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bstract
ndodontic surgery has now evolved into endodontic
icrosurgery. By using state-of-the-art equipment,

nstruments and materials that match biological con-
epts with clinical practice, we believe that micro-
urgical approaches produce predictable outcomes in
he healing of lesions of endodontic origin. In this
eview we attempted to provide the most current
oncepts, techniques, instruments and materials with
he aim of demonstrating how far we have come. Our
ltimate goal is to assertively teach the future gen-
ration of graduate students and also train our col-
eagues to incorporate these techniques and con-
epts into everyday practice. (J Endod 2006;32:
01– 623)
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he classic view that endodontic surgery is a last resort is based on past experience
with accompanying unsuitable surgical instruments, inadequate vision, frequent

ostoperative complications, and failures that often resulted in extraction of the tooth.
s a result, the surgical approach to endodontic therapy, or surgical endodontics, was

aught with minimum enthusiasm at dental schools and was practiced by very few in
rivate practices. Stated simply, endodontic surgery was not considered to be important
ithin the endodontist’s domain.

Fortunately, this changed when the microscope, microinstruments, ultrasonic
ips, and more biologically acceptable root-end filling materials were introduced in the
ast decade (Fig. 1). The concurrent development of better techniques has resulted in
reater understanding of the apical anatomy, greater treatment success and a more
avorable patient response. These developments marked the beginning of the endodon-
ic microsurgery era that began in the 1990s. The purpose of this review is to illustrate
he advancements in techniques and theories and, to provide a contemporary perspec-
ive of endodontic microsurgery today and how it can be used to improve patient care.

The Differences between Traditional and Microsurgical
Techniques in Endodontic Surgery

Endodontic surgery is perceived as difficult because the surgeon must often ap-
roximate the location of anatomical structures such as large blood vessels, the mental

oramen, and the maxillary sinus. Although the chances of damage to these structures
re minimal, traditional endodontic surgery does not have a positive image in the dental
rofession because of its invasive nature and questionable outcome (1, 2). If we accept

he premise that the success of endodontic surgery depends on the removal of all
ecrotic tissue and complete sealing of the entire root canal system, then the reasons for
urgical failure by the traditional approach become clear. Examination of failed clinical
ases and extracted teeth by surgical operating microscopes reveal that the surgeon
annot predictably locate, clean, and fill all the complex apical ramifications with
raditional surgical techniques. These limitations can only be overcome with the use of
he microscope with magnification and illumination and the specificity of microsurgical
nstruments, especially ultrasonic instruments. Table 1 shows the primary differences
etween the traditional and microscopic approach to endodontic surgery.

Endodontic microsurgery, as it is now called, combines the magnification and
llumination provided by the microscope with the proper use of new microinstruments
1–5). Endodontic microsurgery can be performed with precision and predictability
nd eliminates the assumptions inherent in traditional surgical approaches.

The advantages of microsurgery include easier identification of root apices,
maller osteotomies and shallower resection angles that conserve cortical bone and
oot length. In addition, a resected root surface under high magnification and illumi-
ation readily reveals anatomical details such as isthmuses, canal fins, microfractures,
nd lateral canals. Combined with the microscope, the ultrasonic instrument permits
onservative, coaxial root-end preparations and precise root-end fillings that satisfy the
equirements for mechanical and biological principles of endodontic surgery (1, 5).

Periapical Lesions: Can Complete Healing Occur with Nonsurgical
Endodontic Procedures Alone?

The success of endodontic therapy ranges from 53 to 98% when performed the
irst time (6 – 8), while that for retreatment cases with periapical lesion is lower (9, 10).

he histological status of a periapical lesion shown as a radiolucent lesion on a radio-
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raph, is unknown to the clinicians at the time of treatment (Fig. 2). The
esion can be a granuloma or a cyst. It is a well-accepted fact that a
ranuloma heals after endodontic therapy. However, there has been a
ong-standing debate among dentists as to whether periapical cysts heal
fter endodontic therapy (11, 12). Endodontists are of the opinion that
ystic lesions heal after complete endodontic therapy. Oral surgeons
old the opposing view, that such lesions do not heal and have to be
emoved surgically. The truth may actually lie somewhere in between.
air’s (13) meticulous serial sections of human periapical lesions
howed that overall 52% of the lesions (n � 256) were epithelialized,
ut only 15% were actually periapical cysts (Fig. 2) (14, 15). Periapical
ysts can be differentiated into true cysts, which have a completely
nclosed lumina, and pocket cysts that are open to the root canal (13,
5). It is the prevailing opinion that pocket cysts heal after endodontic
herapy (13, 16, 17), but true periapical cysts may not heal after non-

igure 1. Pictoral representation of endodontic microsurgery. From top center
reparation, radiograph of resected apex, and MTA root-end filled apices.

ABLE 1. Differences between traditional and microsurgical approaches

Traditional Microsurgery

1. Osteotomy size Approx. 8–10 mm 3–4 mm
2. Bevel angle degree 45–65 degrees 0–10 degrees
3. Inspection of resected

root surface
none always

4. Isthmus identification
& treatment

impossible always

5. Root-end preparation seldom inside
canal

always within
canal

6. Root-end preparation
instrument

bur ultrasonic tips

7. Root-end filling
material

amalgam MTA*

8. Sutures 4 � 0 silk 5 � 0, 6 � 0
monofilament

9. Suture removal 7 days post-op 2–3 days post-op
10. Healing Success (over

1 yr)
40–90% 85–96.8%
Other materials such as SuperEBA are also being used. For details see section on root-end filling. s

02 Kim and Kratchman
urgical endodontic therapy (11, 12, 15). Only a subsequent surgical
ntervention will result in healing of such a lesion. Thus, from a purely
athological point of view, approximately 10% of all periapical lesions
equire surgery in addition to endodontic treatment. In addition, failed
e-treatment cases because of apical transportation or procedural er-
ors, often the result of using NiTi rotary files, are in many cases, best
reated by surgical endodontics, especially if they have post restorations
Fig. 3). Further, the complexity of the canal anatomy does not allow
00% success in nonsurgical endodontic therapy, even if the cysts are
ocket cysts (Fig. 2). Considering these situations one may wonder why
o few surgeries were performed and why surgery was not taught more
ssertively in the specialty training programs. Fortunately, with the ad-
ent of microsurgery, the approach to the management of periapical
esions is changing. Teaching the use of the magnification is now an
ccreditation requirement of the ADA for endodontic specialty pro-
rams. As a result, more private specialty practices have incorporated

wise: micromirrors, isthmus, ultrasonic KiS tip, KiS tip positioned for root-end

igure 2. According to Nair (11, 12), 15% of all periapical radiolucencies are
ome type of cyst. The radiograph shown does not correspond to the histological
clock
ection, but illustrates the relationship in general.
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icrosurgery as a treatment option. When we examine our treatment
ptions, the surgical approach is the more conservative treatment than
he nonsurgical treatment for certain cases. A common example is a
ooth with acceptable endodontics and a new post and crown restora-
ion, but a persistent or enlarging periapical lesion (Fig. 3B). Breaking
r disassembling the crown, removing the post and retreating the canals
ould be more dramatic, more time consuming, more costly and less
redictable than a root-end microsurgical retreatment. This surgical
etreatment approach has been shown to have a higher success than
onsurgical retreatment provided that periodontal conditions are not
ompromised (3).

The Operating Microscope: Why is It Essential for
Microsurgery?

Microsurgery is defined as a surgical procedure on exceptionally
mall and complex structures with an operating microscope. The mi-
roscope enables the surgeon to assess pathological changes more
recisely and to remove pathological lesions with far greater precision,
hus minimizing tissue damage during the surgery.

One of the most significant developments in the past decade in
ndodontics has been the use of the operating microscope for surgical
ndodontics (1–5, 18). The medical disciplines (e.g. neurosurgery,
NT, and ophthalmology) incorporated the microscope into practice 20
o 30 yr ahead of us. It is now inconceivable that certain procedures in

edicine would be performed without the aid of the microscope.
The operating microscope provides important benefits for end-

dontic microsurgery in the following ways:

1. The surgical field can be inspected at high magnification so that
small but important anatomical details, e.g. the extra apex or
lateral canals, can be identified and managed. Furthermore, the
integrity of the root can be examined with great precision for
fractures, perforations, or other signs of damage.

2. Removal of diseased tissues is precise and complete.
3. Distinction between the bone and root tip can easily be made at

igure 3. Clinical cases requiring surgical endodontics. The cause of failure in
and C is apical transportation, which is not easy to correct nonsurgically. (B)

hows well executed endodontics, and another attempt of nonsurgical retreat-
ent would most likely fail. (D) Shows a failed traditional technique surgery.
high magnification, especially with methylene blue staining. o

OE — Volume 32, Number 7, July 2006
4. At higher magnification the osteotomy can be made small (3-4
mm) and this results in faster healing and less postoperative
discomfort.

5. Surgical techniques can be evaluated, e.g. whether the granulo-
matous tissue was completely removed from the bone crypt.

6. Occupational and physical stress is reduced since using the mi-
croscope requires an erect posture. More importantly, the clini-
cal environment is less stressful when clinicians can clearly see
the operating field (Fig. 4).

7. The number of radiographs may be reduced or may be eliminated
because the surgeon can inspect the apex or apices directly and
precisely.

8. Video recordings or digital camera recordings of procedures can
be used effectively for education of patients and students.

9. Communication with the referring dentists is improved
significantly.

Given these clinical as well as occupational advantages, perform-
ng apical surgery without magnification is no longer adequate or de-
ensible. It is disadvantageous for the treating endodontist as well as for
he patient. Some may claim that using 3� or 4� loupes is sufficient,
owever, clinicians who use the microscope would argue that the

oupes do not provide enough magnification to detect crucial details. It
s interesting that there is a substantial difference in surgery outcome
etween studies using the microscope (3, 19) and those that do not (20,
1). Although these are not randomized controlled studies directly
omparing these two approaches, we believe that surgical outcomes are
mproved when the clinician can examine the resected root surface
arefully, and that omission of this most critical step in microsurgery
as a direct effect on the outcome of the surgery. Some may argue that
sing loupes is good enough. However, the fact is that inspecting the
esected root surface with the highest magnification of the microscope
s not even good enough. To completely see all the critical anatomical
etails of the root surface it has to be stained with methylene blue. Using

oupes is the first step and a welcome change from unaided vision, but
ffective magnification and illumination requires the operating micro-
cope.

igure 4. A modern clinical environment in which the microscope provides not

nly a clinical but also an ergonomic advantage.

Modern Endodontic Surgery Concepts and Practice 603
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Misconceptions About the Operating Microscope
The introduction of any new tool or equipment, if it is designed to

roduce significant changes, has always led to misconceptions, misin-
erpretations and resistance. In the 1950s, neurosurgery, ophthalmol-
gy, and ENT were done with loupes or even with unaided sight. This is
nthinkable today. Of course, apical surgery is not nearly as complex or
ritical as these fields, but the size of the operating field and the size of
he anatomy is not very different.

In every arena, neurosurgery, ENT, and ophthalmology, the pro-
ess of acceptance was, at first, marked by resistance. Fortunately, we
mbraced the microscope rather quickly and with enthusiasm. Since
998, all postgraduate endodontic programs must teach the use of
agnification in accordance with the American Dental Association Ac-

reditation Standard for endodontic graduate programs (22).
The frequently asked question, “How powerful is your micro-

cope?” really addresses the issue of usable power. Usable power is the
aximum object magnification that can be used in a given clinical

ituation relative to depth and size of the field. For example, with in-
reasing magnification the depth of field decreases and becomes nar-
ower. Experience suggests that magnification above 30� is of little
alue in periapical surgery because the slightest movement by the pa-
ient, sometimes even breathing, moves the field out of view and out of
ocus. The surgeon then must repeatedly re-center and refocus the

icroscope, wasting valuable time. Thus the belief, that “the greater the
agnification the better” is a misconception. Table 2 shows suggested
agnifications for different surgery stages.

As shown in Table 2, we do not believe that all surgical procedures
ave to be performed at high magnifications. For certain procedures,
ow magnification is better than high magnification, because the viewing
ields must be large enough, for instance, to properly align the ultra-
onic tip.

The microscope does not improve access to the surgical field. If
ccess is limited for traditional surgery, it will also be limited when the
icroscope is placed between the surgeon and the surgical field. How-

ver, the microscope does create a much better view of the surgical field
y appropriate magnification and highly focused illumination. Because
ision is greatly enhanced, cases can be treated with a high degree of
onfidence and accuracy. Those who use the microscope routinely
onder how they managed without it in the past. There is a maxim; to

ee better is to do better and we might add: to do it more easily.

Hemostasis
ocal Anesthesia: The Epinephrine Misconception

The main purpose of anesthetics in clinical dentistry, in particular
ndodontics, is for local anesthesia. In endodontic surgery, however,
ocal anesthesia has two distinct purposes: anesthesia and hemostasis.
hus, a high concentration of vasoconstrictor containing anesthetic, e.g.

ABLE 2. Magnifications for different surgery stages

Magnification Procedures

Low
(�4 to �8)

Orientation, inspection of the surgical site,
osteotomy, alignment of surgical tips,
root-end preparation, and suturing

Midrange
(�8 to �14)

Most surgical procedures including
hemostasis. Removal of granulation
tissue, detection of root tips,
apicoectomy, root-end preparation,
root-end filling

High
(�14 to �26)

Inspection of resected root surface and
root-end filling, observation of fine
anatomical details, documentation
:50,000 epinephrine, is preferred to obtain effective vasoconstriction a

04 Kim and Kratchman
or lasting hemostasis (1, 23, 24). Because a higher concentration of
pinephrine is used, there is a concern as to its effects on the systemic
irculation (25).

Some claim that the amount of epinephrine in an infiltration or
lock injection in dental procedures produces little or no systemic
ffects (26, 27). Others believe that the amount of epinephrine given as
ocal anesthetic causes systemic effects (25, 28, 29). Virtually all of the
dverse effects associated with epinephrine are dose dependent. The
ew York Heart Association suggested a maximal dose of 0.2 mg of
pinephrine for cardiac patients when used in conjunction with pro-
aine. This maximal dose is still referred to and has been used unoffi-
ially as a factor by various authors to drive the maximum dosage for
ther agent (30). Currently recommended maximum dosage of epi-
ephrine 1:50,000 in local anesthetics 2% lidocaine for adults for good
emostasis is 5.5 cartridges to reach 0.2 mg (31)

Although the systemic effects, such as pulse rate and blood pres-
ure, are minimal in response to the amount of epinephrine used in
urgical procedures, the study clearly demonstrates that the plasma
evel of epinephrine is elevated when a high dose is used (25). When a
ealthy patient was injected with eight cartridges of 2% lidocaine with
44 mg epinephrine, changes in blood pressure, heart rate, and plasma
orepinephrine levels were all elevated (25). It appears that virtually all
f the adverse effects associated with epinephrine are dose dependent.
urthermore, the results of our preliminary study showed that the
mount and concentrations of epinephrine used in endodontic surgery
oes not usually elicit dramatic and persistent systemic cardiovascular
esponses. This assessment is supported by the recent study by Vy et al.
31) who showed that placement of 2.25% racemic epinephrine satu-
ated in CollaCote collagen effects little to no changes in blood pressure
nd pulse rate of human volunteers indicating again that cardiovascular
ffects by this hemostatic agent is minimal. The cardiovascular effects
re minimal and short-lived and are well tolerated by the majority of
atients, except patients with severe cardiovascular disorders or who
ave had cardiovascular surgery. Thus, the use of 1:50,000 epinephrine
ith 2% lidocaine is recommended for local anesthesia in the majority
f cases. With severe cardiac patients, a consultation with his or her
hysician before the surgery is highly recommended and should be
outine in the surgery protocol.

Because many anesthetics are vasodilators the use of anesthetics
ithout vasoconstrictors, such as plain mepivacaine (e.g. 3% Carbo-
aine), is not recommended as this will lead to excessive bleeding
uring surgery.

Mechanism of Vasoconstriction by Epinephrine
Epinephrine binds �-1, �-2, �-1, and �-2 adrenergic receptors

ocated on the vascular smooth muscles. The � -1 receptors are adja-
ent to sympathetic nerves that innervate blood vessels. The �-2 recep-
ors are distributed throughout the vascular system and are generally
ound by circulating catecholamines. When epinephrine binds to the
-1 adrenergic receptors in the heart muscle, the heart rate, cardiac
ontractility, and peripheral resistance increase. When the drug binds
-2 adrenergic receptors in the peripheral vasculatures, vasodilation

esults. The �-2 receptors are prevalent in blood vessels that supply
keletal muscles and certain viscera but are relatively rare in mucous
embranes, oral tissues, and skin. Ideally, for the purpose of endodon-

ic microsurgery, an adrenergic vasoconstrictor would be a pure �-ag-
nist. Fortunately, the predominant receptors in the oral tissues are
-receptors, and the number of collocated �-2 receptors is very small
Fig. 5). Thus, the drug’s predominant effect in the oral mucosa, sub-
ucosa and periodontium is vasoconstriction. Because virtually all-
dverse effects associated with epinephrine are dose and route depen-

JOE — Volume 32, Number 7, July 2006
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ent, clinicians should use the appropriate dose with an aspirating
yringe.

Surgical Hemostats
Topical hemostats or local hemostatic agents are useful adjuncts

or hemostasis. Once an incision has been made and the flap is re-
lected, topical hemostats, in many situations, play an important role in
chieving hemostasis. They can be broadly classified by their mecha-
ism of action (32):

There are numerous agents on the market. Only some of the pop-
lar, effective and frequently used agents will be discussed (Table 3).

one Wax
The use of bone wax (Ethicon, Somerville, NJ) as a local hemo-

tatic agent was first introduced by Horsley (33). In 1970, Selden (34)
ound bone wax to be an effective hemostat in periapical surgery. Bone
ax contains a large percentage of highly purified beeswax and a soft-
ning and conditioning agent (isopropyl palmitate). With bone wax, the
emostatic mechanism has essentially a tamponade effect. The wax,
hen placed under moderate pressure, plugs all vascular openings. The
lug is formed partly of blood and partly of bone wax, which prevents
urther bleeding. The method of action is purely mechanical and does
ot affect the blood clotting mechanism.

When using bone wax for hemostasis it should first be packed
irmly into the entire cavity, and then the excess should be carefully
emoved to expose only the apex of the tooth. Following root-end filling,
he wax should be removed. Studies have shown that bone wax causes a
oreign body reaction if left in the surgical site. Ibarrola et al. (35)
howed that in rats the wax consistently produced inflammatory reac-
ions. Bone wax residues have also been associated with sinus tracts that
eveloped after surgery, suggesting that care must be exercised to en-
ure the complete removal of this material from the surgical site. There-
ore, bone wax is infrequently used in endodontic microsurgery.

pinephrine Cotton Pellet
This is a mechanical/chemical agent. Racellets (Pascal Co., Belle-

ue, WA) are cotton pellets containing racemic epinephrine hydrochlo-
ide. The amount of epinephrine in each pellet varies. For example,
ach Racellet #3 pellet contains an average of 0.55-mg racemic epi-
ephrine. Each Racellet #2 pellet contains 1.15 mg of racemic epineph-

igure 5. Schematic diagram illustrating the density of adrenergic receptors in
lood vessels of the oral mucosa. (Reprinted with permission from color atlas
f Microsurgery in Endodontics, by S. Kim with G. Pecora and R. Rubinstein.
.B. Saunders Co., A Harcourt Health Sciences Company, 2001.)
ine hydrochloride. It has been shown that when Racellet #2 was used in

OE — Volume 32, Number 7, July 2006
eriapical surgery, the pulse rate of patients did not change with the
pplication of pressure to the bone cavity (36). Because epinephrine
sed topically causes immediate local vasoconstriction, there is little
bsorption into the systemic circulation and thus there are practically
o systemic effects.

Other hemostatic cotton pellets with epinephrine are Epidri (Pas-
al Co.), that contain an average of 1.9 mg racemic epinephrine hydro-
hloride, and Radri (Pascal Co.) that has a combination of vasocon-
trictor and astringent. Each pellet of Radri contains an average of
.45-mg racemic epinephrine hydrochloride and 1.85 mg of zinc phe-
ol sulfonate.

Before placing an epinephrine pellet all the granulomatous tissue
hould be removed from the bone cavity. The first epinephrine pellet is
laced against the bone and is followed by packing the cavity with sterile
otton pellets one at a time. Pressure is applied over these sterile pellets
sing the back of a hand mirror or college pliers for about 2 to 4 min.
he sterile cotton pellets are then removed one at a time taking care not

o dislodge the epinephrine pellet. If bleeding still occurs, the proce-
ure is repeated with a new epinephrine pellet until hemostasis is
chieved. The combination of both epinephrine and pressure has a
rofound effect that usually results in immediate and profound vaso-
onstriction. Epinephrine causes local vasoconstriction by acting on the
-1 receptors present in the blood vessels wall, and the pressure aug-
ents this hemostatic potential. The epinephrine cotton pellet also pre-

ents debris from getting lodged into the bone crypt during root-end
reparation and root-end filling. The pellet must be removed before the

inal irrigation and closure of the surgical site.

erric Sulfate
Another chemical agent used in hemostasis is ferric sulfate: Stasis

Cut-Trol, Mobile, AL), Viscostat, and Astringedent (Ultradent Products,
nc., UT). Ferric sulfate or ferric subsulfate is a hemostatic agent that
as a long history. It was first used in medicine in 1857 as Monsel’s
olution, which is 20% ferric sulfate. Even though the mechanism of
onsel’s solution is still debated, agglutination of blood proteins results

rom the reaction of blood with both ferric and sulfate ions and with the
cidic pH (0.21) of the solution (37). The agglutinated proteins form
lugs that occlude the capillary orifices. Thus, in contrast to traditional
emostatic agents, ferric sulfate affects hemostasis through a chemical
eaction with blood.

Ferric sulfate is easy to apply and there is no need to apply any
ressure. A dark brown or greenish brown coagulum forms immedi-
tely on contact with blood and the source of any persistent hemorrhage
an be located because of the color difference. Thus, any bleeding point
an be easily identified and hemostasis is achieved almost immediately.
lthough ferric sulfate is known to be cytotoxic and to cause tissue
ecrosis, systemic absorption of ferric sulfate is unlikely, because the
oagulum isolates it from the vascular supply. Care must be taken,
owever, not to leave ferric sulfate solution in the bone because it has
ignificant adverse effects on osseous healing (38). Therefore, the sur-
ical site must be thoroughly flushed with saline to remove the ferric
ulfate completely so that there is no complication or delay in healing.

ABLE 3. Hemostatic agents by mechanism of action

Mechanical agents Bone wax
Chemical agents Vasoconstrictors (epinephrine)

Ferric sulfate
Biological agents Thrombin
Resorbable agents Calcium sulfate

Gelfoam
Absorbable collagen
Microfibrillar collagen

Surgicel

Modern Endodontic Surgery Concepts and Practice 605
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hrombin
Topical thrombin USP (Thrombostat, Thrombogen) is a protein

ubstance that is produced in a conversion reaction from bovine pro-
hrombin. It is a potent dry powder that acts rapidly in an intrinsic
ashion to clot the blood fibrinogen directly. Thrombin USP is used
idely in the medical field to achieve localized hemostasis; however, its
se in endodontic surgery has not been investigated. The main disad-
antage of topical thrombin is that it is difficult to handle and to deliver
o the bleeding site. It is also expensive.

ecommended Clinical Steps for Achieving Hemostasis
There are numerous ways to achieve hemostasis. With the abun-

ance of available hemostatic agents and with the introduction of new
roducts, the choice has to be based on objective evaluation. A good
gent achieves hemostasis within a short period of time, is biocompat-
ble, does not impair or retard healing, is reliable and works best for the
articular surgical procedure and lastly, it is relatively inexpensive. With
hese purposes in mind, the following sequence is recommended to
chieve effective hemostasis during endodontic microsurgery.

resurgical
Inject two carpules (maximum three carpules in special situa-

ions) of 1:50,000 epinephrine containing local anesthetic, e.g. 2%
ylocaine, into multiple infiltration sites buccal/lingual and palatal
hroughout the entire surgical field. Wait at least 15 to 20 min for the
asoactive agent in the anesthetic to constrict the blood vessels in the soft
issues as well as in the hard tissues before making the first incision.

urgical

A. Remove all granulomatous tissue, quickly and completely be-
cause this tissue is highly vascularized and, therefore, bleeds
profusely.

B. Place an epinephrine pellet into the bone crypt followed by dry
sterile cotton pellets until the crypt is filled. Apply pressure for 2
min. Remove all cotton pellets except for the first epinephrine
pellet. Continue with the surgical procedure and remove the epi-
nephrine pellet before final irrigation and closure.

C. Small bleeders from the bone can be stilled by dabbing them with
a cotton pellet soaked with ferric sulfate solution. All of the ferric
sulfate deposits must be carefully and thoroughly removed by
saline flush, as they are a major irritant to the tissues if left in-situ.

D. A large osteotomy site is filled with freshly mixed calcium sulfate
paste. After setting hardened calcium sulfate is carved out around
the root. Although the paste is not designed for hemostasis per
SE, it is very effective agent for hemsostasis for a large bone crypt.
The calcium sulfate paste can then be left in the crypt because it
is resorbable.

Figure 6 summarizes these recommendations.

ostsurgical
Moist gauze compresses should be applied to the tissues before

nd after suturing to remove blood clots between the bone and soft
issues, to assure proper alignment of the flap and to reduce stress on
he suture lines.

Effective and complete hemostasis is imperative in endodontic
icrosurgery for good visualization, a dry environment for placement of

oot-end filling materials, and a more efficient surgical procedure with

ess blood loss. h

06 Kim and Kratchman
Soft-Tissue Management: New Concepts and Practice
The following management procedures have changed from the

raditional techniques. First, the semilunar incision, the most popular
lap design technique with anterior teeth, is no longer recommended
ecause of inadequate access and scar formation (39). Second, the
emoval of sutures is done within 48 to 72 h, not a week (1, 5). Third,
ew suture materials are monofilament, gauge 5 � 0 or 6 � 0 to
rovide rapid healing (1, 5). Fourth, the papilla base incision (PBI) has
een developed to prevent loss of interdental papilla height with sulcu-

ar incisions (40). Fifth, flap retraction during the surgery is facilitated
y making a resting groove in the bone, especially during mandibular
osterior surgery, to ensure retraction (1).

Fundamentally, the flap designs are very similar to those of the
raditional techniques: the sulcular full-thickness flap, the muco-gingi-
al flap and vertical releasing incisions (41, 42). The once popular
emilunar flap design and the Lüebke-Ochsenbein flap design are no
onger recommended. In both the sulcular full-thickness flap and the

uco-gingival flap designs, the wider base of the flap to improve mi-
rocirculatory perfusion was an unnecessary procedure, and it created
lasting scar as a result of cutting the mucosal tissue across the fiber

ines (1, 41). With the current method the base of the flap is as wide as
he top, and the vertical incisions follow the vertical blood vessel align-

ent. This facilitates nearly scar-free healing while still providing more
han adequate access to the surgical site.

In the sulcular full-thickness flap design, the main disadvantage is
ecession and shrinkage of the papilla (40, 43). Velvart (40, 44) pro-
osed the PBI for the marginal mucoperiosteal flap to prevent or min-

mize loss of interdental papillary height. A recent article by Velvart and
eters (2005) provides an excellent review on this subject (45).

It has been customary to remove 4 � 0 silk sutures after 1 wk. With
he microsurgery technique, monofilament sutures are removed within
8 to 72 h for best results (1, 5). This is enough time for reattachment

o take place and the suture removal is easy and painless (Fig. 7). After
2 h, the tissues tend to grow over the sutures, especially with mucosal

issues, and thus removal of sutures may be more uncomfortable.
Suture materials often used now are the thinner monofilament

olyamide with smaller needles. The 5 � 0 and 6 � 0 sutures are ideal
or microsurgery and polypropylene sutures (6/0 or 7/0) are also pop-
lar (44). The use of 4 � 0 silk sutures is no longer acceptable because

he silk is braided and causes accumulation of plaque causing delayed

igure 6. Schematic diagram illustrating hemostatic techniques employed at the
niversity of Pennsylvania. (Reprinted with permission from Color Atlas of
icrosurgery in Endodontics, by S. Kim with G. Pecora and R. Rubinstein. W.B.

aunders Co., A Harcourt Health Sciences Company, 2001.)
ealing or secondary inflammation (1). The thinner and smaller mono-

JOE — Volume 32, Number 7, July 2006
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ilament sutures promote a cleaner surgical site and thus rapid healing.
ith the incorporation of new materials, concepts, and technique mod-

fication, healing after surgery leaves almost no scars. In this age, when
sthetics in dentistry is important, microsurgery also contributes to the
ighest esthetic standards in this field.

Atraumatic Tissue Retraction and the Groove
Technique

In the past, the importance of good and stable retraction was not
nderstood. Surgeons thought that retraction is the assistant’s job and
aid little attention to the consequences and complications associated
ith poor retraction.

One of the key factors in postoperative tissue swelling is because of
requent slippage of the retractor during surgery (1). This is also the

ain cause of transient parasthesia in the mandibular molar/premolar
egion (1). To address this problem, retractors of several shapes and
izes were developed to permit stable and nontraumatic retraction.
hese retractors have wider (15 mm) and thinner (0.5 mm) serrated
orking ends compared to the standard retractors (1). Some are con-
ave while others are convex to accommodate the irregular contours of
he buccal plates. The serrated tips provide better anchorage on the
one and are designed to prevent slippage during retraction.

In addition to contour specific retractors, a new procedure has
een developed to protect the mandibular nerve and prevent postoper-
tive problems, such as parasthesia, when operating in the molar/pre-
olar region near the mental foramen. A 15-mm long horizontal groove

s cut into the water-cooled bone with a Lindemann bur or a #4 round
ur. This groove must be made beyond the apex to allow space for the
steotomy and subsequent apicoectomy. The groove permits secure
nchoring of the serrated retractor tip and secure, steady retraction of
he flap. As shown in Fig. 8, a safe and efficient way to make a groove
bove the mental foramen is to first identify the foramen, then carefully
over it with the retractor and then make the groove just above it. Once
he retractor is in position within the groove, there should be no move-

igure 7. Micro-suturing with 5 � 0 and 6 � 0 monofilament sutures (top lef
ent or slippage. y

OE — Volume 32, Number 7, July 2006
Osteotomy: Smaller is Better
Does the size of the apical lesion make a difference? This is an

rgument that has been studied extensively, but is still an area of debate.
oyne et al. (46) in his study examined nine patients with 21 periapical
efects in the anterior region with at least one cortical plate remaining

ntact. The sizes were divided into two groups of lesions ranging from 5
o 8 mm and 9 to 12 mm. Biopsies were taken at 4, 5, and 8 months. It
as found that 9 to 12-mm defects had herniation with fibrous tissue,
hile the smaller defects had complete bone regeneration. In 1970,
jorting-Hansen (47) showed that cavity spaces up to 5 mm showed
omplete bone regeneration independent of anatomic site. Hjorting-
ansen and Andreason (48) did a similar study on dogs. The results

howed complete healing at 5 mm with one cortical plate intact.
owever, if both plates were removed, incomplete healing resulted.
he larger size lesions showed healing, but with fibrous tissue. The
uthors concluded that the size of the lesion matters as well as the
emoval of one, or both cortical plates. These studies suggest that
he larger the defect, the smaller the chance that complete healing
ill take place.

A recent study on healing, as evidenced by radiographic changes,
howed that there is a direct relationship between the size of the osteot-
my and the speed of healing: the smaller the osteotomy, the faster the
ealing. For instance, a lesion smaller than 5 mm would take on average
.4 months, a 6 to 10 mm size lesion takes 7.25 months and larger than
0 mm requires 11 months to heal (3). Thus, the osteotomy should be
s small as possible but as large as necessary to accomplish the clinical
bjective. There is a tendency during surgery to enlarge the osteotomy

owards the coronal margin, away from the apex. This tendency results
n excessive removal of healthy bone around the neck of the crown
asily causing a perio-endo communication. When this happens, the
ong-term prognosis for the tooth is poor. With the microsurgical tech-
iques, the size of the osteotomy is significantly smaller, just 3 to 4 mm

n diameter. This is just larger than an ultrasonic tip of 3 mm in length,

ure removal after 48 h (top right) and tissue healing 1 wk postoperatively.
et allows the tip to vibrate freely within the bone cavity (Fig. 9).

Modern Endodontic Surgery Concepts and Practice 607



t
t
t
i
l
t
O
a
h

s
f
p
t
o
m
p
f

i
s
p
(
i
c

F
t

F
u
o
p
K
S

F
t
m

Review Article

6

Distinction Between Bone and Root Tip Under the
Microscope

A major purpose of using the microscope during the osteotomy is
o clearly distinguish the root tip from the surrounding bone. As men-
ioned earlier, this differentiation is one of the most important advan-
ages of using the microscope (see Microscope section). It would be
deal to locate the root tip precisely all the time. However, if the apical
esion has not fenestrated or if the lesion extends lingually, then locating
he apex can be a real challenge, even for the experienced surgeon.
nce the access cavity has been prepared, the osteotomy must be ex-
mined carefully to ascertain whether the root tip can be seen. The root
as a darker, yellowish color and is hard, whereas the bone is white,

igure 8. The Groove Technique: a small narrow horizontal groove is made just
he nerve during the osteotomy.

igure 9. The ideal osteotomy measures ca. 4 mm in diameter allowing a 3 mm
ltrasonic tip to move freely within the bone crypt. This by the microsurgical
steotomy is compared with a much larger traditional size osteotomy. (Re-
rinted with permission from Color Atlas of Microsurgery in Endodontics, by S.
im with G. Pecora and R. Rubinstein. W.B. Saunders Co., A Harcourt Health

ciences Company, 2001.) t

08 Kim and Kratchman
oft, and bleeds when scrapped with a probe (1). This step is essential
or keeping the size of the osteotomy small. If the initial osteotomy is
repared without magnified examination, the chances are that the os-

eotomy will be too large and thus violating one of the main advantages
f microsurgery. If the root tip can not be seen, careful drilling and
icroscopic examination along with applying methylene blue stain,

referentially staining the periodontal ligament, allows root tip identi-
ication as well as a small osteotomy.

The Bevel Angle: Is it Necessary?
Elimination or minimization of the bevel angle is one of the most

mportant benefits of microsurgery. With the traditional rotary bur, the
teep bevel angle of 45 to 60 degrees was recommended (49 –52). The
urpose of this steep bevel was simply for access and visibility (Fig. 10)
51). In fact, with the traditional techniques beveling to this degree was
nevitable, since the surgical instruments were large. The following is a
omparison of bevel angles created by the traditional rotary bur tech-

the mental foramen. A KP#1 retractor is firmly seated in the groove protecting

igure 10. A comparison of a large osteotomy and acute bevel angle made by the
raditional bur method (left) with a smaller osteotomy without bevel angle,

ade by the microsurgical method (right). The image at right is 10� larger
above
han the left image.

JOE — Volume 32, Number 7, July 2006
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ique and the perpendicular preparation (no bevel) done with the
icrosurgical technique (Table 4).

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

Root-End Resection
ow Much Should be Resected?

There is no complete agreement as to how much of the root has to
e resected to satisfy biological principles. Gilheany et al. (54) suggests

hat at least 2 mm be removed to minimize bacterial leakage from the
anals. Our anatomical study of the root apex shows that at least 3 mm
f the root-end must be removed to reduce 98% of the apical ramifica-
ions and 93% of the lateral canals (1). As these percentages are very
imilar at 4 mm from the apex, we recommend root-end amputation of
mm, since this leaves on average of 7 to 9 mm of the root, providing

ufficient strength and stability. A root-end amputation of less than 3 mm
oes, most likely, not remove all of the lateral canals and apical rami-
ications, therefore, posing a risk of reinfection and eventual failure
Figs. 11 and 12).

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

val, ovoid, reniform and various other irregular forms (51, 55). The
val or ovoid shapes are frequently found in single roots while the more
omplex shapes, e.g. reniform is found in fused premolar or molar
oots. In surgery, it is essential that the entire root-end be resected. It is
frequent occurrence in failed surgical cases, that only the buccal

spect of the root was resected leaving the lingual apex in situ. The result
s a continuous infection from the lingual apex (4). This situation is

ore frequent in premolars and molars with fused roots and can be
voided by staining the resected root surface with methylene blue (de-
ails in following section).

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

Once a root tip is resected perpendicular to the long axis of the
oot, proper identification of anatomical details and their management
re some of the most important and unique steps in microsurgery and
re critical for the success of the treatment (1). Unfortunately, this

ABLE 4. Comparison of bevel angles created by traditional and microsurgical
echniques

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
urgical procedure cannot be done adequately and precisely with un- (

OE — Volume 32, Number 7, July 2006
ided vision or even with loupes. Only the high magnification of a mi-
roscope provides the light and the magnification to completely see the
natomical details of the resected root surface (1, 3–5, 42, 53). One of
he fundamental drawbacks of the traditional root-end resection tech-
ique without magnification and microinstruments is the inability to
anage and to adequately inspect the anatomical details of the root

urface. In contrast, with the bright illumination and the range of mag-
ification of the operating microscope from 4� to 25�, the resected
oot surface can be examined in great detail. Yet, a complete and critical
nspection of the resected root surface requires staining of the surface
ith a contrasting medium, such as methylene blue, that stains the PDL
nd pulp tissues selectively (4, 5). With the aid of micromirrors placed
t 45 degrees to the surface, the reflected view of the root surface shows
very anatomical detail of the canal system, which is critical for a suc-
essful surgery. This is equally important for surgical retreatment cases,
n which this step also identifies the causes of failure of the previous
urgical procedure. It is the inspection of the resected root surface,
hich shows why and how the traditional apical surgical technique was
ighly inadequate.

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

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

igure 12. A digital image of a 3 mm apical resection on a maxillary premolar.

Photo by Dr. F. Maggiore, Germany.)

Modern Endodontic Surgery Concepts and Practice 609
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anal system. When cutting the root perpendicular to its long axis,
ound, oval, horseshoe shaped, S-shaped, two to five small round and
val shaped canals and isthmuses, and so forth, can be observed (Fig.
3). This important step in microsurgery is not considered at all in the
raditional surgical technique.

onsequences of Apical Curettage Without Root-end
esection and Root-end Resection Without Root-End Filling

A survey of the literature does not provide any conclusion as to
hich is the best option as many of these studies include the old surgical

echniques and some studies are inadequate in terms of duration and
umber of cases observed (56 – 60). However, the following observa-
ions can be made: Because the major cause of periapical lesions is a
eaky apical seal with attendant egress of microorganisms and their
oxins, the removal of the diseased periapical tissues by periradicular
urettage eliminates only the effect of the leakage, not the cause. Thus,
limination of the periradicular lesion alone will likely result in the
ecurrence of the lesion. Initially, there may be a cessation of symptoms
nd a radiographical improvement, but this is only temporary. As the
nitial healing surge plateaus, the slower but persistent pathosis pre-
ails, and the case will eventually fail again. Up to this point, there is total
greement among endodontists, because a leaky root filling or an un-
reated accessory canal or isthmus causes problems. For a failed non-
urgical case, nonsurgical retreatment should be attempted first, pro-
ided that the benefits of this retreatment outweigh the surgical
etreatment. Apical surgery entails not just the removal of the diseased
issue or the root tip, but most importantly resealing of the root canal
ystem. When surgical retreatment is required, two important questions
hould be considered: is root-end resection alone enough in cases
here the root canal filing seems to be adequate, or is it necessary to

efill the root-end in every case?
Altonen and Mattila (56) reported that teeth with root-end fillings

ad greater healing success than those that were not filled, provided that
onsurgical fillings were done. Lustman (57) and Rahbaran (58) also
bserved better success with either amalgam or SuperEBA root-end

igure 13. Inspection of this resected root surfaces shows several types of apic
illing materials than in the nonfilled groups. The materials and surgical e

10 Kim and Kratchman
echniques used in these studies were of the traditional methods. Re-
ardless, it is clear from these studies that placing root-end fillings
esults in greater healing success. However, there are also some studies
hat report opposite findings. Rapp (59) found no significant difference
n healing between teeth that were root-end filled and those that were
ot. Further, August (60) reported that fewer of the cases with root-end

illing healed than cases with root-end resection only. Careful examina-
ion of these studies (56 – 60) shows many problems associated with
heir procedures and conclusions: Firstly, the sample size is small lead-
ng to underpowered results. Secondly, the studies were done with the
ld, traditional methods using amalgam as the root-end filling material.
s discussed earlier, the old methods had inherent problems not only
ith the resection angle but also with the placement accuracy of the

oot-end fillings (see Resected Root Surface). Therefore, the conclu-
ions of these studies are less relevant for modern surgical endodontics.

Because there is no conclusive study indicating the correct ap-
roach we have to decide on the basis of the canal anatomy at the
oot-end section. As shown in Fig. 13, one of the key steps in microsur-
ery is inspection of the resected root surface. This step reveals all the
etails and complexity of the root canal anatomy. The important ques-

ion is can apicoectomy alone prevent any further leakage from the
anal provided that the canal is obturated before surgery.

The Toronto Study states (21) that nonsurgical retreatment fol-
owed by root-end resection without root-end filling is an acceptable
lternative treatment option on the basis of eight cases, in which seven
ases were successful. This report is of some concern. Certainly, some
ases will heal, especially if the size of the root-end resection is large.
he reason is that the anatomic complexity decreases significantly coro-
al of the apical delta. Thus, well cleaned and filled canals with such
xtensive resection could work. However, the price is a short and weak-
ned tooth and a comparatively large osteotomy. In addition, this ap-
roach would not work in posterior teeth where the anatomy is much
ore complex. More importantly, because of the relative short roots in

osterior teeth, root-end resections of more than 3 mm might substan-
ially compromise the strength and stability of the tooth. It is our clinical

figurations, isthmi and anatomies.
xperience as well as that of many others, who have practiced micro-

JOE — Volume 32, Number 7, July 2006
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urgery for many years, which cases that were retreated nonsurgically
ith a subsequent root-end resection without root-end filling frequently

ailed.

The Isthmus
An isthmus is defined as a narrow strip of land connecting two

arger land masses or a narrow anatomic part or passage connecting
wo larger structures or cavities (61). The isthmus has been called

corridor (62), a lateral connection (63), and an anastomosis
64). Weller et al. (65) described the canal isthmus as a narrow,
ibbon-shaped communication between two root canals that con-
ains pulp tissue. In many cases, a tooth with a fused root has a
eb-like connection between two canals and this connection is

igure 14. An example of a canal isthmus in the mesial root of the mandibular
st molar (type V) is presented. An actual clinical example is reflected in the
icromirror. (Reprinted with permission from Color Atlas of Microsurgery in

ndodontics, by S. Kim with G. Pecora and R. Rubinstein. W.B. Saunders Co., A
arcourt Health Sciences Company, 2001.)

igure 15. Inspection of resected root surfaces of extracted teeth reveals many
hows a modified type l. (C) has several apices with a type l isthmus. (D) Is a typ

im (55). The majority of molar isthmi are types IV and V.

OE — Volume 32, Number 7, July 2006
alled an isthmus (Fig. 14). An isthmus is a part of the canal system
nd not a separate entity. As such it must be cleaned, shaped and
illed as thoroughly as other canal spaces. Surprisingly, isthmuses
ere not even mentioned in dental textbooks or journals until 1983,
hen Cambruzzi and Marshall (66) published an article on isth-
uses in a Canadian dental journal. Until 1990, evidence of a treated

nd root-end filled isthmus is virtually absent from the dental liter-
ture.

ypes
There are many isthmus types (Fig. 15). According to Hsu and Kim

60), there are five different types. Type I was defined as either two or
hree canals with no noticeable communication. Type II was defined as
wo canals that had a definite connection between the two main canals.
ype III differs from the latter only in that there are three canals instead
f two. Incomplete C-shapes with three canals were also included in this
ategory. When canals extend into the isthmus area, this was named type
V. Type V was recognized as a true connection or corridor throughout
he section.

ncidence
The isthmus is most frequently observed between two root canals

ithin one root. Thus, the majority of posterior teeth contain an isth-
us. At the 3-mm level from the original apex, 90% of the mesiobuccal

oots of maxillary first molars have an isthmus, 30% of the maxillary and
andibular premolars, and over 80% of the mesial roots of the man-

ibular first molars have one (1, 55). This high incidence of isthmuses
n premolars and molars is an important consideration when perform-
ng apical surgery. This is one of the reasons why apicoectomy alone,
ithout root-end preparation and/or root-end filling, especially in mo-

ar teeth, usually fails.

dentification
In posterior teeth, root apices are usually round, but after a 3-mm

esection, roots are peanut shell shaped and usually show evidence of

nt types and shapes of isthmi. (A) Shows an infrequently seen round apex. (B)
thmus, (E) is a type IV, and (F) a type V. The classification is based on Hsu and
differe
e II is
Modern Endodontic Surgery Concepts and Practice 611
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n isthmus. Methylene blue staining is the most effective means to iden-
ify anatomical details, such as isthmuses.

anagement
Weller et al. (65) distinguished two types of isthmuses: the com-

lete and incomplete isthmus (Fig. 16). The management of a complete
sthmus is relatively easy with the use of appropriate ultrasonic instru-

ents. However, the incomplete isthmus requires a careful approach
ith thin ultrasonic tips troughing along the incomplete isthmus (67). It

s essential that the entire canal system, canal(s), and isthmus, be pre-
ared to a depth of 3 mm.

Clinical Significance
A survey of numerous failed cases done with traditional methods

learly shows that the main cause of failure in the mesial roots of molars
s mismanagement or failure to manage the isthmus (1, 2, 55). Fre-
uently, the root-end filling is placed only into one canal, while bacteria
nd toxins are still present in the isthmus as well as the second canal.
hus, the reported high success rate with apicoectomy alone, as re-
orted in the Toronto study (21) are likely to only occur in teeth without
sthmuses. This appears unusual because, as mentioned previously, 80
o 90% of molar roots have isthmuses (1, 55, 65). Thus the suggestion
hat nonsurgical retreatment followed by an apicoectomy alone would
olve molar surgical problems is ill advised. It is essential to identify and
anage the isthmus when treating multi-rooted posterior teeth.

To summarize, the ready identification of isthmuses under the
icroscope, efficient and precise ultrasonic instrumentation and fi-

ally, filling with the best biocompatible root-end filling material, is in
ur opinion, the best and most successful microsurgical approach (3,
9). Presented in Fig. 17 is a typical case that failed because of not

reating the isthmus, and healed subsequent to surgical management. It
s our observation that the main cause of failure in mesial roots of

andibular molars done with the bur and amalgam is the inability to
reat the isthmus, thus causing the root-end filling to float at the buccal

igure 16. A great number of complete (type V) and incomplete (type IV) isthmi
irst molars. (Reprinted with permission from Color Atlas of Microsurgery in En
ealth Sciences Company, 2001.)
spect of the canal while the lingual leaks. t

12 Kim and Kratchman
Ultrasonic Root-end Preparation
The conventional root-end cavity preparation technique using ro-

ary burs in a micro-handpiece poses several problems for the surgeon
1, 4, 5, 53, 67, 68):

1. Access to the root-end is difficult, especially with limited working
space

2. There is a high risk of a perforation of the lingual root-end or
cavity preparation, when it does not follow the original canal path

3. There is insufficient depth and retention of the root-end filling
material

4. The root-end resection procedure exposes dentinal tubules
5. Necrotic isthmus tissue cannot be removed

These clinical dilemmas were never questioned in the past, rather
t was an accepted fact, because the standard tools at that time were too
arge for the surgical site and the true complexity of the root-end anat-
my was not known. Many articles and textbooks of that time contain
xtensive descriptions how to retro-prepare with burs. Figure 18 shows
generation change in root-end preparation tools from burs to micro-
urs to ultrasonic tips.

The aim of the root-end preparation is to remove the intracanal
illing material and irritants and to create a cavity that can be properly
illed. The ideal root-end preparation can be defined as a class 1 cavity
t least 3 mm into root dentine, with walls parallel to and coincident with
he anatomic outline of the root canal space (67).

Richman first introduced the use of ultrasonics in endodontics in
957, using a modified ultrasonic periodontal chisel scaler for root
anal debridement and apicoectomy (69). Eventually Carr (4) intro-
uced retrotips designed specifically for root-end cavity preparation
uring endodontic surgery. Several authors later reported superior op-
rator control, decreased risk of perforation by increased ability to stay
entered in the canal when using the ultrasonic retrotips as compared to

ated between 3 and 4 mm from the apices of the mesiobuccal roots of maxillary
tics, by S. Kim with G. Pecora and R. Rubinstein. W.B. Saunders Co., A Harcourt
are loc
dodon
he microhandpiece (70).

JOE — Volume 32, Number 7, July 2006
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Wuchenich et al. (71) compared the root-end cavities prepared
ith conventional handpieces or ultrasonic tips in cadavers in a SEM

tudy. They found that ultrasonics tips also made cleaner and deeper
oot-end cavity preparations, aiding retention of the root-end filling
aterial and disinfection by removing infected dentin.

Despite the advantages of using ultrasonics, Saunders et al. (72),
hile experimentally using the ENAC system (smooth stainless steel

ips) on extracted teeth reported crack formation in the walls of the
avity, which may increase the chance of apical leakage. However, Lay-
on et al. (73) suggested that the cracks might be a result of the exper-

igure 17. Failed traditional surgical case (A). High magnification of root-end p
6� magnification. Note elongated root-end filling covering two apices and
ostsurgery (E), showing complete healing. (Reprinted with permission from Co
.B. Saunders Co., A Harcourt Health Sciences Company, 2001.)

igure 18. Traditional root-end preparation instruments with burs (top and
enter) and modern ultrasonic instrument (bottom). (Reprinted with permis-
ion from Color Atlas of Microsurgery in Endodontics, by S. Kim with G. Pecora
nd R. Rubinstein. W.B. Saunders Co., A Harcourt Health Sciences Company,
m001.)

OE — Volume 32, Number 7, July 2006
ment design, because the previous study used demineralized and de-
ydrated the teeth, which may have predisposed towards crack

ormation.
Layton (73) used smooth stainless steel tips also on extracted teeth

o evaluate if the cracks were created during the root resection proce-
ure or after the root-end preparation with ultrasonic tips. The results
f his study concurred with Saunders that ultrasonic preparations do

ead to increased number of cracks in the walls of the preparations. He
bserved more cracks on the resected surfaces after root-end cavity
reparation than after root resection only.

Layton also observed a higher prevalence of microfractures when
e used the tips at higher power settings. Walpington et al. (74) have
uggested using low to moderate intensity for 2 min to minimizes the
isk of root dentine microfactures.

Because both the Saunders and Layton studies were performed on
xtracted teeth (72, 73), in which microfractures could possibly be
ttributed to tooth desiccation, brittleness, and absence of periradicular
issues. Min et al. (75) suggested the use of cadavers for the results to be

ore clinically relevant. A study by Gray et al. (76) on cadavers reported
hat the ultrasonic tips did not cause a greater than average number of
racks. The number of cracks observed in his study seemed insignifi-
ant. It was suggested that the periodontal ligament might dissipate
tresses and thereby prevent cracking. In another experiment on cadav-
rs (77) an impression of the resected root-end was made with polyvi-
ylsiloxane and was examined under SEM; also to find no significant
racks. An in vivo study (78) on 25 patients undergoing endodontic
urgery using the polyvinylsiloxane impression technique found only
ne root-end showing evidence of a crack.

Most ultrasonic instruments used in prior studies were smooth,
tainless steel tips. Diamond coated ultrasonic surgical instruments
ave been introduced in recent years in hopes of minimizing dentinal

ractures through their ability to abrade dentine more quickly, thus

tion with an isthmus (B). Obturation of root-end in C with SuperEBA shown at
ecting the isthmus (C). Radiograph immediately after surgery (D) and 1 yr
las of Microsurgery in Endodontics, by S. Kim with G. Pecora and R. Rubinstein.
repara
conn
lor At
inimizing the time that the instrument is in contact with the root-end
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79). Various studies (80-82) comparing the diamond-coated tips with
tainless steel tips have concluded that neither tip produced a significant
umber of microcracks. However, the diamond coated tips cut much
aster, and left a more grooved or rough cavosurface. It is not consid-
red a clinical problem, instead it may be an advantage.

The most recent developments are the Zirconium coated and dia-
ond coated tips e.g. KiS tips (1) (Fig. 19). In regard to diamond

oated tips, diamonds adhere to the surface of the tips resulting in a
lightly larger diameter, whereas Zirconium nitride is processed into
he metal making the tip narrower. A drawback of the Zirconium coated
ip versus the rough diamond coated tip is its ineffectiveness in removing
utta-percha. This is mainly because of the surface smoothness. Navarre
t al. (79) compared the KiS tips with the stainless steel tips and con-
luded that KiS tips remove gutta-percha from axial walls and prepare
deal root-end preps faster than the stainless CT-5 tips. In summary,
ltrasonic tips have fundamentally changed apical surgery. The histo-
ogical section in Fig. 20 provides a graphical demonstration of the
dvantage of using an ultrasonic instrument over a bur. Ultrasonic in-
truments are still being improved upon, and new, different types of
oating would make a difference in cutting efficiency while minimizing
icrofractures. The search for the most efficient ultrasonic instruments
ill continue, and their application together with the microscope and
icroinstruments will make endodontic microsurgery even more effec-

ive.

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

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

inds of root-end filling materials since this matter has been addressed
any times in this journal in recent years. Especially, a review article by

orabinejad and Pitt Ford (83) provides an excellent review. There are
everal root-end filling materials now used in conjunction with apical
urgery. Amalgam has been and still is to some extent a widely used
aterial. However, in the past decade amalgam has slowly given way to

OE containing materials, such as IRM and SuperEBA as a favorite
oot-end filling materials. Numerous studies show that these ZOE con-
aining materials are superior to amalgam in terms of sealabiliy and
iocompatibility (84 – 87). More recently, mineral trioxide aggregate
MTA) has been suggested as having many of the properties of the ideal
oot-end filling material.

Although the exact composition of MTA is proprietary, the main
ngredients are tricalcium silicate (Ca3Si), tricalcium aluminate
Ca3Al), and tricalcium oxide (Ca3O2). Because of its superior sealing
bility and biocompatibility over conventional filling materials, MTA is

igure 19. Microsurgical root-end preparation of a maxillary canine with a KiS
1 ultrasonic diamond coated tip (16�).
aining popularity among endodontists (88 –91). In vivo studies have a

14 Kim and Kratchman
hown that MTA has the capacity to induce bone, dentin and cementum
ormation in vivo (92–94). In comparison to amalgam and SuperEBA as
oot-end filling materials, MTA consistently resulted in regeneration of
eriapical tissues including periodontal ligament and cementum (Figs.
1, 22, and 23). Although the precise mechanisms of MTAs mineralized

issue-inducing activity remain unknown, it is likely that MTA will have a
ider clinical application beyond the dental pulp and root canal ther-
py. Preliminary results of a study assessing inductive properties of MTA
n bone and dentin (95) show that the cell cultures using animal and
uman osteoblasts and dentinoblasts grown on MTA grew faster and
etter than cells without MTA (Figs. 24 and 25). Based on the findings

rom this study, we suggest that MTA stimulates osteo- and odontogenic
ell proliferation via intra- and extracellular Ca2� and Erk dependent
athways and that MTA promotes cell survival via the PI3K/Akt signaling
athway.

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

mportant for better results as are the materials.
Given the development of contemporary microsurgical techniques

nd tissue inductive root-end filling materials, the continued use of
raditional surgical techniques with amalgam fillings has been ques-
ioned (19)

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

Most of the research findings (88 –95) on MTA have been based
n the gMTA. Recently, gMTA has been replaced by wMTA (ProRoot by
ensply) for reasons that are not clear. There are only few studies so far

hat have made a direct comparison between the two types of MTA in
heir constituents, biocompatibility, sealing ability, and regeneration of
he original tissues.

igure 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
erforation, while the ultrasonic preparation preserved the integrity of the root

pex because of the co-axial preparation within the root canal.

JOE — Volume 32, Number 7, July 2006
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Analysis of the chemical constituents of both types of MTA has
hown that they are almost identical in their composition except for
he absence of iron compound in the wMTA (96, 97).

Biocompatibility of gMTA and wMTA was compared by evaluating
ell attachment and osteogenic behavior. Perez et al. (98) demon-
trated that there was no initial difference in the cell attachment, but the
ells on wMTA did not survive as long as on the gMTA. On the contrary,
amilleri et al. (99) directly compared the biocompatibility using a cell
ulture method and concluded that the samples of two commercial
orms of MTA showed good biocompatibility. Studies on wMTA have
oncluded that WMTA is biocompatible and has the potential to induce
steogenic behavior, although in some cases no direct comparison was
ade with gMTA, (100, 104 –106).

The sealing ability was compared using the bacterial leakage test
n perforation repair sites. Ferris et al. (101) tested the ability of both
ypes of MTA to seal off the perforation site and showed that there was no
ignificant difference between the two materials. Also a bacterial leak-

igure 21. MTA root-end filled apex (mesial root) of a dog tooth showed comple
one formation at the surgical site (center) and the absence of inflammatory cel
ncomplete healing, is filled with SuperEBA (left X-rays).

igure 22. Histological sections of dog teeth root-end filled with MTA show rem
DL-like projections are seen from the bone toward the MTA filling. From the M

re seen (left). The regenerated PDL has the same width of ca 0.38 mm, as a normal

OE — Volume 32, Number 7, July 2006
ge test through the root filling with gMTA and wMTA showed that there
as no statistically significant difference between them although the
MTA fillings had leaked in fewer cases (102).

The tissue response was compared by subcutaneous implantation
f dentin tubes filled with gMTA (103) and wMTA (104) and subsequent
istological examination showed that there was no obvious observable
ifference between the two. They both showed similarities in the bridge

ormation and tissue changes, indicating that the mechanisms of action
f the wMTA and gMTA are similar.

Faraco et al. tested pulp capping with gMTA (105) and wMTA
106) on dog dental pulps and showed that both resulted in a healing
rocess with complete dentin bridge formation in all the samples. Pari-
okh et al. (106) also showed that there is no difference between the
wo. They both formed hard tissue barriers and caused minimal or no
issue inflammation.

Although additional studies are needed to test wMTA, the pub-
ished findings so far indicate that wMTA is comparable to gMTA.

ling at 5 months postoperative (left X-rays). The histological pictures show new
ht), suggesting a complete resolution of the pathology. The distal apex, showing

le bone regeneration (yellow frame). At large magnification (right) numerous
e, numerous PDL-like projections with fibroblasts forming a columnar pattern
te hea
ls (rig
arkab
TA sid
PDL.

Modern Endodontic Surgery Concepts and Practice 615



o
m
a
a

M

a
m
c

t
a
t
t
m
t
8
m
s
m
s
o
t
c
c
e

F
t
c
c
b

F
a
t

F
f
a

Review Article

6

Surgical Sequelae and Complications: The Mental
Foramen and Sinus

Many clinicians avoid doing surgery on posterior teeth because
f possible parasthesia in the mandibular arch and sinus infringe-
ent in the maxillary arch. These anatomical entities should not be
deterrent for surgery as there are well-tested techniques to man-

ge them.

ental Foramen Management
Generally, the mental foramen is located below and between the

pices of the second premolar and the mesiobuccal root of the first
olar. More precisely, its most common location is inferior to the

rown of the second premolar (62.7%) (107), and it is always larger

igure 23. The same preparation as in Fig. 22 shows newly generated cemem-
um-like projections covering the MTA. At large magnification (right) a growing
ementum-like entity, closely linked to the MTA, can be seen. With time the
ementum-like projection will close over the MTA, forming a biologically
arrier.

igure 24. Scanning electron microscope images of gray MTA (A), MDPC23 mo
ppear normal, of a round shape and attached to the plate surface (B). MDPC23

hat MTA may stimulate cell growth. Electron dispersion analysis was used to differen

16 Kim and Kratchman
han it appears on the radiograph (108). A thorough knowledge of the
natomy of the region, as well as taking angled radiographs are essen-
ial. It is also essential that the vertical releasing incision is long enough
o expose the mental foramen after a careful dissection. Once the fora-

en is identified, a retractor is placed to protect the foramen and under
he microscope, a horizontal groove is cut just above the foramen (Fig.
). Although injuring the nerve is extremely rare, transient parasthesia
ay occur even if the surgical site is far from the nerve. Inflammatory

welling of the manipulated tissues may cause impingement on the
andibular nerve, resulting in transient ipsilateral paresthesia. Normal

ensation generally returns within few weeks. Thus, performing surgery
n mandibular posterior teeth should not be of great concern, provided

hat proper preparations are made. At our institution, there has been no
ase of permanent parasthesia in more than 450 mandibular molar
ases since 1992, when microsurgery was first taught and performed by
ndodontic graduate students.

dontoblast cells (B), and cells grown on MTA (C). MDPC23 cells without MTA
grown on gray MTA have a flat appearance, showing robust growth, suggesting

igure 25. MDPC23 odontoblasts grown on MTA proliferated significantly
aster (about 60%) than those in the control. This test was done using the MTT
ssay.
use o
cells
tiate cells from MTA by comparing the Ca2� content.

JOE — Volume 32, Number 7, July 2006
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Sinus Management
The sinus can be easily perforated when dealing with maxillary

osterior teeth. Sometimes it can be avoided with the careful execution
f the surgery. Sometimes it cannot be avoided, when the root-ends
xtend into the sinus. When the sinus is perforated, the most important
tep is to prevent any solid particles, such as cotton pellets, root-end
illing materials, and so forth, from entering the sinus cavity. The sinus
s capable of flushing away large amount of fluid but not solid materials.
hus, flushing of the sinus with saline poses no problem. If the size of the
inus perforation is very small, a cotton pellet tied securely to a suture
an be used as a barrier (1). If the perforation is large, however, a thin
odine gauze strip can be inserted into the sinus, leaving the end outside
or ready retrieval, before continuing the surgery. Once the surgery is
ompleted, the cotton pellet or the iodine strip must be removed com-
letely. The postoperative preparations should include a prescription of
n antibiotic, such as ciprofloxacin or amoxycillin for 1 wk, postoper-
tive instructions to sleep with the head slightly elevated, to avoid nose
lowing and to expect possible nose bleeds. When these precautions are

ABLE 5. Radiographic checkup of resected teeth in the maxillary posterior
egion (n � 146) 6 – 42 months postoperatively

Healing Maxillary
Sinus Exposed

Maxillary
Sinus Not Exposed

Complete 33 (89.2%) 93 (85.3%)
Incomplete 3 (8.1%) 8 (7.3%)
None 1 (2.7%) 8 (7.3%)
Total 37 (100%) 109 (100%)
igure 26. Classification of endodontic microsurgical cases.

OE — Volume 32, Number 7, July 2006
aken, there are usually no problems with a sinus perforation. A com-
arison study done by Prof. G. Watzek and his colleagues at the Univer-
ity of Vienna, Austria showed that there is no difference in terms of
omplete healing (89.2% vs. 85.3%) of cases with sinus perforation and
ith an intact sinus (Table 5).

Classification of Endodontic Microsurgical Cases
Because the outcome of endodontic surgery depends on the pre-

xisting condition of the tooth, it is important to know that the proba-
ility of success depends on the given situation. Therefore, we propose

he following classification (Figs. 26 and 27):

Class A represents the absence of a periapical lesion, no mobility
and normal pocket depth, but unresolved symptoms after non-
surgical approaches have been exhausted. Clinical symptoms are
the only reason for the surgery.

Class B represents the presence of a small periapical lesion together
with clinical symptoms. The tooth has normal periodontal prob-
ing depth and no mobility. The teeth in this class are ideal can-
didates for microsurgery.

Class C teeth have a large periapical lesion progressing coronally
but without periodontal pocket and mobility.

Class D are clinically similar to those in class C, but have deep
periodontal pockets.

Class E teeth have a deep periapical lesion with an endodontic-
periodontal communication to the apex but no obvious fracture.
Modern Endodontic Surgery Concepts and Practice 617
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Class F represents a tooth with an apical lesion and complete de-
nudement of the buccal plate but no mobility.

Classes A, B, and C represent no significant surgical treatment
roblems, and the conditions do not adversely affect treatment out-
omes. For instance, in the study by Rubinstein and Kim (3), cases in
hese categories had 96.8% healing success after 1 yr. However, classes
, E, and F present serious difficulties. Although these cases are in the
ndodontic domain, proper and successful treatment requires not only
ndodontic microsurgical techniques but also concurrent bone grafting
nd membrane barrier techniques. These are true challenges even for
he endodontic surgeon who has excellent microsurgical skills, because
he causes of the problem are of combined endodontic and nonend-
dontic origins. The predictable and successful management of these
ases is the true challenge.

Postoperative Reactions: Pain and Swelling
Pain and swelling are common postoperative reactions after sur-

ical endodontic treatment. It is a common impression with the tradi-
ional techniques that apical surgery is invasive and causes moderate to
evere pain and swelling and requires analgesics 1 day after the surgery
or a significant number of patients. Further, 23% of these patients are
bsent from work because of swelling and pain (109, 110).

At the University of Pennsylvania, we examined and monitored
ostoperative pain and swelling in more than 150 patients undergoing
icrosurgical endodontics. The patients were preloaded with 800-mg

buprofen and continued on this drug for 2 days four times per day. The
reliminary results of this study clearly demonstrate that pain and swell-
ng were minimal. Occasionally, patients report some swelling but only

inor pain. Similar results were obtained by Tsesis et al. (111). The
ifference between the Tsesis and our study is that Tsesis used small
oses (8 mg) of a corticosteroid (Dexamethasone) preoperatively and
wo single does (4 mg) 1 and 2 days postoperatively. Pain and swelling
ere evaluated using the Verbal Numerical Rating Scale (VNRS) ranging

rom 1 (no pain) to 10 (intolerable pain). The degree of swelling was
xpressed as none, mild, moderate, and severe. Of the 82 patients,
4.7% did not report any swelling 1-day postsurgery. Only one patient
eported maximum pain of VNRS 4 and close to 80% of the patients
eported VNRS 1, indicating no pain. These results may be attributed to
he use of ibuprofen or dexamethasone, however, it may also be the

igure 27. A long-term 8 yr follow-up of a #19 using microsurgical techniques
nd gray MTA as root-end filling material. Complete radiographical and clinical
esolution of the pathology with total absence of symptoms.
icrosurgical procedures that are largely responsible for the mild to no c

18 Kim and Kratchman
ostoperative reactions. In either case, if a small dose of ibuprofen or
examethasone provides postoperative comfort, it would be beneficial

o incorporate their use into the surgical protocol.

Lasers
Various laser systems were tried in endodontic surgery with lim-

ted benefits (112, 113). The CO2 or Nd/Yag lasers are not suitable
ecause they do not cut bone and dentin effectively (112–114).

Er:Yag lasers have also been used for apical surgery (115–117).
he authors claim that the Er:YAG laser causes no vibration and dis-
omfort while cutting bone and dentin and less damage to soft tissues
nd bone, as well as less contamination of surgical sites. Outcomes of a
ritical prospective randomized clinical trial has not yet been reported.
linical impressions from those who used the Er:YAG laser system for
pical surgery are mixed: (a) The Er:YAG system can be used for os-
eotomies and root resections but the procedure requires more time
han a preparation with burs. (b) While the Er:YAG laser may promote
aster healing and more comfortable postoperative results according to
he manufacturer, the root-end preparation cannot be done with the
aser and the procedure still requires microsurgical ultrasonic prepa-
ation and filling. There are no convincing clinical and/or animal study
esults demonstrating significant advantages of using the laser over the
icrosurgical techniques. Under these circumstances, we should be

autious about changing our current surgical approach. If we incorpo-
ate this laser system into our surgical armamentarium, we must be sure
hat it has a significant and distinct advantage over the existing tech-
iques. As of now, there are no articles published in peer-reviewed

ournals that demonstrate this advantage. Research using randomized
linical trial methods with the laser system is urgently needed to provide
nformation as to whether the currently available laser system, Biolase,
s of significant benefit in endodontic surgery.

Treatment Outcome of Endodontic Microsurgery
There is an abundance of success and failure studies and review

rticles in endodontic surgery (3, 19 –21, 82, 118 –125). Does the
icrosurgical approach provide better treatment results than the tradi-

ional techniques? Although relatively few surgical outcome studies use
xperimental designs with the higher levels of evidence-based research
e.g. randomized clinical trial (RCT)], many of the published studies
re cohort studies or case series and, clearly, future studies should be
esigned to satisfy the Cohort and RCT requirements. Until then, we have

o make our clinical decisions on the basis of current knowledge. It
ould be ideal to conduct a RCT using a group of traditional cases and
nother group of microsurgical cases. However, as stated earlier, it
ould be unethical to conduct such a study, knowing that the failure rate
f traditional periapical surgery is very high. This sentiment is also
choed by Chong and Pitt Ford (19) who performed an important RCT
tudy in microsurgery. As pointed out in their work, conducting a clin-
cally reliable prospective study is extremely difficult, because outcome
epends on participant cooperation, over which the investigators have

imited control.
Thus, in this section we will mostly discuss the success of micro-

urgical techniques and compare them with the traditional techniques
sing available and relevant published articles. Success or healing of
urgical cases must be differentiated by pre- and postmicrosurgery pe-
iods. Table 6 contains data of recent studies.

raditional Methods
The clinical success of traditional surgery, based on the absence of

ymptoms and on radiographical healing, ranged from 44 to 90% for a

ertain period of time (126 –130). Such disparity could be explained by

JOE — Volume 32, Number 7, July 2006
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ifferences in the study designs, sample sizes, the recall period, and the
ack of clear and consistent evaluation criteria for clinical and radio-
raphic parameters of healing. Other factors that can affect the progno-
is in periradicular surgery include patient systemic conditions,
mount, and location of bone loss, the quality of any previous root canal
reatment or retreatment, coronal restoration, occlusal microleakage,
urgical materials and techniques, and the surgeon’s skills (128 –130).
onsidering these factors, a survey of the literature reveals a distinct
attern in the treatment outcome by different techniques and methods.

A classic study by Frank et al. (130) reported that 42.3% cases,
hat had been documented successful initially, failed after 11 to 15 yr.
rom this result the authors questioned the use of amalgam and tradi-
ional surgical methods using a handpiece and burs. The effects of
everal prognostic factors in surgery outcomes were examined by eval-
ating previous studies. Despite many unexplainable results, one cor-
elation was obvious: teeth with radiolucencies failed in significantly
reater numbers (129). Molven et al. (128) found that the efficacy of
he apical seal was the most important factor for successful apicoec-
omy. This would explain the low success obtained with the traditional
urgical methods as described in this review.

omparison of Ultrasonic versus Traditional Method
Bader and Lejeune (131), Rahbaran et al. (126), and Testori et al.

20) compared the healing of these two different periapical techniques
etrospectively, the traditional technique with rotary instruments, and
he modern technique using ultrasonic tips. The Bade and Lejeune’s
tudy (131) was a prospective RCT study: 80 teeth were assigned to four
roups with two groups treated with traditional techniques and the other
wo groups with ultrasonic root-end preparation. IRM was the sole
oot-end filling material. The ultrasonic technique healing success of

ABLE 6. A Summary of Selected Microsurgical Studies

Author/Year Sample Size
Teeth Art/

PM/M
Follow-up

Period
Study Design

Wang et al.
(2004)

155 teeth 42A/58P 4–8 yrs prospective

Maddalone and
Gagliani
(2003)

120 teeth 62/30/28 3 yrs prospective

Chong et al.
(2003)

108 teeth 1 vs 2 yrs prospective

Schwartz - Arad
et al. (2003)

122 teeth 11.2
months
mean

retrospective

Von Arx et al.
(2003)

39 roots in
25
molars

25M 1 yr prospective

Wessen and
Gale (2003)

1,007 teeth all molars 5 yrs prospective

Rubenstein and
Kim (2002)

59 roots 19/17/23 5–7 yrs prospective

Rahbraran et al.
(2001)

176 teeth 129/33/14 4 yrs retrospective

Rud et al (2001) 834 roots
in 520
molars

520M 1 yr retrospective

Zuolo et al.
(2000)

114 teeth 39/24/39 1–4 yrs prospective

Testori et al.
(1999)

302 roots
in 181
teeth

65/126 4.6 yrs
mean

retrospective

Rubenstein and
Kim (1999)

91 roots 30/30/31 1 yr prospective

Halse et al
(1991)

474 teeth 1 yrs retrospective
5% was compared with 65% success with the traditional techniques. m

OE — Volume 32, Number 7, July 2006
Testori et al. (20) reported that of 68% of the teeth treated with the
raditional techniques healed in 4.5 yr versus 85% with the ultrasonic
echnique. This was a retrospective study and there were no stated
nclusion or exclusion criteria. Both authors found a difference of 17%
etween the two techniques. It is noteworthy that ultrasonic instruments
ersus burs alone resulted in such a significant difference. How much of
his difference was a result of the material used is not clear, as roots in
he ultrasonic group were root-end filled with SuperEBA, while amal-
am was used in the other group. The results with eugenol-based ma-
erials in the above two studies are comparable with results reported by
orn and Gartner (132). Many authors (3, 20, 120, 132) since then
ave given varied results with eugenol-based materials like IRM and
uperEBA and the use of ultrasonic tips. It is apparent from these results
hat ultrasonic root-end preparation provides a significantly higher
reatment success, perhaps in the range of 17 to 30%, than the tradi-
ional bur techniques.

ltrasonic Without Microscope
Outcome studies need to be cautiously compared as there are too

any variables in treatment protocol and methodology (3). To be
eaningful, any success/failure study has to be well controlled and

pecific as to what it intends to study. A prospective approach is essential
or a better understanding of the prognosis of surgical endodontics. This
ill help in well-defined case selection and in the application of repro-
ucible, evidence-based, contemporary surgical techniques, and oper-
tor’s skills (82). There are four prospective studies recently published.
his, by no means, is meant as a comparison but as an acknowledgment
f a common theme found among them (3, 82, 118, 120). Von Arx et al.
120) reported 88% success after 1-yr follow-up of 24 molars with 39
oots using ultrasonics and SuperEBA. He regularly found isthmuses in

usion/
lusion
iteria

Magnification Retropreop Retrofill Material Success Rate

o No Ultrasonic Amalgam,
Composite
Super EBA,
IRM or MTA

74%

o Loupes Ultrasonic Super EBA 92.40%

es Microscope Ultrasonic IRM vs. MTA 87% IRM
92% MTA

o No Bur Amalgam & IRM 44.30%

es No Ultrasonic SuperEBA 88%

o No Bur Amalgam 57%

es Microscope Ultrasonic SuperEBA 91.50%

o No Ultrasonic
& Bur

SuperEBA &
Amalgam

37.4% Endo
19.4% Oral Surg

o Microscope N/A Dentine bonded
resin

92%

es No Ultrasonic IRM 91.20%

o No Ultrasonic
vs Bur

SuperEBA vs
Amalgam

68% Bur
85% ultrasonic

es Microscope Ultrasonic SuperEBA 96.80%

o No Bur Amalgam 68.70%
Incl
Exc
Cr

N

N

Y

N

Y

N

Y

N

N

Y

N

Y

N

olars and managed them despite not using the microscope. His case
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election criterion was exclusion of advanced periodontitis. The details
f the inclusion criteria are lacking in this case, however, this is an
therwise well executed and documented prospective study. Another
orthy prospective study is by Zuolo et al. (82). They selected lesions of

trictly endodontic origin (pockets less than 7 mm) and excluded
hrough and through lesions or cases in which they found no buccal
ortical plate. Healing after a 1 to 4 yr follow-up was 91.2% of 102 cases
ncluded in the recall. The study did not include the use of a microscope,
ut fiberoptic light was used to transilluminate the root. Out of the 102
ase, 9 cases failed and out of these 9 cases 6 were molars, suggesting
higher incidence of molar failure (85%). This result is similar to

estori’s (20) who used microsurgical instruments but not a micro-
cope. The authors also did not mention finding isthmuses in molars,
uggesting that they may not have identified them during the surgery.
addalone and Gagliani 2003 (118) showed overall healing of 92.5%

or 120 teeth with 28 molars. They used 4� loupes, ultrasonic tips and
uperEBA root-end fillings. They did not have strict inclusion criteria
ut stated that they did not include cases with compromised periodontal
tatus. They compared their results with the works of Friedman et al.
133), and commented that the latter had fewer successful cases, pos-
ibly because they did not use ultrasonics. Maddalone and Gagliani
118) made no mention of isthmuses in their molar cases. Recently,
ang et al. (21) reported 74% healed cases of the 94 examined

eeth that were treated with ultrasonic tips and various root-end
illing materials (amalgam with varnish, SuperEBA, composite
esin, and MTA). This seemingly low healing, compared to the other
tudies, may be a result of the use of amalgam and beveling., There
as no mention of isthmuses in molar teeth, although 58 posterior

eeth having been examined. This suggests that the resected root
urfaces were not inspected for isthmuses. These prospective stud-
es support the premise that the treatment outcome can be signifi-
antly improved with the use of ultrasonic tips and biologically
cceptable root-end filling materials, even when not all of the mi-

igure 28. An example of unusual apical anatomy of a #19. The tooth was ret
esected root surfaces at high magnification revealed three separate canals in th
icrosurgical protocol with MTA as the root-end filling material. (Courtesy Dr
rosurgical techniques are used. a

20 Kim and Kratchman
Ultrasonics and the Microscope: The Complete
Microsurgical Approach

Figure 27 shows a radiograph displaying the long-term success of
typical molar case performed with a strict microsurgical protocol

sing MTA as the root-end filling material. To the untrained eye the
illing looks continuous, just somewhat larger. In contrast, Fig. 28
hows the way the microsurgical technique allows the surgeon to iden-
ify the unique canal anatomy and how it can be managed correctly.

In this category, there are two published prospective works. Ru-
instein and Kim (3) evaluated the microsurgical techniques using only
ne root-end filling material, SuperEBA. They had strict criteria, select-

ng cases with pure endodontic lesions only. Ninety-four teeth (32 an-
eriors, 31 premolars, and 32 molars) were subjected to strict micro-
urgical procedures under the microscope, as described in this review.
he purpose of this study was to evaluate microsurgical endodontic

echniques. Briefly, all apices were resected 3 mm perpendicular to the
ong axis of the root. No bevel was made and the size of the osteotomy
as usually 4 mm in diameter. The resected root surface was stained
ith methylene blue and was reflected in a micromirror for examination
nder the microscope at high magnification (16-24�). The apical ca-
als were prepared 3 mm deep with ultrasonic tips and were subse-
uently sealed with SuperEBA. Recall radiographs were taken at
-months intervals for 1 yr. The resolution of periapical radiolucencies
long with the reestablishment of the lamina dura as well as the absence
f symptoms were considered for healing. After 1 yr, 96.8% of the cases
eported had healed (3), and recalls of the same cases after 5 to 7 yr
howed a sustained healing of 91% (122).

In 2003, Chong and Pitt Ford (19) compared IRM versus MTA with
he same technique for both groups. This RCT was designed to assess
nd compare the success of two popular root-end filling materials, MTA
nd IRM. Because the same microsurgical techniques were used, this
as an ideal way to evaluate the techniques as well as the materials. Both
aterials promoted high levels of healing in 24 months: 92% with MTA

twice with persistent clinical and radiographical problems. Inspection of the
ial root and an isthmus in the distal root. The case was performed under strict
ess, La Jolla, CA.)
reated
e mes
nd 87% with IRM. The authors had strict inclusion and exclusion
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riteria: no pockets more than 4 mm deep and no mobility. Results of
he studies by two different groups clearly demonstrate that the com-
lete microsurgical technique using the appropriate root-end filling
aterials provides a higher degree of success than any other techniques

sed in the past.

Summary
Endodontic surgery has now evolved into endodontic microsur-

ery. By using state-of-the-art equipment, instruments and materials
hat match biological concepts with clinical practice, we believe that

icrosurgical approaches produce predictable outcomes in the healing
f lesions of endodontic origin. We must consistently learn and teach
icrosurgery to all endodontists so that they can treat nonsurgical as
ell as surgical endodontic cases with equal ease and skill. With a high
ercentage of successful treatment outcomes of conventional endodon-
ics together with high success of surgical endodontics almost all teeth
ith endodontic lesions can be successfully treated. The challenge for

he future will be the successful and predictable management of perio-
ndo lesions.

We must continuously run well controlled experiments, clinical as
ell as biological, on many new techniques and materials to meet the
resent and future challenges. On the basis of published research, we
elieve that endodontic microsurgery with MTA is a predictable proce-
ure to save teeth. We must assertively teach the future generation of
raduate students, and also train our collegues to incorporate these
echniques into everyday clinical practice, similar to what periodontists
id 15 yr ago with implants.

The preservation of our natural teeth must be our ultimate goal.
fter all, when all is said and done, our natural teeth are always better
han any man-made replacement.
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