regardless of the type of restoration that may be 
present. Overall, cold tests appear to be more reliable than heat 
tests,93,341 and there is a general consensus that the colder the 
stimulus, the more effective the assessment of tooth innerva-
tion status.

Heat Test
Warm thermal testing is not employed as often as cold testing 
because most patients are more sensitive to cold stimuli, and 
warm thermal tests have been traditionally more difficult to 
perform. Heat testing can be undertaken using a stick of heated 
gutta-percha or hot water. A gutta-percha stick, preferably 
base-plate gutta-percha, is heated with a naked flame or an 
electric heater until it becomes soft and glistens.149 It is then 
applied to the Vaseline-coated surface of the test tooth. It is 
purported that a tooth surface temperature as high as 150° C 
can be achieved with this technique319: gutta-percha softens at 
65° C and may be heated in delivery devices up to 200° C. This 
test may be difficult to use on posterior teeth because of limited 
access. A further disadvantage is that excessive heating may 
result in pulp damage.280 Prolonged heat application will result 
in biphasic stimulation of Aδ fibers initially, followed by the 
pulpal C fibers. Activation of C fibers may result in a lingering 
pain, therefore heat tests should be applied for no more than 
5 seconds. However, inadequate heating of the gutta-percha 
stick could result in the stimulus being too weak to elicit a 
response from the pulp.140

The use of hot water, administered through an irrigating 
syringe under rubber dam isolation, has also been described as 
a means of thermal testing. Frictional heat may be generated 
by using a rubber cup intended for prophylaxis (without paste) 
against the buccal aspect of a tooth. The normal use of thermal 
tests on teeth has been shown not to be harmful to healthy 
pulp tissue.170 The System B (SybronEndo, Orange, CA) allows 
dentists to set specific temperatures for warm thermal testing. 
After the surface of the tooth has been lubricated, a test tip can 
be attached to the handle of the System B and the temperature 
set at 150° F. The preheated tip is placed on the surface of the 
tooth, and the patient’s response is evaluated.

One of the problems of testing with heat is that often a 
nonvital tooth increases in pain secondary to heat stimuli. In 

sensation lasting for the duration of the thermal test. A variety 
of cold tests may be employed; the major difference between 
them is the degree of cold applied to the tooth.140

A simple means of applying a cold stimulus to a tooth is to 
wrap a sliver of ice in wet gauze and place it against the buccal 
surface, comparing the reaction between the test tooth and a 
control tooth. Pencils of ice can be made by filling a plastic 
straw with water and freezing it in an upright position in a 
freezer.352

Ethyl chloride (−41° C) may be sprayed onto a cotton 
pledget, resulting in the formation of ice crystals (Fig. 8-1) 
prior to application to the tooth. Dichlorodifluoromethane 
(DDM) (−50° C) is a compressed refrigerant spray that can also 
be sprayed onto a cotton pledget for cold testing (Fig. 8-2). 
More recently, ozone-friendly non-chlorofluorocarbon sprays 
have been introduced in certain countries.

Another effective cold stimulus is frozen carbon  
dioxide (CO2), also known as dry ice or carbon dioxide snow 
(−78.5° C). For testing purposes, a solid stick of CO2 is 

FIG. 8-1 Ethyl chloride sprayed onto a cotton pledget, resulting in 
the formation of ice crystals. (Courtesy Dr. R. Portigliatti.)

FIG. 8-2 Hygenic Endo-Ice. (Courtesy Colténe/Whaledent, Cuyahoga 
Falls, OH.)
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There are several considerations regarding optimal place-
ment of the tester electrode. The response threshold is reached 
when an adequate number of nerve terminals are activated to 
attain what is termed a summation effect.281 An area of high 
neural density should have a relatively fast and strong response 
and requires the least electric current. Therefore, the most 
desirable area of assessment in incisor teeth is at the incisal 
edge.32 The tester should be applied on the tooth surface adja-
cent to a pulp horn, the area of highest nerve density within 
the pulp. This position equates to the incisal third region of 
anterior teeth and the mid-third region of posterior teeth. The 
threshold for response may be influenced by the thickness of 
the enamel and dentin overlying the pulp. Thus, the response 
threshold for healthy teeth may be lowest in incisors, slightly 
greater in premolars, and greatest in molar teeth. A recent 
study has revealed that the optimum site for tester electrode 
placement on molars is on the tip of the mesiobuccal cusp.225

Assessment of Pulp Vascularity
Vitality testing requires the measurement of pulpal blood flow. 
Several devices are used to evaluate circulatory changes rather 
than the neural integrity of the pulp, and a number of these 
have been used experimentally to evaluate pulpal health.

Crown Surface Temperature
An investigator103 performed extensive research in the field of 
crown surface temperature. This pulp vitality technique is 
based on the hypothesis that vital teeth are warmer and will 
rewarm quicker after cooling than nonvital teeth. His experi-
ments concluded that time/temperature curves comparing the 
warming of vital versus nonvital teeth were diagnostically 
informative.

Attempts to use color change of cholesteric liquid crystals 
as a diagnostic tool to measure crown temperature change173 
have also met with some success. And a more recent study 
using an infrared thermographic camera showed crown tem-
perature patterns of nonvital teeth to be slower to rewarm than 
those of vital teeth.320

Transmitted Light Photoplethysmography
Transmitted light photoplethysmography (TLP) is a noninva-
sive technique used to monitor pulpal blood flow and has been 
successfully applied in animal and human studies. It has been 
suggested that TLP incurs less signal contamination from the 
periodontal blood flow than is the case for laser Doppler flow-
metry (LDF).227,268

Laser Doppler Flowmetry
LDF was developed to assess blood flow in microvasculature 
systems such as the retina, mesentery, renal cortex, and skin.171 
It has recently been used in intact teeth in animals137,139 and in 
man.253,421 LDF utilizes a light beam (helium neon 632.8 nm) 
which is scattered by moving red blood cells.421 Newer machines 
have varied the wavelength between 600 and 700 nm, depend-
ing on the light absorption properties of the tissue tested. This 
light beam undergoes a frequency shift according to the 
Doppler principle. The backscattered light is picked up by 
photodetectors and produces a signal that is proportional to 
the red cell flux (number of cells × average velocity). This can 
be used as a measure of pulpal blood flow, expressed as a 
percentage of full-scale deflection at a given gain. The tech-

the clinical situation whereby a patient reports pain to heat 
and relief with cold stimuli, the application of cold to individu-
ally selected teeth may eliminate the patient’s tooth pain. 
Therefore, in these situations, the application of cold with 
relief of pain can be diagnostic for a nonvital pulp.

Electric Pulp Test
The objective of the electric pulp test (EPT) is to stimulate 
intact Aδ nerves in the pulpal-dentin complex by applying an 
electric current to the tooth surface. A positive result stems 
from an ionic shift in the dentinal fluid within the tubules, 
causing local depolarization and subsequent generation of an 
action potential from intact Aδ nerves.292

The electric pulp tester is a battery-operated instrument 
connected to a probe that is applied to the tooth under inves-
tigation. It functions by producing a pulsating electrical stimu-
lus, the initial intensity of which should be set at a very low 
value to prevent excessive stimulation and discomfort. The 
intensity of the electric stimulus is then increased steadily at a 
preselected rate, and a note is made of the readout on the 
digital display when the patient acknowledges a warm or tin-
gling sensation. The readout is not a quantitative measurement 
of pulp health; it simply provides evidence that the Aδ fibers 
are sufficiently healthy to function.140

Bipolar and monopolar are the two stimulating modes 
available. The bipolar mode is presumably more accurate 
because the current is confined to the coronal pulp, but most 
EPTs are still monopolar.352

The requirements of an EPT are an adequate stimulus, an 
appropriate application method, and careful interpretation of 
results (Fig. 8-3). Tooth isolation during EPT is essential. 
Drying the enamel, placement of an interproximal plastic strip, 
and use of a rubber dam can prevent the spread of electrical 
impulses to adjacent teeth or gingival tissue. Electric current 
can also be transferred between adjacent teeth through con-
tacting metallic restorations.64 A conducting medium should 
also be used to ensure that maximum current passes from the 
electrode to the tooth surface.261 A laboratory study247 con-
cluded that the interface medium made no appreciable differ-
ence to either the voltage or the electric current transmitted. 
However, a more recent study did demonstrate that different 
media influence the responses gained from electric testing.262

FIG. 8-3 Electronic pulp tester. (Courtesy SybronEndo, Orange, CA.)
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oximetry and photoplethysmography have limited the intro-
duction of these methods to endodontic practice.

Assessment of Cracks and Fractures
Magnification
The introduction of the operative microscope marked out-
standing progress in dentistry. Magnification improves the 
performance of clinical procedures, and the operating micro-
scope has dramatically improved endodontic nonsurgical treat-
ment and periradicular surgery. The use of the operating 
microscope and microsurgical instrumentation have resulted 
in greater precision in surgical procedures, less operative 
trauma, improved healing, better esthetic results, and more 
predictable treatments. Speed, control, comfort, and adjust-
ment are other distinct advantages.

Loupes
Magnification loupes attached to eyeglasses are relatively in
expensive, and the learning curve for their use is much shorter 
than for the microscope. However, there are several shortcom-
ings to loupes compared to the operating microscope. Each 
loupe has a fixed magnification power (typically less than 4×) 
that cannot be increased or decreased. Most loupes have no 
integrated light source, although often they are employed with 
an accompanying headlamp system. There is no way to digi-
tally document viewed images. The focus is adjusted through 
the movements of the clinician’s head, creating postural posi-
tions that may not be ergonomic.

Operating Microscopes
All microscope lenses are designed and installed in a telescopic 
system (Fig. 8-4). This means they are already focused to infin-
ity. They send parallel beams of light to each eye, allowing the 
viewing of objects three dimensionally with an excellent depth 
impression.

nique appears objective, noninvasive, and accurate. A growing 
number of reports indicate it is a method that can easily be 
adapted to the testing of a tooth and is promising as a pulp 
vitality tester. It is especially effective in young traumatized 
teeth with large pulps that do not respond well to other forms 
of sensitivity testing.129,130,253,421

Several studies have reported successful use of LDF to 
study human pulpal blood flow. The value of this method has 
been well documented, but its high cost and difficulty of use 
in clinical situations have prevented widespread use.

Pulse Oximetry
Pulse oximetry has been used to detect vascular integrity in 
the tooth.335 The process measures oxygen saturation in exter-
nal soft tissue. It has been suggested that it is capable of passing 
its signal through enamel and dentin. It may also be used on 
natural tooth structure. The device, as LDF, utilizes a probe 
that transmits red (640  mm) and infrared light through the 
tissue (received by a photodetector). Since oxygenated and 
deoxygenated hemoglobin absorb different amounts of each 
light, pulsating changes in blood volume cause periodic 
changes in the amount of light absorbed by the vascular bed 
before reaching the photodetector. To date, it has not been 
considered capable of judging pulp vitality in a manner that 
would allow the proper degree of sensitivity and specificity. It 
must again be stressed that LDF and pulse oximetry can only 
be used on natural tooth structure, never on restorations. 
When used clinically and having a possible response, a  
rubber dam should isolate the test teeth, and the gingival tissue 
below the dam should be blocked with an opaque substance 
(tin foil).

Xenon-133 Radioisotopes
Radioactive materials for measurement of pulpal blood circula-
tion were previously used in the radiolabeled microsphere 
injection method.191,192,396 A method utilizing a radiation probe 
with xenon-133 (133Xe) radioisotope to differentiate between 
vital and pulpless teeth on the basis of blood supply has been 
found effective.396 However, the use of radioactive materials is 
expensive, restricted on humans, and requires special licensing 
requirements. To this point, the most promising of these 
experimental methods are those using the measurement of 
light passing through or deflected from the blood in the pulp.

Dual Wavelength Spectrophotometry
Oximetry by spectrophotometry uses a dual wavelength light 
source (760 and 850 nm) to determine the oxygen saturation 
level of the pulpal blood supply. Preliminary tests on teeth 
were promising, since the blood oxygenation and volume 
could be detected.284 The instrument might be useful not only 
in determining pulp necrosis but also the inflammatory status 
of the pulp. It shows promise as a pulp tester because it is 
noninvasive, objective, small, and portable.

Doppler techniques, pulse oximetry, and photoplethys-
mography are all used in medicine and in dental research. 
However, they have been less successfully applied to routine 
endodontic care, because the circulatory system of the pulp is 
encased in a rigid structure and therefore is difficult to study 
without the removal of hard tissue. Consequently, the need for 
an absolute rigid observation point in the Doppler technique 
and the interference of extrapulpal circulatory systems in pulse 

FIG. 8-4 Zeiss Operating Microscope. (Courtesy Carl Zeiss Meditec, 
Germany.)
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deep, narrow pocket with a small occlusal entrance. The  
flexibility of the plastic probes allows them to be introduced 
into pockets that may not permit the insertion of rigid metal 
probes. (Fig. 8-6).

Biting Tests
The Tooth Slooth (SybronEndo) (Fig. 8-7) has proved very 
useful for the differential diagnosis of various stages of incom-
plete crown fractures. The design of the device permits a 
chewing force to be applied selectively to one cusp at a time. 
When this selective force is applied to a cracked cusp of a vital 
tooth, the coronal dentin distorts, which is allowed by the 
crack and results in a painful response. This sensation is not 
present in other intact cusps of the same tooth. This device 
can be effective when cotton rolls or wooden sticks are not 
helpful.

Staining
Dyes can aid greatly in the diagnosis of either caries or frac-
tures. Caries detectors have been used effectively to identify 
caries not otherwise evident with either visual inspection or 
traditional hand instruments. Methylene blue dye, India ink or 
iodine tincture have been very effective dyes used to diagnose 
the presence of crown or root fractures.206

Transillumination
Transillumination is the transmission of light through tissues 
of the body. A common example is the transmission of light 

Some characteristics of microscopes are: (1) wide range of 
magnification, (2) coaxial illumination that allows light to 
enter even the deepest areas of examination, (3) easy photo-
graphic and video capture documentation, (4) the capacity to 
make focus adjustments by moving the microscope or its parts, 
maintaining an ergonomic work position.

The major advantage of using light and magnification is the 
increased diagnostic potential. The microscope is an excellent 
tool for detecting cracks, additional canals, perforations, and 
the like.252 It is important to clarify the difference between 
magnification and differentiation. Magnification is defined as 
viewing an object at a greater size; differentiation refers to 
making an object distinct or specialized. The microscope alone 
is very useful, but sometimes additional adjuncts must be 
employed for better differentiation. Methylene blue used in 
conjunction with magnification can add important informa-
tion, especially for fracture detection. Additionally, some oper-
ating microscopes employ colored light sources which help in 
the differentiation between bone and root surfaces during 
apicoectomies.

Periodontal Probing
Periodontal probing is an essential part of the endodontic 
diagnostic process. The tooth should be evaluated interproxi-
mally and at every millimeter on both the buccal and lingual 
surfaces, with emphasis on the convex part of the root. Each 
furcation should also be explored with a periodontal or furca-
tion probe. Periodontal probing is especially useful in helping 
to detect vertical root fractures (VRF). If the probe sinks 
abruptly into an isolated deep, narrow periodontal defect, the 
level of suspicion for a VRF increases. This is true especially 
when there is no evidence of periodontal disease associated 
with other areas of the tooth or adjacent teeth. If a VRF is 
suspected but cannot be directly visualized, magnification, 
illumination, and staining can be very helpful.

Elastic, plastic, periodontal probes (Premier, Plymouth 
Meeting, PA) (Fig. 8-5) have been advocated for better detec-
tion of defects associated with VRFs. A periodontal pocket 
associated with a VRF—in an otherwise periodontally intact 
tooth—differs from a common periodontal pocket by having a 

FIG. 8-5 Flexible periodontal probe (Premier, Plymouth Meeting, 
PA) and a conventional rigid metal probe.

FIG. 8-6 A Premier periodontal probe in a narrow and deep pocket 
associated with VRF. Note the blanching that indicates the narrow 
nature of the pocket.

FIG. 8-7 Tooth Slooth. (Courtesy SybronEndo, Orange, CA.)
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Initial sensitivity tests can suggest which type of radiograph 
will be most advantageous. If a vital tooth is evaluated, a bite-
wing radiograph would be advantageous to detect caries or 
other potential causes of pulpal inflammation. If periapical 
disease is suspected by the previous tests, a periapical radio-
graph is indicated. All radiographs should be taken using 
holders that allow parallelism and standardization. If compara-
tive radiographs will be necessary on a subsequent patient visit, 
it is useful to fabricate an individual impression material bite-
block so that the angulation of follow-up radiographs will be 
as similar as possible. Extra oral radiographs, like occlusal or 
PAs, may also be useful in certain cases.

Radiography cannot directly detect pulpal inflammation, 
but caries or defective restorations seen on the radiograph may 
suggest pulpal inflammation. Condensing apical periodontitis 
is a near-pathognomonic sign of longstanding pulpitis. Also, 
the presence of an apical radiolucency of endodontic origin 
may be a good indication that necrosis or a necrotic zone is 
present in the pulp space.

The radiograph is one of the best means at our disposal for 
determining the existence of a chronic periapical condition. It 
is characterized by a rather well-defined radiolucent area, or 
dark shadow, which may or may not be exactly at the apex of 
the tooth.

Technology has advanced in the area of radiology to include 
F-speed or Insight conventional film, xeroradiography, digital 
radiography, subtraction radiography, phosphor images, ultra-
sound, and recently also cone-beam computed tomography 
(CBCT). But improvement in our ability to interpret perira-
dicular/periapical pathosis is still debatable with some of these 
methodologies. Comparing xeroradiography and E-speed con-
ventional film, investigators22 reported no difference in the 
detection of periapical bone pathosis.

Another study399 found that digitally subtracted images 
were more sensitive for identifying cortical and cancellous 
bone changes than conventional films. In an in vitro model, 
other investigators90 found that subtraction radiography was 
capable of discriminating between health and disease. Still 
others265 found that the progress of chronic apical periodontitis 
may be followed predictably by their subtraction methodology. 
Digital subtraction radiography may also be useful in the  

through fingers, producing a red glow due to red blood cells 
absorbing all other colors of the light. Transillumination is an 
excellent technique for viewing caries, fractures, narrow root 
canal orifices, and other clinical entities. It is used by passing 
an intense light through the side of the tooth and can substan-
tially enhance the clinician’s diagnostic and treatment abilities. 
Healthy tooth structure has an index of light transmission 
greater than that of caries or calculus. A fracture line or a calci-
fied root canal orifice also have a reduced ability to transmit 
light. Therefore, if an intense light is applied in direct proximity 
to a tooth, and other extraneous light is reduced, these clinical 
entities will appear as distinct dark areas in the otherwise bright 
structure (Fig. 8-8). The transilluminator tip is placed on either 
the facial or lingual surface of the tooth or the root, and the 
area can be viewed from the occlusal surface or the surface 
opposite the transilluminator. Direct vision or a dental mirror 
may be used for viewing, depending upon the area under 
examination. The exact placement of the transilluminator 
differs for caries, endodontics, fractures, and so forth.

The acceptance of transillumination as a diagnostic tech-
nique has been greatly enhanced by the availability of modern 
devices made expressly for this purpose.118 These transillumi-
nators use white light–emitting diode (LED) lamps to generate 
the necessary intense white light. The light is then transmitted 
to the working area, without heat, using a narrow fiberoptic 
rod or fiberoptic cables. An important feature is that a fiberop-
tic rod can be easily removed and autoclaved to avoid cross-
contamination between patients. The small size and portability 
of these new devices enhances the convenient use of 
transillumination.

Assessment of Images
Radiographs
Radiography is an essential part of endodontic diagnosis. 
Modern technology is rapidly shifting toward digital filmless 
imaging and other new image-enhancing techniques (see 
Chapter 29). Therefore the clinician must be well versed in 
this diagnostic field.

The radiographic examination should always be evaluated 
together with other diagnostic tests and clinical examination. 

A B

FIG. 8-8 A crack in the crown of a tooth, located by using a transilluminator.
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rate diagnosis of periradicular pathoses.67,153,246,275 The reader 
is referred to Chapter 29 for further information about CBCT.

Endodontic Instruments
Although most instruments used in general dentistry also can 
be used for endodontic therapy, some hand instruments are 
designed specifically for endodontic procedures. In addition, 
many different types of instruments have been designed for 
procedures performed inside the pulp space. These include 
manually operated instruments for root canal preparation, 
rotary and other engine-driven and energized instruments  
for root canal preparation, and instruments for root canal 
obturation.

Standardized specifications have been established to 
improve instrument quality. For example, the International 
Standards Organization (ISO) has worked with the Fédération 
Dentaire Internationale (FDI) through the Technical Commit-
tee 106 Joint Working Group (TC-106 JWG-l) to define speci-
fications. These standards are designated with an ISO number. 
The American Dental Association (ADA) also has been involved 
in this effort, as has the American National Standards Institute 
(ANSI); these standards are designated with an ANSI number. 
However, new instrument designs have resulted in a need for 
reconsideration of the standards.

Two ISO standards pertain to endodontic instruments. ISO 
No. 3630-1 deals with K-type files (as does ANSI No. 28), 
Hedström files (ANSI No. 58), and barbed broaches and rasps 
(ANSI No. 63). ISO No. 3630-3 deals with condensers, plug-
gers, and spreaders (ANSI No. 71).

Hand Instruments
Traditional dental hand instruments have been modified for 
endodontic uses. A typical set of endodontic instruments 
might include a front-surface mouth mirror, a D-5 explorer, a 
D-16 endodontic explorer, cotton pliers, a spoon excavator, a 
series of pluggers, a plastic instrument, a hemostat, a periodon-
tal probe, and a ruler. The endodontic explorer has two 
straight, very sharp ends that are angled in two different direc-
tions from the long axis of the instrument.

The mouth mirror should be a front-surface mirror, espe-
cially when magnifying loupes or an operating microscope are 
used. Several types of endodontic spoons are available. These 
spoons have a much longer offset from the long axis of the 
instrument (for better reach inside constricted pulp chambers) 
than regular dental spoons. The spoons are used to remove 
carious material and to excise pulp tissue; therefore, they 
should be kept well sharpened (Fig. 8-10). The cotton pliers 
should preferably be of the locking type that can securely hold 
gutta-percha cones when transferred from the dental assistant 
to the dentist’s hand. The periodontal probe should be a flex-
ible one (see Fig. 8-5). The exact type and number of instru-
ments usually depend on the techniques used and clinician’s 
preference.

Microinstruments
With the enhanced use of microscopes in endodontics,  
especially during apical surgery, many specially designed  
miniaturized instruments have been introduced. These  
include miniature mirrors, probes and pluggers (for details see 
Chapter 21).

evaluation of healing following endodontic therapy.433 Another 
investigation207 concluded that conventional film radiography 
performed slightly better for the detection of periapical bone 
lesions than direct digital radiography, and that image process-
ing did not improve the observer performance.

Researchers296 reported that cortical bone lesions were 
identified with greater accuracy than trabecular bone lesions, 
regardless of whether digital radiography or conventional films 
were used.

Another study109 demonstrated that there was no signifi-
cant difference in the accuracy of detecting artificially prepared 
periapical lesions between Schick CDR and Trophy RVGui 
DDR systems Their results using digital radiography were in 
agreement with Seltzer and Bender’s341 finding using con
ventional radiography: artificially produced lesions were not 
radiographically observed unless the cancellous lesion extended 
to the junction of the cancellous and cortical bone.

Ultrasound
Coinvestigators66 have introduced the potential of ultrasound 
real-time imaging in endodontics and found it able to distin-
guish between granulomas and cysts. This promising potential 
awaits further long-term investigations.

Cone-Beam Computed Tomography and Other Scans
CBCT (Fig. 8-9), ultrasound, and other emerging technologies 
seem to be very promising tools for determining a more accu-

FIG. 8-9 CBCT example: These series of images show an ovoid radio-
lucent area in the anterior right maxilla. Both teeth 1.1 and 1.2 were 
endodontically treated; however, given the epicenter of the entity rela-
tive to the teeth, the radiolucent area was interpreted to be a kerato-
cystic odontogenic tumour. (Courtesy Dr. E. Lam.)
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Instruments for Cleaning and Shaping  
the Root Canal Space
The purposes of this section is to provide the principles neces-
sary for the clinician to better understand the ideal design for 
current and future instruments. Most instructional materials 
mistakenly attempt to teach step-by-step techniques rather 
than explain the physics of the instruments. However, an 
increasing number of new products and their advocates have 
created confusion in the selection process. For this reason, the 
clinician must understand the basic mechanical, physical, and 
scientific principles of instrumentation (Box 8-1).

The two primary goals of root canal instrumentation are 
(1) to provide a biologic environment (infection control) con-
ducive to healing and (2) to develop a canal shape receptive 
to obturation. Historically, most instruments used to shape the 
canal were designed to be used by hand. Recently, rotary 
instrumentation has gained considerable popularity and may 
be used in conjunction with hand instruments (Box 8-2). The 
information in the following sections should facilitate the most 
efficient use of rotary instruments, minimizing the chance of 
instrument or procedural mishaps and allowing the clinician 
to achieve ideal treatment results.

Group I: Manually Operated Instruments
Manually operated instruments are all instruments that are 
generically called files. Defining endodontic instruments by 
function, files are instruments that enlarge canals with recipro-
cal insertion and withdrawal motions. Reamers cut and enlarge 
canals with rotational motions. Before using either instrument, 
the clinician must make sure the canal is patent.

Files were first mass produced by the Kerr Manufacturing 
Co. of Romulus, Michigan, in the early 1900s, hence the name 
K-type file (or K-file) and K-type reamer (K-reamer). K-files 
and K-reamers originally were manufactured by the same 
process. Three or four equilateral, flat surfaces were ground at 
increasing depths on the sides of a piece of wire, producing a 
tapered pyramidal shape. The wire then was stabilized on one 
end, and the distal end was rotated to form the spiral instru-
ment (Fig. 8-11). The number of sides and the number of 
spirals determine whether the instrument is best suited for 
filing or reaming. Generally, a three-sided configuration with 

A

B

FIG. 8-10 Endodontic explorer (A) and endodontic spoon (B). (From Boyd LR: Dental instruments: a pocket guide, ed 3, Saunders Elsevier, 
St Louis, 2009.)

BOX 8-1
Terminology for the Physical Properties  
of Instruments

Successful use of an instrument depends on the ways the 
material, design, and technique relate to the forces exerted on 
the instrument. The following terms quantify the actions and 
reactions to these forces.
Stress: The deforming force measured across a given area.
Stress concentration point: An abrupt change in the geometric 

shape of a file, such as a notch, which results in a higher 
stress level at that point than along the surface of the file 
where the shape is more continuous.

Strain: The amount of deformation a file undergoes.
Elastic limit: A set value representing the maximal strain that, 

when applied to a file, allows the file to return to its origi-
nal dimensions. After the strain is removed, the residual 
internal forces return to zero.

Elastic deformation: The reversible deformation that does not 
exceed the elastic limit.

Shape memory: A condition that exists when the elastic limit 
is substantially higher than is typical for conventional 
metals. It allows an instrument to regain its original form 
after being deformed.

Plastic deformation: Permanent bond displacement, which 
occurs when the elastic limit is exceeded. The file does not 
return to its original dimensions after strain is removed.

Plastic limit: The point at which a plastic-deformed file 
breaks.

fewer spirals is used for reaming; a three- or four-sided con-
figuration with more spirals is used for filing.

Historically, root canal instruments were manufactured 
from carbon steel. Subsequently, the use of stainless steel 
greatly improved the quality of instruments. More recently, the 
introduction of the nickel-titanium (NiTi) alloy in the manu-
facture of endodontic instruments has resulted in significant 
improvements in canal shaping because of its increased flexi-
bility compared to stainless steel (this metal is described later 
in the chapter).
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from the canal. It is also an excellent tool for removing cotton 
or paper points that have accidentally become lodged in the 
root canal.

K-Type Instruments
The K-file and K-reamer are the oldest useful instruments for 
cutting and machining dentin (Fig. 8-13). They are made from 
a stainless steel wire that is ground to a tapered square or 
triangular cross-section and then twisted to create either a file 
or a reamer. A file has more flutes (see Components of a File) 
per length unit than a reamer.

K-type instruments are useful for penetrating and enlarging 
root canals. The instrument works primarily by compression-
and-release destruction of the dentin surrounding the canal. 
Generally, a reaming motion (i.e., constant file rotation) causes 
less transportation than a filing motion (reciprocating or 
“watch-winding” file rotation).406 (Transportation is the exces-
sive loss of dentin from the outer wall of a curved canal in the 
apical segment. This procedural error can lead to perforation 
of the root canal system or an inability to negotiate the canal 
space apical to the canal transportation.) A stainless steel K-file 
can be precurved to a desired form to facilitate insertion and 
minimize transportation. Permanent deformation occurs when 
the flutes become wound more tightly or opened more widely 
(Fig. 8-14). When such deformation occurs, the instrument 
should no longer be used. Instruments fracture during clock-
wise motion after plastic deformation.158,345 This occurs when 
the instrument becomes bound while the force of rotation 
continues. Interestingly, although the force required for failure 
is the same in both directions of rotation,205,213 failure occurs 
in the counterclockwise direction at half the number of rota-
tions required for failure in the clockwise direction. Therefore 
K-type instruments should be operated more carefully when 
pressure is applied in a counterclockwise direction.

H-Type Instruments
An H-type instrument has spiral edges arranged to allow 
cutting only during a pulling stroke (Fig. 8-15). An example 
is a Hedström file. An H-type instrument is better for cutting 
than a K-type instrument, because it has a more positive rake 
angle (see Components of a File) and a blade with a cutting 
rather than a scraping angle. Bending a Hedström file results 
in points of greater stress concentration than occurs with 
K-type instruments. These concentration points can lead to 
the propagation of cracks and fatigue failure.158 Clinically, 
fatigue happens without any external physical signs of stress, 
such as the flute changes seen in K-type instruments (see  
Fig. 8-14).

Currently all H-type instruments are ground from a tapered 
blank. Hedström files are formed by grinding a single con
tinuous flute. Computer-assisted machining technology has 
allowed the development of H-type instruments with very 
complex forms. This process, called multiaxis grinding, allows 
adjustment of the rake angle, helix angle, multiple flutes, and 
tapers. H-files cut the canal wall when pulled or rotated clock-
wise; the file is relatively ineffective when pushed or rotated 
counterclockwise. Because the H-file generally has sharper 
edges than the K-file, it has a tendency to screw into the canal 
during rotation, particularly if the instrument’s blades are 
nearly parallel. Awareness of screwing-in forces is important 
for avoiding instrument failure.

BOX 8-2
Classification of Instruments Used for Cleaning and 
Shaping the Root Canal Space

Endodontic instruments for root canal preparation can be 
divided into six groups:
u	 Group I: Manually-operated instruments, such as barbed 

broaches and K-type and H-type instruments.
u	 Group II: Low-speed instruments with a latch-type attach-

ment. Typical instruments in this group are Gates-Glidden 
(GG) burs and Peeso reamers. They are typically used in the 
coronal part of the canal and never used in a canal 
curvature.

u	 Group III: Engine-driven nickel-titanium rotary instruments. 
They consist of a rotating blade that can safely be operated 
in, and adapt itself to, curved root canals. Most engine-
driven instruments available today belong to this group.

u	 Group IV: Engine-driven instruments that adapt themselves 
three-dimensionally to the shape of the root canal. Like 
other nickel-titanium instruments, they adapt to the shape 
of the root canal longitudinally but additionally they adapt 
also to the cross-section of the root canal. There is currently 
only one instrument in this group: the self-adjusting file 
(SAF; ReDent-Nova, Raanana, Israel).

u	 Group V: Engine-driven reciprocating instruments.
u	 Group VI: Ultrasonic instruments.

FIG. 8-11 The two ends of a blank, tapered pyramidal wire are sta-
bilized (top) and then one end is rotated to create a spiral shape on 
the file’s working surface (middle). Multiple rotations produce the final 
spiral shape (bottom). (Courtesy John T. McSpadden, Lookout Mountain, 
GA.)

Barbed Broaches and Rasps
Dating from the early to mid-19th century, broaches and rasps 
were the earliest endodontic instruments used to extirpate the 
pulp and enlarge the canal (Fig. 8-12). Still used today, these 
instruments are manufactured by hacking a round, tapered 
wire with a blade to form sharp, projecting barbs that cut or 
snag tissue. Specifications have been set for both the barbed 
broach and the rasp (ANSI/ADA standard No. 63, ISO/FDI 
standard No. 3630/1).

A barbed broach does not cut or machine dentin; this 
instrument is mostly used to engage and remove soft tissue 
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Instrument Design Modifications
K-files and H-files can be modified into numerous designs. 
Often the instruments can be improved for more effective 
instrumentation by changing the geometric dimensions, using 
computerized multiaxis grinding machines. For example, 
changing the cross-sectional geometry of a K-type instrument 
from square to rhomboid enhances the instrument’s flexibility 
and rake angle. However, the possible geometries can compli-
cate adherence to ISO and ANSI standards.

Tip Design
Studies have shown that tip design can affect file control, effi-
ciency, and outcome in the shaping of root canal systems.266,267 
The tip of the original K-file resembled a pyramid (see Fig. 
8-13). Instrument tips have been described as cutting, noncut-

FIG. 8-12 Barbed broach (Union Broach, York, PA).

FIG. 8-13 K-file #40 (Dentsply-Maillefer, Ballaigues, Switzerland).

FIG. 8-14 K-files stressed to deformation by clockwise and counter-
clockwise twisting (arrow indicates deformed areas). These instru-
ments are close to fracture and should be discarded.

FIG. 8-15 Hedström file #50 (Dentsply-Maillefer, Ballaigues, 
Switzerland).

A B C

D

G

E F

H I

Quantec SC ProTaper RaCe

Quantec LX ProFile K3

Hero Light Speed Profile GT

FIG. 8-16 Instrument tips arranged in order from cutting to non-
cutting. (Courtesy John T. McSpadden, Lookout Mountain, GA.)

ting, and partially cutting, although no clear distinction exists 
among the three types (Fig. 8-16).

The instrument tip has two functions: to guide the file 
through the canal and to enlarge the canal. A clinician who is 
unfamiliar with the tip design of a particular instrument is apt 
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Burs
In addition to conventional burs, burs with extended shanks 
for low-speed contra-angle handpieces are useful for providing 
good visibility during deep preparation of the pulp chamber. 
This is particularly important when using an operating micro-
scope when performing such procedures after access to the 
pulp chamber has been achieved. Straight-line access to the 
initial point of curvature traditionally has been accomplished 
using rotary instruments such as Gates-Glidden burs and 
Peeso instruments. These reamers are available in a 32-mm 
length and a 28-mm length for posterior teeth (Figs. 8-17, 8-
18). Use of these instruments should be limited to the straight 
portion of the canal preparation. The risk of perforation with 
these instruments becomes a real possibility with attempts to 
instrument beyond the point of curvature or if the instruments 
are used to cut laterally. The risk of lateral cutting resulting in 
perforation is lower with Gates-Glidden burs than with the 
other instruments mentioned. This risk is especially pro-
nounced on the furcation sides of mesial roots of molars. 
Gates-Glidden instruments are also available in nickel- 
titanium. The Peeso reamer is used mostly for post space 
preparation (Fig. 8-19).

Group III: Rotary Instruments for Canal Preparation
Components of a File
To make the best use of files, the clinician should be familiar 
with the parts of each file and understand how variations in 
design affect instrumentation (Fig. 8-20). The taper usually is 
expressed as the amount the file diameter increases each mil-
limeter along its working surface from the tip toward the file 
handle. For example, a size #25 file with a #.02 taper would 
have a 0.27 mm diameter 1 mm from the tip, a 0.29 mm diam-
eter 2 mm from the tip, and a 0.31 mm diameter 3 mm from 
the tip. Some manufacturers express the taper in terms of 
percentage (e.g., a #.02 taper is a 2% taper). Historically, as an 

to do either of the following: (1) transport the canal (if the tip 
is capable of enlarging the canal and remains too long in one 
position) or (2) encounter excessive torsion and break the file 
(if a noncutting tip is forced into a canal with a smaller diam-
eter than the tip). Transportation of the original axis of the 
canal can occur by remaining too long in a curved canal with 
a tip that has efficient cutting ability.

The angle and radius of its leading edge and the proximity 
of the flute to its actual tip end determines the cutting ability 
of a file tip. Cutting ability and file rigidity determine the pro-
pensity to transport the canal. The clinician must keep in mind 
that as long as the file is engaged 360 degrees, canal transporta-
tion is unlikely to occur. Only with overuse does the file begin 
to cut on one side, resulting in transportation. Most instru-
mentation errors occur when the file tip is loose in the canal, 
which gives it a propensity to transport the canal.

A good beginner’s rule is this: If the canal is smaller than 
the file, the prudent use of a cutting tip is more efficient. If the 
canal is larger than the tip, using a less-effective cutting tip can 
help prevent transportation (see Fig. 8-16). Much has been 
written about the importance of various sophisticated tip mod-
ifications to prevent such ledging, but little scientific evidence 
exists that any one design is better than another.190,308,309,316,321

Metal Alloys
The development of nitinol, an equiatomic alloy composed of 
nickel and titanium,412 has proved a significant advancement 
in the manufacture of endodontic instruments. NiTi is called 
an exotic metal because it does not conform to the typical rules 
of metallurgy. Because it is a superelastic metal, the application 
of stress does not result in the usual proportional strain seen 
in other metals such as stainless steel. When stress is initially 
applied to NiTi, the result is proportional strain, but the strain 
remains essentially the same as the application of additional 
stress reaches a specific level, forming what is called a loading 
plateau. Eventually, of course, application of more stress results 
in more strain, which increases until the file breaks. This 
unusual property is the result of a molecular crystalline phase 
transformation. External stresses transform the austenitic crys-
talline form of NiTi into a martensitic crystalline structure that 
can accommodate greater stress without increasing the strain. 
As a result of its unique crystalline structure, a NiTi file has 
superelasticity, or the ability to return to its original shape after 
being deformed. Simply stated, NiTi alloys currently are the 
only readily available affordable materials with the flexibility 
and toughness for routine use as effective rotary endodontic 
files in curved canals.

Attempts to improve the NiTi alloy continue, and recent 
reports indicate that new NiTi alloys may be five times more 
flexible than currently used alloys.186 Microscopic surface 
defects are considered a contributing factor for crack propaga-
tion and instrument fracture. Therefore, attempts to improve 
surface characteristics by electropolishing, surface coatings, 
and surface implantation have been used for this purpose.216,310

Group II: Low-Speed Rotary Instruments
Many types of rotary instruments are used during endodontic 
procedures. In addition to regular burs adapted for endodon-
tics, various types of root canal reamers are used to shape the 
canal space, to place or remove root canal filling materials, or 
to prepare a post space.

FIG. 8-17 Gates-Glidden (GG) burs made of stainless steel. (From 
Johnson WT: Color atlas of endodontics, St Louis, 2002, Saunders.)
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the tendency of the file to screw into the canal, reduces trans-
portation of the canal, reduces the propagation of microcracks 
on its circumference, supports the cutting edge, and limits the 
depth of cut. Its position relative to the opposing cutting edge 
and its width determine its effectiveness. To reduce frictional 
resistance, some of the surface area of the land that rotates 
against the canal wall may be reduced to form the relief (Fig. 
8-23). The angle the cutting edge forms with the long axis of 
the file, called the helix angle, augers debris collected in the flute 
from the canal. This angle is important for determining which 
file technique to use (see Fig. 8-23; Fig. 8-24).

If a file is sectioned perpendicular to its long axis, the rake 
angle is the angle formed by the leading edge and the radius 
of the file. If the angle formed by the leading edge and the 
surface to be cut (its tangent) is obtuse, the rake angle is said 
to be positive or cutting. If the angle formed by the leading edge 
and the surface to be cut is acute, the rake angle is said to be 
negative or scraping (Fig. 8-25). However, the rake angle may 
not be the same as the cutting angle. The cutting angle, or the 
effective rake angle, is a better indication of a file’s cutting 
ability and is determined by measuring the angle formed by 
the cutting (leading) edge and the radius when the file is sec-
tioned perpendicular to the cutting edge. If the flutes of the 
file are symmetric, the rake angle and the cutting angle are 
essentially the same.

The pitch of the file is the distance between a point on the 
leading edge and the corresponding point on the adjacent 
leading edge, or it may be the distance between corresponding 

FIG. 8-18 Working part of a Gates-Glidden bur made of stainless 
steel. Note the rounded safety tip and the lack of sharp cutting edges. 
The instrument has a marginal land for centering the drill in the canal 
and to allow safer machining of the canal walls.

FIG. 8-19 Peeso Reamer (Union Broach, York, PA). Note the safety 
tip and marginal lands on the machining surfaces.

Helix angle
(may change along working surface)

Flute (groove)

Land Measuring stop Measuring lines Tip size

Notch (curve orientation)

FIG. 8-20 Components of an endodontic rotary instrument. (Courtesy John T. McSpadden, Lookout Mountain, GA.)

ISO standard, a file was fluted and tapered at 2% for 16 mm, 
but now files incorporate a wide variation of lengths and tapers 
of working surfaces. The ability to determine cross-sectional 
diameter at a given point on a file can help the clinician deter-
mine the file size in the point of curvature and the relative 
stress being placed on the instrument.

The flute of the file is the groove in the working surface used 
to collect soft tissue and dentin chips removed from the wall of 
the canal. The effectiveness of the flute depends on its depth, 
width, configuration, and surface finish. The surface with the 
greatest diameter that follows the groove (where the flute and 
land intersect) as it rotates forms the leading (cutting) edge, or 
the blade of the file. The cutting edge forms and deflects chips 
from the wall of the canal and severs or snags soft tissue. Its 
effectiveness depends on its angle of incidence and sharpness. 
If a surface projects axially from the central axis as far as the 
cutting edge between flutes, this surface is called the land (or 
sometimes the marginal width) (Figs. 8-21 and 8-22). The land 
touches the canal walls at the periphery of the file and reduces 
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points within which the pattern is not repeated. The smaller 
the pitch or the shorter the distance between corresponding 
points, the more spirals the file has and the greater the helix 
angle. Most files have a variable pitch, one that changes along 
the working surface. Because the diameter increases from the 

FIG. 8-21 ProFile rotary NiTi instruments, #3, #5, and #6 (Dentsply 
Tulsa Dental, Tulsa, OK). The instruments have marginal lands that 
guide the instrument in the center of the canals and around 
curvatures.

FIG. 8-22 Rotary ProFile NiTi file, #5 (Dentsply Tulsa Dental, Tulsa, 
OK). Note the instrument’s wide marginal land (arrows).

Helix angle

Cutting edge
Quantec file (sybron endo) Flute Relief Land

FIG. 8-23 Components of the Quantec NiTi rotary instrument 
(SybronEndo, Orange, CA). (Courtesy John T. McSpadden, Lookout 
Mountain, GA.)

Helix angleCutting edges

Pro taper file (dentsply)

Flute (extends from
cutting to cutting edge)

Land formation (results as
the grinding wheel is lifted

at the handle end)

FIG. 8-24 Components of the ProTaper NiTi rotary instrument 
(Dentsply Tulsa Dental, Tulsa, OK). (Courtesy John T. McSpadden, 
Lookout Mountain, GA.)

Negative angle

Positive angle

FIG. 8-25 Positive and negative rack angles. Negative angle results 
in scrapping action; positive angle results in cutting action.

file tip toward the handle, the flute becomes proportionately 
deeper, resulting in a core taper that is different from the 
external taper.

The cutting angles, helix angles, and external and core 
tapers may vary along the working surface of the file, and the 
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2.	 The space between the tip and the maximum diameter can 
be reduced so that the required torque does not exceed the 
ultimate strength of any part of the file.

3.	 A zero taper or nearly parallel and fluted working portion 
of the file can be provided for curved canals so that the 
apical portion of the canal can be enlarged without undue 
file stress and compression of debris.

4.	 The continuity of the blade engagement can be 
interrupted.

5.	 The number of flute spirals can be eliminated or reduced 
to the smallest number necessary to prevent excessive 
torque, which results from the accumulation of debris.

6.	 A means can be provided to complete the file function 
before the flutes fill with debris.

7.	 Any land width can be minimized to reduce abrasion on 
the canal surface.

8.	 The file can be given an asymmetric cross-section to help 
maintain the central axis of the canal.

9.	 The number of flutes with similar helix angles can be 
reduced. When helix angles are dissimilar, screwing-in 
forces are reduced; when flutes have no helix angles, screw-
ing-in forces are eliminated.

10.	 Positive cutting angles can be incorporated to enhance the 
efficiency of canal enlargement.

11.	 Blades can be made appendages or projections from the file 
shaft rather than ground into the shaft.

12.	 Channels can be cut along the long axis of the file to facili-
tate its removal if it breaks.

Group IV: Engine-Driven Three-Dimensionally  
Adjusting Files
Self-Adjusting File
The self-adjusting file (SAF; ReDent-Nova, Raanana, Israel) 
represents a new approach in file design and mode of opera-
tion.260 The file is a hollow device, designed as a cylinder of 
thin-walled, delicate NiTi lattice with a lightly abrasive surface 
(Figs. 8-27, 8-28). An initial glidepath is established with a #20 
K-file to allow the insertion of the SAF file. The file is proposed 
to be compressed from its 1.5 mm diameter into dimensions 
equivalent to those of a #25 K-file (Fig. 8-29). It is operated 
with a modified KaVo handpiece (GENTLEpower 20LP with a 
3LDSY head, KaVo Dental GmbH, Biberach/Riss, Germany) 
that generates in-and-out vibrations with 5000 vibrations per 
minute and 0.4 mm amplitude (Fig. 8-30). The overall concept 
is that the compressed file will adapts itself to the root canal 
walls, applying a uniform cutting action (see Fig. 8-28) gradu-
ally removing a uniform dentin layer from the canal walls.

As noted, the file is hollow, which allows for continuous 
irrigation through the file while operated in the root canal. The 
irrigant is delivered through a free-rotating hub to which a 
silicone tube is attached (see Fig. 8-30). Either a special irriga-
tion unit (Fig. 8-31) (VATEA, ReDent-Nova, Raanana, Israel) 
or any appropriate dispenser-type unit may be used to deliver 
a constant flow of irrigant at 5  ml/min. This maintains a  
continuous flow of fresh, fully active irrigant that carries  
with its outflow tissue debris and the dentin powder generated 
by the file.256

One file is used throughout the procedure. It is initially 
compressed into the root canal (see Fig. 8-29) and gradually 
enlarges while cleaning and shaping the canal. The unique 
feature of this file is that it adapts to the shape of the canal not 

ratios of these quantities can vary between instruments of the 
same series. A change in any of these features can influence 
the file’s effectiveness or its propensity for breakage as it pro-
gresses into the canal space; this can explain why some files 
act uncharacteristically compared with other files in the same 
series. In one study, investigators using electric and air-driven 
handpieces with rotary NiTi instruments found no significant 
difference in file distortion or breakage between the two hand-
pieces at 150 revolutions per minute (rpm).40 Other research-
ers have shown that the ability to select precise rpm71 and 
torque122 settings affects the efficiency and durability of instru-
ments (Fig. 8-26). Determining and maintaining a file’s proper 
rotational speed is more difficult with an air handpiece than 
with an electric handpiece. For this reason, the clinician would 
be wise to use an electric handpiece when instrumenting  
with rotary files. The popularity of electric handpieces among 
clinicians appears to support the conclusion that regardless  
of the design used for rotary NiTi instruments, an electric 
handpiece—rather than an air-driven handpiece—should  
be used because it allows precise speed and torque control  
(see Fig. 8-26).

Instrument Designs
Design changes are made in endodontic instruments to help 
prevent procedural errors, increase efficiency, and improve the 
quality of canal shaping. Examples of instruments commonly 
used today are the ProFile and ProFile GT, the ProTaper, the 
Lightspeed LSX, the Quantec, the Twisted File (TF),123,212 the 
RaCe, the EndoSequence, and the EZ-Fill SafeSider. For more 
information about these instruments and others, see Chapter 
9. In many patients, the apical canal is larger than the largest 
file used at working length, so many design changes have been 
directed toward enabling the clinician to increase the size of 
the largest file used at working length. The following design 
components can be used to prevent excess stress on 
instruments.

1.	 The difference between the file’s minimum and maximum 
diameters can be reduced so that the torque required for 
rotating the larger diameter does not exceed the plastic 
limit of the smaller diameter.

FIG. 8-26 Torque- and speed-controlled electric micromotor and 
handpiece (X-Smart Endodontic Motor). (Courtesy Dentsply-Maillefer, 
Ballaigues, Switzerland.)
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Because it has no rigid metal core, the file is also extremely 
adaptable longitudinally. The inherent tendency to straighten 
curved root canals and transport their apical part to the outer 
side of the curvature, which is typical of most other file systems, 
is greatly avoided. The absence of a metal core also makes the 
SAF extremely resistant to fracture. File separation—a major 
problem with other NiTi files—has not been reported to occur, 
and mechanical failure (a rare occurrence if it happens) is 
limited to local tears in the delicate NiTi lattice.260 It is clear 

only longitudinally, as every NiTi file does, but also to the 
cross-section of the canal. Consequently, the basic shape of the 
root canal is preserved: a root canal with a round cross-section 
is enlarged to one with a similar but larger cross-section, 
whereas a flat root canal will be enlarged to a flat root canal of 
bigger dimensions (see Fig. 8-31). This unique feature of the 
SAF file makes it different from any other currently available 
file system.

FIG. 8-27 The SAF instrument. The instrument is made as a hollow 
thin NiTi lattice cylinder that is compressed when inserted into the 
root canal and adapts to the canal’s cross-section. It is attached to a 
vibrating handpiece. Continuous irrigation is applied through a 
special hub on the side of its shank. (Courtesy ReDent-Nova, Raanana, 
Israel.)

FIG. 8-28 The abrasive surface and details of the lattice of the SAF 
instrument. The extreme elasticity is the total of the elasticity of each 
of the delicate NiTi segments. (Courtesy ReDent-Nova, Raanana, 
Israel.)

FIG. 8-29 The SAF instrument adapted into a root canal that was 
initially prepared with #20 K-file. Right: A #20 K-file in the canal. Left: 
The SAF file in its relaxed form. Center: The SAF file inserted into the 
same narrow canal. It will apply delicate pressure on the canal wall, 
attempting to resume its original shape. (Courtesy ReDent-Nova, 
Raanana, Israel.)

FIG. 8-30 The VATEA continuous irrigation unit used with the SAF 
instrument. The unit has two containers and provides a continuous 
flow (low pressure, 5 ml/min) of either irrigant (i.e., sodium hypo-
chlorite and EDTA) through double silicon tubes that are connected 
to the hubs on the front of the device. It is controlled by finger-
operated switches located on the handpiece. (Courtesy ReDent-Nova, 
Raanana, Israel.)
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Two types of units, ultrasonic and sonic, are primarily 
available. Ultrasonic devices, which operate at 25 to 30 kHz, 
include the magnetostrictive Cavi-Endo (Caulk/Dentsply, 
Milford, DE), the piezoelectric ENAC (Osada, Tokyo) (Fig. 
8-33), the EMS Piezon Master 400 (Electro Medical Systems 
[EMS] Vallée de Joux, Switzerland), and the P5 Neutron (see 
Fig. 8-32) (Satelec, Merignac Cedex, France). Sonic devices, 
which operate at 2 to 3 kHz, include the Sonic Air MM 1500 
(Micro Mega, Prodonta, Geneva, Switzerland), the Megasonic 
1400 (Megasonic Corp, House Springs, MO), and the Endostar 
(Syntex Dental Products, Valley Forge, PA). Ultrasonic devices 
use regular types of instruments (e.g., K-files), whereas sonic 
devices use special instruments known as Rispi-Sonic, Shaper-
Sonic, Trio-Sonic, or Heli-Sonic files.

Although similar in function, piezoelectric units have some 
advantages over the magnetostrictive systems. For example, 
piezoelectric devices generate little heat, so no cooling is 
needed for the electric handpiece. The magnetostrictive system 
generates considerable heat, and a special cooling system is 
needed in addition to the irrigation system for the root canal. 
The piezoelectric transducer transfers more energy to the file 

that this interesting conceptual device will be subjected to 
extensive independent study over the next few years.

Group V: Engine-Driven Reciprocating Instruments
Endo-Eze Reciprocating Files
The Giromatic handpiece, a rotary instrument in use since 
1969, delivers 3000 quarter-turn reciprocating movements per 
minute. Rasps and barbed broaches are most often used in 
Giromatic handpieces, but K-type and H-type instruments also 
can be used. The Endo-Eze file system (Ultradent, South 
Jordan, UT) is a recently introduced addition for Giromatic 
handpieces. The set has four instruments that are designed to 
clean the middle third of the canal. The sizes and tapers are 
0.10 #0.025 taper, 0.13 #0.35 taper, 0.13 #0.45 taper and 0.13 
#0.06 taper. The use of stainless steel hand instruments is sug-
gested for the apical third of the canal.

Group VI: Sonic and Ultrasonic Instruments
A radically different way of instrumenting root canals was 
introduced when clinicians became able to activate files by 
electromagnetic ultrasonic energy. Piezoelectric ultrasonic 
units are also available for this purpose (Fig. 8-32). These units 
activate an oscillating sinusoidal wave in the file with a fre-
quency of about 30 kHz.

4 mm 6 mm

FIG. 8-31 A micro–computed tomography (microCT) analysis of the 
operation of the SAF instrument in a flat canal with extremely oval 
cross-section. Upper: Buccolingual and mesiodistal views of the root 
canal reconstructed from microCT. Lower: Cross-sections at 4 and 
6  mm from the apex. Red: before, blue: after treatment. (Courtesy 
ReDent-Nova, Raanana, Israel.)

FIG. 8-32 P5 Neutron piezoelectric ultrasonic unit. (Courtesy Satelec, 
Merignac Cedex, France.)

FIG. 8-33 ENAC piezoelectric ultrasonic device. (Courtesy Osada 
USA, Los Angeles, CA.)
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Sonic devices are more useful for true hard-tissue removal 
during root canal preparation. Because the files operate like a 
conventional handpiece, the file vibrations are less likely to  
be dampened by contact with the root canal walls. Therefore 
the special files used in these systems are true bulk dentin 
removers. New tip designs for piezoelectric ultrasonic units 
have also been found extremely effective in dentin removal in 
the pulp chamber and orifice of the canals (see Fig. 8-34).

National and International Standards for Instruments
As a result of concerns that arose nearly 45 years ago, efforts 
were made to standardize endodontic files and root filling 
materials. As mentioned previously, this resulted in an inter-
national standard for endodontic files, known in the United 
States as ANSI standard No. 58 for Hedström files and ANSI 
standard No. 28 for K-files (Table 8-1). The standards have 
several similarities, but some important differences exist. Fig. 
8-35 shows the measurements dictated by the standards. The 
size designation is derived from the projected diameter at the 
tip of the instrument. This is an imaginary measurement and 
is not reflected in the real size of the working part of the instru-
ment. The taper of the instruments is designed to be a 0.02 
taper, namely a diameter-increase by .02 mm for each mm of 
length, starting at the tip. The working diameter is the product 
of the taper and the length of the tip. Three standard lengths 
are available at 21 mm, 25 mm, and 31 mm. The working part 
of the instrument must be at least 16 mm. As stated previously, 
tapers other than .02 and working parts of instruments less 
than 16 mm are now available and outside the standard.

This system of numbering files with at least 15 different 
sizes replaced the old, somewhat imperfect system that num-
bered the sizes from #1 through #6. Although the new standard 

than does the magnetostrictive system, making it more power-
ful. Working with no water cooling becomes essential when 
using an operating microscope, because the water spray may 
obstruct visualization.

The file in an ultrasonic device vibrates in a sinus wave–like 
fashion. A standing wave has areas with maximal displacement 
(i.e., antinodes) and areas with no displacement (i.e., nodes). 
The tip of the instrument exhibits an antinode. If powered too 
high, especially with no contact with the canal wall, the instru-
ment may break because of the intense vibration. Therefore 
files must be used only for a short time, must remain passive 
within the canal, and the power must be controlled carefully. 
The frequency of breakage in files used for longer than 10 
minutes may be as high as 10%, and the breakage normally 
occurs at the nodes of vibrations.5

Ultrasonic devices have proved very efficient for irrigating 
root canal systems. During free ultrasonic vibration in a fluid, 
two significant physical effects are observed: cavitation and 
acoustic streaming. During oscillation in a fluid, a positive 
pressure is followed by a negative pressure. If the file’s tensile 
strength is exceeded during this oscillation of pressure gradi-
ents, a cavity is formed in the fluid in the negative phase. 
During the next positive-pressure phase, the cavity implodes 
with great force; this is cavitation. Under normal clinical condi-
tions, the power of dental ultrasonic units is too low to create 
significant cavitation effects on the dentin walls. Acoustic 
streaming creates small, intense, circular fluid movement (i.e., 
eddy flow) around the instruments. The eddying occurs closer 
to the tip than in the coronal end of the file, with an apically 
directed flow at the tip. Acoustic streaming increases the clean-
ing effect of the irrigant in the pulp space through hydrody-
namic shear stress. The increased amplitude that occurs  
with the smaller file sizes enhances the acoustic streaming.6 
This has proved valuable in the cleaning of root canals  
because conventional irrigation solutions do not penetrate 
small spaces well.

Acoustic streaming has little direct antimicrobial effect. 
Both cavitation and acoustic streaming are dependent on the 
free vibration of the file. The limits of the space in a root canal 
significantly inhibit the practical utility of ultrasonic devices 
for root canal cleaning. Depending on size and power, the file 
tip may have amplitudes that require a canal size of at least a 
#30 file through a #40 file for free oscillation. Any contact with 
the root canal walls dampens oscillation. As the contact with 
the canal wall increases, the oscillation is dampened and 
becomes too weak to maintain acoustic streaming. Using a 
small file size with minimal contact to the root canal wall 
provides optimal cleaning conditions.7

Ultrasonic devices have proved disappointing as instru-
ments for improving the removal of dentin from the root  
canal walls. They do improve the ability to clean the pulp space 
(Fig. 8-34) and difficult-to-débride areas through acoustic 
streaming.12,68,402,403 However, it is unclear whether this can be 
achieved during regular preparation when the file is actively 
dampened and little acoustic streaming takes place. Cleaning 
is further enhanced by the excellent irrigation systems some 
of the devices provide. Application of a freely oscillating file 
with sodium hypochlorite (NaOCl) irrigation for several 
minutes to aid pulp space disinfection is believed to be useful 
after complete biomechanical instrumentation of the pulp 
space.361

FIG. 8-34 Start-X ultrasonic tip #2 (Dentsply-Maillefer); designed 
for working on the pulp chamber floor and walls when looking for 
2MB canals. Note the surface texture of the instrument that allows 
long-lasting active surface. (Courtesy Dentsply-Maillefer, Ballaigues, 
Switzerland.)
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includes many sizes, astute clinicians may include fewer 
instrument sizes for their special work habits.

In recent years, suggestions to change the numbering 
system for files with different sizes have been implemented by 
several manufacturers. One system has introduced “half” sizes 
in the range of #15 through #60, resulting in instruments in 
sizes #15, #17.5, #20, #22.5, and so on. Considering the fact 
that most manufacturers already are unable to size their instru-
ments within the accepted range, the introduction of half sizes 
seems unnecessary. However, if standards are strictly adhered 
to, the use of half sizes seems more reasonable for instrument 
systems such as the LightSpeed, in which the strength of the 
instrument is such that full-size increments may generate 
stresses beyond the tolerance of the instrument. The standards 
are overdue for reevaluation in light of recent technologic 
changes.

Effectiveness and Wear of Instruments
Although the advertising literature is rich in claims of superior-
ity of various file designs, few of these claims can be verified 
by well-designed studies in the peer-reviewed endodontic lit-
erature. No standards exist for either the cutting or machining 
effectiveness of endodontic files, nor have clear requirements 
been established for resistance to wear.

In any study of the effectiveness of an instrument, two 
factors must be investigated: (1) effectiveness in cutting or 
breaking loose dentin and (2) effectiveness in machining 
dentin. These two parameters are radically different. Methods 
exist for measuring machining, but currently no good method 
is available for measuring cutting. Some studies have attempted 
to evaluate cutting, but the methodologies have involved the 
use of a drilling motion with K-type instruments and at a speed 
higher than that used for clinical procedures.

Some studies of machining have evaluated the effectiveness 
of an instrument when used with a linear movement. These 
studies showed that instruments can differ significantly, not 

D0

D16

16 mm

Nominal length

FIG. 8-35 Measuring points for American National Standards Institute (ANSI) and American Dental Association (ADA) regulations #28 and 
#58, which cover K-type and H-type instruments. The measuring point for the diameter of the instrument (size) is imaginary (D0) and projects 
the taper of the instrument at the tip. Therefore an instrument with a short tip is more true to its size than an instrument with a long tip. D16 
represents the diameter at the end of the working part, which must be at least 16 mm long.

TABLE 8-1

Dimensions of Standardized K-File, H-File, 
and Gutta-Percha Cones (ANSI No. 28, 58, 
and 78*)

Size D0 D16 Color

006 0.06 0.38 No color assigned

008 0.08 0.40 No color assigned

010 0.10 0.42 Purple

015 0.15 0.47 White

020 0.20 0.52 Yellow

025 0.25 0.57 Red

030 0.30 0.62 Blue

035 0.35 0.67 Green

040 0.40 0.72 Black

045 0.45 0.77 White

050 0.50 0.82 Yellow

055 0.55 0.87 Red

060 0.60 0.92 Blue

070 0.70 1.02 Green

080 0.80 1.12 Black

090 0.90 1.22 White

100 1.00 1.32 Yellow

110 1.10 1.42 Red

120 1.20 1.52 Blue

130 1.30 1.62 Green

140 1.40 1.72 Black

*Sizes in italics are for files that are commercially available but not 
covered by American National Standards Institute (ANSI) regulation No. 
28 or No. 58. Colors are not required for instrument handles or 
gutta-percha cones, but the size must be printed on the handle. 
Tolerances are ± 0.02 ≥30 mm ± 2 mm.

Hargreaves_Chapter 8_main.indd   240 12/7/2009   5:37:05 PM



K

	 chapter 8   •  Instruments, Materials, and Devices	 241

While in the periapical area, it regains its prebent shape 
(Figs. 8-37 and 8-38). It is then attached to a low-speed hand-
piece and rotated at 250  rpm for 30 seconds, thus coarsely 
mincing the periapical tissues. The first instrument is then 
removed, and the second instrument, the Fine Apexum Ablator, 
is inserted, passed through the apical foramen, and rotated at 
7000 rpm for 30 seconds, turning the tissue into a thin suspen-
sion. The resulting suspension is then washed out coronally 
through the canal space using sterile saline solution delivered 
into the periapical area using a syringe and a thin, 30-gauge 
blunt needle.

only when comparing brands and types but also within one 
brand and type. For K-files, effectiveness varies 2 to 12 times 
between files of the same brand. The variation for Hedström 
files is greater, ranging from 2.5 to more than 50 times.379 The 
greater variation among Hedström files is easy to understand 
because the H-file is the result of more individual grinding 
during manufacture than the conventional K-file, which is dif-
ficult to alter much during the manufacturing process. For 
example, during the grinding of a Hedström file, the rake angle 
can be modified to neutral or even slightly positive; this is 
impossible to achieve with a K-file. The Hedström file, there-
fore, is approximately 10 times more effective at removing 
dentin than the K-file.

In the machining process, the rake edge shaves off dentin 
that accumulates in the grooves between the rake edges. The 
deeper and larger this space, the longer the stroke can be before 
the instrument is riding on its own debris, making it ineffec-
tive. These design variations and the rake angle of the edges 
determine the effectiveness of a Hedström file. Of the hybrid 
files, the K-Flex (SybronEndo, Orange, CA) file, which is a 
modified K-file, shows variables similar to those of K-files. The 
Flex-R file (SybronEndo, Orange, CA), which is a ground 
instrument, more closely resembles the H-files in its variation 
in effectiveness. It also is much more effective at substrate 
removal than the K-files but cannot measure up to the H-files’ 
ability to machine.

Modern endodontic stainless steel instruments are fabri-
cated from excellent metal alloys and have considerable resis-
tance to fracture. The clinician who practices careful application 
of force and a strict program of discarding instruments after 
use should have few instrument fractures. Stainless steel files 
are so inexpensive that adequate cleaning and sterilization for 
reuse of files in sizes up to #60 may not be cost effective. If 
this is the case, files in the range up to #60 may be considered 
disposable instruments.

Devices for Periapical Débridement Through  
a Root Canal Access
The Apexum device (Apexum, Or-Yehuda, Israel) is currently 
the single representative of this group258,259 (Fig. 8-36). It rep-
resents a totally different concept than that applied by most 
root canal cleaning and shaping systems. The goals of most 
current concepts are to maintain the original apical constric-
tion by all means and to avoid any substantial overinstrumen-
tation past the apical foramen. The Apexum concept requires 
widening the apical foramen to create an opening 330 µm in 
diameter by passing a #30 file 1  mm beyond the apex. This 
may represent some enlargement of the apical foramen in 
certain cases, but in other cases, the natural apical foramen 
diameter may be larger than this.43 Further instrumentation 
with larger instruments (#40 or #45) to a length 1 mm short 
of the apical foramen are then used to recreate an artificial 
apical stop and constriction.

Two miniature devices are then used to débride the periapi-
cal tissues through the root canal access. The first is the Coarse 
Apexum Ablator, which is made from a prebent memory-shape 
NiTi wire encased in a NiTi tube that serves as its sheath (see 
Fig. 8-36). The instrument, still encased in its sheath, is 
inserted to the artificial apical stop. Then the inner wire is 
gently pushed through the apical foramen and into the periapi-
cal lesion.

A B

C

D

FIG. 8-36 Apexum device. A, The Coarse Apexum Ablator in its NiTi 
sheath (arrow in C). B-C, The active part was extruded and regained 
its preformed shape that allows it to rotate in the periapical lesion 
(250  rpm, 30  sec), mincing the soft tissue without engaging the  
walls of the bony crypt. D, The Fine Apexum Ablator, inserted 
into the lesion after the Coarse Apexum Ablator is removed;  
rotates at 7000  rpm for 30 seconds, turning the minced tissue into  
a thin suspension that can be washed out.258,259 (Courtesy Apexum, 
Or-Yehuda, Israel.)
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Devices for Measuring Root Canal Length
Radiographs, tactile sensation, the presence of bleeding on 
paper points, and knowledge of root morphology have been 
used to determine the length of root canal systems. Sunada381 
developed the original electronic apex locator when he sug-

The method is used as a supplementary treatment for 
enhancement the healing kinetics of periapical lesions for  
promoting faster healing (Fig. 8-39).258,259 The Apexum proce-
dure is applied only after completion of cleaning, shaping, and 
disinfection of the root canal and before root canal 
obturation.

A B

FIG. 8-37 Apexum in clinical use. A, The Coarse Apexum Ablator 
in a periapical lesion of an upper single rooted tooth. Note the sheath 
in the root canal (arrow). B, Root canal obturation (lateral condensa-
tion) immediately after the Apexum procedure has been completed.258 
(Courtesy Apexum, Or-Yehuda, Israel.)

FIG. 8-38 Apexum in clinical use. A lower molar with two Coarse 
Apexum Ablator devices in the mesial and distal periapical lesions. 
Note the distance from the inferior alveolar nerve canal. Both instru-
ments were inserted at the same time for purposes of illustration. 
(Courtesy Apexum, Or-Yehuda, Israel.)

A B C

FIG. 8-39 Periapical healing after the Apexum procedure. A, Immediate postoperative radiograph. Note the periapical lesion. B, Three-month 
follow up. C, Six-month follow-up.258 (Courtesy Apexum, Or-Yehuda, Israel.)
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Ultima EZ (Satelec, Mount Laurel, NJ). The Endex Plus device 
uses 1 and 5 kHz and provides apex location based on subtrac-
tion. The Root ZX emits currents at frequencies of 8 and 
0.4  kHz and provides apex location based on the resulting 
quotient.

A fourth-generation apex locator was introduced with the 
Elements Diagnostic Unit (see Fig. 8-44), the Apex Locator 
(SybronEndo), and the Bingo 1020/Ray-X4 (Forum Engineer-
ing Technologies, Rishon Lezion, Israel). The Bingo uses only 
one of its two frequencies at a time (8 Hz or 400 Hz). Accord-
ing to the manufacturer, the Elements unit (which operates at 
frequencies of 0.5 and 4  kHz) compares the resistance and 
capacitance information to a database to determine the dis-
tance between the file and the apex. When the file tip reaches 
the area of the apical foramen, the apex locator emits a signal.

Recently, miniaturized electronic apex locators were intro-
duced by SybronEndo (Fig. 8-41) and MedicNRG, Kibutz 
Afikim, Israel (the Apex NRG277,278) (Fig. 8-42).

An apex locator typically has four parts: (1) the lip clip, 
(2) the file clip, (3) the instrument itself, and (4) a cord con-
necting the other three parts. A display indicates the advance-
ment of the file toward the apex (see Fig. 8-40).

These electrical instruments are generally safe, but manu-
facturers’ instructions state that they should not be used on 
patients with pacemakers without consulting the patient’s car-
diologist.30,113 When connected directly to cardiac pacemakers 
in vitro, four of five electronic apex locators did not interfere 
with the function of the pacemaker.126

Instruments for Root Canal Obturation
After the root canal has been properly cleaned and enlarged, 
the space is obturated with a manufactured material. A number 
of obturation methods are practiced, but lateral and vertical 
compactions are the two most common. Many specialized 

gested that the apical foramen could be localized using a direct 
electric current. Currently the electronic apex locator is con-
sidered an accurate tool for determining working length.114,115 
One study reported that the use of electronic apex locators in 
a dental student clinic resulted in a higher quality of obturation 
length control and an overall reduction in the number of radio-
graphs taken.115 However, these devices must not be consid-
ered flawless, because several variables are known to affect 
their accuracy. For example, immature roots can present prob-
lems.180 Once the roots mature (i.e., formed a narrow apical 
foramen) and the instruments are able to contact the canal 
walls, the electronic apex locator’s accuracy greatly improves. 
Some investigators have found no statistical difference between 
roots with vital and necrotic tissue.135,250 Because apical root 
resorption is prevalent in necrotic cases with long-standing 
apical lesions, these researchers also concluded that apical 
resorption does not have a significant effect on the accuracy of 
electronic apex locators.

Recently some clinicians have advocated the use of the 
electronically determined working length in lieu of working 
length estimations using the placement of a file in the canal 
and a radiograph. However, combined use of both of these 
techniques has been shown to result in greater accuracy.95 
Furthermore, radiographs may also add essential anatomic 
information that may be missed if electronic apex locators are 
used exclusively.

The first two generations of electronic apex locators were 
sensitive to the contents of the canal and irrigants used during 
treatment. The development of an algorithm called the ratio 
measurement method distinguished the third generation of apex 
locators.197 To arrive at this method, the impedance of the 
canal was measured with two current sources of different fre-
quencies, and a quotient was determined using the electrical 
potentials proportional to each impedance.197 This study found 
that electrolytes did not have a significant effect on the accu-
racy of the unit. Some third-generation apex locators are the 
Endex Plus, or Apit, (Osada, Los Angeles, CA),141 the Root ZX 
(Fig. 8-40) (J. Morita, Kyoto, Japan),114,211 and the Neosono 

FIG. 8-40 Root ZX apex locator with lip clip and file holder. 
(Courtesy J. Morita USA, Irvine, CA.)

FIG. 8-41 SybronEndo mini apex locator. (Courtesy SybronEndo, 
Orange, CA.)

Hargreaves_Chapter 8_main.indd   243 12/7/2009   5:37:10 PM



K

244	 PART I   •  The Core Science of Endodontics

NiTi spreaders were more effective regardless of the degree of 
curvature.424

Heat carriers are used for vertical-compaction obturation 
techniques. Traditionally, heat carriers are handled similarly 
to pluggers. They are used to transfer heat to the gutta-percha 
in the root canal, allowing apical and lateral displacement of 
the gutta-percha. Electrical heat carriers are more common 
today, either as independent units such as Touch ’n Heat  
(SybronEndo) and System B (SybronEndo) (Fig. 8-43), or 
incorporated into multifunctional systems such as Elements 
(Fig. 8-44) (SybronEndo). Recently, battery-charged, handheld 
heat carriers were introduced, such as the vibrating heat carrier 
DownPack67 (Hu-Friedy, Chicago, IL) (Fig. 8-45) or HotTip 
(Fig. 8-46) (Discus Dental, Culver City, CA). These devices 
can be heated to controlled levels with a self-contained cord-
less unit.

instruments are available for every type of method. Spreaders 
and pluggers are the significant instruments for obturation. 
The spreader is a tapered, pointed instrument intended to 
displace gutta-percha laterally for insertion of additional acces-
sory gutta-percha cones. The plugger is similar but has a blunt 
end. In smaller sizes, the spreader and plugger are often used 
interchangeably. These instruments are available with handles 
or as finger-held instruments. The instruments with handles 
are potentially dangerous because the tips of the working ends 
are offset from the long axes of the handles. This results in 
strong lateral wedging forces on the working ends if the instru-
ments are not operated carefully. The risk of vertical damage 
to the root is greatly reduced with finger spreaders and plug-
gers. Each clinician must choose the appropriate spreader and 
plugger according to personal working preferences. Standard-
ized instruments are available with the same taper as the files 
(e.g., #.02). Considering the greater taper of standardized 
accessory gutta-percha cones (Table 8-2), nonstandardized 
spreaders with a larger taper sometimes may be used to better 
accommodate the gutta-percha.

When using spreaders and accessory gutta-percha cones, 
the accessory cone selected must reach the depth of the  
penetration of the spreader. To accomplish that, the accessory 
cone must be thinner and/or with a smaller taper than the 
spreader used. If accessory cones which do not reach that 
depth are used, the procedure will result in voids at the apical 
end of each spreader penetration, leading the operator to an 
illusion that the root canal is properly obturated.

In recent years, spreaders and pluggers have become avail-
able in nickel-titanium. NiTi spreaders have been shown to 
reach deeper into canals than the stainless steel type when #.02 
tapered gutta-percha is used in canals with a curvature of more 
than 20 degrees. When #.04 taper gutta-percha was used, the 

FIG. 8-42 NRG miniature electronic apex locator. (Courtesy Medic-
NRG, Kibutz Afikim, Israel.)

FIG. 8-43 System B heating device for vertical compaction and 
removal of gutta-percha. (Courtesy SybronEndo, Orange, CA.)

TABLE 8-2

Size Designations for Auxiliary Gutta-Percha 
Cones*

Designation D3 D16 Taper

XF 0.20 0.45 0.019

FF 0.24 0.56 0.025

MF 0.27 0.68 0.032

F 0.31 0.80 0.038

FM 0.35 0.88 0.041

M 0.40 1.10 0.054

ML 0.43 1.25 0.063

L 0.49 1.55 0.082

XL 0.52 1.60 0.083

*The cones are pointed. The diameters 3 mm (D3) and 16 mm (D16) 
from the tip are prescribed. Tolerance is ± 0.05 mm, and length is 
≥30 mm ± 2 mm. XF, Extra-fine; FF, fine-fine; MF, medium-fine; FM, 
fine-medium; M, medium; ML, medium-large; L, large; XL, extra-large.
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sure it is free to rotate without engaging the canal walls. It 
should be started and rotated at a slow speed while being 
gradually withdrawn from the root canal. This instrument 
effectively drives the paste into the root canal. However, for 
optimal effect, the spiral must be as large as possible so that 
the paste is forced forward as the material is squeezed between 
the canal walls and the spiral. Endodontic files, paper points, 
and syringes also are commonly used to apply sealer in the 
root canal system, but they are all less effective than a Lentulo 
spiral if filling a root canal entirely with sealer is desired.

Devices for Removing Root Canal Obstructions
There are many devices available for removing natural and 
manufactured obstructions from within the canal. Please see 
Chapter 25 for details on these devices.

Materials for Disinfecting  
the Pulp Space
Chemomechanical Preparation
To increase the efficacy of mechanical preparation and bacteria 
removal, instrumentation must be supplemented with active 
irrigating solutions. Irrigation is defined as washing out a body 
cavity or wound with water or a medicated fluid. Aspiration is 
defined as the process of removing fluids or gases from the 
body with a suction device.

The objectives of irrigation are both mechanical and bio-
logic. The mechanical objective involves flushing out debris, 
lubricating the canal, and dissolving organic and inorganic 
tissue. The biologic function of the irrigants is related to their 
antimicrobial effect.

Irrigation Hydrodynamics
The effectiveness of root canal irrigation in terms of debris 
removal and eradication of bacteria depends on several factors: 
penetration depth of the needle, diameter of the root canal, 
inner and outer diameter of the needle, irrigation pressure, 
viscosity of the irrigant, velocity of the irrigant at the needle 
tip, and type and orientation of the needle bevel (Box 8-3).181

The size and length of the irrigation needle relative to the 
canal space dimension is of utmost importance for the effec-
tiveness of proper irrigation. If the external diameter of the 
needle is too large or rigid, it may inhibit introduction of the 
irrigant into the more apical extent of the root canal or into 
areas of curved canals. The internal diameter of the needle 
correlates to the necessary pressure for moving the syringe 
plunger and the velocity at which the irrigant is expressed. 
Narrow needles require more pressure of the plunger and will 
extrude the irrigant with higher velocity than large needle 
diameters. Although a needle with a larger internal diameter 

A Lentulo spiral may be used for placement of the sealer, 
cement, and calcium hydroxide (Ca[OH]2) dressings. The 
Lentulo spiral is a safe instrument if used correctly but if used 
carelessly, it may engage the wall of the root canal and break. 
It must be operated clockwise in the handpiece, inserted not 
rotating to working length, then retracted 1 to 2 mm to make 

FIG. 8-44 Elements unit, combining a System B element with one 
delivering injectable gutta-percha. (Courtesy SybronEndo, Orange, 
CA.)

FIG. 8-45 DownPack: hand-held heating and vibrating unit for warm 
gutta-percha compaction. (Courtesy Hu-Friedy, Chicago, IL.)

FIG. 8-46 HoTip: hand-held heating unit for warm gutta-percha 
compaction. (Courtesy Discus, Culver City, CA.)
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water” was a weak solution of NaOCl. However, this process 
was not very efficient, and alternate production methods were 
sought. One such method involved the extraction of chlori-
nated lime (known as bleaching powder) with sodium carbon-
ate to yield low levels of available chlorine. This method was 

will extrude the irrigant with a larger volume over time, the 
irrigant cannot be introduced as deeply. Moser & Heuer276 
measured the pressure necessary for activation of the plunger 
in different sizes and types of irrigation needles. They deter-
mined lower pressure was necessary for irrigation with larger 
needle diameter sizes (23 to 24 gauge) compared with smaller 
diameter sizes (24 to 30 gauge). However, larger needles 
placed at a greater distance from the apex were less efficient 
during irrigation than smaller diameter needles placed closer 
to the apex.174 Common injection needles have an external 
diameter of 0.40  mm (27 gauge), but special irrigation tips 
with external diameters of 0.30 mm (30 gauge) are available 
as well (Table 8-3). To improve safety of irrigation and prevent 
apical extrusion of the irrigant, some of these needles release 
the solution through lateral openings and have a closed, safe-
ended tip (Fig. 8-47). The Stropko Flexi-Tip (30 gauge) needle 
is fabricated out of NiTi to improve its flexibility and penetra-
tion into curved canals.

Sodium Hypochlorite
NaOCl is the most commonly used irrigating solution. It is an 
excellent antibacterial agent, capable of dissolving necrotic 
tissue, vital pulp tissue, and the organic components of dentin 
and biofilms.343

NaOCl solution, commonly known as bleach, is frequently 
used as a disinfectant or a bleaching agent. It is the irrigant of 
choice in endodontics, owing to its efficacy against pathogenic 
organisms and pulp digestion, and satisfies most of the pre-
ferred characteristics stated earlier.

History
Hypochlorite was first produced in 1789 in Javelle, France, by 
passing chlorine gas through a solution of sodium carbonate. 
The resulting liquid, known as “Eau de Javelle” or “Javelle 

FIG. 8-47 Scanning electron microscope (SEM) image of 30-gauge 
safety needle. (Courtesy Dr F. Tay.)

BOX 8-3
Ideal Characteristics of an Endodontic 
Irrigant58,149,390

The ideal irrigant should:
1.	Be an effective germicide and fungicide.
2.	Be nonirritating to the periapical tissues.
3.	Remain stable in solution.
4.	Have a prolonged antimicrobial effect.
5.	Be active in the presence of blood, serum, and protein 

derivates of tissue.
6.	Have low surface tension.
7.	Not interfere with repair of periapical tissues.
8.	Not stain tooth structure.
9.	Be capable of inactivation in a culture medium.

10.	Not induce a cell-mediated immune response.
11.	Be able to completely remove the smear layer, and be able 

to disinfect the underlying dentin and its tubules.
12.	Be nonantigenic, nontoxic, and noncarcinogenic to tissue 

cells surrounding the tooth.
13.	Have no adverse effects on the physical properties of 

exposed dentin.
14.	Have no adverse effects on the sealing ability of filling 

materials.
15.	Have convenient application.
16.	Be relatively inexpensive.

Adapted from Hülsmann M, Rödig T, Nordmeyer S: Complications 
during root canal irrigation. Endod Topics 16:27, 2007.

TABLE 8-3

Sizes and Manufacturers of Needles Used for 
Root Canal Irrigation

Manufacturer Product Gauge

Dentsply Max-I-Probe 21–30

Ultradent, South 
Jordan, UT, USA

NaviTip 29, 30

NaviTip FX Tip 
(brush-covered 
needle)

30

Capillary Tip 25, 28

Endo-Eze Tip/Deliver 
Eze

18, 19, 20, 22, 
30, 31

Endo-Eze Irrigator 
Tip/Deliver Eze 
Spülkanüle

27

KerrHawe, Bioggio, 
Switzerland

NaviTip 21–30

Hager & Werken, 
Duisburg, Germany

Miraject Endotec 21–25

Vista Dental Products Stropko Flexi-Tip 
(NiTi)

30

KerrHawe KerrHawe irrigation 
probe

Transcoject, 
Neumünster, 
Germany

Spülkanülen Endo 23, 25, 27, 30
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Chlorhexidine
History
Chlorhexidine (CHX) was developed more than 50 years ago 
at Imperial Chemical Industries in England and first marketed 
in the United Kingdom in 1953 as an antiseptic cream.104 Since 
1957 it has been used for general disinfection purposes and 
the treatment of skin, eye, and throat infections in both humans 
and animals.104,231

Molecular Structure
CHX belongs to the polybiguanide antibacterial family, con-
sisting of two symmetric four-chlorophenyl rings and two bis-
guanide groups connected by a central hexamethylene chain. 
CHX is a strongly basic molecule and is stable as a salt. CHX 
digluconate salt is easily soluble in water.147

Mode of Action
CHX is a wide-spectrum antimicrobial agent, active against 
gram-positive and gram-negative bacteria as well as yeasts.81 
Owing to its cationic nature, CHX is capable of electrostatically 
binding to the negatively charged surfaces of bacteria,72 damag-
ing the outer layers of the cell wall and rendering it 
permeable.165,178,179

Depending on its concentration, CHX can have both bac-
teriostatic and bactericidal effects. At high concentrations CHX 
acts as a detergent; by damaging the cell membrane, it causes 
precipitation of the cytoplasm and thereby exerts a bactericidal 
effect. At low sublethal concentrations, CHX is bacteriostatic, 
causing low molecular-weight substances (i.e., potassium and 
phosphorous) to leak out without the cell being irreversibly 
damaged. It also can affect bacterial metabolism in several 
other ways, such as abolishing sugar phosphotransferase 
system (PTS) transport activity and inhibiting acid production 
in some bacteria.25

Substantivity
Due to the cationic nature of the CHX molecule, it can be 
absorbed by anionic substrates such as the oral mucosa.237,240 
CHX has the ability to bind to proteins such as albumin, 
present in serum or saliva, pellicle found on the tooth surface, 
salivary glycoproteins, and mucous membranes.317,398 This 
reaction is reversible.169 CHX can also be adsorbed onto 
hydroxyapatite and teeth. Studies have shown that the uptake 
of CHX onto teeth is also reversible. This reversible reaction 
of uptake and release of CHX leads to substantive antimicrobial 
activity and is referred to as substantivity. This effect depends 
on the concentration of CHX. At low concentrations of 0.005% 
to 0.01%, a stable monolayer of CHX is adsorbed and formed 
on the tooth surface, which might change the physical and 
chemical properties of the surface and may prevent or reduce 
bacterial colonization. At higher concentrations (>0.02%), a 
multilayer of CHX is formed on the surface, providing a res-
ervoir of CHX which can rapidly release the excess into the 
environment as the concentration of CHX in the surrounding 
environment decreases.97

The antibacterial substantivity of three concentrations of 
CHX solution (4%, 2%, and 0.2%) after 5 minutes of applica-
tion has shown a direct relationship between the concentration 
of CHX and its substantivity.271 On the contrary, Lin et al.226 
attributed the substantivity of CHX to its ability to adsorb onto 

commonly used to produce hypochlorite solutions for use as 
a hospital antiseptic that was sold under the trade names 
“Eusol” and “Dakin’s solution.” NaOCl as a buffered 0.5% 
solution was recommended for the irrigation of wounds during 
World War I by Dakin.74 Coolidge69 later introduced NaOCl 
to endodontics.

Mode of Action
Please see Chapter 9 for further information on this subject.

Allergic Reactions to Sodium Hypochlorite
Although few reports have been published101,156 on allergic-like 
reactions to NaOCl, real allergies to NaOCl are unlikely to 
occur, since both sodium and chlorine are essential elements 
in the physiology of the human body. Nevertheless, hypersen-
sitivity and contact dermatitis may occur in rare cases. In cases 
of hypersensitivity to NaOCl, chlorhexidine should not be 
used either (because of its chlorine content). Use of an alterna-
tive irrigant with high antimicrobial efficacy, such as iodine 
potassium iodide, should be considered, assuming there is no 
known allergy to the irrigant. Irrigants such as alcohol or tap 
water are less effective against microorganisms and do not dis-
solve vital or necrotic tissue. Ca(OH)2 could be used as a 
temporary medicament because it dissolves both vital and 
necrotic tissue.10,161

Increasing the Efficacy of Hypochlorite Preparations
One alternative approach to improving the effectiveness of 
hypochlorite irrigants in the root canal system439 could be 
to increase the temperature of low-concentration NaOCl  
solutions, which improves their immediate tissue-dissolution 
capacity. Furthermore, heated hypochlorite solutions remove 
organic debris from dentin shavings more efficiently. The anti-
microbial properties of heated NaOCl solutions have also been 
evaluated. The bactericidal rates for NaOCl solutions are more 
than doubled for each 5° C rise in temperature in the range of 
5° C to 60° C. This was corroborated in a recent study359 using 
steady-state planktonic Enterococcus faecalis cells. A tempera-
ture rise of 25° C increased NaOCl efficacy by a factor of 100. 
The capacity to dissolve human dental pulp using 1% NaOCl 
at 45° C was found to be equal to that of a 5.25% solution at 
20° C. Additionally, the systemic toxicity of preheated low 
concentrations of NaOCl irrigants should be less than the that 
of a more concentrated unheated solution. However, there are 
no clinical studies available at this point to support the use of 
heated NaOCl.

In this context, it should also be noted that time is a factor 
that has gained little attention in endodontic studies. Even 
fast-acting biocides such as NaOCl require an adequate working 
time to reach their potential. Chlorine, which is responsible 
for the dissolving and antibacterial capacity of NaOCl, is  
unstable and consumed rapidly during the first phase of  
tissue dissolution, probably within 2 minutes.268 Continuous 
replenishment of the irrigant is essential, especially since 
rotary root canal preparation techniques have expedited the 
shaping process. The optimal time a hypochlorite irrigant 
needs to remain in the canal system is an issue yet to be 
resolved.
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of CHX, but not on its mode of application, which maybe as a 
liquid, gel, or controlled-release device.27

Chlorhexidine as an Endodontic Irrigant
CHX in liquid and gel form has been recommended as an irrig-
ant solution, and its different properties have been tested in 
several studies, both in vitro137 and in vivo.* Many investiga-
tions have conducted studies on the antibacterial effectiveness 
of CHX in different concentrations. It has been demonstrated 
that 2% CHX as an irrigant has a better antibacterial efficacy 
than 0.12% CHX in vitro, so the antibacterial efficacy of CHX 
evidently depends on its concentration level.28 Since NaOCl is 
still the most commonly used irrigant, the antibacterial efficacy 
of CHX has been compared to that of NaOCl. The results from 
these studies are inconclusive, but in general, no significant 
difference between the two solutions has been reported. Unlike 
NaOCl, CHX lacks a tissue-dissolving property. Therefore, 
NaOCl is still considered the primary irrigating solution in 
endodontics.

The cleanliness of root canals by CHX in gel and liquid 
forms was evaluated using scanning electron microscopy in 
two separate experiments. In an in vitro study, the canals 
treated with 2% CHX gel were cleaner than those treated with 
2% CHX liquid or 5.25% NaOCl, and it was suggested that the 
mechanical action of the gel might have facilitated the cleans-
ing of the canals. Another in vitro study showed that the  
2% CHX liquid was inferior to 2.5% NaOCl in cleaning  
the canals.431

The antibacterial effectiveness of CHX in infected root 
canals has been investigated in several studies. Investigators315 
reported that 2.5% NaOCl was significantly more effective than 
0.2% CHX when the infected root canals were irrigated for 30 
minutes with either of the solutions.

In a controlled and randomized clinical trial, the efficacy 
of 2% CHX liquid was tested against saline using culture tech-
nique. All the teeth were initially instrumented and irrigated 
using 1% NaOCl. Then either 2% CHX liquid or saline was 
applied as a final rinse. The authors reported a further reduc-
tion in the proportion of positive cultures in the CHX group. 
Their results showed a better disinfection of the root canals 
using CHX compared to saline as a final rinse.437

In a recent study, the antibacterial efficacy of 2% CHX gel 
was tested against 2.5% NaOCl in teeth with apical periodon-
titis, with the bacterial load assessed using real-time quantita-
tive polymerase chain reaction (RTQ-PCR) and colony forming 
units (CFU). The bacterial reduction in the NaOCl group was 
significantly greater than the CHX group when measured by 
RTQ-PCR. Based on culture technique, bacterial growth was 
detected in 50% of the CHX-group cases compared to 25% in 
the NaOCl group.405 On the other hand, another study based 
on this culture technique revealed no significant difference 
between the antibacterial efficacy of 2.5% NaOCl and 0.12% 
CHX liquid when used as irrigants during the treatment of 
infected canals.356,357

Chlorhexidine as an Intracanal Medication
CHX in liquid, gel, or in a controlled-release device has been 
suggested as an alternative intracanal medication to replace 
Ca(OH)2. This has been the focus of many in vitro78,199,217,354 

the dentin during the first hour. They stated that it is only after 
the saturation point is reached after the first hour that the 
antimicrobial capability of CHX increases with time. Further-
more, Komorowski et al.199 revealed that a 5-minute applica-
tion of CHX did not induce substantivity, so dentin should be 
treated with CHX for 7 days. Taken together, it seems that 
residual antimicrobial activity of CHX in the root canal system 
remains for up to 12 weeks.

Cytotoxicity
In the medical field, CHX is normally used at concentrations 
between 0.12% and 2.0%. According to Löe,231 at these con-
centrations, CHX has a low level of tissue toxicity, both locally 
and systemically. In another report, when 2% CHX was used 
as a subgingival irrigant, no apparent toxicity was noted on 
gingival tissues.232,369 Moreover, CHX rinses have been reported 
to promote the healing of periodontal wounds.14 Based on 
these reports, Jeansonne et  al.184 assumed that the periapical 
tissues would be as tolerant to CHX as gingival tissues. In two 
studies when CHX and NaOCl were injected into subcutane-
ous tissues of guinea pigs and rats, an inflammatory reaction 
developed; however, the toxic reaction from CHX was less than 
that of NaOCl.289,432 Furthermore, when CHX was applied as a 
rinse in the extraction sites of the third molars on the day of 
surgery and several days after, it was reported to reduce the 
incidence of alveolar osteitis.56 There are only a few reports in 
the literature of allergic and anaphylactic reactions to CHX.127,286

Conversely, some studies have reported unfavorable effects 
of CHX on the tissues. Hidalgo168 demonstrated that CHX is 
cytotoxic to some lines of cultured human skin fibroblasts. 
Recently the behavior of osteoblastic human alveolar bone cells 
in the presence of CHX and povidone iodine (PI) has been 
investigated. It has been reported that CHX has a higher cyto-
toxicity profile than povidone iodine.49 Faria et al.105 also dem-
onstrated that CHX injected in the hind paw of mice could 
induce severe toxic reactions. They reported that CHX induced 
apoptosis at lower concentrations and necrosis at higher con-
centrations when added to cultured L929 fibroblast cells.

Another interesting observation has recently been reported 
whereby the byproduct of combining CHX with NaOCl is the 
formation of toxic breakdown products such as parachloroani-
line (PCA) that may have a negative impact on tissues.26 The 
toxicity level of CHX on periapical tissues when applied in the 
root canals, especially with other irrigants, merits further 
investigation.

Chlorhexidine Application in Endodontics
CHX has been extensively studied as an endodontic irrigant 
and intracanal medication, both in vivo20,228,239,293 and in vitro.* 
In vitro, CHX has at least as good or even better antimicrobial 
efficacy than Ca(OH)2.

354 Notably, 2% CHX was very effective 
in eliminating a biofilm of E. faecalis.223 In vivo, it inhibits 
experimentally induced inflammatory external root resorption 
when applied for 4 weeks.228 In infected root canals, it reduces 
bacteria as effectively as Ca(OH)2 when applied for 1 week.20 
Unlike Ca(OH)2, CHX has substantive antimicrobial activity 
that, if imparted onto the root dentin, has the potential to 
prevent bacterial colonization of root canal walls for prolonged 
periods of time.184,199 This effect depends on the concentration 

*References 24, 27, 28, 184, 199, and 217. *References 99, 208, 220, 356, 357, 386, 405, and 437.
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medications: camphorated paramonochlorophenol, Ca(OH)2, 
and 0.12% CHX liquid by applying them for 1 week in single-
rooted teeth of patients. Using a culture method, it was reported 
that the proportions of positive cultures were not significantly 
different among the tested medications, but they were slightly 
lower in teeth medicated with CHX (0.12%) liquid than  
those medicated with camphorated paramonochlorophenol or 
Ca(OH)2.

20

Another in vivo study evaluated the antibacterial effective-
ness of 2% CHX liquid as an intracanal medication in teeth 
with apical periodontitis.293 The results showed a moderate 
increase in bacterial counts during a medication period of 7 to 
14 days that was similar to outcomes seen and reported for 
Ca(OH)2 by Peters et  al.301 It was speculated that the CHX 
liquid may have partially escaped from the apical foramen, and 
that the higher-viscosity gel form might have been better suited 
as an intracanal medication.293

However, a different study239 demonstrated that intracanal 
medication with Ca(OH)2, 2% CHX gel, or a mixture of 
Ca(OH)2/CHX applied for 7 days did not reduce the bacterial 
concentration beyond what was achieved after chemomechani-
cal preparation using 1% NaOCl. The results were not signifi-
cantly different among the medication groups. Similar results 
were found by other investigators,238 where after a randomized 
controlled trial of 30 patients, they concluded that a final rinse 
with MTAD (mixture of tetracycline, acid, and detergent) and 
intracanal application of 2% CHX gel did not reduce bacterial 
counts beyond levels achieved by chemomechanical prepara-
tion using NaOCl.

Chlorhexidine and Calcium Hydroxide
During the last few years, researchers have studied the combi-
nation of Ca(OH)2 and CHX, with the concept that their anti-
microbial properties interact in a synergistic fashion that 
enhances their efficacy. The high pH of Ca(OH)2 was unaf-
fected when combined with CHX.26 However, the results have 
not been conclusive. Some in vitro studies have reported an 
improved antibacterial action when both agents were com-
bined,28,102,438 while other studies reported conflicting results.157

Recent animal studies have evaluated the tissue reactions 
to the mix of Ca(OH)2/CHX, showing that the combination 
exerts good antimicrobial properties364 and improves healing 
of the periapical tissues. In vivo studies have shown that the 
mix is at least as good as both agents applied separately in 
necrotic teeth with apical periodontitis,239 as well as in previ-
ously treated cases with persistent apical periodontitis. A more 
recent study utilizing a CHX-based protocol of 0.12% CHX  
as an irrigant followed by a 7-day intracanal medication  
of Ca(OH)2/0.12% CHX has shown promising results. The 
authors concluded that chemomechanical canal shaping using 
0.12% CHX solution as an irrigant significantly reduced the 
number of intracanal bacteria, but it failed to render the canals 
bacteria free. Further intracanal medication with a Ca(OH)2/
CHX paste significantly improved the results by reducing  
the number of bacteria.353 Taken together, it seems that the 
usefulness of mixing Ca(OH)2 with CHX remains unclear 
and controversial.

Chlorhexidine and Coronal Penetration of Bacteria
Because of its antimicrobial substantivity, it seems that CHX 
preparations delay entry of bacteria through the coronal 

and in vivo studies.* The results of in vitro experiments were 
mostly in favor of CHX regardless of its mode of application. 
The results have also demonstrated the potential antibacterial 
substantivity of CHX in the root canals.

Researchers155 developed an experimental model using 
dentin powder particles to investigate the possible inactivation 
of some antibacterial medicaments when they come in contact 
with dentin. The medicaments tested were Ca(OH)2, 1% 
NaOCl, 0.5% and 0.05% CHX acetate, and different concentra-
tions of iodine potassium iodide (IKI). They showed that 
dentin powder had inhibitory effects on all medicaments 
tested. The effect was dependent on the concentration of the 
medicament and the duration of contact. The effect of Ca(OH)2 
was totally abolished by the presence of dentin powder. The 
effect of 0.05% CHX and 1% NaOCl was reduced but not 
totally eliminated by the presence of dentin. No inhibition 
could be measured when full-strength solutions of CHX and 
IKI were used.

Contradicting results have been reported when evaluating 
the effect of different intracanal medications on sealing of the 
root canals. In an in vitro study using extracted human teeth, 
all root canals, after 10 days of intracanal medication, were 
obturated and then tested for microbial leakage. The root 
canals medicated with CHX gel demonstrated less resistance 
against bacterial leakage compared to the root canals medi-
cated with Ca(OH)2.

23 In contrast, Wuerch et al.430 found no 
significant difference in leakage between the canals medicated 
with CHX and Ca(OH)2 and reported that 2% CHX gel and 
Ca(OH)2 paste did not adversely affect the apical seal of the 
root canal system.

In a human ex vivo model, the antibacterial efficacy of 0.2% 
CHX liquid applied for 24 hours was tested against a saline 
solution. After extraction, the infected teeth were endodonti-
cally treated using CHX or saline for irrigation and then further 
medicated with either of the solutions. Samples were obtained 
and evaluated using culture technique at each treatment step. 
In both groups, the numbers of bacteria were decreased after 
instrumentation and irrigation of the canals. However, after 24 
hours of medication, it was reported that the numbers of bac-
teria were further decreased in the CHX group, in contrast to 
the saline group, where an increase was noted.78 CHX may also 
have an effect on reduction of inflammatory external root 
resorption caused by infection. Lindskog et al.228 assessed the 
therapeutic effect of a 4-week intracanal application of CHX 
gel on inflammatory root resorption in replanted infected teeth 
of monkeys. They reported that the extent of inflammatory 
resorption was significantly reduced compared to nonmedi-
cated teeth, suggesting that CHX may be a useful adjunct in 
the management of inflammatory root resorption.

These in vitro and animal studies suggest that CHX has the 
potential to replace Ca(OH)2 as an intracanal medicament, but 
the limitations of the in vitro experiments make the conclu-
sions obtained difficult to extrapolate to actual clinical situa-
tions. In vivo human experiments are therefore required to test 
the efficacy of CHX as an intracanal medication.

Compared to the number of in vitro studies, very few in 
vivo studies have been conducted to assess the effectiveness of 
CHX as an intracanal medication. An in vivo investigation20 
assessed the antibacterial efficacy of three different intracanal 

*References 20, 70, 83, 98, 228, 239, 293, and 441.
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are mixed together. CHX, a dicationic acid, has the ability to 
donate protons. NaOCl is alkaline and can accept protons from 
the dicationic acid. This proton exchange results in the forma-
tion of a neutral and insoluble substance referred to as the 
precipitate.26 Basrani et al.26 evaluated the chemical nature of 
this precipitate and reported that there was an immediate reac-
tion when 2% CHX was combined with NaOCl, even at the 
low concentration (0.023%). They found that the amount of 
PCA directly increased with the increasing concentration of 
NaOCl. PCA has been shown to be toxic in humans with short-
term exposure, resulting in cyanosis, which is a manifestation 
of methemoglobin formation. In another study, the effect on 
root dentin and dentinal tubules was evaluated subsequent to 
irrigating root canals with a combination of NaOCl and CHX. 
They concluded that the NaOCl/CHX precipitate tends to 
occlude the dentinal tubules and suggested that until this pre-
cipitate is studied further, caution should be exercised when 
irrigating with both NaOCl and CHX. In summary, the com-
bination of NaOCl and CHX causes color changes and forma-
tion of a neutral and possibly toxic insoluble precipitate that 
may interfere with the seal of the root obturation. Alterna-
tively, the canal can be dried using paper points before the final 
CHX rinse.439

The combination of CHX and EDTA produces a white 
precipitate, so a group of investigators311 did a study to deter-
mine whether the precipitate involves the chemical degrada-
tion of CHX. The precipitate was produced and redissolved in 
a known amount of dilute trifluoroacetic acid. Based on the 
results, CHX was found to form a salt with EDTA rather than 
undergoing a chemical reaction.

Dentin Bonding of Chlorhexidine
During the last 2 decades, chemical and technical advances 
have contributed to increases in resin-dentin bond strength. 
However, the premature loss of bond strength is one of the 
problems that still affects adhesive restorations270 and mark-
edly reduces their durability.54,80,117 Researchers53 evaluated the 
effect of CHX on resin-dentin bond stability ex vivo. They 
concluded that autodegradation of collagen matrices can occur 
in resin-infiltrated dentin, but this may be prevented by the 
application of a synthetic protease inhibitor such as CHX.53 
Because of its broad-spectrum matrix metalloproteinase 
(MMP)-inhibitory effect, CHX may significantly improve 
resin-dentin bond stability.

Allergic Reactions to Chlorhexidine
CHX, although reported to be a relatively safe solution, may 
induce allergic reactions. The sensitization rate has been 
reported in several studies to be approximately 2%.202 One case 
of an anaphylactic shock was reported after the application of 
0.6% CHX to intact skin that had signs of a rash following a 
minor accident.15 Further allergic reactions such as anaphy-

portion of the tooth into the root canal system. A laboratory 
study138 investigated the time required for recontamination of 
the root canal system of teeth with coronal restorations medi-
cated with Ca(OH)2, 2% CHX gel, or a combination of both. 
The canals without a coronal restoration but medicated with 
CHX showed recontamination after an average time of 3.7 
days, the group with Ca(OH)2 after 1.8 days, and the group 
with CHX + Ca(OH)2 after 2.6 days. The canals medicated with 
CHX and restored with intermediate restorative material (IRM) 
showed recontamination within 13.5 days, the group with 
Ca(OH)2 + IRM after 17.2 days, and the group with CHX + 
Ca(OH)2 + IRM after 11.9 days. The group with no medication 
but restored with IRM showed recontamination after an 
average time of 8.7 days. There were statistically significant 
differences between the groups (P < 0.05). All groups without 
a coronal restoration were recontaminated significantly more 
quickly than those restored with IRM, except those teeth that 
had a restoration but no medicament. The groups with intra-
canal medication and a coronal restoration were not signifi-
cantly different from each other.

An ex vivo study408 assessed coronal dye penetration of 
extracted human teeth after root canal treatment using 1% 
NaOCl, 1% NaOCl + 17% ethylenediamine tetra-acetic acid 
(EDTA), 2% CHX gel, 2% CHX gel + 1% NaOCl and distilled 
water. Results revealed that the least dye penetration occurred 
with 1% NaOCl + 17% EDTA and 2% CHX gel. NaOCl, dis-
tilled water, and 2% CHX gel + 1% NaOCl had more dye 
penetration with a significant difference compared with NaOCl 
+ 17% EDTA and 2% CHX gel and compared with one another.

Lambrianidis and colleagues210 have shown that viscous 
irrigants, including those containing CHX gluconate, were less 
soluble substances that can leave residue on root canal surfaces 
and potentially affect root canal obturation. The efficiency of 
removing Ca(OH)2/CHX gel, Ca(OH)2/CHX solution and 
Ca(OH)2/saline pastes with the use of instrumentation and 
irrigation with NaOCl and EDTA solutions has been assessed. 
None of the techniques used in this study removed the  
interappointment root canal medicaments effectively. Overall, 
Ca(OH)2/CHX (gel) paste was associated with significantly 
larger amount of residue, whereas the Ca(OH)2/CHX 
mixture was associated with less residue than the other two 
medicaments. Overall, because of its substantivity, CHX as  
an intracanal medicament/irrigant may delay the coronal 
recontamination of the root canal system.

Interaction between CHX, NaOCl, and EDTA
A suggested clinical protocol439 for treating dentin prior to root 
canal obturation consists of irrigation with NaOCl to dissolve 
the organic components, irrigation with EDTA to eliminate the 
smear layer, and irrigation with CHX to increase the antimi-
crobial spectrum of activity and impart substantivity. Although 
such a combination of irrigants may enhance the overall  
antimicrobial effectiveness,208 possible chemical interactions 
between the irrigants must be considered. Some studies have 
reported the occurrence of color change and precipitation 
when NaOCl and CHX are combined26,439 (Fig. 8-48). Further-
more, concerns have been raised that the color change may 
have some clinical relevance because of staining, and the 
resulting precipitate might interfere with the seal of the root 
obturation. The formation of a precipitate could be explained 
by the acid-base reaction that occurs when NaOCl and CHX 

FIG. 8-48 Color change and precipitation occur when NaOCl and 
CHX are combined.
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activity, yet it may increase the antibacterial effect of some 
substances by directly affecting the bacterial cell membrane. It 
may also facilitate the penetration of MTAD into dentin. On 
the contrary, Tween 80 may also be a nutrient for some bac-
teria, and it may inactivate the antibacterial properties of some 
disinfecting agents such as CHX and povidone iodine. Doxy-
cycline, citric acid, and Tween 80 together may have a syner-
gistic effect on the disruption of the bacterial cell wall and on 
the cytoplasmic membrane.

Surface Tension
According to Grossman,150 low surface tension is one of the 
ideal characteristics of an irrigant. Lower surface tension may 
help by allowing the irrigant to penetrate better into the den-
tinal tubules and inaccessible areas of the root canal system.388

To be more effective in debris removal and to penetrate 
more readily into the root canal system, irrigants must be in 
contact with the dentin walls. The closeness of this contact is 
directly related to its surface tension.133 Irrigants with a low 
surface tension are more suitable as endodontic irrigants. To 
decrease the surface tension, Tween 80 has been added to the 
MTAD solution.

Smear Layer Removal
In two studies, the efficacy of MTAD or EDTA in the removal 
of the smear layer was confirmed, but no significant difference 
between these two solutions was reported.389,390

Antibacterial Efficacy
Reported results regarding the antibacterial properties of 
MTAD are conflicting. The studies measuring zones of inhibi-
tion on agar plates have shown consistently that MTAD was 
an effective antibacterial agent against E. faecalis.73,201,393 Tay 
et al.389,390 also found larger zones of bacterial inhibition using 
dentin cores irrigated with MTAD compared to NaOCl- 
irrigated dentin cores. When they applied MTAD to dentin that 
was already irrigated with 1.3% NaOCl, however, they noticed 
a contradictory result: the diameters of the zones of inhibition 
were significantly smaller than those of MTAD alone but com-
parable to those irrigated with 1.3% NaOCl alone. They con-
cluded that the antimicrobial effect of MTAD was lost due to 
oxidation of the MTAD by NaOCl.

A study using extracted human teeth contaminated with 
saliva showed that MTAD was more effective than 5.25% 
NaOCl in disinfection of the teeth.347 In contrast, Krause 
et al.,201 using bovine tooth sections, showed that 5.25% NaOCl 
was more effective than MTAD in disinfection of dentin discs 
inoculated with E. faecalis.

In another study performed on extracted human teeth 
inoculated with E. faecalis, a protocol of 1.3% NaOCl followed 
by 5 minutes of MTAD was more effective in the disinfection 
of canals than a protocol of 5.25% NaOCl followed by 1 minute 
of 17% EDTA and then 5 minutes of 5.25% NaOCl as a final 
rinse.347 In a series of studies, MTAD has failed to show supe-
rior antibacterial efficacy against bacterial biofilms. Bacteria 
collected from the teeth of patients diagnosed with apical  
periodontitis were grown as a biofilm on hemisections of root 
apices. MTAD was an effective antibacterial agent in this 
model, but it was unable to completely disrupt the bacterial 
biofilm, compared to 6% NaOCl. NaOCl (5.25%) was the most 
effective irrigant against a biofilm of E. faecalis generated on 

laxis, contact dermatitis, and urticaria have been reported fol-
lowing direct contact to mucosal tissue or open wounds.92,303,340,363 
There are no publications reporting allergic reactions following 
root canal irrigation with CHX.181

MTAD and Tetraclean
Recently, MTAD (Fig. 8-49) and Tetraclean, two new irrigants 
based on a mixture of antibiotics, citric acid, and a detergent, 
have been developed. MTAD is the first irrigating solution 
created which is capable of removing the both the smear  
layer and disinfecting the root canal system.392 It is a mixture 
of 3% doxycycline hyclate, 4.25% citric acid, and 0.5%  
polysorbate-80 (Tween 80) detergent.392 Commercially avail-
able as BioPure MTAD (Dentsply Tulsa Dental, Tulsa, OK), it 
is mixed as a liquid and powder prior to use. MTAD has been 
recommended in clinical practice as a final rinse after comple-
tion of conventional chemomechanical preparation.*

Tetraclean (Ogna Laboratori Farmaceutici, Muggio, Italy) 
is another combination product similar to MTAD. The two 
irrigants differ in the concentration of antibiotics (doxycycline 
150 mg/5 ml for MTAD and 50 mg/5 ml for Tetraclean) and 
the kind of detergent (Tween 80 for MTAD, polypropylene 
glycol for Tetraclean).

Mode of Action
There is no detailed information on the exact mechanism of 
action of MTAD in the removal of the smear layer and the 
killing of bacteria. In most studies, its effect on the smear layer 
is attributed to the existence of doxycycline and citric acid. 
These two components in solution have been separately 
reported as being effective in the removal of the smear layer.163 
Its antibacterial effect is mostly attributed to the doxycycline, 
an isomer of tetracycline. Tetracyclines—including tetracy-
cline HCl, minocycline, and doxycycline—are broad-spectrum 
antibiotics that are effective against a wide range of microor-
ganisms. Tetracycline is a bacteriostatic antibiotic which exerts 
its effect through the inhibition of protein synthesis. According 
to Torabinejad et  al.,393 this property may be advantageous 
because in the absence of bacterial cell lysis, antigenic byprod-
ucts (i.e., endotoxin) are not released. In high concentrations, 
tetracycline may also have a bactericidal effect. The role of 
citric acid in killing bacteria is not well known. Tween 80, the 
other component of MTAD, seems to have limited antibacterial 

FIG. 8-49 BioPure MTAD. (Courtesy Dentsply Tulsa Dental, 
Tulsa, OK).

*References 29, 31, 346, 347, 392, and 393.
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ethylenediamine (1, 2-diaminoethane), formaldehyde (metha-
nal), and sodium cyanide.

Mode of Action
On direct exposure for extended time, EDTA extracts bacterial 
surface proteins by combining with metal ions from the cell 
envelope, which can eventually lead to bacterial death.

Applications in Endodontics
EDTA alone normally cannot remove the smear layer effec-
tively; a proteolytic component (e.g., NaOCl) must be added 
to remove the organic components of the smear layer.136 Com-
mercial products with such combinations are available. Endo-
Dilator N-Ø (Union Broach, York, PA) is a combination of 
EDTA and a quaternary ammonium compound. Such an irriga-
tion fluid has a slight detergent effect in addition to the chelat-
ing effect. Two newer irrigating solutions, MTAD (discussed 
earlier) and Smear Clear (SybronEndo), have recently been 
studied. Smear Clear is a clear, odorless, water-soluble solution 
containing water, 17% EDTA salts, a cationic surfactant (cet-
rimide), and anionic surfactants.

EDTA is normally used in a concentration of 17% and can 
remove the smear layers when in direct contact with the root 
canal wall for less than 1 minute. The decalcifying process is 
self-limiting. For root canal preparation, EDTA has limited 
value alone as an irrigation fluid. Since it is capable of decal-
cifying up to 50  µm, it can open up an occluded, very fine 
canal. This depth, added from two opposite canal walls, will 
result in a 100-µm opening, equivalent to the tip of a #010 file.

Although citric acid appears to be slightly more potent at 
similar concentration than EDTA, both agents show high effi-
ciency in removing the smear layer. In addition to their clean-
ing ability, chelators may detach biofilms adhering to root 
canal walls.151 This may explain why an EDTA irrigant proved 
to be highly superior to saline in reducing intracanal micro-
biota despite the fact that its antiseptic capacity is relatively 
limited.151 Although never shown in a randomized clinical 
trial, an alternating irrigating regimen of NaOCl and EDTA 
may be more efficient in reducing bacterial loads in root canal 
systems than NaOCl alone. Antiseptics such as quaternary 
ammonium compounds (EDTAC) or tetracycline antibiotics 
(MTAD) have been added to EDTA and citric acid irrigants, 
respectively, to increase their antimicrobial capacity. The clini-
cal value of this, however, is questionable. EDTAC shows 
similar smear-removing efficacy as EDTA, but it is more 
caustic.

Interaction of EDTA and NaOCl
Investigators146 studied the interactions of EDTA with NaOCl. 
They concluded that EDTA retained its calcium-complexing 
ability when mixed with NaOCl, but EDTA caused NaOCl to 
lose its tissue-dissolving capacity, with virtually no free chlo-
rine detected in the combinations. Clinically, this suggests that 
EDTA and NaOCl should be used separately. In an alternating 
irrigating regimen, copious amounts of NaOCl should be 
administered to wash out remnants of the EDTA.

Hydrogen Peroxide
Hydrogen peroxide (H2O2) has been used as an endodontic 
irrigant for years, mainly in concentrations ranging between 
3% and 5%. It is active against bacteria, viruses, and yeasts. 

cellulose nitrate membrane filters, whereas the bacterial load 
reduction using MTAD was not significant.134 The results of 
testing antibacterial efficacy of medicaments obtained from in 
vitro studies should be analyzed with caution. They may be 
influenced by factors such as the test environment, bacterial 
susceptibility, and the different methodologies used to evaluate 
the results.354

In vivo Clinical Trial
With the exception of one study394 that evaluated the effect of 
MTAD on postoperative discomfort, there have been no other 
in vivo studies to address the other characteristics of MTAD. 
Malkhassain et al.238 in a clinical controlled trial of 30 patients 
reported that the final rinse with MTAD did not reduce the 
bacterial counts in infected canals beyond levels achieved by 
chemomechanical preparation using NaOCl alone.

Protocol for Use
The clinical protocol for the use of MTAD was developed on the 
basis of a pilot project.346 The results of this project showed 
consistent disinfection of the infected root canals could occur 
after chemomechanical preparation using 1.3% NaOCl as a 
root canal irrigant followed by a 5-minute rinse of MTAD.

Ethylenediamine Tetra-acetic Acid
EDTA is often suggested as an irrigation solution because it 
can chelate and remove the mineralized portion of the smear 
layer (Fig. 8-50). It is a polyaminocarboxylic acid with the 
formula [CH2N(CH2CO2H)2]2. This colorless, water-soluble 
solid is produced on a large scale for many applications. Its 
prominence as a chelating agent arises from its ability to 
sequester di- and tricationic metal ions such as Ca2+ and Fe3+. 
After being bound by EDTA, metal ions remain in solution but 
exhibit diminished reactivity.

History
The compound was first described in 1935 by Ferdinand 
Munz, who prepared the compound from ethylenediamine and 
chloroacetic acid. Today, EDTA is mainly synthesized from 

FIG. 8-50 Scanning electron microscope (SEM) image of root canal 
dentin exposed to 2 minutes of EDTA.
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microbial effectiveness does not sufficiently balance their 
toxicity.370,371

Phenols are ineffective antiseptics under clinical 
conditions.46,96

Formaldehyde
Formaldehyde, used as formocresol, has been used extensively 
in endodontic therapy despite its high toxicity and mutagenic 
and carcinogenic potential.221 The formaldehyde component 
of formocresol may vary substantially between 19% and  
37%. Tricresol formalin, another formaldehyde preparation, 
contains 10% tricresol and 90% formaldehyde. All of these 
preparations have a formaldehyde content well above the 10% 
normally used for fixation of pathologic specimens. Formalde-
hyde is volatile and releases antimicrobial vapors when applied 
to a cotton pellet for pulp chamber disinfection. All formalde-
hyde preparations are potent toxins with an antimicrobial 
effectiveness much lower than their toxicity.371,372

There is no clinical reason to use formocresol as an anti-
microbial agent for endodontic treatment, based on what is 
known at this time. The alternatives are better antiseptics with 
significantly lower toxicity.

Halogens
Chlorinated solutions have been used for many years to irrigate 
root canals. They are also used as an intracanal dressing in the 
form of chloramine-T, an N-chloro tosylamide sodium salt. 
Iodine, in the form of IKI, is a very effective antiseptic solution 
with low tissue toxicity. IKI is an effective disinfectant for 
infected dentin and can kill bacteria in infected dentin in 5 
minutes in vitro.324 IKI releases vapors with a strong antimi-
crobial effect. The solution can be prepared by mixing 2 g of 
iodine in 4 g of potassium iodide; this mixture then is dissolved 
in 94 ml of distilled water. Tincture of iodine (5%) has proved 
to be one of the few reliable agents for disinfection of rubber 
dam and tooth surfaces during the preparation of an aseptic 
endodontic workfield.272

Calcium Hydroxide
Hermann introduced166,167 the use of Ca(OH)2 in endodontics 
in 1920. Although its use was well documented for its time, 
the clinical applications over the next 25 years were not well 
known. Its use in root canal treatment as an intracanal medica-
tion has been associated with periradicular healing and few 
adverse reactions. Its use in root canal treatment was promoted 
by a series of papers46,48 documenting the antibacterial 
efficacy of Ca(OH)2 in human root canals. Subsequent studies 
substantiated these reports,290,360 and the routine use of 
Ca(OH)2 as an interappointment intracanal medicament 
became widespread.327

Ca(OH)2 cannot be categorized as a conventional antisep-
tic, but it kills bacteria in the root canal space. The value of 
Ca(OH)2 in endodontic treatment of necrotic, infected teeth is 
now well documented. Ca(OH)2 normally is used as slurry of 
Ca(OH)2 in a water base. At body temperature, less than 0.2% 
of the Ca(OH)2 is dissolved into Ca++ and OH− ions. Because 
Ca(OH)2 needs water to dissolve, water should be used as the 
vehicle for the Ca(OH)2 paste. In contact with air, Ca(OH)2 
forms calcium carbonate (CaCO3). However, this is an 
extremely slow process and of little clinical significance. 
Ca(OH)2 paste, with a significant amount of calcium carbon-

Hydroxy free radicals (•OH) destroy proteins and DNA. The 
tissue-dissolving capacity of H2O2 is clearly lower than that of 
NaOCl.330 When used in combination with NaOCl, bubbling 
will occur as a result of nascent oxygen being released through 
the chemical reaction between these two liquids. Generally this 
is no longer recommended as a routine irrigant.

Iodine Potassium Iodide
IKI, used as a solution of 2% iodine in 4% potassium iodide, 
has been proposed and is used as an endodontic disinfectant 
because of its excellent antibacterial properties and low cyto-
toxicity. However, it may act as a severe allergen306 and also 
stains dentin.330

Choosing the Ideal Irrigant
Although iodine is less cytotoxic and irritating to vital tissues 
than NaOCl and CHX,370,371 it has a higher risk of causing an 
allergic reaction.306 The same is true for quaternary ammonium 
compounds. Sensitivities to hypochlorite and CHX are rare.439

Of all the currently used substances, NaOCl appears to be 
the most ideal because it covers more of the requirements for 
endodontic irrigant than any other known compound. Hypo-
chlorite has the unique capacity to dissolve necrotic tissue  
and the organic components of the smear layer. It kills sessile 
endodontic pathogens organized in biofilms and in dentinal 
tubules as efficiently as CHX or iodine at comparable concen-
tration.290,373,401 Inactivation of endotoxin by hypochlorite has 
been reported, but the effect is minor compared to that of a 
Ca(OH)2 dressing.

Intracanal Medication
When treatment cannot be completed in one appointment [see 
Chapters 4 and 15], the surviving intracanal bacteria often 
proliferate between appointments.47,415 To curtail bacterial 
regrowth and possibly even improve bacterial suppression, an 
intracanal medication can be advantageous. Interappointment 
antimicrobial medication acts to inhibit proliferation and 
further eliminate surviving bacteria, as well as minimize ingress 
through a leaking restoration.

Phenolic Preparations
Phenol (C6H5OH), or carbolic acid, is one of the oldest anti-
microbial agents used in medicine. Despite the severe toxicity 
of phenolic preparations, derivatives of phenol, such as para-
monochlorophenol (C6H4OHCl), thymol (C6H3OHCH3C3H7), 
and cresol (C6H4OHCH3), remain available. One survey noted 
a decrease in the use of classic phenolic intracanal medica-
ments with a corresponding increase in the use of Ca(OH)2 or 
no medication.128

Phenol is a nonspecific protoplasm poison that has an 
optimal antibacterial effect at 1% to 2%. Many dental prepara-
tions use much too high a concentration of phenol (e.g., in the 
range of 30%). At such a concentration, the antimicrobial effect 
in vivo is lower than optimal and of very short duration.254

Derivatives of phenol are stronger antiseptics and toxins 
than phenol. Phenolic compounds are often available as cam-
phorated solutions. Camphoration results in a less toxic phe-
nolic compound because it slows the release of toxins to the 
surrounding tissues.

Studies in vitro have shown that phenol and phenol  
derivatives are highly toxic to mammalian cells, and their anti-
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several endodontic pathogens, including E. faecalis and Candida 
albicans.416 Recently the ability of Ca(OH)2 to completely eradi-
cate bacteria from the root canal has been questioned. For 
example, in vitro studies have shown that dentin can inactivate 
the antibacterial activity of Ca(OH)2,

155,307 and one clinical 
study301 has shown that the number of bacteria-positive canals 
actually increased after Ca(OH)2 medication. Other studies 
have also indicated that Ca(OH)2 could not predictably elimi-
nate bacteria or that cultures changed from negative to positive 
after Ca(OH)2 placement.301,415

When different studies report inconsistent results, a sys-
tematic review and meta-analysis technique can clarify con-
flicting research data and the current state of knowledge 
regarding specific issues. Therefore, based on the current best 
available evidence, Ca(OH)2 has limited effectiveness in elimi-
nating bacteria from human root canals when assessed by 
culture techniques. The quest for better antibacterial protocols 
and sampling techniques must continue to ensure that bacteria 
can be been reliably eradicated prior to obturation.

Chlorhexidine
CHX is also used as an intracanal medication and has already 
been discussed extensively under its own heading.

Ledermix
Ledermix (Lederle Pharmaceuticals, Wolfratshausen, 
Germany) is a corticosteroid-antibiotic paste. Medicaments 
such as Ledermix paste have been recommended as routine 
intracanal medicaments. Ledermix paste is an ideal medica-
ment to be used as an initial dressing, particularly if the patient 
presents with endodontic symptoms.

Schroeder developed the material that is now commercially 
marketed as Ledermix paste.339 Ledermix paste contains triam-
cinolone acetonide as an antiinflammatory agent, at a concen-
tration of 1%. When the Ledermix materials and other similar 
corticosteroid-containing formulations were commercially 
released, there was a considerable amount of opposition to 
their use.195

Ledermix paste is a nonsetting, water-soluble paste mate-
rial for use as root canal medicament or as a direct or indirect 

ate, feels granular because the carbonate has a very low 
solubility.

Ca(OH)2 is a slow-acting antiseptic. Direct-contact experi-
ments in vitro show that a 24-hour contact period is required 
for complete killing of enterococci.324,360 Another study of 42 
patients found that NaOCl canal irrigation reduced the bacteria 
level by only 61.9%, but use of Ca(OH)2 in the canals for 1 
week resulted in a 92.5% reduction.350 These researchers con-
cluded that Ca(OH)2 should be used in infected cases to more 
predictably obtain disinfection.

In addition to killing bacteria, Ca(OH)2 has the extraordi-
nary ability to hydrolyze the lipid moiety of bacterial lipopoly-
saccharides (LPS), thereby inactivating the biologic activity of 
the lipopolysaccharide and reducing its effect.322,323 This is a 
very desirable effect because dead cell wall material remains 
after the bacteria have been killed and can continue to stimu-
late inflammatory responses in the periradicular tissue.

Ca(OH)2 may be mixed with sterile water or saline; this 
formula is also available commercially from a number of manu-
facturers in sterile, single-dose packages (e.g., Calasept [J.S. 
Dental, Ridgefield, CT]; Calcijet [Centrix, Shelton, CT];  
and DT Temporary Dressing, [Global Dental Products, North 
Bellmore, NY]) (Fig. 8-51). The mixture should be thick to 
carry as many Ca(OH)2 particles as possible. This slurry is best 
applied with a Lentulo spiral. For maximum effectiveness, the 
root canal must be filled homogeneously to the working length. 
Saturated Ca(OH)2 solution mixed with a detergent is an effec-
tive antimicrobial agent suitable for irrigation.

Limitations of Calcium Hydroxide
There are some concerns regarding the use of Ca(OH)2. The 
handling and proper placement of Ca(OH)2 present a challenge 
to the average clinician.233,358 Also, the removal of Ca(OH)2 is 
frequently incomplete, resulting in a residue covering 20% to 
45% of the canal wall surfaces, even after copious irrigation 
with saline, NaOCl, or EDTA.211 Residual Ca(OH)2 can shorten 
the setting time of zinc oxide eugenol–based endodontic 
sealers.243 Most notably, it may interfere with the seal of the 
root filling and compromise the quality of treatment. An addi-
tional concern is that Ca(OH)2 is not totally effective against 

FIG. 8-51 Calciject is a calcium hydroxide prefilled, easy-to-use, single-dose syringe system. Centrix NeedleTube cartridges can be used for 
direct syringe injection into the root canal. (Courtesy Centrix, Shelton, CT.)
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introduced, among which are the EndoActivator System  
(Dentsply Tulsa Dental Specialties), passive ultrasonic irriga-
tion, EndoVac (Discus, Culver City, CA), the Safety-Irrigator 
(Vista Dental Products, Racine, WI), the self-adjusting file 
(ReDent, Raanana, Israel), photoactivation disinfection, and 
ozone. These new devices use pressure, vacuum, oscillation, 
and/or a combination with suction. For most of these devices 
and techniques, no data exists on the clinical efficacy, risk, 
frequency, and intensity of apical irrigant extrusion or the 
problems encountered with the use of negative pressure or 
oscillation.

EndoActivator
The EndoActivator System uses safe, noncutting polymer  
tips in an easy-to-use subsonic handpiece to quickly and vigor-
ously agitate irrigant solutions during endodontic therapy  
(Fig. 8-52).

In a recent study,84 the safety of various intracanal irriga-
tion systems was analyzed by measuring the apical extrusion 
of irrigant. They concluded that EndoActivator had a minimal, 
although statistically insignificant, amount of irrigant extruded 
out of the apex when delivering the subsonic activation of the 
irrigant into the pulp chamber and canal. Manual, ultrasonic, 
and Rinsendo (Dürr Dental, Bietigheim-Bissingen, Germany) 
groups had significantly greater amount of extrusion compared 
with EndoVac and EndoActivator.

Passive Ultrasonic Activation
Ultrasonic devices were first introduced in endodontics by 
Richman.312 Ultrasonically activated files have the potential to 
prepare and débride root canals mechanically. The files are 
driven to oscillate at ultrasonic frequencies of 25 to 30 kHz. 
They operate in a transverse vibration, setting up a character-
istic pattern of nodes and antinodes along their length.413,414 
Unfortunately, it proved difficult to control the cutting of 
dentin during ultrasonic preparation, which resulted in apical 
perforations and irregular canal shapes.235,380

However, it has been shown that ultrasonically driven files 
are effective for the irrigation of root canals. Two types of 
ultrasonic irrigation have been described in the literature6,420: 
one where irrigation is combined with simultaneous ultrasonic 
instrumentation (UI) and another without simultaneous 
instrumentation, called passive ultrasonic irrigation (PUI). 
During UI, the file is intentionally brought into contact with 
the root canal wall. UI has been shown to be less effective in 
removing simulated pulp tissue from the root canal system or 
smear layer from the root canal wall than PUI. This can be 
explained by a reduction of acoustic streaming and cavitation.6 
Because the root canal anatomy is complex,302 an instrument 

pulp capping agent. The release and dentin diffusion charac-
teristics of triamcinolone from Ledermix paste when used as a 
root canal medicament have been investigated under different 
conditions.1-3 These studies show that triamcinolone is released 
from Ledermix paste in the root canal and can reach the sys-
temic circulation via diffusion through dentinal tubules, lateral 
canals, and the apical foramen. After the first 24 hours, 30% 
of the triamcinolone was released. By the end of 14 weeks, the 
remaining 70% had been released.

Immediate intracanal placement of Ledermix has been 
studied for replanted teeth, because it has been shown to 
inhibit root resorption after extended dry time. In a recent 
study done in dogs, the groups treated with Ledermix, triam-
cinolone and demeclocycline had significantly more favorable 
healing and more remaining root structure than the group 
filled with gutta-percha and sealer (positive control).57

The Triple-Antibiotics Paste
The triple-antibiotics regimen, composed of metronidazole, 
ciprofloxacin, and minocycline, was first tested328 for its effec-
tiveness against Escherichia coli–infected dentin in vitro. The 
same research group also tested its bactericidal efficacy against 
microbes from carious dentin and infected pulp. They found 
that the mixture of antibiotics is sufficiently potent to eradicate 
the bacteria.391 The clinical effectiveness of the triple-antibiotic 
paste in the disinfection of immature teeth with apical  
periodontitis has been reported.425 One potential concern of 
using an intracanal antibiotic paste is that it may cause  
bacterial resistance. Additionally, intracanal use of minocy-
cline can cause tooth discoloration, creating potential cosmetic 
complications.

Bioactive Glass
Research is underway in the use of bioactive glass as an intra-
canal medicament. In one study,440 the glass used was com-
posed of 53% SiO2 (w/w), 23% Na2O, 20% CaO, and 4% P2O5 
and was prepared from reagent-grade Na2CO3, CaHPO4, 2H2O, 
CaCO3, and Belgian sand. When used in root canals, bioactive 
glass was found to kill bacteria, but the mechanism of action 
was not pH related, and dentin did not seem to alter its effect. 
Some new obturating materials (e.g., Resilon [Pentron Clinical 
Technologies, Wallingford, CT]) contain bioactive glass.

New Irrigation and Disinfection  
Techniques and Devices
Other than conventional irrigation, additional techniques for 
endodontic disinfection have been proposed and tested, includ-
ing laser systems and gaseous ozone. Recently several new 
devices for endodontic irrigation and/or disinfection have been 

FIG. 8-52 EndoActivator system. (Courtesy Dentsply Tulsa Dental, Tulsa, OK.)
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A similar device has been presented by Fukumoto et al.119,120 
The irrigant is delivered by a needle (outer diameter 0.41 mm, 
inner diameter 0.19 mm) and a tubing pump (Masterflex, Cole 
Palmer Instruments, Vernon Hills, IL) to the coronal or middle 
part of the root canal and aspirated by a second needle (outer 
diameter 0.55 mm, inner diameter 0.30 mm), which is intro-
duced into the apical part of the root canal. The aspiration 
pressure is −20 kPa. The irrigant is flushed from the coronal 
to the apical part of the root canal and there finally suctioned. 
This technique in an in vitro experiment on teeth with resected 
apices resulted in significantly less overextrusion of irrigant 
than a conventional irrigation technique with the needle tip 
placed 2 mm short of the apex. When the needle was placed 
3  mm from the apex, the results did not significantly differ 
(Figs. 8-53 through 8-56).

Safety-Irrigator
The Safety-Irrigator is an irrigation/evacuation system that api-
cally delivers the irrigant under positive pressure through a 
thin needle containing a lateral opening, and evacuates the 
solution through a large needle at the root canal orifice. As of 
this printing, no information on its safety or efficacy are avail-
able (Fig. 8-57). Absent clear evidence of safety and efficacy 
through peer-reviewed literature, the reader is advised to use 
caution in choosing an irrigating device.

will never contact the entire root canal wall.429 Thus, UI could 
result in uncontrolled cutting of the root canal wall without 
effective cleaning.

Passive ultrasonic irrigation was first described by Weller 
et  al.420 The term passive does not adequately describe the 
process, since it is in fact active. When it was first introduced, 
the term passive related to the noncutting action of the ultra-
sonically activated file. PUI relies on the transmission of acous-
tic energy from an oscillating file or smooth wire to an irrigant 
in the root canal. The energy is transmitted by means of ultra-
sonic waves and can induce acoustic streaming and cavitation 
of the irrigant.6 After the root canal has been shaped to the 
master apical file (irrespective of the preparation technique 
used), a small file or smooth wire (for example, size #15) is 
introduced in the center of the root canal, as far as the apical 
region. The root canal is then filled with an irrigant solution, 
and the ultrasonically oscillating file activates the irrigant. 
Since the root canal has already been shaped, the file or wire 
can move freely, and the irrigant can penetrate more easily into 
the apical part of the root canal system,204 with the cleaning 
effect being more significant.235 Using this noncutting method-
ology, the potential to create aberrant shapes within the root 
canal are reduced to a minimum. A file larger than a #15 or 
#20 will only oscillate freely in a wide root canal. A #25 file 
may in fact produce less acoustic streaming than a #15 and 
#20 file.6 Consequently, using a file larger than a #20 may be 
considered fundamentally different from the basic principle of 
PUI. The cleaning efficacy of PUI implies the effective removal 
of dentin debris, microorganisms (planktonic or in biofilm), 
and organic tissue from the root canal. Because of the active 
streaming of the irrigant, its potential to contact a greater 
surface area of the canal wall will be enhanced.

If ultrasonic activation of the hypochlorite irrigant is to 
be used, it appears important to apply the ultrasonic instru-
ment after canal preparation has been completed. A freely 
oscillating instrument will cause more ultrasound effects in 
the irrigating solution than a counterpart that binds to canal 
walls.318 In addition, ultrasonic files can cause uncontrolled 
cutting of the canal walls, especially if used during prepara-
tion.380 Therefore, it appears best to insert a slim, noncutting 
instrument in a controlled fashion after canal preparation.402,403 
As of recently, smooth wires fitting to an ultrasonic device 
have been commercially available. However, objective guide-
lines regarding their risks and benefits have not been 
ascertained.439

EndoVac
EndoVac is a combined irrigation/evacuation system. The irrig-
ant is extruded from the system with pressure at the root canal 
orifice. The evacuator, a microcannula, extends to the apical 
region of the root canal; the dimensions of the needle are size 
#55 with a 2% taper. High-volume suction from the dental unit 
results in negative apical pressure and thus passively sucks the 
irrigant from the orifice to the apical part of the root canal, 
which is passively evacuated from the canal space. Apical 
extrusion of the irrigant will probably be reduced, since the 
canal is irrigated with negative (as opposed to positive) pres-
sure.283 There is no peer-reviewed literature to demonstrate 
this device is safe and effective when there is an open (imma-
ture) apex or in cases where there is a pathologic perforating 
root resorption.

FIG. 8-53 EndoVac system for NaOCl delivery and vacuum evacua-
tion. Open-ended microcannula. (Courtesy Discus, Culver City, CA.)

FIG. 8-54 EndoVac system for NaOCl delivery and vacuum evacua-
tion. Closed-ended microcannula. (Courtesy Discus, Culver City, CA.)
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through a free-rotating hub to which a silicone tube is attached 
(Fig. 8-58). Either a special irrigation unit (see Fig. 8-30) 
(VATEA, ReDent, Raanana, Israel) or any physio-dispenser-
type unit may be used to deliver a constant flow of irrigant at 
5  ml/min. This maintains a continuous flow of fresh, fully 
active irrigant, facilitating an outflow of tissue debris and 
dentin powder that is generated by the file use. No positive 
pressure is thought to be created in the canal during this con-
tinuous irrigation procedure. The open metal lattice allows the 
irrigant to escape freely, minimizing the risk of irrigant trans-
portation beyond the apical foramen.260 The replacement of 
irrigation fluid in the apical part of curved canals is demon-
strated in Fig. 8-59.

HealOzone
Ozone (also known as triatomic oxygen or trioxygen) is a 
naturally occurring compound consisting of three oxygen 
atoms. It is found in nature in the form of a gas in the strato-
sphere at a concentration of 1 to 10 ppm, being continually 
created from and destroyed into molecular O2. The reliable 
microbiologic and metabolic properties of ozone, in either the 
gaseous or aqueous phases, make it a useful disinfectant with 
a wide range of activity. Ozone, in the gaseous or aqueous 
phase, has been shown to be a powerful and reliable antimi-
crobial agent against bacteria, fungi, protozoa, and viruses. It 
is generally accepted that the oxidant potential of ozone 
induces the destruction of cell walls and cytoplasmic mem-
branes of bacteria and fungi. During this process, ozone attacks 
glycoproteins, glycolipids, and other amino acids and inhibits 
the enzymatic control system of the cell. This results in 
increased membrane permeability, the key element of cell 
viability, leading to immediate functional cessation. The ozone 
molecules then readily enter the cell and cause the microorgan-

Self-Adjusting File
The SAF was recently introduced primarily as an endodontic 
file (discussed at length earlier under Instruments for Cleaning 
and Shaping the Root Canal Space). It should also be consid-
ered as an irrigation device since the file is hollow, which 
allows for continuous irrigation. The irrigant is delivered 

FIG. 8-55 EndoVac system: magnification of the closed-ended micro-
cannula. (Courtesy Discus, Culver City, CA.)

FIG. 8-56 Clinical use of the EndoVac system and Safety-Irrigator.

FIG. 8-57 The Safety-Irrigator. (Courtesy Vista Dental Products, 
Racine, WI.)

FIG. 8-58 The self-adjusting file (SAF; ReDent-Nova, Raanana, 
Israel). The hollow endodontic file is used also as a continuous irriga-
tion device throughout the cleaning and shaping of the root canal. 
(Courtesy ReDent-Nova, Raanana, Israel.)
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tion of acetic acid, or other high pKa acids found in resting 
plaque, buffers plaque fluid.245

E.A. Fisch (1899–1966) was the first dentist to use ozon-
ated water in his practice and introduced it to the German 
surgeon Erwin Payr (1871–1946) who used it from that time 
forward in surgery. He reported his results at the 59th Con-
gress of the German Surgical Society in Berlin (1935). In dental 
surgery, ozonated water was used to promote hemostasis, 
enhance local oxygen supply, and inhibit bacterial prolifera-
tion. Theoretically, ozone can reduce the bacterial count in 
active carious lesions and therefore may temporarily arrest the 
progression of caries, resulting in preventing or delaying the 
need for tooth restorations.313 For review on ozone use in 
dentistry see Azarpazhooh & Limeback17

Ozone in Endodontics
Four in vitro studies100,164,279,282 were identified investigating 
the bactericidal effect of ozone compared to 2.5% NaOCl, the 
standard irrigation solution in endodontics. The results of 
these studies164,279,282 are controversial. The hazards of ozone 
when used in endodontics have not been investigated. Care 
should be taken with regard to the patient’s and the dentist’s 
exposure to the gas. Fig. 8-60 shows ozone equipment with a 
special tip for intracanal application.

Superoxidized Water
Superoxidized water,152 also called electrochemically activated 
water241,365 or oxidative potential water,162,344 is saline that has 
been electrolyzed to form superoxidized water, hypochlorous 
acid, and free chlorine radicals. It is available as Sterilox 
(Sterilox Technologies, Radnor, PA). This solution is nontoxic 
to biologic tissues yet able to kill microorganisms. The solution 
is generated by electrolyzing saline solution, a process no dif-
ferent than that used in the commercial production of NaOCl.116 
The difference, however, is that the solution accumulating at 
the anode is harvested as the anolyte and that at the cathode 
as the catholyte. These solutions display properties that are 
dependent upon the strength of the initial saline solution, the 
applied potential difference, and the rate of generation. The 
technology that allows harvesting of the respective solutions 
resides in the design of the anode and the cathode and origi-
nates either in Russia (electrochemically activated water) or 
Japan (oxidative potential water).240,241 Although the solutions 
bear different names, the principles in the manufacturing 
process are probably the same.

The use of superoxidized water is sparse in the endodontic 
literature but shows early promise. The solutions from both 
technologies have been tested for their ability to débride root 
canals,162,241 remove smear layer,344,365 and kill bacteria172 and 
bacterial spores.234 Results are favorable, while also showing 
biocompatibility with vital systems.183

Anolyte and catholyte solutions generated from one such 
technology (Radical Waters Halfway House 1685, S. Africa) 
have shown promise as antibacterial agents against laboratory-
grown, single-species biofilm models.132 Such solutions 
have been recommended as suitable for removing biofilms in 
dental unit water lines240 and have even been marketed for 
this purpose. Cautious clinicians may prefer to wait for more 
studies to demonstrate safety and efficacy under ordinary clini-
cal setting conditions before adopting newer, less tested irrigat-
ing solutions.

ism to die. Ozone can also attack many biomolecules, such as 
the cysteine, methionine, and histidine residues of proteins. By 
oxidizing the biomolecules featured in dental diseases, ozone 
has a severely disruptive effect on cariogenic bacteria, resulting 
in the elimination of acidogenic bacteria. The strongest natu-
rally occurring acid—produced by acidogenic bacteria during 
cariogenesis—is pyruvic acid. Ozone can decarboxylate this 
acid to acetic acid. It has been shown that remineralization of 
incipient carious lesions can be encouraged when the produc-

A B

C D

E F

FIG. 8-59 Replacement of irrigation fluid in the apical part of curved 
canals. Transparent training blocks were filled with colored liquid 
(A-B), the canal was rinsed with either 20 ml of water using a syringe 
(C) or using the SAF instrument with a continuous flow of an equal 
amount of water (D). The short needle was unable to replace the 
liquid beyond the curve (E), but the SAF irrigation did it effectively 
(F).260
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used in LAT are harmless. In addition, the use of an optic fiber 
helps in directing the irradiation to the intended site of applica-
tion. Studies have highlighted the possibility of killing antibi-
otic-resistant strains of pathogenic bacteria using LAT.409,411 
Because of the wide spectrum of antimicrobial activity, instant 
bacterial killing, and ability to target biofilm bacteria, the appli-
cation of LAT-based regimens has great promise in root canal 
disinfection.400 However, a thorough knowledge about the 
behavior of the photosensitizer and the physicochemical char-
acteristics of the microenvironment prevailing in the root canal 
system is necessary for disinfection to be effectively achieved. 
In advanced stages of infection with mineralized biofilms,  
it may be necessary to do a minimal mechanical preparation 
of the root canal prior to LAT to achieve maximum 
disinfection.

IntraLight Ultraviolet Disinfection
Ultraviolet (UV) light is widely used for disinfection purposes. 
IntraLight (InterLight, Or-Yehuda, Israel) consists of an intra-
canal UV illuminator shaped with dimensions of an endodon-
tic file, which allows uniform circumferential illumination of 
the root canal walls with 254 nm UV light. In a recent in vitro 
study,255 root canals were infected with E. faecalis bacteria that 

Photoactivation Disinfection
Photodynamic therapy (PDT) or light-activated therapy (LAT) 
may have endodontic applications because of its antimicrobial 
effectiveness.159 In principle, the strategy utilizes a selectively 
accumulated or endogenously produced photosensitizer (pho-
toactive compound). The activation of photosensitizer mole-
cules by a specific wavelength of light produces deleterious 
chemical entities that kill bacteria. The strong oxidizer gener-
ated during the process can act on multiple targets in a micro-
bial cell, resulting in membrane damage, enzyme inactivation, 
and genomic and plasmid DNA damage, resulting in instanta-
neous death. In addition, the light-activated killing of bacteria 
has a wide spectrum of antimicrobial activity with a minimal 
chance of giving rise to a resistant microbial population, 
making it an ideal disinfectant. Fighting biofilm-mediated 
localized human infections is one of the potential medical 
applications of LAT.410 The principal agent involved in bacte-
rial killing is the oxygen-based free radical.159 Unlike systemic 
therapeutic agents, LAT has the advantage of dual selectivity. 
Only those cells which have selectively accumulated the  
photosensitizer or possessing endogenously produced photo-
sensitizers will be affected upon irradiation. Separately, the 
low-intensity light and the nontoxic photosensitizer generally 

B

D

A

C

FIG. 8-60 HealOzone equipment with a special tip for intracanal application. (A, Courtesy KaVo Dental GmbH, Biberach/Riss, Germany.)
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BOX 8-4

Composition of Gutta-Percha for Endodontic Use

Gutta-percha cones
Gutta-percha (19%-22%)
Zinc oxide (59%-79%)
Heavy metal salts (1%-17%)
Wax or resin (1%-4%)

concerning the effect of these additives (see Medicated 
Gutta-Percha).

Because gutta-percha cannot be heat sterilized, other 
decontamination methods must be used. The most practical 
method is to disinfect the gutta-percha in NaOCl before use. 
This can be done in 1 minute if the cone is submerged in a 5% 
solution of NaCOl.342 However, after this disinfection and 
before its use for obturation, it is imperative that the gutta-
percha be rinsed in ethyl alcohol to remove crystallized NaOCl; 
such crystals may impair the obturation seal.349

Obturation with gutta-percha normally requires some form 
of compaction pressure, but real compression of gutta-percha 
is practically impossible.333 Pressure applied during root canal 
filling procedures does not compress gutta-percha, but rather 
compacts the gutta-percha cones to obtain a more three-
dimensionally complete fill of the root canal system.

After heating, while cooling, there is a slight shrinkage of 
approximately 1% to 2% when the gutta-percha has solidified. 
Prevention of shrinkage is practically impossible in vertical 
warm compaction.139,334 Careful control of the temperature 
during warm compaction is crucial to prevent focal areas of 
unnecessarily high temperatures. Better temperature control is 
available with electrically controlled heating devices as the 
Touch ’n Heat, System B, Elements units (Sybron Endo), or 
the recently introduced vibrating heat carrier, DownPack67 
(Hu-Frieday, Chicago, IL), or HotTip (Discus Dental, Culver 
City, CA), all of which are more commonly used for this 
purpose (see Figs. 8-41 through 8-44).

Gutta-percha oxidizes with exposure to air and light and 
eventually becomes brittle.198,242 It should be stored in a cool, 
dry place (e.g., a refrigerator) for better shelf life. Methods of 
“rejuvenating” aged gutta-percha have been suggested.189

Gutta-percha cannot be used as the sole filling material; it 
lacks the adherent properties necessary to seal the root canal 
space. Therefore, a sealer (cement) is always needed for the 
final seal. (See the following sections on sealers).

Manufacturers now supply gutta-perch cones in tapers 
matching the larger tapered rotary instruments (#.02, #.04, 
and #.06) (Fig. 8-61). An international standard has been 
accepted for gutta-percha cones, based on similar size and 
taper standards set forth for the endodontic files (ANSI No.78) 
(see Table 8-1). The tolerance is much less stringent for gutta-
percha compared to files. An endodontic file must be manu-
factured with a tolerance of +0.05 mm. Consequently, with the 
same size instrument and gutta-percha cone, a difference in 
diameter of 0.07 mm (more than one file size) is possible (see 
Table 8-2 for gutta-percha cone sizes).

Gutta-percha has been extensively investigated as a root 
canal filling material in animals and has been proven biocom-
patible. Compared with sealers used for root canal obturation, 

were allowed to grow and establish a biofilm on the root canal 
walls. Treatment with 5% NaOCl for 10 minutes failed to result 
in negative cultures in 53% of the canals. Similar results were 
reported by others.255,257 An additional illumination of the 
canal walls with 254 nm UV light (300 mJ/cm2) rendered 96% 
of the canals free of cultivable bacteria. A wide range of bacteria 
are sensitive to 254  nm UV light, including those that are 
resistant to Ca(OH)2.

257 The device is used as a supplemental 
disinfection after NaOCl irrigation in the canal. Otherwise, 
bacteria in the inner layers of thick biofilms may be protected 
from the UV light, which is absorbed by bacteria in the outer 
layers.257

Root Canal Filling Materials
Solid Materials
After the root canal system has been appropriately prepared, 
it must be obturated with a material capable of completely 
preventing communication between the oral cavity and the 
periapical tissue wound. Materials used for this purpose should 
be compatible with healing. This is achieved by attempting to 
seal the root canal system at both its coronal and apical ends, 
as well as throughout the canal system, to seal the openings of 
accessory canals. Apical and intracanal obturation blocks the 
exit to the periradicular tissues from organisms that have sur-
vived in the root canal after cleaning and shaping. Coronal 
obturation prevents reinfection of the pulp space from the oral 
environment. The required physical and biologic properties 
make the selection of obturation material critical. The materi-
als commonly used for root canal fillings normally can be 
divided into a solid phase and a cementing medium (i.e., a 
sealer).

Gutta-Percha
Gutta-percha is the most commonly used root canal filling 
material. It is a linear crystalline polymer that melts at a set 
temperature, with a random but distinct change in structure 
resulting. (See Chapter 10 for further discussion of the physi-
cal properties of gutta-percha). It occurs naturally as 1,4- 
polyisoprene and is harder, more brittle, and less elastic  
than natural rubber.

The crystalline phase has two forms, the alpha phase and 
the beta phase. The forms differ only in the molecular repeat 
distance and single-bond form. The alpha form is the material 
that comes from the natural tree product. The processed, or 
beta, form is used in gutta-percha for root fillings.333 When 
heated, gutta-percha undergoes phase transitions. The transi-
tion from beta phase to alpha phase occurs at around 115° F 
(46° C). An amorphous phase develops at around 130° F to 
140° F (54° C to 60° C). When cooled very slowly (i.e., 1° F 
per hour), gutta-percha crystallizes to the alpha phase. Normal 
cooling returns the gutta-percha to the beta phase. Gutta-
percha cones soften at a temperature above 147° F (64° C).139,333 
These cones can easily be dissolved in chloroform and halo-
thane and dissolve less in turpentine or xylene.

Modern gutta-percha cones that are used for root canal 
fillings contain only about 20% gutta-percha (Box 8-4). The 
major component is zinc oxide (60% to 75%). The remaining 
5% to 10% consists of various resins, waxes, and metal sul-
fates. Antiseptic gutta-percha with various antimicrobial 
agents has been suggested, and several studies are available 
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calls for use of EndoRez sealer (Ultradent) with this new solid-
core material (Fig. 8-65). The material with a resin sealer was 
compared with gutta-percha for microleakage. The results 
indicated a bonding between core and sealer resulting in far 
less microleakage than gutta-percha.348 Another study tested 
the apical sealer of methacrylate-coated gutta-percha, and it 
caused the least amount of leakage.445

Medicated Gutta-Percha
The melding of an antibacterial substance to a gutta-percha 
cone or other solid-core obturation materials may have utility 
in preventing root canal therapy failures due to coronal or 
apical microleakage. In an early study, Ca(OH)2 and CHX 
combined with zinc oxide and eugenol were found effective 
against the test organisms studied.305 It is interesting to note 
that gutta-percha and Resilon appear to have no antibacterial 
or antifungal effects in and of themselves. When tested against 
five common organisms found in necrotic root canal systems, 
both materials proved not to be effective.

Several studies have attempted to examine gutta-percha 
cones which were formed with various antibacterial and anti-
fungal preparations. In one study,42 gutta-percha was impreg-
nated with either CHX or Ca(OH)2 and tested against eight 
organisms commonly found in infected root canal systems. 
CHX demonstrated inhibition against all organisms studied, 
while Ca(OH)2 did not inhibit any of the same organisms. The 
antimicrobial effect of gutta-percha cones containing a mixture 
of both CHX and Ca(OH)2 was found superior when compared 
the antimicrobial effectiveness of either substance when tested 
separately.291 Another study testing CHX or Ca(OH)2 with 
gutta-percha found CHX to be significantly more effective 
when tested in cultures of gingival fibroblasts.383 When epithe-
lial tumor cells and gingival fibroblasts were used to test gutta-
percha cones containing either CHX or Ca(OH)2, CHX samples 
showed significantly lower protein synthesis. Both tested mate-
rials induced cell growth–specific alterations.422

Early studies of medicated gutta-percha examined the use 
of iodoform in the solid-core material. While inhibitory against 
some pathogens, it was not inhibitory for all organisms.351 A 
later study showed no differences between iodoform and 
regular gutta-percha samples in delaying microleakage of E. 
faecalis.59 Gutta-percha discs impregnated with iodoform or 
other iodine combinations were tested against usual root canal 
system pathogens. Medicated gutta-percha inhibited all bacte-

it clearly has the lowest tissue toxicity. When compared to 
Resilon, both materials were equally biocompatible.38 After 
subcutaneous implantation, gutta-percha normally becomes 
surrounded by a defined capsule rich in cells but without a 
significant number of inflammatory cells, although some mac-
rophages are present.37,288,362 Results from more sensitive assays 
in vitro support the in vivo results, suggesting that gutta- 
percha used for root canal fillings has a low toxicity.295 Never-
theless, gutta-percha in the form of very small particles induces 
an intensive foreign body reaction, with massive accumulation 
of mononucleated and multinucleated macrophages.362 This is 
not surprising, since materials that are normally considered 
inert (e.g., Teflon) cause similar reactions when presented to 
the tissues as an irregular surface or particle.50

Resilon
Resilon (Pentron Clinical Technologies), a thermoplastic, syn-
thetic, polymer-based root canal filling material, was devel-
oped in an attempt to create an adhesive bond between the 
solid-core material and the sealer. It is designed to be used with 
Epiphany (Pentron Clinical Technologies), a new resin sealer 
with a bonding capacity to dentin. Resilon can be supplied in 
the same ISO sizes and shapes (cones and pellets) as gutta-
percha. The manufacturer has stated that it can be used with 
any current root canal obturation technique (lateral compac-
tion, thermoplasticized, carrier, injection). When manufac-
tured in cones, Resilon’s flexibility is similar to that of 
gutta-percha. Based on polyester polymers, Resilon contains 
bioactive glass and radiopaque fillers (bismuth oxychloride 
and barium sulfate) with a filler content of approximately 65%. 
It can be softened with heat or dissolved with solvents such as 
chloroform. This characteristic allows the use of current 
retreatment techniques for nonhealing cases. Because it is a 
resin-based system, it is compatible with current restorative 
techniques in which cores and posts are placed with resin 
bonding agents (Figs. 8-62 through 8-64).348

Coated Gutta-Percha
Gutta-percha is now available that may achieve bonding 
between the solid core and a resin sealer. The uniform layer is 
placed on the gutta-percha cone by the manufacturer. When 
the material comes in contact with the resin sealer, a resin 
bond is formed. The manufacturer claims that this will inhibit 
leakage between the solid core and the sealer. The technique 

FIG. 8-61 Measurement points for gutta-percha cones as determined by ADA and ANSI standard #78.
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BA

FIG. 8-63 A, Resilon/Epiphany root canal system obturation. B, Recall radiograph shows healing after 6 months. (Courtesy Dr. Richard 
Rubenstein, Farmington, MI.)

BA

FIG. 8-62 A, Resilon/Epiphany cone root canal system obturation. B, Recall radiograph taken 8 months after initial treatment shows complete 
healing. (Courtesy Dr. Richard Rubenstein, Farmington Hills, MI.)

rial growth for 24 hours and was statistically more effective 
than regular gutta-percha.35

When tetracycline impregnation was compared to iodo-
form-medicated gutta-percha cones and Resilon and tetracy-
cline discs, the impregnated cones inhibited growth for all 
species tested.251 Tetracycline integrated with gutta-percha 

inhibited all test organisms when compared to conventional 
gutta-percha.36

Although effective in the cited studies, medicated gutta-
percha cones are not used on a regular basis. More testing must 
be done to investigate their toxicity, antibacterial and antifun-
gal potentials, and potential for allergic reactions.
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greater dentin adhesion, and occasionally corticosteroids for 
suppression of inflammatory reactions. However, the use of 
formaldehyde is completely unacceptable, given the possibility 
of its circulation to other body tissues and organs. Corticoste-
roids are generally not included in sealers in the United States; 
it appears that their effect is limited by the amount contained 
in the preparation.176

Zinc oxide is a valuable component of the sealer. It is effec-
tive as an antimicrobial agent. The incorporation of rosins 
containing resin acids in sealers initially may have been for the 
adhesive properties.148 Rosins (i.e., colophony), which are 
derived from a variety of conifers, are composed of approxi-
mately 90% resin acid. Resin acids are amphophilic, with the 
carbon group being lipophilic, affecting the lipids in cell mem-
branes. Thus the resin acids have a strong antimicrobial effect 
that in mammalian cells is expressed as cytotoxicity. The resin 
acids work similarly to quaternary ammonium compounds by 
increasing the cell membrane permeability of affected cells. 
Although toxic, the combination of zinc oxide and resin acids 
overall may be beneficial. Under certain conditions, resin acids 
may react with zinc, forming a resin acid salt (i.e., resinate). 
This matrix-stabilized zinc resinate is only slightly soluble in 
water,249 so ZnOE cements with resin components are less 
soluble than regular ZnOE cements.

The antimicrobial action of zinc oxide in both gutta-percha 
cones and many sealers create a low-level but long-lasting 
antimicrobial effect. In one study, a ZnOE sealer had a statisti-
cally significant larger mean zone of inhibition than three 
Ca(OH)2 sealers.264 When a new preparation of ZnOE sealer 
(Fill Canal) was tested, it showed large zones of inhibition 
against all microorganisms tested.355

The setting of ZnOE cements is a chemical process com-
bined with physical embedding of zinc oxide in a matrix of 
zinc eugenolate. The particle size of the zinc oxide, pH, and 
the presence of water regulate the setting and other additives 

A B

FIG. 8-64 A, Resilon/Epiphany root canal system obturation. B, Recall radiograph shows healing after 7 months. (Courtesy Dr. Richard 
Rubenstein, Farmington, MI.)

Sealers and Cements
Endodontic Sealers
The sealer plays an important role in the root canal filling. It 
fills all the space the solid-core material is unable to fill because 
of the solid core’s physical limitations. A good sealer adheres 
strongly to the dentin and the core material. The sealer also 
must have cohesive strength to hold the obturation material 
together. Sealers ideally should be antimicrobial, which would 
be an important role in the success of root canal therapy. 
Sealers usually are made of a mixture that hardens through a 
chemical reaction. This reaction normally includes the release 
of toxic material, which makes the sealer less biocompatible. 
In general, the sealer is the critical component when the toxic-
ity of material is assessed.

The sealer must have some degree of radiopacity to be 
visible on adequately exposed radiographs. Additives used to 
enhance radiopacity are silver, lead, iodine, barium, and 
bismuth. Compared with gutta-percha cones, most sealers 
have a slightly lower radiopacity and can be distinguished from 
gutta-percha alone or in combination with the sealer. A variety 
of sealers are available, and the clinician must be careful  
to evaluate all characteristics of a sealer before selecting one 
(Fig. 8-66, A-F).

Zinc Oxide Eugenol Cements
Many endodontic sealers are simply zinc oxide eugenol (ZnOE) 
cements that have been modified for endodontic use. The 
mixing vehicle for these materials is mostly eugenol. The 
powder contains zinc oxide that has been finely sifted to 
enhance the flow of the cement. The setting time is adjusted 
to allow for adequate working time. These cements easily lend 
themselves to the addition of chemicals; paraformaldehyde was 
sometimes added for antimicrobial and mummifying effects, 
germicides for antiseptic action, rosin or Canada balsam for 
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albicans was used as the test organism, a ZnOE preparation 
demonstrated the largest zone of inhibition.269 A direct contact 
test determined that the virulence of endodontic pathogens 
determine response to sealers.298

Historically, formaldehyde was commonly mixed into 
endodontic sealers, but formaldehyde is a dangerous additive 
to any sealer; it adds to the already toxic effect of eugenol and 
prevents or delays healing. Chapters 11 and 27 further discuss 
why potential major liabilities exist for any dentist who 
unwisely chooses to use formaldehyde or paraformaldehyde 
during endodontic therapy.

Chloropercha
Chloropercha was another type of sealer used for many years. 
It is made by mixing white gutta-percha (i.e., alba) with chlo-
roform. This allowed gutta-percha root filling to fit better in 
the canal. However, chloropercha has no adhesive properties 
and is no longer used as an obturation material in root canal 
therapy. The use of chloroform has been sharply curtailed for 
many years because of its demonstrated toxicity.436 In end-
odontics, the amounts normally used are insignificant and 
cause no detectable health hazard.39,60,338 Nevertheless, the cli-
nician must take prudent steps to reduce vaporization during 
use, because chloroform is highly volatile. When used to soften 
gutta-percha during revision of old root fillings, the chloro-
form should be dispensed through a syringe and hypodermic 
needle and only passively expressed into the area of the pulp 
chamber. For other uses, the exposure time, amount used, and 
chloroform surface exposed should be kept to a minimum.

Some chloroform substitutes, such as halothane and tur-
pentine, are in use. Compared to chloroform, halothane is less 
effective at softening gutta-percha, is similarly hepatotoxic, 
and has a higher local toxicity (Table 8-4). For these reasons, 
halothane is not a good substitute. Turpentine is not carcino-
genic but is reported to cause allergic reactions.395,52 It has a 
high local toxicity and dissolves gutta-percha poorly. There-
fore, no good substitute exists for the use of chloroform in 
endodontic procedures. With careful workplace hygiene, little 
risk is associated with the occasional use of minute amounts 
of chloroform in preparing customized master cones or when 
performing endodontic retreatments, provided no federal or 
state laws are violated.21,244

Calcium Hydroxide Sealers
Several Ca(OH)2-based sealers are now commercially available, 
such as Sealapex (Sybron Endo), RealSeal (Sybron Endo) 
Apexit and Apexit Plus (Ivoclar Vivadent). These sealers are 
promoted as having therapeutic effects because of their 
Ca(OH)2 content (Box 8-5). The antimicrobial effect of Ca(OH)2 
is thought to occur because of its ability to release hydroxyl 
ions and by having a high pH.297 Short-term direct contact tests 
have shown Sealapex and Apexit to be mildly effective antimi-
crobial agents.

These sealers also have poor cohesive strength.325 No evi-
dence supports the contention that a Ca(OH)2 sealer provides 
any advantage for root canal obturations or has any of the 
desirable biologic effects of Ca(OH)2 paste. In a study of dif-
fusion of hydroxyl ions into surrounding dentin after root 
filling with Sealapex and Apexit, no traces were found in teeth 
filled with Apexit. Some hydroxyl ions could be detected in 
the dentin close to the root filling with Sealapex.378 In vivo 

that might be included in special formulas. The formation of 
eugenolate constitutes hardening of the cement, and Ca(OH)2 
accelerates this action, so canal systems containing Ca(OH)2 
must be well irrigated before obturation. Free eugenol always 
remains in the mass and acts as an irritant.

Several of the companies producing ZnOE root canal 
cements have been replaced by new companies, resulting in 
new names for older preparations such as Rickerts sealer,  
Procosol, and Wach’s sealer. Fill Canal (Ligas Odontologicas, 
Sao Paulo, Brazil), Tubli-Seal (SybronEndo), and Pulp Canal 
Sealer (SybronEndo) are three successors to the original ZnOE 
cements and have been recently investigated. E. faecalis is a 
highly resistant organism found in necrotic root canal systems. 
That organism was exposed to two ZnOE sealers, Roth’s 811 
and Kerr EWT. Roth’s exhibited the largest zone of inhibi-
tion.263 Sultan, a ZnOE sealer, was one of the three most potent 
bacterial-growth inhibitors (E. faecalis).61,304,353 When Candida 
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FIG. 8-65 A, EndoRez environmental scanning electron microscope 
(ESEM) image under hydrated conditions. When a gap appears, one 
can be certain that it is true, not an artifact. ESEM taken at relative 
humidity of 95%. D, Radicular dentin from coronal third of root canal 
wall; G, gutta-percha; S, EndoRez sealer; asterisk, proprietary coat in 
EndoRez GP cones; open arrowhead, true (not artifact) gap between 
root filling material and sealer; pointer: true gap along sealer-dentin 
interface; pointer: a gap-free region along sealer-dentin interface 
(×350). B, EndoRez ESEM, higher magnification of (A), labels are 
similar. Pointer, Hybrid layer probably caused by demineralization of 
radicular dentin with 0.5M EDTA; open arrowhead, between sealer and 
gutta-percha (×1000). (Courtesy Dr. Franklin Tay, Medical College of 
Georgia, Augusta, GA.)
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effective in formation of dentin bridges when used as a direct 
capping material,4,107 which may indicate its ability to encour-
age formation of root-end hard tissue. It also appears to 
demonstrate acceptable antimicrobial activity. Success was 
seen at the same levels observed for mineral trioxide 
aggregate.387

studies of Sealapex and CRCS (Coltene Whaledent, Altstätten, 
Switzerland) have demonstrated that these sealers easily disin-
tegrate in the tissue, and both cause chronic inflammation.

Many studies have been conducted on various classes of 
root canal sealers, including Ca(OH)2. The majority of these 
studies report that all sealers leak.85 Ca(OH)2 appears to be 
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FIG. 8-66 Scanning electron microscope replicas comparing Resilon/Epiphany and Thermafil/AH Plus in variously shaped root canal systems. 
Impressions of the sectioned canals were taken with an ultraflow viscosity polyvinylsiloxane (PVS), and the replicas were directly examined. 
They are negative impressions of gaps, with PVS impression material flowing into the gaps. When the impression material was removed, a gap 
would appear as a flap of PVS material sticking out of the impression. All leaflets of PVS gaps appear blunt and stick out from the regions that 
represent root-filling material (arrows). Two views of each canal morphology are shown. A, Thermafil/AH Plus (×269), round, narrow canal 
shape. B, Resilon/Epiphany (×351), round, narrow canal shape. C, Thermafil/AH Plus (×198), wider, irregular canal shape. D, Resilon/Epiphany 
(×241), wider, irregular canal shape. E, Thermafil/AH Plus (×198), narrow, ribbon-like (rotary instrument) shape. F, Resilon/Epiphany (×241), 
narrow, ribbon-like, (rotary instrument) shape. (Courtesy Dr. Franklin Tay, Medical College of Georgia, Augusta, GA.)
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istics, it has been extensively used as a sealer. It has a good 
flow, seals well to dentin walls, and has sufficient working 
time.224 Like most sealers, AH26 is very toxic when freshly 
prepared.295 Earlier research indicated that AH26 toxicity was 
limited and principally caused by release of small traces of 
formaldehyde.34,176 However, recent studies using more modern 
methods of analysis indicate that the sealer’s mechanism for 
induced cytotoxicity may be due to activation of COX-2 in 
RNA gene expression,175 leading to decreases in iNOS protein 
expression,215 and the synergistic effects of root canal sealers 
on LPS induces COX-2 expression by macrophage cells.214 
Toxicity may decline rapidly during setting, and after 24 hours 
the cement may have one of the lowest toxicities of endodontic 
sealers.187 A new formulation of AH26 is AH Plus. This is a 
two-paste mixing system that assures a better mixture and does 
not release formaldehyde upon setting.63,218 It is more radio
paque and has a shorter setting time (approximately 8 hours), 
lower solubility, and a better flow compared with AH26. One 
study demonstrated that AH Plus had a lower short- and long-

Despite the favorable responses seen in the cited study, the 
results must be considered ambivalent and variable. Adhesion 
of the sealer to the prepared dentin wall and the solid-core 
obturation material also is a consideration. There is no credit-
able information that states that Ca(OH)2 sealers in and of 
themselves provide adhesive forces. One study does state that 
use of an erbium-doped yttrium aluminum garnet (Er:YAG) 
laser does increase the adhesiveness of Ca(OH)2 sealers.27

Polymers
Polymers are macromolecules composed of 10,000 or more 
atoms. Rubber has a polymeric structure based on a repeating 
isoprene (monomer). Polymeric molecules, discovered in 
nature (rubber), have led to synthetic analogs with a variety of 
properties and applications, such as adhesives (root canal 
sealers). While it is more convenient to discuss polymer sealers 
according to their classification or type, it may be more mean-
ingful to describe them according to their ability to act in a 
particular manner based on what or how each group of sealers’ 
characteristics are when used, such as their adhesiveness, 
sealing ability, and similar properties.

When considering the adhesiveness of a sealer, it must have 
the ability to adhere to both the prepared dentin wall and the 
solid-core obturation material used. As such, adhesiveness 
becomes very important in the material’s ability to seal the 
prepared root canal system from coronally and apically, since 
the preparation procedures appear unable to sterilize the root 
canal space and at most may only disinfect the system.

Other significant sealer considerations include their bio-
compatibility, radiopacity, cytotoxicity, and bond strength.

Most of the newer sealers are polymers, including AH26 
and AH Plus (Caulk/Dentsply), Epiphany (Pentron Clinical 
Technologies), and EndoRez (Ultradent).

AH26
AH26 is an epoxy resin that was initially developed as a single 
obturation material. Because of its positive handling character-

BOX 8-5
Composition of Calcium Hydroxide Sealers: 
Sealapex, CRCS, and Apexit*

Sealapex
Base

Calcium hydroxide (25%)
Zinc oxide (6.5%)

Catalyst
Barium sulfate (18.6%)
Titanium dioxide (5.1%)
Zinc stearate (1%)

CRCS
Powder

Calcium hydroxide
Zinc oxide
Bismuth dioxide
Barium sulfate

Liquid
Eugenol
Eucalyptol

Apexit
Base

Calcium hydroxide (31.9%)
Zinc oxide (5.5%)
Calcium oxide (5.6%)
Silicon dioxide (8.1%)
Zinc stearate (2.3%)
Hydrogenized colophony (31.5%)
Tricalcium phosphate (4.1%)
Polydimethylsiloxane (2.5%)

Activator
Trimethyl hexanedioldiasalicylate (25%)
Bismuth carbonate basic (18.2%)
Bismuth oxide (18.2%)
Silicon dioxide (15%)
1,3-Butanedioldisalicylate (11.4%)
Hydrogenized colophony (5.4%)
Tricalcium phosphate (5%)
Zinc stearate (1.4%)

*Proportions are unavailable for CRCS and incomplete for Sealapex.

TABLE 8-4

Toxic Effect of Gutta-Percha Solvents on 
L929 Cells In Vitro*

Time Control Chloroform Halothane Turpentine

AIR EVAPORATION

Fresh Mix 7.2 ± 0.7 94.4 ± 3 102.5 ± 7.5 87.3 ± 2.2

1 day 10.1 ± 0.4 11.3 ± 1.8 12.6 ± 0.9 66.6 ± 5.3

7 days 9.5 ± 0.4 11.6 ± 0.9 14.8 ± 1 12.5 ± 2.8

LIQUID EVAPORATION

Fresh Mix 7.2 ± 0.7 102.1 ± 6.4 98.4 ± 6.6 87 ± 2.1

1 day 10.1 ± 0.4 89.1 ± 6.7 103.9 ± 9 71.8 ± 4.7

7 days 9.5 ± 0.4 11.6 ± 5.8 10.1 ± 2.8 64.2 ± 3.9

*Gutta-percha (2.5 g) was dissolved in chloroform, halothane, or 
turpentine (5 ml). The cell injury was measured as mean percentage of 
release of 51Cr (M ± SD) at various times after mixing. The solvents 
were allowed to evaporate in air or through a liquid layer. The higher the 
release, the higher the toxicity. (From Barbosa SV, Burkard DH, 
Spångberg LSW: Cytotoxic effect of gutta-percha solvents. J Endod 
20:6, 1994.)
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approval by the U.S. Food and Drug Administration. Epiphany 
was designed for use with Resilon instead of gutta-percha, 
although it can also be used with either core material. Unlike 
other resin sealers, this system’s sealer requires a self-etch 
primer before placement of the resin sealer.348 The newest 
iteration of the sealer utilizes a self-etching injectable paste that 
bonds to the prepared dentin walls and the solid-core material. 
Although not without controversy, used with Resilon cones, 
the subsequent obturated canal system may be fracture 
resistant.182,423

term toxicity level and was less genotoxic than AH26 (Figs. 
8-67 and 8-68).16,222

Epiphany
Epiphany is a dual curable dental resin composite sealer com-
posed of BisGMA, ethoxylated BisGMA, UDMA, and hydro-
philic difunctional methacrylates with fillers of Ca(OH)2, 
barium sulfate, barium glass, and silica. The total filler content 
of the sealer is approximately 70% by weight. Biocompatibility 
has been demonstrated both in vitro and in vivo, resulting in 

FIG. 8-67 AH26 implant in the mandible of a guinea pig 12 weeks after implantation. Bone has grown up and integrated with the implant. 
Remnants of the implant, which was lost during histologic preparation, can be seen as a black area at the top of the image. Complete healing 
was observed without signs of inflammation.
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FIG. 8-68 Comparison of dye penetration 
after various obturation methods using AH26 
sealer. The dye was delivered with a vacuum 
method, and penetration was measured as 
millimeters of leakage. The single cone tech-
nique and use of ThermaFil resulted in the 
least leakage, followed by lateral compaction, 
vertical compaction, and use of UltraFil. The 
standard deviation is high, as is common for 
leakage studies, reflecting the variability in 
the obturation method. The less complicated 
the obturation method, the lower the stan-
dard deviation.69
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seal. Roeko recently introduced another version of its silicone 
sealer, GuttaFlow. It comes in a unidose capsule and is injected 
after mixing. The silicone is mixed with gutta-percha powder 
to form what the company calls a “two-in-one” cold filling 
system. GuttaFlow and RoekoSeal have recently been exam-
ined for spreadability on dentin and gutta-percha surfaces and 
compared to Roth 801 and AH26 sealers. Use of a sufficient 
load during lateral compaction is necessary for RoekoSeal and 
GuttaFlow to satisfactorily wet gutta-percha and dentin.200 
Microleakage and sealing ability also have been tested. When 
RoekoSeal and GuttaFlow were compared to other sealers, 
leakage patterns were found to be similar to other sealers.75 
GuttaFlow showed similar leakage results when used with 
lateral compaction or System B techniques, but it demonstrated 
expanding capacity over time compared to compacted gutta-
percha and AH26 over a 12-month period.200 When GuttaFlow 
was compared to two single-cone obturation systems, it was 
found that the apical seal was as effective as AH Plus used with 
vertical compaction.274 However, in a dual-chamber leakage 
model with Streptococcus mutans as a biologic marker, thermo-
plasticized gutta-percha with AH Plus using vertical compac-
tion was more effective in minimizing bacterial leakage.273 
Evaluating the long-term sealing ability of GuttaFlow  
compared to Epiphany, PCS, and AH Plus, GuttaFlow and 
Epiphany allowed less fluid movement.41

Sealers Containing Formaldehyde
A large group of endodontic sealers and cements had substan-
tial paraformaldehyde additives. Some of the more common 
brands were Endomethasone, Riebler’s paste (Amubarut; Wera 
Karl, Biensingen, Germany), and N2 (Indrag-Agsa, Bologne, 

EndoRez
EndoRez is a UDMA resin-based root canal sealer with hydro-
philic properties that allow good penetration into dentinal 
tubules. In addition to its biocompatibility,442,445 it offers good 
radiopacity. EndoRez is as radiopaque as gutta-percha, which 
simplifies radiographic interpretation (Fig. 8-69).444 The system 
includes a sealer, solid cores (resin-coated gutta-percha) and 
an accelerator and does not rely on heat to soften the material 
or pluggers to exert pressure to move the core apically. Much 
like Resilon/Epiphany, the bonding to both the dentin and 
solid core is thought to make the completed obturation resis-
tant to fracture.160

Glass Ionomer Cement
Glass ionomer cements have been introduced as endodontic 
sealers (Ketac-Endo [ESOE]) and are known to cause little 
tissue irration,443 with low toxicity in vitro. Questions remain 
about the quality of the seal achieved with Ketac-Endo, because 
dentin and sealer adhesive failures have been observed.77 Some 
investigators have expressed concern about glass ionomers’ 
solubility compared with other sealers.331

Silicon-Base Sealer
RoekoSeal (Roeko, Langenau, Germany) is a polydimethylsi-
loxane-based root canal sealer. One in vitro study comparing 
it with eugenol-based Sealapex or Ca(OH)2-based Kerr’s Pulp 
Canal Sealer concluded that RoekoSeal was less cytotoxic.8 It 
has adequate solubility properties.331 When its resistance to 
coronal and apical leakage was compared with that of AH26, 
no significant difference was observed.61 With both sealers, 
removal of the smear layer improved the coronal and apical 
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FIG. 8-69 Transmission electron microscope image illustrates the application of EndoRez sealer to smear layer–covered dentin (created by 
Profile nickel-titanium instruments) following use of 6.15% NaOCl initial rinse and sterile distilled water as final rinse. (Manufacturer recom-
mends use of EDTA as final rinse). A, A gap (asterisk) seen between the sealer (S) and radicular dentin (D). Smear plugs (open arrowheads) 
retained along orifices of dentin tubules (T). The smear layer was originally loosely attached to the canal wall dentin surface. EndoRez was 
applied to canal walls after NaOCl and distilled water irrigation, the resin portion of EndoRez (fillers) did not penetrate the loosely arranged 
smear layer particles. B, During polymerization of EndoRez, shrinkage stresses pulled the smear layer (pointer) away from the dentin, resulting 
in the smear layer being attached to sealer (S). Gap filled with epoxy resin used for embedding. (Courtesy Dr. Franklin Tay, Medical College of 
Georgia, Augusta, GA.)
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properties of endodontic sealers and fillers, so most of these 
expectations are guidelines that have not significantly affected 
the industry.

Biologic Properties
ANSI/ADA No. 41 recommends protocols for biologic evalua-
tion of dental materials. This document covers recommended 
standard practices for biologic evaluation of the safety of mate-
rials used in dentistry and is not intended for use in the evalu-
ation of pharmacologically active medicaments. This document 
outlines recommended test protocols for various dental materi-
als, including certain guidelines for endodontic filling materi-
als. These methods include general toxicity assessments (LD50), 
cytotoxicity assessments in vitro, sensitization assays, muta-
genicity assays, implantation tests, and usage tests. It was last 
updated in 2006. Several test methods are presented for each 
of these factors, depending on the type of material.

Root canal filling materials generally are toxic, and none 
fulfills the expectations set forth in ANSI/ADA No. 41. However, 
the methods described in this specification can be used to 
distinguish more toxic materials. Less toxic materials produce 
a less intense or shorter chemical insult to the remaining apical 
pulp or apical periodontium. If the wound area is free of bac-
teria when the initial chemical necrosis occurs, as results from 
sealers containing paraformaldehyde, tissue repair should 
occur as the initial irritant declines in intensity. Some tissue 
irritation may occur as a result of phagocytosis of particles of 
the material, but an expanding lesion would not develop.362

Endodontic sealers other than those that contain parafor-
maldehyde should not be implicated as the cause of a perira-
dicular bone lesion. If the tissue in the apical root area is not 
sterile due to infection within the root canal system, presence 
of sealer should not cause a chemically induced periradicular 
necrosis. Thus, materials that cause extensive tissue necrosis 
inside the root canal may become vehicles for the development 
of failure of endodontic treatment. This supports the idea that 
treatment should focus on the proper application of asepsis 
and antisepsis, and that materials that are as biocompatible as 
possible should be used.

Sealers and cements are the very toxic component of gutta-
percha root filling techniques. Therefore, the clinician must 
take great care in selecting materials and must have an under-
standing of what each material contributes to a disease process. 
ZnOE cements have a significant drawback in their release of 
free eugenol and loss of volume during the hydrolysis that 
takes place after setting. This is somewhat mitigated by its 
change into a relatively inert eugenolate substance within 24 
to 48 hours. Several of the polymer materials have high toxicity 
during the polymerization phase but may become practically 
inert when polymerized. Sealers with inclusions of dissolvable 
components, such as Ca(OH)2, lose these components in 
the tissue, resulting in compromise of the integrity of the 
obturation.

Delivery Systems for Root Canal 
Obturation Materials
The search for a more simplified and proficient obturation 
technique has led to the development of many new hybrid 
materials. Differences focus on alternative systems for intro-
ducing the solid-core material into the root canal system while 

Italy). All of these sealers have essentially the same toxicity. 
N2 is also known as RC-2B or the Sargenti technique. Histori-
cally, it has been heavily commercialized. There are no credit-
able studies available as to establish this material’s use clinically. 
(Chapter 11 presents a more comprehensive discussion.) 
There are no clinical conditions to justify the use of these 
pastes.

N2 is basically a ZnOE sealer. Its composition has varied 
extensively over the years. The significant amount of lead 
oxide and smaller amount of organic mercury that were for-
merly major toxic components are often missing in more 
recent formulations. However, N2 still contains unacceptable 
amounts of formaldehyde.44 Because it contains 6% to 8% 
paraformaldehyde (and sometimes hydrocortisone and pred-
nisolone), it loses substantial volume when exposed to fluid. 
It also absorbs more than 2% of fluid during the first week  
in situ.

N2 is extremely toxic in experiments in vitro and in animal 
experiments. The tissue reaction normally observed is a coagu-
lation necrosis within a very short time. The coagulated tissue 
is altered to such an extent that it cannot undergo any repair 
for months because it is impregnated with formaldehyde. With 
time, the formaldehyde may be washed out of the necrotic 
tissue, allowing either bacteria to be established in the necrosis 
or, if the blood supply is adequate, repair to take place.

The Interstate Commerce Commission of the U.S. Govern-
ment has banned the transport of N2 across state lines, effec-
tively halting the sale of these types of sealers. Please read 
Chapters 11 and 27 to gain a fuller understanding of the legal 
consequences of using these unacceptable pastes in unwary 
patients.

Standards and Properties
Physical Properties
Endodontic sealers are listed under ANSI/ADA specification 
number 57, Endodontic Sealing Material 2000 (reaffirmed 
2006). This specification is for material used in endodontics 
within the tooth to seal the root canal space. This specification 
in an adoption of ISO6876:2001. ANSI/ADA Standard 57 out-
lines various test methods for evaluation of the physical prop-
erties of endodontic sealer-filling materials. Sealers are classified 
into two categories, depending on the intended use: type I 
materials are intended to be used with core materials; type II 
materials are intended for use with or without core material or 
sealer. Type I materials are divided into three classes. Class 1 
includes materials in the form of powder and liquid that set 
through a nonpolymerizing process; class 2 includes materials 
in the form of two pastes that set through a nonpolymerizing 
process; class 3 includes polymer and resin systems that set 
through polymerization. The subclasses for type II materials 
are the same as for type 1 materials, except that metal amal-
gams are also included. ANSI/ADA No. 57 describes testing 
methods for working time, setting time, flow, film thickness, 
solubility, and disintegration; it also establishes a specific 
requirement for radiodensity. The tests for endodontic core 
materials include determinations of the material’s dimensions, 
brittleness, and flow. A separate ANSI/ADA standard (No. 78) 
examines prefabricated metallic or polymeric-based cones used 
in obturation procedures. Despite the standard’s often detailed 
requirements, significant disagreement exists on the ideal 
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maintaining length control. The newer methods currently in 
use vary considerably. Most hybrid obturation methods require 
modification of the outline of the root canal preparation. One 
hybrid preparation technique involves the use of a rotating 
instrument that spins in the opposite direction of normal rota-
tions and feeds the obturation material into the canal system 
instead of moving it out of the system. For optimal results, the 
clinician must consider technique variations before attempting 
a hybrid obturation method. A comparison of the more com-
monly practiced obturation methods, using an objective and 
sensitive vacuum dye penetration method, failed to show any 
major difference in the quality of the obturation.69 However, 
dye penetration techniques have come into question in recent 
years. Other evaluation methods, such as dye extraction and 
fluid filtration techniques, seem to produce more consistent 
and credible data.51

The introduction of new materials, techniques, and deliv-
ery systems is challenging basic beliefs and concepts previously 
thought to be standard. For example, use of a single cone of 
gutta-percha with sealer historically has been considered unac-
ceptable. However, with the introduction of new technology 
for cleaning and shaping and the development of innovative 
sealer delivery systems, a paradigm shift may be occurring 
toward improved canal preparation to receive more flowable 
sealers and a single insertion of a core material. To validate the 
long-term success of any of the obturation techniques, clinical 
studies to support evidence-based practice must be one of the 
goals of endodontic research.

Carrier-Based Systems
ThermaFil, ThermaFil Plus, ProTaper, and GT Obturators 
(Tulsa Dentsply) are obturation systems in which alpha-phase 
gutta-percha is preapplied to a flexible solid central carrier 
(Fig. 8-70). The gutta-percha obturator is heated in a propri-
etary heater (ThermaPrep Plus Oven, Dentsply Tulsa Dental, 
Tulsa, OK) (Fig. 8-71) to the appropriate softness, and after 
the placement of canal sealer, the obturator is placed into the 
canal. These devices are available with a plastic, stainless steel, 
or titanium carrier core. In one study, ThermaFil demonstrated 
a greater percentage of canal obturation than either System B 
compaction or lateral compaction.76 If necessary, the plastic 
core material can be softened with chloroform or heated using 
a System B428 for easy removal. These obturators offer an alter-
native method of obturation with gutta-percha.

SimpliFill (Discus, Culver City, CA) (Fig. 8-72) is an obtu-
ration system designed to be used with the LightSpeed instru-
mentation system. The technique is based on a presized plug 
(5 mm long) of gutta-percha or Resilon which is attached to 
the end of a metal carrier. After sealer has been placed, the 
appropriate size SimpliFill is placed to working length, and the 
carrier is removed, leaving the apical segment obturated and 
the coronal segment open. Sealer is then injected with a syringe 
into the coronal segment, and a single cone (gutta-percha or 
Resilon) or post is inserted. In a study of coronal microbial 
leakage, an apical plug of SimpliFill in combination with Fiber-
Fill (Pentron Clinical Technologies, Wallingford, CT) in the 
coronal segment of canals was found to have significantly less 
leakage than lateral, vertical, and Obtura II (SybronEndo, 
Orange, CA) compaction techniques.348 A later study found 
that SimpliFill samples demonstrated the most complete cover-
age in both coronal and apical sections when compared to 

FIG. 8-70 ThermaFill obturators. Currently, obturators are provided 
to fit many of the individual types of files used in the canal. In this 
case: ProTaper instruments sizes F3 and F4 with their corresponding 
obturators. (Courtesy Dentsply-Maillefer, Ballaigues, Switzerland.)

FIG. 8-71 ThermaPrep Plus oven. (Courtesy Dentsply-Maillefer, 
Ballaigues, Switzerland.)
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vertical compaction, Obtura II, System B and ThermaFil 
Plus.177

Injection Techniques
Several techniques have been described for introducing gutta-
percha into the root canal system after the gutta-percha has 
been plasticized with heat. The Obtura system (Fig. 8-73) is 
currently the most commonly used injection delivery system 
for gutta-percha.385 It dispenses a heavy form of gutta-percha 
heated to a high temperature. Although the temperature of the 
gutta-percha in the Obtura II injection gun is as high as 302° 
F to 338° F (150° C to 170° C), the temperature of the extruded 
material may range from 140° F (60° C) to 280° F (138° C).89 
When the Obtura II was compared to the System B heat source 
using different heat points, neither exceeded an increase of 10° 
C at any root level monitored.382 Intracanal temperatures after 
delivery, measured with intracanal thermocouples, have ranged 
from 107.6° F to 192.2° F (42° C to 89° C). Periodontal injuries 
have been reported after excessive heat during endodontic 
treatment of teeth in the ferret and the dog.329 Recent studies 
testing the Obtura II found a 10° C increase in the mandibular 
anterior teeth in vitro,229 less temperature rise than when a 
gutta-percha carrier was combined with an injectable gutta-
percha.230 Shrinkage of gutta-percha in these injectable gutta-
percha systems does not appear to be different from the 
shrinkage of normally heated gutta-percha. When plasticized 
by heat, gutta-percha has a volume loss of approximately 2% 
after cooling.145

Rotary Techniques
Frictional heat also can be used to soften gutta-percha. This 
was first suggested with the introduction of the McSpadden 

FIG. 8-72 SimpliFill system. Gutta-percha cone carried on a file-like 
metal handle. (Courtesy Discus, Culver City, CA.)

FIG. 8-73 Obtura gun for injectable gutta-percha. (Courtesy 
SybronEndo, Orange, CA.)

Compactor device (Dentsply Maillefer). This technique has 
undergone many variations, with the development of several 
compaction instruments. The heat generated may exceed safe 
levels compared to other heat compaction techniques.329 One 
such device, Quickfil (J.S. Dental), has the ability to obturate 
root canals comparable to lateral compaction.62 Volumetric 
changes in the gutta-percha after friction heat compaction are 
similar to other types of gutta-percha compactions using heat. 
The major observed problem was the inability of the heated 
gutta-percha to fill the entire canal system due to the presence 
of sealer in the apical third of the preparation. Rotary tech-
niques, although still used by practitioners, have become less 
popular in many instances with the introduction of the new 
solid-core resin polymer sealers.

Heating Systems
Although not injectable systems, Touch ’n Heat and System B 
(SybronEndo, Orange, CA), are involved with the placement 
and removal of gutta-percha from root canal systems using 
heat. Touch ’n Heat delivers a heated, pointed probe into a 
mass of gutta-percha, removing the material in small incre-
ments and down packing with pluggers after each removal. 
The gutta-percha is warmed approximately 5 mm ahead of the 
heating probe, and at a distance of 5 mm from the measured 
end of the master cone, a final down packing is made to move 
the remaining mass to the apex. The System B device is an 
outgrowth of the Touch ’n Heat and attempts to remove the 
greater bulk of gutta-percha to within 5 mm of the apex in one 
heated mass. These techniques are often combined with an 
injectable technique of obturation.

Temporary Restorations
If endodontic therapy cannot be completed in one visit, the 
pulp space must be closed with a temporary restoration. The 
same is true whenever a root canal procedure is completed. 
This restoration must provide a satisfactory seal to prevent 
bacteria and fluids in the oral cavity from contaminating the 
pulp space. The restoration must have enough structural 
strength to withstand the masticatory forces and retain the 
occlusal seal. A literature search identified 28 materials that 
have been tested between 2000 and 2009 (Box 8-6). The most 
common such materials are IRM (Caulk, Dentsply), TERM 
(Caulk Dentsply), Cavit (3M ESPE) and Coltosol (Coltene 
Whaledent). IRM is a reinforced zinc oxide cement available 
as a powder-liquid mix in single-dose mixing capsules. Cavit 
is a premixed material composed of zinc oxide, calcium sulfate, 
glycol, and polyvinyl acetate, polyvinyl chloride, and trietha-
nolamine. It sets upon contact with water. TERM is a filled 
composite resin that is light activated. When Cavit, IRM, 
TERM and Fermit (Ivoclar Vivadent, Schaan, Lichtenstein) 
(the latter two being light-cured preparations) were compared 
over a 21-day period, Cavit was found to be more resistant to 
leakage at 7 days.19,88 Coltosol and IRM were tested against two 
resins, and results showed they sealed statistically better than 
the resins. Coltosol is a non-eugenol preparation delivered by 
syringe.435 In another study,442 coronal microleakage was eval-
uated after thermocycling, comparing Cavit, IRM, and a poly-
carboxylate cement (Ultratemp Firm). There was no statistically 

Hargreaves_Chapter 8_main.indd   271 12/7/2009   5:37:47 PM



K

272	 PART I   •  The Core Science of Endodontics

may provide a bacterial barrier but allow leakage of other 
liquid substances (Figs. 8-74 and 8-75). Therefore, if Cavit or 
other types of relatively soft temporary cements are used, they 
must be placed at a thickness of at least 4 to 5 mm.419 If a more 
robust temporary restoration is required for longer than 1 
week, the soft cement must be covered with a harder cement 
such as IRM, glass ionomer cement, or resin.

The temporary coronal seal of endodontically treated teeth 
will not prevent coronal leakage if left for long time periods.19 
The interval between sealing the canal system and placing the 
core buildup is possibly more important than the material 
used. In a Colleagues for Excellence newsletter, the American 
Association of Endodontists stated that “restoration … should 
commence as soon as possible after RCT.”65 Whenever possi-
ble, the bonded core buildup should be placed at the obtura-
tion appointment.

Lasers
Lasers are among the alternative methods used in endodontic 
treatment. Various laser wavelengths have properties that may 
be useful when applied to access cavity preparation, cleaning 
and shaping of root canal systems, and three-dimensional 
obturation procedures. The use of lasers for endodontics is 
becoming more predictable with the development of different 
wavelengths and radially emitting probes. One of the greatest 
strengths in using laser irradiation is its ability to cause a 
change in the hard tissue of the root canal space dentin. The 
change occurs in the morphology and physical aspects of 
dentin by melting and resolidifying dentin in a manner that 
closes the orifices of the dentinal tubules, which may harbor 
microorganisms and other organic pulpal remnants. However, 
this strength also turns out to be laser irradiation’s greatest 
weakness. This occurs because of the dentin’s location, con-

BOX 8-6

Temporary Cements

Algenol
Alsip
Cavit, Cavit W,F
Canseal
Caviton
Clearfil
Coltosol
Core Restore
Dynest AP
Dyract AP
Fermit, Fermit N
Fermin
Fuji-IX-GP, Fuji II LC
GI, GI Resin Modified
IRM
Ketac Fil, Ketac Fil Plus
Ketac Silver
Polycarboxylate Cement, Eugenol Free
Scotch Bond
Temp Bond
TERM
Ultratemp Firm
Vidrion R
Zinc oxide eugenol
Zinc phosphate cement
Z100 (Composite resin)

I

D

P

FIG. 8-74 Temporary filling of IRM (white I). The dye has penetrated the margins and dyed the content of the pulp chamber (P). The dentin 
(D) has been stained by the dye penetrating the margins.

significant marginal microleakage between the three; IRM also 
absorbed the dye into the bulk of the material. IRM has exten-
sive marginal leakage of fluid, whereas Cavit seems to absorb 
fluid into the entire body of the restoration.18,209 These findings 
are surprising; however, because of its eugenol content, IRM 
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Neodymium-Doped Yttrium Aluminum  
Garnet Lasers
Several laser systems are now available that appear to be 
useful in root canal system preparation. Necessary to the 
success of these procedures is an understanding of the effects 
of irradiation on the morphology of the inner dentin walls. 
Nd:YAG lasers have been extensively studied in the past 
several years. A study showed that at increased power, the 
system produced globular formations and melting and glazing 
typical of earlier studies with this wavelength.326 The same 
group found that root canal systems treated with NaOCl and 
EDTA with Nd:YAG irradiation demonstrated partial oblitera-
tion of dentin tubules and removal of smear layer.106 When 
an Nd:YAG laser was compared to a diode laser, scanning 
electron microscope (SEM) images showed fusion and reso-
lidification of the dentin surface, more evident with the 
Nd:YAG group, but the diode group had more uniform 
changes.79 The erbium/chromium-doped yttrium scandium 
gallium garnet (Er,Cr:YSGG) laser has also been extensively 
studied over the past several years since its inception, but to 
date, the studies have not demonstrated the same results seen 
with older laser systems. Improvement in the use of these 
systems will lead to a device that accomplishes all the require-
ments of a well-cleaned and shaped system and aid in three-
dimensional obturation.294

More recent investigations have indicated that lasers are 
effective when used in infected root canal systems. When 
patients were treated using a step-back technique, half the 
teeth were treated with the Nd:YAG laser using NaOCl and 
H2O2 irrigants. Tenderness to percussion was less at 1 week 
and 3 months in the laser-treated groups compared to 
controls.196

Removal of filling materials and broken files in retreatment 
cases is often difficult but effective if temperatures are con-

fined to a space that is curved and cylindrical that cannot be 
viewed in a manner where the changes can be identified or 
visualized, such as can occur in cavity preparation proce-
dures. A further weakness is the amount of energy needed to 
effect change of internal morphology. Intertubular dentin sur-
faces are in the shape of calcospherites rather than the rela-
tively flat surfaces seen in extratubular coronal dentin, which 
can be easily visualized and affected by the laser. The amount 
of energy required for intertubular procedures generates 
increased temperatures that may cause harm to the attach-
ment apparatus (cementum, periodontal ligament, and alveo-
lar bone).

Dental lasers currently in use operate in several areas of the 
electromagnetic spectrum, including the infrared, visible, and 
ultraviolet ranges.374,375 Each laser wavelength in a particular 
range allows the device to target various tissues and carry out 
different procedures. Carbon dioxide (CO2) is highly absorbed 
by tissues with high water content, and neodymium-doped 
yttrium aluminum garnet (Nd:YAG) can be absorbed by vas-
cular tissues, having greater effect on gingiva and dental pulp 
tissue, respectively.

Early attempts using lasers to carry out cleaning and 
shaping functions were less than successful. The Nd:YAG laser 
used a contact probe that simulated a hand instrument, but it 
was composed of a fused silica (glass); it could not be pre-
curved and could not be seen radiographically if it separated 
within the root canal system. In addition, the probe emitted 
energy at its end rather than radially over a 360-degree range. 
The result was a preparation that was neither fully clean nor 
shaped. Other lasers used noncontact probes that emitted the 
laser beams through a system of mirrors in an articulated arm 
(wave guide with CO2). Their lack of contact with the dentin 
walls of the root canal system precluded a sense of touch avail-
able to the operator.194,248

C

P

FIG. 8-75 Temporary filling with Cavit. Dye has been absorbed into the body of the restoration (C) but has not penetrated to the pulp chamber 
(P), which is filled with white cotton. The inner part of the Cavit is unstained.
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temperatures depending on what area of the root canal system 
was being affected. Highest temperatures were found in the 
apical third but were judged not to be in the range harmful to 
the attachment apparatus. An 810-nm diode laser was able to 
melt dentin, which resolidified and closed tubular orifices. 
Temperature rise was reported to be in the range of 1.6° C to 
8.6° C, below those temperatures that would adversely affect 
the PDL.74

The permeability of root dentin is an important consider-
ation in endodontic therapy, and the laser has been suggested 
as a means of removing smear layer and melting and solidifying 
the walls of the preparation. Comparison of the Nd:YAG device 
to an Er:YAG laser showed that the former had lessened radic-
ular dentin permeability with various irrigation regimens.45 An 
in vitro study using extracted teeth that were inoculated with 
E. coli and E. faecalis found that Nd:YAG, Ho:YAG (holmium-
doped yttrium aluminum garnet), and Er:YAG lasers elimi-
nated 99% of the organisms without causing unfavorable 
temperature increases at the settings used.110

Temperature rise is an important consideration in the use 
of any laser energy. One study used 20 extracted human teeth 
and an Er:YAG laser at two irradiation intensities with water 
spray.193 A temperature increase of less than 6° C was recorded 
at the apical third and less than 4° C in the midportion of the 
root, suggesting that the thermal effect on periodontal tissues 
may be minimal.

Although no widespread agreement exists on the need to 
remove the smear layer in root canal preparations, the Er:YAG 
laser has proved effective at accomplishing this task. An 
Er:YAG laser was compared with a CO2 laser for ability to 
remove the smear layer.384 A comparison was also made with 
NaOCl, H2O2, and EDTA irrigation regimens. The Er:YAG laser 
was found to be the most effective of these methods at remov-
ing the smear layer. A more recent study, using radially emit-
ting probes with Er:YAG and Er,Cr:YSGG lasers, increased the 
action of EDTA in removing thick, artificially created smear 
layers.131 An associated study found that the use of a radial-
firing tip and Er,Cr:YSGG laser was a suitable tool for the 
elimination of microorganisms and removal of smear layer 
from root canal systems. A study in modification of root canal 
dentin found that by varying the electromagnetic wavelength, 
Er:YAG energy induced different modifications to the root 
canal surface, which may have some utility in preparation 
procedures.91

Sterilization of root canal systems has continued to be an 
aim of successful endodontic therapy. Chemical and other 
liquid medicaments have been utilized alone or in combina-
tion in an attempt to sterilize these systems, with no lasting 
effect. The idea of removing smear layer appears to be neces-
sary in sterilization, and lasers have been suggested for that 
use and altering the intracanal dentin through melting and 
resolidification, causing closure of dentinal tubule orifices. An 
Er:YAG laser was used in posterior dogs’ teeth that were 
necrotic with chronic periradicular lesions. Group 1 was 
treated by biochemical preparation, and group 2 was also bio-
prepared but with laser irradiation. Teeth were sampled for 
anaerobes, aerobes, and total colony-forming units (CFU) 7 
days post treatment. Results showed increased CFU for all 
microorganisms and significant reduction of anaerobes in 
group 1 and anaerobes and total CFU in group 2.219 Using an 

trolled.434 A recent study compared the removal of gutta-
percha using two solvents with an Nd:YAG system, which 
raised root surface temperatures 4° C.407 Laser energy alone 
was found to be effective, whereas solvents did not appreciably 
improve removal.

Dentin exposed to the Nd:YAG laser was evaluated using 
five different irrigation solutions. The surfaces of the teeth 
were examined using a SEM, while dispersive x-ray fluores-
cence spectrometry assessed mineral content. Calcium levels 
and calcium/phosphorus ratios decreased significantly with 
NaOCl solutions, suggesting changes at the molecular level. 
Surface examination showed that the lowest scores for root 
cleaning occurred with the use of EDTA and the Nd:YAG 
laser.154 The use of the Nd:YAG laser has been suggested as a 
more efficient way of handling this procedure. A study using 
the Nd:YAG laser using a flexible quartz fiber probe which is 
able to be concentrated in a specific area was used to remove 
gutta-percha and Sealapex or AH26 and was compared to use 
of Gates-Glidden drills and K-files. Results showed that the use 
of laser ablation was significantly shorter than conventional 
methods.11

Erbium-Doped Yttrium Aluminum  
Garnet Lasers
Together with removal of obturation materials, lasers have 
been used in attempts to alter the dentin surfaces of root canal 
systems to create greater sealer adhesion. Single-rooted teeth 
were tested using an Nd:YAG laser. Black ink was used in one 
test group as an initiator, with two groups lased without ink. 
Controls were not exposed to laser energy. Results demon-
strated leakage in all groups at both coronal and apical test 
areas.82 Using an Er:YAG laser, extracted teeth were tested to 
determine whether increased adhesion occurred between 
ZnOE and resin sealers. The resin-based sealer (Sealer 26) 
adhered better to dentin prepared with and without laser expo-
sure than ZnOE-based sealers.367 Increasing the frequency and 
use of EDTA increased adhesion when a resin sealer was used 
with either an Nd:YAG laser or Er:YAG laser.368 When a 
980-nm diode laser was tested, bond strength again increased 
for the resin sealer (AH26) but did not affect adhesion of 
Epiphany sealer.9

When India ink was used to absorb energy to cause an 
effect, the Nd:YAG laser was found to remove smear layer and 
reduce apical leakage in extracted, obturated human teeth.144 
Others found the same results, showing that this laser wave-
length was useful for reducing apical leakage in obturated root 
canal systems.55,236 The Nd:YAG laser was also used to seal the 
dentin surface after apicoectomy ex vivo.143,376,377

The use of laser energy in endodontics receiving the most 
attention relates to cleaning and shaping (instrumentation) 
and laser-assisted endodontic procedures involving the use of 
laser irradiation within the confines of the root canal system. 
As noted earlier, this may cause increased temperatures extend-
ing to the outer root surface of the tooth and lead to damage 
to the attachment apparatus. An Er,Cr:YSGG laser used to 
instrument the root canal system walls for 7 seconds found 
average rises of temperature on the outer root surfaces were 
less than 8° C. An 810-nm diode laser recorded temperatures 
at less than 7° C when energy input was alternated with periods 
of no energy input. A 910-nm diode laser recorded differing 
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disinfection in deep layers of dentin. A group of 10 extracted 
teeth were treated with rotary files, 0.5% NaOCl, 17% EDTA, 
and irradiated, with a second group treated the same but 
without laser exposure. A third group was treated only with 
saline irrigation. Results showed 100% and 98.3% disinfection 
when compared with the control group.86 However, few of the 
investigators cited were willing to call the effects sterilization 
as opposed to disinfection. There are also differences in results 
that appear to be dependent on wavelength. Therefore, the use 
of lasers still remains somewhat controversial for use in steriliza-
tion of root canal systems.

Laser irradiation has been used in the preparation of root-
end restorations. The root-end areas prepared with burs 
expose dentinal tubules, which may allow leakage of micro-
organisms and their byproducts. When preparations using an 
Er:YAG laser were compared to an Nd:YAG laser and high-
speed burs, the lasers demonstrated lower infiltration indices 
than high-speed burs.287 In a similar study, results determined 
that a transversely excited atmospheric pressure (TEA) CO2 
laser and an Er:YAG laser showed clean, smooth root-end 
preparation surfaces with sealed tubules and a reduction of 
permeability to methylene blue dye.143 An Er:YAG laser was 
compared to root-end ultrasonic preparation using three 
filling materials (MTA, Super EBA, IRM). The laser-treated 
areas demonstrated lower microleakage values for all three 
materials.188 When comparing use of a low-speed bur and an 
Er,Cr:YSGG laser for reverse root-end preparations using cya-
noacrylate and MTA as filling materials, MTA and laser 
samples presented significantly higher permeability rates.426 
Alternating Er:YAG and Nd:YAG irradiation preparations with 
high-speed hand piece preparation showed no differences 
between either group exposed to lasers and no differences 
between bur preparations in microleakage percentages.13 
Diode lasers are available at much lower costs than other 
systems and can also be used for root-end preparations. 
Groups treated with a 980-nm laser were compared to non-
laser groups, demonstrating absence of smear layer and 
reduced leakage when compared with nonlased teeth.418 
However, when used in combination with MTA for reverse 
filling, the laser radiation did not improve apical sealing.87

Laser energy may prove useful for treating diseases of the 
root canal system and periradicular regions, but years of suc-
cessful endodontic care have demonstrated the value of several 
already proven methods. Until independently supported, 
reproducible studies are published in peer-reviewed journals—
wherein findings match present marketing claims—the reader 
is advised to exercise prudent caution before embracing these 
newer laser technologies.

Summary
An explosion in knowledge and technology has created an 
exciting time in the specialty of endodontics. New instruments 
and materials seem to appear faster than clinicians can learn 
about the preceding versions. This has created an educational 
challenge for practitioners, universities, and manufacturers, 
requiring a greater degree of cooperation among these groups 
than ever before. Clinicians should only use those instruments 
and materials that have been shown safe and effective by inde-
pendent studies.

Er:YAG laser, other investigators404 found statistically similar 
results between laser-treated and conventionally treated 
groups. One study found that treatment with an Er:YAG laser 
showed effective antimicrobial action against E. coli and 
Staphylococcus aureus.337 The results were significantly better 
than those achieved with NaOCl. More recently, lasers were 
found to be effective against Candida albicans and four other 
test organisms. However, 70% of specimens lased 3 mm short 
of the apex remained infected.299

Diode Lasers
New laser systems using diodes are now available. In the pres-
ence of methylene blue or other dyes, diode lasers activate the 
dyes and cause photochemical reactions that produce reactive 
oxygen species. The process is termed photoactivated disinfec-
tion (PAD) and has the potential to eradicate persistent end-
odontic infections in cases where conventional methods may 
be unsuccessful. When used against four common root canal 
microorganisms (Fusobacterium nucleatum, Peptostreptococcus 
micros, P. intermedia, Streptococcus intermedius), significantly 
higher numbers were killed. When pathogens in planktonic 
phase and E. coli biofilms were sensitized with methylene blue 
and treated with red light, all organisms were eliminated. 
When energy levels were raised, 97% of E. faecalis was also 
eliminated. Other studies resulted in the conclusion that the 
use of photoactivated disinfection resulted in maximum elimi-
nation of microorganisms, especially E. faecalis.*

However, when comparing teeth treated conventionally, 
using rotary instrument NaOCl and EDTA versus the added 
use of Er:YAG laser system, neither method eliminated infec-
tion.185 An in vitro study using the Er:YAG laser system found 
that it was effective against six of the bacterial species exam-
ined. The numbers of viable cells in the biofilms were signifi-
cantly decreased with atrophic changes in bacterial cells and 
biofilm density.285 When an Nd:YAG laser was used to kill 
microorganisms seeded on dentin discs with three endodontic 
pathogens, bacterial eradication occurred. However, when 
microcolonies were found in biofilms, bacterial eradication 
was reduced.

Erbium/Chromium-Doped Yttrium Scandium 
Gallium Garnet Lasers
The Nd:YAG system was found to be more effective than the 
Er,Cr:YSGG laser, with the former demonstrating a reduction 
of 97% and 98% of organisms.417 Researchers94 found the 
Er,Cr:YSGG system to be less effective than a 3% solution of 
NaOCl, with the latter inhibiting growth of E. faecalis in all 
root canal systems tested. A later study found that the same 
system eliminated bacteria and smear layer debris in root 
canals, with only moderate elevation of temperature on the 
outer root surfaces.336 Others have demonstrated the same 
results when comparing the Er,Cr:YSGG system to NaOCl, 
using a radically emitting laser probe for 2 minutes; 99.7% 
bacterial reduction occurred with the laser.142 A high-powered 
810-nm diode laser was used to examine the ability to achieve 

*References 33, 108, 111, 112, 124, 125, and 366.
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