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Topics
• When is an apicoectomy performed rather than a retreatment?	



• Can you see a fracture in the roots with the use of a microscope?	



• What are the “tell-tale” signs of a root fracture?  What should we look for?	



• When to save a tooth, when to extract	



• How to investigate with our patients whether their complaint of sensitive 
teeth might need endo, what to look for?	



• When is a CBCT scan used in endodontics	



• Should abcessed teeth be extracted to avoid systemic bacteremia, or can they 
be treated with endodontics?  Is it true that ALL bacteria cannot be removed 
from a tooth?

Apicoectomy

• What is it?	



• Endodontic Microsurgery	



• Surgical treatment of the root end	



• Why?	



• Recurrent infection, apical abnormalities, 
complex apical anatomy, stubborn biofilm, 
apical cracks, apical calcification, 
untreated canal space, cysts etc........



Apicoectomy
• How is it done?

Very carefully!

Apico technique

• Local anesthetic as usual (2% lidocaine 
1:100k epi and 1:50k epi)	



• Buccal infiltration; local block

Apico technique

• Flap is made either in the sulcus (full 
sulcular) or in the attached gingiva 
(submarginal)



Apico technique

• Flap is reflected and typically a bony 
fenestration is visible, depending on the 
case

Apico technique
• Root end is identified and resected, approximately 3mm is 

removed	



• 93% of lateral canals and 98% of apical ramifications are 
located in the apical 3mm (Kim, Kratchman 2006)	



• bacterial biofilm that causes persistent apical pathology

nique and the perpendicular preparation (no bevel) done with the
microsurgical technique (Table 4).

There is no biological justification for a steep bevel angle. It was
strictly for the convenience of the surgeons for apex identification and
for the subsequent apical preparation (1, 2). In fact, beveling causes
significant damage to the very tissue structures that the surgery is de-
signed to save, i.e. buccal bone and root. By diagonal resection, the
result of steep beveling, the buccal bone is removed along with a large
area of the root causing, in effect, a large osteotomy. Furthermore,
beveling frequently misses the lingually positioned apex, causes elon-
gation of the canal and reduction of the root diameter, thereby weak-
ening it (1, 5, 53).

Root-End Resection
How Much Should be Resected?

There is no complete agreement as to how much of the root has to
be resected to satisfy biological principles. Gilheany et al. (54) suggests
that at least 2 mm be removed to minimize bacterial leakage from the
canals. Our anatomical study of the root apex shows that at least 3 mm
of the root-end must be removed to reduce 98% of the apical ramifica-
tions and 93% of the lateral canals (1). As these percentages are very
similar at 4 mm from the apex, we recommend root-end amputation of
3 mm, since this leaves on average of 7 to 9 mm of the root, providing
sufficient strength and stability. A root-end amputation of less than 3 mm
does, most likely, not remove all of the lateral canals and apical rami-
fications, therefore, posing a risk of reinfection and eventual failure
(Figs. 11 and 12).

Anatomy of the Root Outline After Root-End Resection
The anatomy of the root outline varies greatly. It’s shape can be

oval, ovoid, reniform and various other irregular forms (51, 55). The
oval or ovoid shapes are frequently found in single roots while the more
complex shapes, e.g. reniform is found in fused premolar or molar
roots. In surgery, it is essential that the entire root-end be resected. It is
a frequent occurrence in failed surgical cases, that only the buccal
aspect of the root was resected leaving the lingual apex in situ. The result
is a continuous infection from the lingual apex (4). This situation is
more frequent in premolars and molars with fused roots and can be
avoided by staining the resected root surface with methylene blue (de-
tails in following section).

Inspection and Management of the Resected Root Surface;
the Most Important Step in Microsurgery!

Once a root tip is resected perpendicular to the long axis of the
root, proper identification of anatomical details and their management
are some of the most important and unique steps in microsurgery and
are critical for the success of the treatment (1). Unfortunately, this
surgical procedure cannot be done adequately and precisely with un-

aided vision or even with loupes. Only the high magnification of a mi-
croscope provides the light and the magnification to completely see the
anatomical details of the resected root surface (1, 3–5, 42, 53). One of
the fundamental drawbacks of the traditional root-end resection tech-
nique without magnification and microinstruments is the inability to
manage and to adequately inspect the anatomical details of the root
surface. In contrast, with the bright illumination and the range of mag-
nification of the operating microscope from 4! to 25!, the resected
root surface can be examined in great detail. Yet, a complete and critical
inspection of the resected root surface requires staining of the surface
with a contrasting medium, such as methylene blue, that stains the PDL
and pulp tissues selectively (4, 5). With the aid of micromirrors placed
at 45 degrees to the surface, the reflected view of the root surface shows
every anatomical detail of the canal system, which is critical for a suc-
cessful surgery. This is equally important for surgical retreatment cases,
in which this step also identifies the causes of failure of the previous
surgical procedure. It is the inspection of the resected root surface,
which shows why and how the traditional apical surgical technique was
highly inadequate.

As pointed out earlier, the anatomical details of the resected root
surface are complex. All types of shapes and forms can be found in the

TABLE 4. Comparison of bevel angles created by traditional and microsurgical
techniques

Microsurgical Technique Traditional Technique
● No bevel or less than 10

degrees
● Acute Bevel (45–60

degrees)
● Expose few dentinal tubules ● Exposure many tubules
● Small osteotomy ● Large osteotomy
● Minimal loss of buccal plate ● Greater loss of buccal plate
● No danger of perio

communication
● Great danger of perio

communication
● Easy identification of apices ● Frequent missing of lingual

apex
● No lingual perforation ● Easy lingual perforation

Figure 11. Frequency of apical ramifications and lateral canals. A 3-mm apical
resection was needed to eliminate the majority of apical ramifications and
lateral canals. (Reprinted with permission from Color Atlas of Microsurgery in
Endodontics, by S. Kim with G. Pecora and R. Rubinstein. W.B. Saunders Co., A
Harcourt Health Sciences Company, 2001.)

Figure 12. A digital image of a 3 mm apical resection on a maxillary premolar.
(Photo by Dr. F. Maggiore, Germany.)
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Apico technique
• A root end filling is placed for an apical seal	



• Seals any remaining bacteria within the 
canal space and promotes proper healing of 
the PDL and surrounding bone

(79). Various studies (80-82) comparing the diamond-coated tips with
stainless steel tips have concluded that neither tip produced a significant
number of microcracks. However, the diamond coated tips cut much
faster, and left a more grooved or rough cavosurface. It is not consid-
ered a clinical problem, instead it may be an advantage.

The most recent developments are the Zirconium coated and dia-
mond coated tips e.g. KiS tips (1) (Fig. 19). In regard to diamond
coated tips, diamonds adhere to the surface of the tips resulting in a
slightly larger diameter, whereas Zirconium nitride is processed into
the metal making the tip narrower. A drawback of the Zirconium coated
tip versus the rough diamond coated tip is its ineffectiveness in removing
gutta-percha. This is mainly because of the surface smoothness. Navarre
et al. (79) compared the KiS tips with the stainless steel tips and con-
cluded that KiS tips remove gutta-percha from axial walls and prepare
ideal root-end preps faster than the stainless CT-5 tips. In summary,
ultrasonic tips have fundamentally changed apical surgery. The histo-
logical section in Fig. 20 provides a graphical demonstration of the
advantage of using an ultrasonic instrument over a bur. Ultrasonic in-
struments are still being improved upon, and new, different types of
coating would make a difference in cutting efficiency while minimizing
microfractures. The search for the most efficient ultrasonic instruments
will continue, and their application together with the microscope and
microinstruments will make endodontic microsurgery even more effec-
tive.

Root-End Filling Materials: Is MTA the Best Material?
An ultrasonically prepared 3 mm class I cavity preparation must be

filled with a material that guarantees a hermetic seal.
In this section, the authors will not elaborate on the many different

kinds of root-end filling materials since this matter has been addressed
many times in this journal in recent years. Especially, a review article by
Torabinejad and Pitt Ford (83) provides an excellent review. There are
several root-end filling materials now used in conjunction with apical
surgery. Amalgam has been and still is to some extent a widely used
material. However, in the past decade amalgam has slowly given way to
ZOE containing materials, such as IRM and SuperEBA as a favorite
root-end filling materials. Numerous studies show that these ZOE con-
taining materials are superior to amalgam in terms of sealabiliy and
biocompatibility (84 – 87). More recently, mineral trioxide aggregate
(MTA) has been suggested as having many of the properties of the ideal
root-end filling material.

Although the exact composition of MTA is proprietary, the main
ingredients are tricalcium silicate (Ca3Si), tricalcium aluminate
(Ca3Al), and tricalcium oxide (Ca3O2). Because of its superior sealing
ability and biocompatibility over conventional filling materials, MTA is
gaining popularity among endodontists (88 –91). In vivo studies have

shown that MTA has the capacity to induce bone, dentin and cementum
formation in vivo (92–94). In comparison to amalgam and SuperEBA as
root-end filling materials, MTA consistently resulted in regeneration of
periapical tissues including periodontal ligament and cementum (Figs.
21, 22, and 23). Although the precise mechanisms of MTAs mineralized
tissue-inducing activity remain unknown, it is likely that MTA will have a
wider clinical application beyond the dental pulp and root canal ther-
apy. Preliminary results of a study assessing inductive properties of MTA
on bone and dentin (95) show that the cell cultures using animal and
human osteoblasts and dentinoblasts grown on MTA grew faster and
better than cells without MTA (Figs. 24 and 25). Based on the findings
from this study, we suggest that MTA stimulates osteo- and odontogenic
cell proliferation via intra- and extracellular Ca2! and Erk dependent
pathways and that MTA promotes cell survival via the PI3K/Akt signaling
pathway.

It may be premature to state that MTA is the ideal root-end
filling material, however, results of experiments performed using
animal models and in vitro laboratory methods, along with the mod-
ern cellular and molecular methods, provide unequivocal evidence
that MTA has greater healing induction potential and is more bio-
compatible than any other root-end filling material available to date
(89, 92, 94, 95). Some clinical experimental results also agree with
the scientific results (91). However, the use of MTA alone does not
guarantee clinical success. MTA cannot overcome deficiencies in
techniques that are inherent in the traditional apical preparation.
Clinical studies show that healing of cases sealed with MTA is much
better, but not significantly different then IRM, provided that mod-
ern microsurgical or, at least, ultrasonic preparation techniques
were employed (19). Good surgical techniques and protocol are as
important for better results as are the materials.

Given the development of contemporary microsurgical techniques
and tissue inductive root-end filling materials, the continued use of
traditional surgical techniques with amalgam fillings has been ques-
tioned (19)

Root-End Filling Material: Gray MTA (gMTA) and White
MTA (wMTA)

Most of the research findings (88 –95) on MTA have been based
on the gMTA. Recently, gMTA has been replaced by wMTA (ProRoot by
Densply) for reasons that are not clear. There are only few studies so far
that have made a direct comparison between the two types of MTA in
their constituents, biocompatibility, sealing ability, and regeneration of
the original tissues.

Figure 20. Histological images of root-end preparations in dogteeth by a bur
(left) and ultrasonic tip (right). The bur preparation nearly resulted in a lingual
perforation, while the ultrasonic preparation preserved the integrity of the root
apex because of the co-axial preparation within the root canal.

Figure 19. Microsurgical root-end preparation of a maxillary canine with a KiS
#1 ultrasonic diamond coated tip (16").
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Apico technique
• Flap is reapproximated and sutured with 5-0 or finer 

sutures	



• PO pain is generally mild (sore, mild pain is typical.  
Occasionally swelling and bruising can occur for about 
5 days)	



• Bony areas heal in about 6-12 months if successful

Apicoectomy

• Success Rate:  Depends-  Case selection is 
crucial	



• Old style apico = 62%	



• Modern techniques = up tp 98%	



• Anteriors tend to be more successful than 
posteriors 

Anybody Squeamish?

• If so, now is your chance to look away….



Apicoectomy

5 mo follow-up; PA Cyst

Apicoectomy

Apicoectomy



Retreatment
• Why?	



• Bacteria are the #1 reason for 
retreatments	



• Leaky restorations (coronal leakage)	



• left inside from original treatment (short 
treatment lengths)	



• introduced during original treatment 
(leaky rubber dam, contaminated 
instruments, leaky temp filling)	



Apico Vs. Retreatment?

• Multifactorial Decision	



• How “good” is the endo?	



• What do I need to drill through or remove to get to the canals?	



• Are there any missed canals? Missed Roots?	



• Can I make this RCT better?	



• Is there a large lesion?  Possible Cyst?	



• Is there any anatomy I am concerned about surgically?	



• Can this patient tolerate a surgical procedure? 	



Retx? Apico? Exo?



Retx, Apico, or Exo?

Retx, Apico, or Exo?

Retx, Apico, or Exo?



Retx, Apico, or Exo?

Retx, Apico, or Exo?

Retx, Apico, or Exo?



Retx, Apico, or Exo?

Root Fractures

• My NEMESIS	



• Difficult to see, difficult to detect, can cause 
major problems and infections	



• cannot be fixed and almost always end with 
an extraction

Cracked Teeth/Fractures



Root Fractures

• Generally.... a narrow, deep periodontal probing can 
be detected adjacent to the crack	



• Signs and symptoms	



• Parulis	



• biting pain	



• PARL or lateral lucency	



• Localized periodontal defect/probing 

Root Fractures

Root Fractures



Fracture Case

Fracture Case

Fracture Case



Fracture Case

Fractured?

When to Save, When to Extract

• When to save:	



• Structurally the tooth can be restored 
within reason	



• At least fair perio 	



• Patient expectations



When to Save, When to Extract

• When to Extract:	



• Poor/unrestorable tooth structure	



• Poor perio prognosis	



• When treatment seems too extensive 
and the outcome seems questionable

When to Save, When to Extract

When to Save, When to Extract



When to Save, When to Extract

When to Save, When to Extract

“My tooth is sensitive, do I need a root 
canal?”

• Maybe	



• Things to ask:	



• How severe is the sensitivity?  Scale of 1-10	



• Does the pain linger once the stimulus is 
removed?	



• What is making it sensitive?  Hot/cold? Biting?	



• Does your tooth ever hurt all by itself? 



“My tooth is sensitive, do I need a root 
canal?”

• Red Flags for Pulpitis:	



• Spontaneous Pain (“it woke me 
up the other night”)	



• Severe pain to hot/cold	



• Lingering pain to hot/cold	



• If any of these apply, further testing 
is needed for pulpal assessment by 
the dentist 

CBCT in Endodontics

• Cone Beam Computed Tomography	



• “A 3-D image of your teeth and jaw”	



• Useful for complex anatomy to help see 
canals, shapes of canals, apical lesions, 
cracks (sometimes), missed canals, nearby 
anatomy, location of resorptive lesions

CBCT

• Canal location prior to tx



CBCT

• Missed 
Canals	



• Lesions	



• IAN

CBCT

CBCT



Should Abcessed Teeth 
be Extracted?

• Much of “Holistic” Dentistry is rooted in 
the activities of Weston A Price, DDS 
(1870-1948)	



• Believed that sugar caused physical, mental, 
moral and social decay; as well as tooth 
decay

Should Abcessed Teeth 
be Extracted?

• “Focal Infection Theory”- based on poorly 
designed studies; root canal therapy leaked 
bacteria and toxins into the body, causing 
arthritis and many diseases	



• Led to millions of extractions until the 
1930’s when the theory was dispelled

Should Abcessed Teeth 
be Extracted?

• Sometimes	



• It is true that we cannot “sterilize” the 
insides of our teeth	



• There is no research linking endodontic 
therapy to systemic disease	



• Decision rests on whether or not the 
tooth is treatable and restorable



AAE members may download a copy of this fact sheet at www.aae.org/guidelines and may photocopy 
it for distribution to patients or referring dentists.

The relationship of our teeth and mouth to overall good health is indisputable. Endodontics plays a critical role in 
maintaining good oral health by eliminating infection and pain, and preserving our natural dentition.

A key responsibility of any dentist is to reassure patients who are concerned about the safety of endodontic treat-
ment that their overall well-being is a top priority. The American Association of Endodontists website (www.aae.org) 
is the best place for anxious patients to obtain comprehensive information on the safety and efficacy of endodontics 
and root canal treatment.

While plenty of good information is available online from the AAE and other reliable resources, patients sometimes 
arrive in the dental office with misinformation. This has occurred with the long-dispelled “focal infection theory” in 
endodontics, introduced in the early 1900s. In the 1920s, Dr. Weston A. Price presented research suggesting that bac-
teria trapped in dentinal tubules during root canal treatment could “leak” and cause almost any type of generative 
systemic disease (e.g., arthritis; diseases of the kidney, heart, nervous, gastroinestinal, endocrine and other systems). 
This was before medicine understood the causes of such disease.

Dr. Price advocated tooth extraction—the most traumatic dental procedure—over endodontic treatment. This theory 
resulted in a frightening era of tooth extraction both for treatment of systemic disease and as a prophylactic mea-
sure against future illness. Dr. Price’s research techniques were criticized at the time they were published, and by the 
early 1930s, a number of well-designed studies using more modern research techniques discredited his findings. 

Decades of research have contradicted Dr. Price’s findings since then. In 1951, the Journal of the American Den-
tal Association published a special edition reviewing the scientific literature and shifted the standard of practice 
back to endodontic treatment for teeth with non-vital pulp in instances where the tooth could be saved. The JADA 
reviewed Dr. Price’s research techniques from the 1920s and noted that they lacked many aspects of modern 
scientific research, including absence of proper control groups and induction of excessive doses of 
bacteria.

More recent research continues to support the safety of dental treatment as it relates to overall systemic health. 
In 2007, the American Heart Association updated its guidelines on the prevention of infective endocarditis, drasti-
cally curbing the indications for premedication for dental procedures and excluding endodontic treatment from 
dental procedures requiring premedication. In April 2012, the AHA found no scientific evidence linking periodontal 
disease and heart disease, concluding that heart disease and periodontal disease often coincidentally occur in the 
same person due to common risk factors of smoking, age and diabetes mellitus.

Decades of research contradict the beliefs of “focal infection” proponents; there is no valid, scientific evidence 
linking endodontically treated teeth and systemic disease. Yet some patients still hear about this long-dis-
pelled theory. 

Dentists are asked to use the following guidelines to address patients who inquire about a connection between 
root canal treatment and illness:

• Acknowledge the patient’s concerns; stress that optimum health is the goal for every dental patient.
• Provide the patient with written information about endodontic treatment, and discuss it. The AAE 

has a variety of patient education brochures available for purchase (www.aae.org/onlinestore). 
• Provide the patient with information from the AAE website about common root canal myths:                       

www.aae.org/patients/treatments-and-procedures/root-canals/myths-about-root-canals-and-
root-canal-pain.aspx#2.

• Indicate that the patient is in control of his/her own decision to move forward with any dental 
procedure, and reiterate a commitment to the highest quality dental care.
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