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Abstract

Endodontic surgery has now evolved into endod
microsurgery. By using state-of-the-art equipn
instruments and materials that match biological

cepts with clinical practice, we believe that mi
surgical approaches produce predictable outcom
the healing of lesions of endodontic origin. In

review we attempted to provide the most curr
concepts, techniques, instruments and materials
the aim of demonstrating how far we have come.
ultimate goal is to assertively teach the future g
eration of graduate students and also train our
leagues to incorporate these techniques and
cepts into everyday practiqd. Endod 2006;32
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bnTMe classic view that endodontic surgery is a last resort is based on past ex
entl with accompanying unsuitable surgical instruments, inadequate vision, fi
copostoperative complications, and failures that often resulted in extraction of th
troAs a result, the surgical approach to endodontic therapy, or surgical endodont
esanight with minimum enthusiasm at dental schools and was practiced by vel
hiprivate practices. Stated simply, endodontic surgery was not considered to be i
enlvithin the endodontist’s domain.

with  Fortunately, this changed when the microscope, microinstruments, ultr
Otips, and more biologically acceptable root-end filling materials were introduce
enast decadEif. 1 The concurrent development of better techniques has resulte
cofyreater understanding of the apical anatomy, greater treatment success anc
cofavorable patientresponse. These developments marked the beginning of the
- tic microsurgery era that began in the 1990s. The purpose of this review is to il
the advancements in techniques and theories and, to provide a contemporary
tive of endodontic microsurgery today and how it can be used to improve patie

MTA. " The Differences between Traditional and Microsurgical
Techniques in Endodontic Surgery
Endodontic surgery is perceived as difficult because the surgeon must o
proximate the location of anatomical structures such as large blood vessels, th
enfgramen, and the maxillary sinus. Although the chances of damage to these s
e minimal, traditional endodontic surgery does not have a positive image in tf
rofession because of its invasive nature and questionabfe Huteanedpt
_ premise that the success of endodontic surgery depends on the remov
Micra- P . .
od] %protlc tissue and complete sealing of the entire root canal system, thenthe re
ia, g gical failure by the traditional approach become clear. Examination of failed
cases and extracted teeth by surgical operating microscopes reveal that the
cannot predictably locate, clean, and fill all the complex apical ramification
%fraditional surgical techniques. These limitations can only be overcome with th
the microscope with magnification and illumination and the specificity of micros
instruments, especially ultrasonic instiailergsows the primary differences
between the traditional and microscopic approach to endodontic surgery.
Endodontic microsurgery, as it is now called, combines the magnificatic
illumination provided by the microscope with the proper use of new microinstrt
(1-5. Endodontic microsurgery can be performed with precision and predicte
and eliminates the assumptions inherent in traditional surgical approaches.
The advantages of microsurgery include easier identification of root a
smaller osteotomies and shallower resection angles that conserve cortical b
root length. In addition, a resected root surface under high magnification and
nation readily reveals anatomical details such as isthmuses, canal fins, microf
and lateral canals. Combined with the microscope, the ultrasonic instrument
conservative, coaxial root-end preparations and precise root-end fillings that s
requirements for mechanical and biological principles of endodbyfic surgery (

S

P

Periapical Lesions: Can Complete Healing Occur with Nonsurgi
Endodontic Procedures Alone?
The success of endodontic therapy ranges from 53 to 98% when perforn
firsttime@—§, while that for retreatment cases with periapical les@riid.lower (
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The histological status of a periapical lesion shown as a radiolucent lesion on
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Figure Pictoral representation of endodontic microsurgery. From top center clockwise: micromirrors, isthmus, ultrasonic KiS tip, KiS tip posi
preparation, radiograph of resected apex, and MTA root-end filled apices.

graph, is unknown to the clinicians at the time offigajhidr@ (  surgical endodontic thedapyl@, 15O0nly a subsequent surgical
lesion can be a granuloma or a cyst. It is a well-accepted fatetivantion will result in healing of such a lesion. Thus, from a pu
granuloma heals after endodontic therapy. However, there IpadHmegieal point of view, approximately 10% of all periapical les
long-standing debate among dentists as to whether periapicakbmystelseagery in addition to endodontic treatment. In addition, fa
after endodontic therapyX2. Endodontists are of the opinion thattreatment cases because of apical transportation or procedur:
cystic lesions heal after complete endodontic therapy. Oralretsgeften the result of using NiTi rotary files, are in many cases,
hold the opposing view, that such lesions do not heal and hiagateulthy surgical endodontics, especially if they have post restor
removed surgically. The truth may actually lie somewhere in(BefwkEnirther, the complexity of the canal anatomy does not all
Nair's 13 meticulous serial sections of human periapical l&8id¥ssuccess in nonsurgical endodontic therapy, even if the cys
showed that overall 52% of the lesioPSq) were epithelialized pocket cystsi¢. P Considering these situations one may wonder wt
but only 15% were actually periapicaigy&ts4, 15 Periapical so few surgeries were performed and why surgery was not taught
cysts can be differentiated into true cysts, which have a cassgidiedyy in the specialty training programs. Fortunately, with th
enclosed lumina, and pocket cysts that are open to th&3pot camaldf microsurgery, the approach to the management of peria
15. Itis the prevailing opinion that pocket cysts heal after entleslonsiés changing. Teaching the use of the magnification is no
therapyl@3, 16, 17 but true periapical cysts may not heal afterasmmeditation requirement of the ADA for endodontic specialty |
grams. As a result, more private specialty practices have incorpc

TABLEDIfferences 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 none always
root surface
4. Isthmus identification ~ impossible always
& treatment
5. Root-end preparation seldom inside always within Abscess 12%
; X canal I canal Granuloma 73%
6. Root-end preparation ur ultrasonic tips
instrument True Cyst 9%
7. Root-end filling amalgam MTA*
material Pocket Cyst 6%
8. Sutures 4  0Osilk 5 0,6 0
monofilament
9. Suture removal 7 days post-op 2-3 days post-op
10. 'i'%"”g Success (over  40-90% 85-96.8% Figure 2According to Ndif.( 1%, 15% of all periapical radiolucencies are

some type of cyst. The radiograph shown does not correspond to the histol
*Other materials such as SuperEBA are also being used. For details see section on rose@itoingut illustrates the relationship in general.

602  Kim and Kratchman JOE- Volume 32, Number 7, July 2006



Review Article

4. At higher magnification the osteotomy can be made small (
mm) and this results in faster healing and less postoperat
discomfort.

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

6. Occupational and physical stress is reduced since using the
croscope requires an erect posture. More importantly, the cli
cal environment is less stressful when clinicians can clearly
the operating fiefdg. 3

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

8. Videorecordings or digital camerarecordings of procedures
be used effectively for education of patients and students.

9. Communication with the referring dentists is improve
significantly.

Given these clinical as well as occupational advantages, per
ing apical surgery without magnification is no longer adequate ol

Figure Tlinical cases requiring surgical endodontics. The cause of @igiBlf: Itis disadvantageous for the treating endodontist as well
AancCis apical transportation, which is not easy to correct noBgurgidBy/p@atient. Some may claim that using Joupes is sufficient,
Shows well executed endodontics, and another attempt of nonsurdi@ivevest-clinicians who use the microscope would argue that
ment would most likely fail. (D) Shows a failed traditional techniquelourgesydo not provide enough magnification to detect crucial deta
is interesting that there is a substantial difference in surgery outc
between studies using the micr8st9pa( those that do 26t (
microsurgery as a treatment option. When we examine our 2BathiBough these are not randomized controlled studies dire
options, the surgical approach is the more conservative treaitoempaning these two approaches, we believe that surgical outcom
the nonsurgical treatment for certain cases. A common examplteved when the clinician can examine the resected root sur
tooth with acceptable endodontics and a new post and croweanestolg-and that omission of this most critical step in microsurg
tion, but a persistent or enlarging periapickide8pB(eaking has a direct effect on the outcome of the surgery. Some may argu
or disassembling the crown, removing the post and retreatingiBiegloaises is good enough. However, the fact is that inspectin
would be more dramatic, more time consuming, more costlyrasgdgg$root surface with the highest magnification of the micros
predictable than a root-end microsurgical retreatment. This$Hegiegkn good enough. To completely see all the critical anator
retreatment approach has been shown to have a higher sugegasstbihie root surface it has to be stained with methylene blue. |
nonsurgic_al retreatment provided that periodontal conditionﬁ,gfﬁ.ggthe first step and a welcome change from unaided visior
compromised)( effective magnification and illumination requires the operating mi
scope.

The Operating Microscope: Why is It Essential for
Microsurgery?

Microsurgery is defined as a surgical procedure on exce
small and complex structures with an operating microscope
croscope enables the surgeon to assess pathological cha
precisely and to remove pathological lesions with far greater
thus minimizing tissue damage during the surgery.

One of the most significant developments in the past ¢
endodontics has been the use of the operating microscope f
endodontic§{5, 18 The medical disciplines (e.g. neurosurg
ENT, and ophthalmology) incorporated the microscopeinto p
to 30 yr ahead of us. Itis now inconceivable that certain proc
medicine would be performed without the aid of the microscg:

The operating microscope provides important benefits
odontic microsurgery in the following ways:

1. The surgical field can be inspected at high magnificatidy
small but important anatomical details, e.g. the extra
lateral canals, can be identified and managed. Further
integrity of the root can be examined with great precis
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 berRigadstaimodern clinical environment in which the microscope provides
high magnification, especially with methylene blue stairinig.a clinical but also an ergonomic advantage.
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TABLERagnifications for different surgery stages for lasting hemostaki®8, 2} Because a higher concentration of

Magnification Procedures ﬁirr)::rl]ﬁgtri]cr)ir%(%is used, there is a concern as to its effects on the sys

"OE"’ 4o 8 or(')esrt]é%tt'gr?{;?zﬁgeﬁﬂloe”nfgﬁhsifg;gfﬁ‘é:te' Some claim that the amount of epinephrine in an infiltration

root-end preparation, and suturing block injection in dental procedures produces little or no syster

Midrange Most surgical procedures including effect26, 2. Others believe that the amount of epinephrine given
( 8to 14) hemostasis. Removal of granulation local anesthetic causes systemi@&f28120Virtually all of the

gsisgféggﬁd'?go‘;ferﬁgt trlgsération adverse effects associated with epinephrine are dose depender

root.end fling preparation. New York Heart Association suggested a maximal dose of 0.2 |

High Inspection of resected root surface and epinephrine for cardiac patients when used in conjunction with g

( 14t0 26) root-end filling, observation of fine caine. This maximal dose is still referred to and has been used ur

anatomical details, documentation cially as a factor by various authors to drive the maximum dosag

other agen8@. Currently recommended maximum dosage of ep
. . . . nephrine 1:50,000 in local anesthetics 2% lidocaine for adults for ¢
Misconceptions About the Operating MiCrosCoRgmostasis is 5.5 cartridges to reactd)2 mg (

The introduction of any new tool or equipment, if it is designegfidough the systemic effects, such as pulse rate and blood |
produce significant changes, has always led to misconcepti@ge Migéminimal in response to the amount of epinephrine use
terpretations and resistance. In the 1950s, neurosurgery, opdiifgittaPbrocedures, the study clearly demonstrates that the pl:
ogy, and ENT were done with loupes or even with unaided sigfe[l$f{finephrine is elevated when a high d@& id/hsed(
unthinkable today. Of course, apical surgery is not nearly as cesaey patient was injected with eight cartridges of 2% lidocaine
critical as these fields, but the size of the operating field and thy4sizg &binephrine, changes in blood pressure, heart rate, and pl
the anatomy is not very different. norepinephrine levels were all el29ateak{pears that virtually all

In every arena, neurosurgery, ENT, and ophthalmologyethigers@verse effects associated with epinephrine are dose depe
cess of acceptance was, at first, marked by resistance. Fortgpafieétnyéee, the results of our preliminary study showed that
embraced the microscope rather quickly and with enthusiagmoBifiténd concentrations of epinephrine used in endodontic sut
1998, all postgraduate endodontic programs must teach tiasadtiusually elicit dramatic and persistent systemic cardiovas
magnification in accordance with the American Dental Assog&djsshAés. This assessment is supported by the recent study by \
creditation Standard for endodontic graduate pBpgrams (- (31) who showed that placement of 2.25% racemic epinephrine s.

The frequently asked question, “How powerful is yourrgiden CollaCote collagen effects little to no changes in blood pre
scope?”really addresses the issue of usable power. Usable peiygjiistte of human volunteers indicating again that cardiovas
maximum object magnification that can be used in a giverffdifi§ady this hemostatic agent is minimal. The cardiovascular e
situation relative to depth and size of the field. For examplea\#ithilfimal and short-lived and are well tolerated by the majorit
creasing magnification the depth of field decreases and becgatieplexcept patients with severe cardiovascular disorders o
rower. Experience suggests that magnification isbufét®0 have had cardiovascular surgery. Thus, the use of 1:50,000 epinej
value in periapical surgery because the slightest movementithedrtocaine is recommended for local anesthesia in the maj
tient, sometimes even breathing, moves the field out of viewgighaetofwith severe cardiac patients, a consultation with his o
focus. The surgeon then must repeatedly re-center and rejagdfidi€ before the surgery is highly recommended and shoul
microscope, wasting valuable time. Thus the belief, that “the geraies {hehe surgery protocol.
magnification the better” is a miscon€aptmBhows suggested  Because many anesthetics are vasodilators the use of anest
magnifications for different surgery stages. without vasoconstrictors, such as plain mepivacaine (e.g. 3% C:

As shownTiable 2ve do not believe that all surgical proceditiRfe), is not recommended as this will lead to excessive blee
have to be performed at high magnifications. For certain preggfhgesirgery.

low magnification is better than high magnification, because the viewing
fields must be large enough, for instance, to properly align the ultra-
sonic tip. Mechanism of Vasoconstriction by Epinephrine
The microscope does not improve access to the surgical fiefgpilephrine bind4, -2, -1, and -2 adrenergic receptors
access is limited for traditional surgery, it will also be limited ydtgitdBi®n the vascular smooth muscles r@beptors are adja-
microscope is placed between the surgeon and the surgical filflt td@&ympathetic nerves that innervate blood wssslspthe
ever, the microscope does create a much better view of the suggrisaliéedfistributed throughout the vascular system and are gen:
by appropriate magnification and highly focused illuminationpBggausgcirculating catecholamines. When epinephrine binds tc
vision is greatly enhanced, cases can be treated with a high degi@@gérgic receptors in the heart muscle, the heart rate, car
confidence and accuracy. Those who use the microscopecenifiigllity, and peripheral resistance increase. When the drug t
wonder how they managed without it in the past. There is a maxiarépergic receptors in the peripheral vasculatures, vasodilz
see better is to do better and we might add: to do it more easisults. The2 receptors are prevalent in blood vessels that supr
. skeletal muscles and certain viscera but are relatively rare in mu
Hemostasis membranes, oral tissues, and skin. Ideally, for the purpose of endc
Local Anesthesia: The Epinephrine Misconception tic microsurgery, an adrenergic vasoconstrictor woulddge a pure
The main purpose of anesthetics in clinical dentistry, in partisul&ortunately, the predominant receptors in the oral tissues
endodontics, is for local anesthesia. In endodontic surgery, hoaeamnors, and the number of collo@atetkptors is very small
local anesthesia has two distinct purposes:ambsthesitasis. (Fig. b Thus, the drug’s predominant effect in the oral mucosa, st
Thus, a high concentration of vasoconstrictor containing anestnatwsa.gnd periodontium is vasoconstriction. Because virtually
1:50,000 epinephrine, is preferred to obtain effective vasocamdbbacsierffects associated with epinephrine are dose and route ¢
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periapical surgery, the pulse rate of patients did not change witt
application of pressure to the bone3éa\Bgqause epinephrine
used topically causes immediate local vasoconstriction, there is
absorption into the systemic circulation and thus there are practi
no systemic effects.
Other hemostatic cotton pellets with epinephrine are Epidri (F
cal Co.), that contain an average of 1.9 mg racemic epinephrine h
chloride, and Radri (Pascal Co.) that has a combination of vaso
strictor and astringent. Each pellet of Radri contains an averac
0.45-mg racemic epinephrine hydrochloride and 1.85 mg of zinc
nol sulfonate.
95% O.—receptors Before placing an epinephrine pellet all the granulomatous tis
should be removed from the bone cavity. The first epinephrine pel
placed againstthe bone and is followed by packing the cavity with
cotton pellets one at atime. Pressure is applied over these sterile g
Figure 5Schematic diagram illustrating the density of adrenergic reolilasg) the back of a hand mirror or college pliers for a-lbOUt 2-t0 4m
blood vessels of the oral mucosa. (Reprinted with permission from cﬁ ¥ lle cotton pellets are then removed oneatatime taking ca
of Microsurgery in Endodontics, by S. Kim with G. Pecora and R. I%ﬂ © the epm.eph”ne pelle_t. If b"?ed'”g still oceurs, the prc
W.B. Saunders Co., A Harcourt Health Sciences Company, 2001.)dure 1S répeated with a new epinephrine pellet until hemostasi
achieved. The combination of both epinephrine and pressure h
profound effect that usually results in immediate and profound v
dent, clinicians should use the appropriate dose with an aspirsttiictjon. Epinephrine causes local vasoconstriction by acting
syringe. -1 receptors present in the blood vessels wall, and the pressure
ments this hemostatic potential. The epinephrine cotton pellet alsc
Surgical Hemostats vents debris from getting lodged into the bone crypt during root-
Topical hemostats or local hemostatic agents are usefupselpatation and root-end filling. The pellet must be removed befor
for hemostasis. Once an incision has been made and the fiapligrigation and closure of the surgical site.
flected, topical hemostats, in many situations, play an important role in
achieving hemostasis. They can be broadly classified by thERfiedfate
nism of actioB2): Another chemical agent used in hemostasis is ferric sulfate: S
There are numerous agents on the market. Only some of §#-gapl, Mobile, AL), Viscostat, and Astringedent (Ultradent Proc

ular, effective and frequently used agents will befdisia)3sed (nc., UT). Ferric sulfate or ferric subsulfate is a hemostatic agent
has a long history. It was first used in medicine in 1857 as Mons

Bone Wax solution, which is 20% ferric sulfate. Even though the mechanis|
The use of bone wax (Ethicon, Somerville, NJ) as a locMdrsabs solutionis still debated, agglutination of blood proteins re
static agent was first introduced by B®réte}q70, Seldedd  from the reaction of blood with both ferric and sulfate ions and with
found bone wax to be an effective hemostat in periapical surgeigdiepiig0.21) of the soluB@n The agglutinated proteins form
wax contains a large percentage of highly purified beeswax ghuia gwft-occlude the capillary orifices. Thus, in contrast to traditi
ening and conditioning agent (isopropyl palmitate). With bonéwa@estasic agents, ferric sulfate affects hemostasis through a che
hemostatic mechanism has essentially a tamponade effecte@ib@owath blood.
when placed under moderate pressure, plugs all vascular opening<eTigesulfate is easy to apply and there is no need to apply
plug is formed partly of blood and partly of bone wax, which presguts. A dark brown or greenish brown coagulum forms imm
further bleeding. The method of action is purely mechanical aliefyduwesontact with blood and the source of any persistent hemort
not affect the blood clotting mechanism. can be located because of the color difference. Thus, any bleeding
When using bone wax for hemostasis it should first becpadikedasily identified and hemostasis is achieved almostimmec
firmly into the entire cavity, and then the excess should beAdttrefigly ferric sulfate is known to be cytotoxic and to cause tis
removed to expose only the apex of the tooth. Following root-eegfilsigy systemic absorption of ferric sulfate is unlikely, becaus
the wax should be removed. Studies have shown that bone wesegiless isolates it from the vascular supply. Care must be ta
foreign body reaction if left in the surgical site. Ibar@8a et &oyever, not to leave ferric sulfate solution in the bone because i
showed that in rats the wax consistently produced inflammasigiificast adverse effects on osseoud3dcHtiage(ore, the sur-
tions. Bone wax residues have also been associated with sinigi¢el@teraust be thoroughly flushed with saline to remove the fe
developed after surgery, suggesting that care must be exerdgtataampletely so that there is no complication or delay in hea
sure the complete removal of this material from the surgical site. There- _ . ]
fore, bone wax is infrequently used in endodontic microsurgdABLEBemostatic agents by mechanism of action

Receptor Types in the Oral Mucosa

5% p-receptors

) ) Mechanical agents Bone wax
Epinephrine Cotton Pellet Chemical agents Vasoconstrictors (epinephrine)
This is a mechanical/chemical agent. Racellets (Pascal Co., Belle- Ferric sulfate
WA tt llet taini . . hrine hvd Biojogical agents Thrombin
vue, WA) are cotton pellets containing racemic epinephrine hydr@elfpie agents Calcium sulfate
ride. The amount of epinephrine in each pellet varies. For example, Gelfoam
each Racellet #3 pellet contains an average of 0.55-mg racemic epi- Absorbable collagen
nephrine. Each Racellet#2 pellet contains 1.15 mg of racemic epineph- Microfibrillar collagen

rine hydrochloride. It has been shown that when Racellet #2 was used in Surgicel
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Thrombin
Topical thrombin USP (Thrombostat, Thrombogen) is 3
substance that is produced in a conversion reaction from bg Local Anesthetic

thrombin. It is a potent dry powder that acts rapidly in an i : : ;
fashion to clot the blood fibrinogen directly. Thrombin USH LW Erinepliine
widely in the medical field to achieve localized hemostasis; h
use in endodontic surgery has not been investigated. The
vantage of topical thrombin is that it is difficult to handle and { Epinephrine Pellets
to the bleeding site. Itis also expensive.
Small Large

. . . Osteotomy Osteotomy
Recommended Clinical Steps for Achieving Hemostasis

There are numerous ways to achieve hemostasis. With
dance of available hemostatic agents and with the introduct
products, the choice has to be based on objective evaluatid
agent achieves hemostasis within a short period of time, is biocompat-
ible, does notimpair or retard healing, is reliable and works be'Sigietfechematic diagramillustrating hemostatic techniques employed
particular surgical procedure and lastly, itis relatively inexperidV¥eiaifhof Pennsylvania. (Reprinted with permission from Color Atl
these purposes in mind, the following sequence is recomn]élERY@rY in Endodontics, by S. Kim with G. Pecora and R. Rubinsteir
achieve effective hemostasis during endodontic microsurgeRAUNders Co., A Harcourt Health Sciences Company, 2001.)

Ferric Sulfate Calcium Sulfate

Presurgical Soft-Tissue Management: New Concepts and Practic

Inject two carpules (maximum three carpules in special sithd€ following management procedures have changed from
tions) of 1:50,000 epinephrine containing local anesthetic, Eg!liofRl techniques. First, the semilunar incision, the most pop
Xylocaine, into multiple infiltration sites buccal/lingual ancg design technique with anterior teeth, is no longer recommer
throughout the entire surgical field. Wait at least 15 to 20 mi '?Wﬁ'? of inadequate access and scar &§matoard, the
vasoactive agentin the anesthetic to constrict the blood vesse§ K@l Qjsputures is done within 48 to 72 h, ndt §vkrkd,

tissues as well as in the hard tissues before making the first fi{4jgiture materials are monofilament, géuge® 0 to
g provlge rapid healihdy. Fourth, the papilla base incision (PBI) has

, been developed to prevent loss of interdental papilla height with s
Surgical lar incisiong(). Fifth, flap retraction during the surgery is facilitatec
) ) by making a resting groove in the bone, especially during mandik
A. Remove all granulomatous tissue, quickly and compiséebefs-surgery, to ensure retragtion (

cause this tissue is highly vascularized and, therefore, bleg@igamentally, the flap designs are very similar to those of
profusely. ) ) traditional techniques: the sulcular full-thickness flap, the muco-g

B. Place an epinephrine pellet into the bone crypt followeghpfigfsyand vertical releasing incidipAg (The once popular
sterile cotton pellets until the crypt s filled. Apply pressigerffiludar flap design and the Lilebke-Ochsenbein flap design a
min. Remove all cotton pellets except for the first epingpigjéieecommended. In both the sulcular full-thickness flap and
pellet. Continue with the surgical procedure and removeribeegjingival flap designs, the wider base of the flap to improve
nephrine pellet before final irrigation and closure. crocirculatory perfusion was an unnecessary procedure, and it cre
C. Smallbleeders from the bone can be stilled by dabbing gRitititiscar as a result of cutting the mucosal tissue across the

a cotton pellet soaked with ferric sulfate solution. All of thmé@;ﬂm;, With the current method the base of the flap is as wide

sulfate deposits must be carefully and thoroughly rem@aeagdand the vertical incisions follow the vertical blood vessel a

saline flush, as they are a major irritant to the tissues if lefrigrgithis facilitates nearly scar-free healing while still providing r

D. Alarge osteotomy site is filled with freshly mixed calciuthg haléquate access to the surgical site.
paste. After setting hardened calcium sulfate is carved out angiie sulcular full-thickness flap design, the main disadvanta
the root. Although the paste is not designed for hemostasissgRin and shrinkage of the gapilia VelvarQ, 4%pro-
SE, itis very effective agent for hemsostasis for a large sweeeryié PBI for the marginal mucoperiosteal flap to prevent or |
The calcium sulfate paste can then be left in the crypt bgaizegess of interdental papillary height. A recent article by Velvar
is resorbable. Peters (2005) provides an excellent review on ti§ subject (

Figure Summarizes these recommendations. It_has been customary to remtﬁ@'ldk sutures after 1 wk. With

the microsurgery technique, monofilament sutures are removed v
) 48 to 72 h for best resilt§( This is enough time for reattachment
Postsurgical to take place and the suture removal is easy afdgpFiéss (

Moist gauze compresses should be applied to the tissug2 hefegeissues tend to grow over the sutures, especially with mu
and after suturing to remove blood clots between the bonetiasdesofind thus removal of sutures may be more uncomfortable
tissues, to assure proper alignment of the flap and to reduce streSstare materials often used now are the thinner monofilam
the suture lines. polyamide with smaller needles. Otan8l 6 O sutures are ideal

Effective and complete hemostasis is imperative in enfdoduntiasurgery and polypropylene sutures (6/0 or 7/0) are also p
microsurgery for good visualization, a dry environment for plac&n@dt.dthe use of 40 silk sutures is no longer acceptable because
root-end filling materials, and a more efficient surgical procedbessilktrs braided and causes accumulation of plaque causing de
less blood loss. healing or secondary inflammiatibing thinner and smaller mono-
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Figure Micro-suturing with ® and 6 0 monofilament sutures (top left); suture removal after 48 h (top right) and tissue healing 1 wk postope

filament sutures promote a cleaner surgical site and thus rapid healing. ~ Osteotomy: Smaller is Better
With the incorporation of new materials, concepts, and technique gk the size of the apical lesion make a difference? This i
ification, healing after surgery leaves almost no scars. In this hat has been studied extensively, but s still an area of d
esthetics in dentistry is important, microsurgery also contribues iniB€anq in his study examined nine patients with 21 periapics
highest esthetic standards in this field. defects in the anterior region with at least one cortical plate remai
— . intact. The sizes were divided into two groups of lesions ranging fr
Atraumatic TIS?%%&(?trﬁgtlon and the Groove to 8 mm and 9 to 12 mm. Biopsies were taken at 4, 5, and 8 month
. q . was found that 9 to 12-mm defects had herniation with fibrous tis
In the past, the importance of good and stable retractio RRE smaller defects had complete bone regeneration. In 1
understood. Surgeons thought that retraction is the assistan Anar anseif)(showed that cavity spaces up to 5 mm showe

e

paid little attention to the consequences and complications {%‘?ﬂﬁ one regeneration independent of anatomic site. Hjor
with poor retraction. 0 :

One of the key factors in postoperative tissue swelling is b%%g‘ﬁggo d Andrea#gui(d a similar study on dogs. The results
frequent slippage of the retractor during HurHeisyi§ also the S omplete healing at 5 mm with one cortical plate inte

main cause of transient parasthesia in the mandibular molar, Pé’vlf&%rr’ if bOtT plgtes where ren;]ov?_d, mcomplﬁt? healmg resu
regionl). To address this problem, retractors of several sha Per size Iesions s OW.Ed eaing, b.Ut with fibrous tissue.
sizes were developed to permit stable and nontraumatic r i {gn(_:oncluded that the slze of the lesion matters as well a:
These retractors have wider (15 mm) and thinner (0.5 mm) ¥@l of one, or both cortical plates. These studies suggest
working ends compared to the standard réjra&oone @re con- e larger the defect, the smaller the chance that complete hec
cave while others are convex to accommodate the irregular cAiftdaredy!ace- _ _ . .
the buccal plates. The serrated tips provide better anchoragﬁ dhffeent study on healing, as evidenced by radiographic char
bone and are designed to prevent slippage during retraction owed thatthereis a dlreqt relationship between the size of the o
In addition to contour specific retractors, a new proced@@%a8d the speed of healing: the smaller the osteotomy, the fast
been developed to protect the mandibular nerve and prevent}8id@eror instance, alesion smaller than 5 mm would take onav
ative problems, such as parasthesia, when operating in the @diangjtEha 6 to 10 msize lesion takes 7.25 months and larger than
molar region near the mental foramen. A 15-mm long horizonédgrdaieduires 11 months tad)eBhgs, the osteotomy should be
is cut into the water-cooled bone with a Lindemann bur or a #46 guatias possible but as large as necessary to accomplish the ¢
bur. This groove must be made beyond the apex to allow sp@&€elitRe There is a tendency during surgery to enlarge the ostec
osteotomy and subsequent apicoectomy. The groove perri¢aigisifee coronal margin, away from the apex. This tendency re
anchoring of the serrated retractor tip and secure, steady retia€i@essive removal of healthy bone around the neck of the cr
the flap. As showRim 8a safe and efficient way to make a grea@sdy causing a perio-endo communication. When this happens
above the mental foramen is to first identify the foramen, therasegrd@iiy prognosis for the tooth is poor. With the microsurgical te
cover it with the retractor and then make the groove just abowvgiduendtke size of the osteotomy is significantly smaller, just 3 to 4
the retractor is in position within the groove, there should be modweter. This is just larger than an ultrasonic tip of 3 mm in len
ment or slippage. yet allows the tip to vibrate freely within the bdtig.@avity (
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Figure 8The Groove Technique: a small narrow horizontal groove is made just above the mental foramen. A KP#1 retractor is firmly seated in
the nerve during the osteotomy.

Distinction Between Bone and Root Tip Under tbdt, and bleeds when scrapped with B proksestep is essential
Microscope for keeping'the size of t_he osteotqmy'small. If the initial osteoton

A major purpose of using the microscope during the ostd@ft%ﬂ%?%j yvlthout magnified examination, the chances are that th
to clearly distinguish the root tip from the surrounding bone. '&81@@y-will be too large and thus violating one of the main advan
tioned earlier, this differentiation is one of the most importarRfd@igqsurgery. If the root tip can not be seen, careful drilling a
tages of using the microscope (see Microscope section). It AHIREEAPIC examination along with applying methylene blue s
ideal to locate the root tip precisely all the time. However, if tRES4@iRfially staining the periodontal ligament, allows root tip ide
lesion has not fenestrated or if the lesion extends lingually, th&i¢@teitiag well as a small osteotomy.
the apex can be a real challenge, even for the experienced surgeon. .
Once the access cavity has been prepared, the osteotomy must be exJ N€ Bevel Angle: Is it Necessary?
amined carefully to ascertain whether the root tip can be seen. ThEligWRation or minimization of the bevel angle is one of the m

has a darker, yellowish color and is hard, whereas the bondiA@H@at benefits of microsurgery. With the traditional rotary bur,
steep bevel angle of 45 to 60 degrees was recdfwagndbd (

purpose of this steep bevel was simply for access &igl HBibility (
(5). Infact, with the traditional techniques beveling to this degree

Size Of OSteOtO my inevitable, since the surgical instruments were large. The followin

comparison of bevel angles created by the traditional rotary bur t

Bevel Angle

3

”Anle

&

Figure 9The ideal osteotomy measures ca. 4 mm in dianget & @lifowi Acute Angle Shallow
ultrasonic tip to move freely within the bone crypt. This by the microsurgical
osteotomy is compared with a much larger traditional size osteotBigyr€R@ comparison of alarge osteotomy and acute bevel angle made b
printed with permission from Color Atlas of Microsurgery in Endodottrtaatitibpd&. bur method (left) with a smaller osteotomy without bevel an
Kim with G. Pecora and R. Rubinstein. W.B. Saunders Co., A HarcoaneHwalitie microsurgical method (right). The image at legbers 10
Sciences Company, 2001.) than the leftimage.
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TABLE@omparison of bevel angles created by traditional and mic

techniques Percent Reduction in Frequency of Apical
Microsurgical Technique Traditional Technique Ramification and Lateral Canal
No bevel or less than 10 Acute Bevel (45-60
degrees 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 Great danger of perio
communication communication
Easy identification of apices Frequent missing of lingual
apex
No lingual perforation Easy lingual perforation

nigue and the perpendicular preparation (no bevel) done

microsurgical technidlab(e 4 ] ) o
There is no biological justification for a steep bevel anglEid¢igagrequency of apical ramifications and lateral canals. A 3-mm ap

strictly for the convenience of the surgeons for apex identifi ﬁ@ﬁf@ﬁ%ﬁf (rl‘?ee%‘iﬁgetgVsi't'rr:"g;?tn‘:ig;ﬁ)rﬂ?é?;'téocl’gfﬂlcaas' S?H:fostfrgi

fc_)r thg subsequent apical prepa_]:at)oﬂr(fact, beveling cause ndodontics, by S. Kim with G. Pecora and R. Rubinstein. W.B. Saunder

s!gnlflcant dama_ge to the very tissue structures'that the surgeRYdsrfifzaith Sciences Company, 2001.)

signed to save, i.e. buccal bone and root. By diagonal resection, the

result of steep beveling, the buccal bone is removed along with a large

area of the root causing, in effect, a large osteotomy. Furthieledorisjion or even with loupes. Only the high magnification of

beveling frequently misses the lingually positioned apex, catrsss@p@provides the light and the magnification to completely se

gation of the canal and reduction of the root diameter, thereapatealical details of the resected rootls@facd2, »30ne of

ening ity, 5, 53 the fundamental drawbacks of the traditional root-end resection t
nigue without magnification and microinstruments is the inability

Root-End Resection manage and to adequately inspect the anatomical details of the

How Much Should be Resected? surface. In contrast, with the bright illumination and the range of n

There is no complete agreement as to how much of the rabieias of the operating microscope fto64, the resected

be resected to satisfy biological principles. Gillehayggasts 'rootsur'face can be examinedin great detail. Yet,a c_omplete andc
that at least 2 mm be removed to minimize bacterial leakageérfemectien of the resected root surface requires staining of the su
canals. Our anatomical study of the root apex shows that at [é4i€t@¢anirasting medium, such as methylene blue, that stains th
of the root-end must be removed to reduce 98% of the apicaldafhida-tissues selectvéy\ith the aid of micromirrors placed
tions and 93% of the lateral cinals these percentages are vak#o degrees to the surface, the reflected view of the root surface s
similar at 4 mm from the apex, we recommend root-end amp@é¥giyrfoatomical detail of the canal system, which is critical for a
3 mm, since this leaves on average of 7 to 9 mm of the root, pe&igirgyIrgery. Thisis equallyimportant for surgical retreatment c
sufficient strength and stability. A root-end amputation of less thaBirifis step also identifies the causes of failure of the prev
does, most likely, not remove all of the lateral canals and apRigiigaliprocedure. It is the inspection of the resected root surfe
fications, therefore, posing a risk of reinfection and eventusiffigingaows why and how the traditional apical surgical technique
(Figs. 1and12. highly inadequate.

As pointed out earlier, the anatomical details of the resected |
Anatomy of the Root Outline After Root-End Resection surface are complex. All types of shapes and forms can be found

The anatomy of the root outline varies greatly. It's shape can be

oval, ovoid, reniform and various other irregulat f&¥ishe .
oval or ovoid shapes are frequently found in single roots while
complex shapes, e.g. reniform is found in fused premolar «
roots. In surgery, itis essential that the entire root-end be resi
a frequent occurrence in failed surgical cases, that only th

is a continuous infection from the lingud).apeis Gituation is
more frequent in premolars and molars with fused roots an
avoided by staining the resected root surface with methyleng
tails in following section).

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

Once a root tip is resected perpendicular to the long ax
root, proper identification of anatomical details and their ma
are some of the most important and unique steps in microsufgery a

are critical for the success of the tredjméntoftunately, this Figure 12\ digital imagead mnapical resection on a maxillary premolar.
surgical procedure cannot be done adequately and preciselgPwitlo bywbr. F. Maggiore, Germany.)
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Figure 13nspection of this resected root surfaces shows several types of apical configurations, isthmi and anatomies.

canal system. When cutting the root perpendicular to its ltechaiqsies used in these studies were of the traditional methods
round, oval, horseshoe shaped, S-shaped, two to five small gandie ssydt is clear from these studies that placing root-end filli
oval shaped canals and isthmuses, and so forth, canftig.obserseltis(in greater healing success. However, there are also some ¢
13. This important step in microsurgery is not considered at #fiahré@ort opposite findings. 5 frufid no significant difference
traditional surgical technique. in healing between teeth that were root-end filled and those that
not. Further, Augaéteported that fewer of the cases with root-end
Consequences of Apical Curettage Without Root-end  filling healed than cases with root-end resection only. Careful exau
Resection and Root-end Resection Without Root-End Filtibg of these studE8-{6) shows many problems associated with
A survey of the literature does not provide any conclusiheiaprimcedures and conclusions: Firstly, the sample size is small
which is the best option as many of these studies include the dlitstargicdérpowered results. Secondly, the studies were done wi
techniques and some studies are inadequate in terms of dutdtipmaatitional methods using amalgam as the root-end filling mate
number of cases obseb&dg). However, the following observas discussed earlier, the old methods had inherent problems not
tions can be made: Because the major cause of periapical legibrithés r@section angle but also with the placement accuracy o
leaky apical seal with attendant egress of microorganismsrantehdifillings (see Resected Root Surface). Therefore, the co
toxins, the removal of the diseased periapical tissues by pesiadini#iiese studies are less relevant for modern surgical endodc
curettage eliminates only the effect of the leakage, not the causeB&hasgse there is no conclusive study indicating the correct
elimination of the periradicular lesion alone will likely resulpmodhb we have to decide on the basis of the canal anatomy a
recurrence of the lesion. Initially, there may be a cessation of syatfnthsection. As shdwigy. ih3one of the key steps in microsur-
and a radiographical improvement, but this is only temporage#sgimspection of the resected root surface. This step reveals
initial healing surge plateaus, the slower but persistent pathiesaipaed complexity of the root canal anatomy. The important
vails, and the case will eventually fail again. Up to this point, thitoe istot apicoectomy alone prevent any further leakage fron
agreement among endodontists, because a leaky root fillingcanahprovided that the canal is obturated before surgery.
treated accessory canal or isthmus causes problems. For a faile@ilmii-oronto Study stafie¢h@t nonsurgical retreatment fol-
surgical case, nonsurgical retreatment should be attemptedifiveedplog-root-end resection without root-end filling is an accept:
vided that the benefits of this retreatment outweigh the adtengiative treatment option on the basis of eight cases, in which
retreatment. Apical surgery entails not just the removal of thedtssasede successful. This report is of some concern. Certainly,
tissue or the root tip, but most importantly resealing of the raatsesaill heal, especially if the size of the root-end resection is |
system. When surgical retreatment is required, two importanftheestmstn is that the anatomic complexity decreases significantly
should be considered: is root-end resection alone enoughnal chsles apical delta. Thus, well cleaned and filled canals with ¢
where the root canal filing seems to be adequate, or is it needsasporesection could work. However, the price is a shortand v
refill the root-end in every case? ened tooth and a comparatively large osteotomy. In addition, thi:
Altonen and Mat#ig (eported that teeth with root-end filling®ach would not work in posterior teeth where the anatomy is m
had greater healing success than those that were notfilled, provideddmaplex. More importantly, because of the relative short roo
nonsurgical fillings were done. Lusinaawd RahbarésB(also  posterior teeth, root-end resections of more than 3 mm might sub:s
observed better success with either amalgam or SuperEBAalbateandromise the strength and stability of the tooth. Itis our clir
filling materials than in the nonfilled groups. The materials anéspegieate as well as that of many others, who have practiced rr
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called an isthmirsg. 14 An isthmus is a part of the canal system
and not a separate entity. As such it must be cleaned, shapec
filled as thoroughly as other canal spaces. Surprisingly, isthm
were not even mentioned in dental textbooks or journals until 19
when Cambruzzi and Mar6Bafiublished an article on isth-
muses in a Canadian dental journal. Until 1990, evidence of a tre
and root-end filled isthmus is virtually absent from the dental lit
ature.

Types
There are many isthmus Bigesf According to Hsu and Kim

(60, there are five different types. Type | was defined as either tw
three canals with no noticeable communication. Type Il was defini
two canals that had a definite connection between the two main c:
Type lll differs from the latter only in that there are three canals ins
oftwo. Incomplete C-shapes with three canals were also included
Figure 14An example of a canal isthmus in the mesial root of the maggiglafy. When canals extend into the isthmus area, this was nam:
1st molar (type V) is presented. An actual clinical example is refleqigdy H@Vwas recognized as a true connection or corridor throug
micromirror. (Reprinted with permission from Color Atlas of Microsyrge, ion
Endodontics, by S. Kim with G. Pecora and R. Rubinstein. W.B. Saunders Co., A
Harcourt Health Sciences Company, 2001.) Incidence

The isthmus is most frequently observed between two root ce
surgery for many years, which cases that were retreated nonsthigiealey root. Thus, the majority of posterior teeth contain an i
with a subsequent root-end resection without root-end filling fraasiematihe 3-mm level from the original apex, 90% of the mesiobt
failed. roots of maxillary firstmolars have an isthmus, 30% of the maxillary
mandibular premolars, and over 80% of the mesial roots of the n
The Isthmus dibular first molars have b This high incidence of isthmuses
An isthmus is defined as a narrow strip of land connectmpremwlars and molars is an important consideration when perfo
larger land masses or a narrow anatomic part or passage camgnaptoaj surgery. This is one of the reasons why apicoectomy a
two larger structures or cavdtlesThe isthmus has been calledthout root-end preparation and/or root-end filling, especially in r
a corridor €2, a lateral connecti@®( and an anastomosidar teeth, usually fails.
(64). Weller et al69 described the canal isthmus as a narrow,
ribbon-shaped communication between two root canals tigigndiication
tains pulp tissue. In many cases, a tooth with a fused root hespasterior teeth, root apices are usually round, but after a 3-r
web-like connection between two canals and this conneetiectian, roots are peanut shell shaped and usually show evidel

Figure 1%nspection of resected root surfaces of extracted teeth reveals many different types Arsrshapes dfistaoently seen rounB)apex. (
Shows a modified tygehgs several apices with a type | idihfaastype Il isthmB,i§ a type 1V, ail§ type V. The classification is based on Hsu and
Kim 69. The majority of molar isthmi are types IV and V.
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Total
Partial
Complete

Level from Apex (mm

Figure 18\ greatnumber of complete (type V) and incomplete (type 1V) isthmi are located between 3 and 4 mm from the apices of the mesiobuc
firstmolars. (Reprinted with permission from Color Atlas of Microsurgery in Endodontics, by S. Kim with G. Pecora and R. Rubinstein. W.B. S¢
Health Sciences Company, 2001.)

an isthmus. Methylene blue staining is the most effective means to iden-Ultrasonic Root-end Preparation

tify anatomical details, such as isthmuses. The conventional root-end cavity preparation technique using
Management tary burs in a micro-handpiece poses several problems for the sur

Weller et a6 distinguished two types of isthmuses: the(cldrﬁ'f—s’ 53, 67,58
plete and incomplete istHAgid)s The management of a complet
isthmus is relatively easy with the use of appropriate ultrasoni

ments. However, the incomplete isthmus requires a careful appr is a hiah risk of forati fthe li | d
with thin ultrasonic tips troughing alongtheincompleiemthmus%o' ere Is a high risk of a perforation of the lingual root-end
Vity preparation, when it does not follow the original canal p

is essential that the entire canal system, canal(s), and isthmusgbéflﬁ S . . o
pared to a depth of 3 mm. . There is insufficient depth and retention of the root-end filli

material
Clinical Significance 4. The root-end resection procedure exposes dentinal tubules
A survey of numerous failed cases done with traditional methbjg§rotic isthmus tissue cannot be removed

clearly shows that the main cause of failure in the mesial roots of M@{a& clinical dilemmas were never questioned in the past, ra
is mismanagement or failure to manage the j2h6lu$(e- jtwas an accepted fact, because the standard tools at that time we
quently, the root-endfilling is placed only into one canal, whilg %t%ﬁhe surgical site and the true complexity of the root-end &
and toxins are still present in the isthmus as well as the sec &' not known. Many articles and textbooks of that time cor
Thus, the reported high success rate with apicoectomy alog e%%i(ﬁe'descriptions how to retro-preparefigiirbuhows

ported in the Toronto s@yae likely to only occurinteeth withollp o, - avion change in root-end preparation tools from burs to mi
isthmuses. This appears unusual because, as mentioned pre P“Pﬁ%% sonic tips

to 90% of molar roots have isthih B89 Thus the suggestion ) o .
that nonsurgical retreatment followed by an apicoectomy algne \M}ﬁl im of the_ro_ot-end preparation Is to remove the intraca
d}%ﬂ(ﬁ/ rial and irritants and to create a cavity that can be prop

in ép&_ess to the root-end is difficult, especially with limited work

solve molar surgical problemsis ill advised. Itis essential to i - deal d . be defined lass 1
manage the isthmus when treating multi-rooted posterior teet € ideal root-end preparation can be defined as aclass 1 c

To summarize, the ready identification of isthmuses uftl mr_ninto rootdentine,with walls parallelto and coincident:
microscope, efficient and precise ultrasonic instrumentatiof'&A@afomic outline of the root canabgpace (- _
nally, filling with the best biocompatible root-end filling material, fighman firstintroduced the use of ultrasonics in endodontic:
our opinion, the best and most successful microsurgical appk9&dh gsing a modified ultrasonic periodontal chisel scaler for r
19. Presented fifig. 17s a typical case that failed because of#d@l debridement and apicoe68niventually Cafifitro-

treating the isthmus, and healed subsequent to surgical manggéegtergtietips designed specifically for root-end cavity prepare
is our observation that the main cause of failure in mesial dotitg@ndodontic surgery. Several authors later reported superio
mandibular molars done with the bur and amalgam is the inetsility control, decreased risk of perforation by increased ability to
treat the isthmus, thus causing the root-end filling to float at teertecedlin the canal when using the ultrasonic retrotips as compat
aspect of the canal while the lingual leaks. the microhandpied (
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Figure 1Failed traditional surgical Bastigh magnification of root-end preparation with aB) i$iwowat{on of root-erhirith SuperEBA shown at

16 magnification. Note elongated root-end filling covering two apices and conneClirigattiedsaphusiihediately after sDygerg @ yr
postsurget) (showing complete healing. (Reprinted with permission from Color Atlas of Microsurgery in Endodontics, by S. Kim with G. Pecor.
W.B. Saunders Co., A Harcourt Health Sciences Company, 2001.)

Wuchenich et a@ll)(compared the root-end cavities prepameent design, because the previous study used demineralized at
with conventional handpieces or ultrasonic tips in cadavershiydr&&d/the teeth, which may have predisposed towards c
study. They found that ultrasonics tips also made cleaner afutrdegpar
root-end cavity preparations, aiding retention of the root-end fillmgor7@ used smooth stainless steel tips also on extracted tet
material and disinfection by removing infected dentin. to evaluate if the cracks were created during the root resection pr

Despite the advantages of using ultrasonics, Sadgders ek or after the root-end preparation with ultrasonic tips. The res
while experimentally using the ENAC system (smooth staipiefs S8} concurred with Saunders that ultrasonic preparation
tips) on extracted teeth reported crack formation in the wallg£f §éhcreased number of cracks in the wallls of the preparations
cavity, which may increase the chance of apical leakage. Hoylgy&ié@¥nore cracks on the resected surfaces after root-end «
ton et al.43 suggested that the cracks might be a result of thep@ésgfation than after root resection only.

Layton also observed a higher prevalence of microfractures v
he used the tips at higher power settings. Walpirgidrageal. (
suggested using low to moderate intensity for 2 min to minimize:
risk of root dentine microfactures.

Because both the Saunders and Layton studies were perform
extracted tee®2( 73 in which microfractures could possibly be
attributed to tooth desiccation, brittleness, and absence of periradi
tissues. Min et@ahcuggested the use of cadavers forthe resultsto
more clinically relevant. A study by Gv&yat ehdavers reported
that the ultrasonic tips did not cause a greater than average numt
cracks. The number of cracks observed in his study seemed insi
cant. It was suggested that the periodontal ligament might diss
stresses and thereby prevent cracking. In another experimenton
ers {7 an impression of the resected root-end was made with poly
nylsiloxane and was examined under SEM; also to find no signif
cracks. An in vivo std@dn 25 patients undergoing endodontic
surgery using the polyvinylsiloxane impression technique found
one root-end showing evidence of a crack.
ost ultrasonic instruments used in prior studies were smoc

center) and modern ultrasonic instrument (bottom). (Reprinted wit 3S st'eel tips. Dlgmond coated 'uItrasomc sur'g!cgl .|nstrurr
sion from Color Atlas of Microsurgery in Endodontics, by S. Kim wit q introduced in recent years in hopes of minimizing dern
and R. Rubinstein. W.B. Saunders Co., A Harcourt Health Sciencéacigariirough their ability to abrade dentine more quickly, tf
2001.) minimizing the time that the instrument is in contact with the root-

Figure 18raditional root-end preparation instruments with burs (to @a‘ﬁé
o
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shown that MTA has the capacity to induce bone, dentin and ceme
formation in viv@2-94. In comparison to amalgam and SuperEBA as
root-end filling materials, MTA consistently resulted in regeneratic
periapical tissues including periodontal ligament andrégsentum (
2122 an@®3. Although the precise mechanisms of MTAs mineraliz
tissue-inducing activity remain unknown, itis likely that MTA will he
wider clinical application beyond the dental pulp and root canal tt
apy. Preliminary results of a study assessing inductive properties
on bone and den®8§) (show that the cell cultures using animal and
human osteoblasts and dentinoblasts grown on MTA grew faste
better than cells without Higé. Rdnd25. Based on the findings
from this study, we suggest that MTA stimulates osteo- and odont
cell praliferation via intra- and extracefluamdCBrk dependent
%ﬂ%‘/gys and that MTA promotes cell survival via the PI3K/Akt sig
pathway.

It may be premature to state that MTA is the ideal root-e
(79. Various studi8®{82comparing the diamond-coated tips \iltthg material, however, results of experiments performed us
stainless steel tips have concluded that neither tip produced asigmifitaridels and in vitro laboratory methods, along with the m
number of microcracks. However, the diamond coated tips ewhelhlar and molecular methods, provide unequivocal evide
faster, and left a more grooved or rough cavosurface. It is nahe@NA has greater healing induction potential and is more |
ered a clinical problem, instead it may be an advantage.  compatible than any other root-end filling material available to c

The most recent developments are the Zirconium coated 8adadiag4, §55o0me clinical experimental results also agree wit
mond coated tips e.g. KiSLlipsig. 1P In regard to diamond the scientific resu@$ (However, the use of MTA alone does not
coated tips, diamonds adhere to the surface of the tips resijtingantae clinical success. MTA cannot overcome deficiencis
slightly larger diameter, whereas Zirconium nitride is processefriitiaes that are inherent in the traditional apical preparati
the metal making the tip narrower. A drawback of the Zirconiugiignes¢dtudies show that healing of cases sealed with MTA is |
tip versus the rough diamond coated tip is its ineffectiveness imestapving not significantly different then IRM, provided that m
gutta-percha. Thisis mainly because of the surface smoothness) Nagestgirgical or, at least, ultrasonic preparation technigu
etal. {9 compared the KiS tips with the stainless steel tips andreasmployeid). Good surgical techniques and protocol are as
cluded that KiS tips remove gutta-percha from axial walls anenprearg for better results as are the materials.
ideal root-end preps faster than the stainless CT-5 tips. In sum@iagh the development of contemporary microsurgical techni
ultrasonic tips have fundamentally changed apical surgery. ditg fhésige inductive root-end filling materials, the continued usi
logical sectionkig. 2@rovides a graphical demonstration oftthgitional surgical techniques with amalgam fillings has been g
advantage of using an ultrasonic instrument over a bur. Ultrgspeidio-
struments are still being improved upon, and new, different types of
coating would make a difference in cutting efficiency while minimizing
microfractures. The search for the most efficient ultrasonic insfRaagrENd Filling Material: Gray MTA (gMTA) and Whi
will continue, and their application together with the microscope and MTA (WMTAgl
microinstruments will make endodontic microsurgery even more gff§§of the research findd8gsO% on MTA have been based
tive. on the gMTA. Recently, gMTA has been replaced by wMTA (ProF

- . Densply) for reasons that are not clear. There are only few studies:
Root-End Filling Materials: Is MTA the Best Mat%ﬁﬂ%%\)g made a direct comparison between the tvzo types of M

An ultrasonically prepared 3 mm class | cavity preparatiomiBitsidiestituents, biocompatibility, sealing ability, and regenerati
filled with a material that guarantees a hermetic seal. the original tissues.

In this section, the authors will not elaborate on the many different
kinds of root-end filling materials since this matter has been addressed
many times in this journal in recent years. Especially, a reviewarticle hy
Torabinejad and Pitt Rg(ovides an excellent review. Thereg -
several root-end filling materials now used in conjunction wi
surgery. Amalgam has been and still is to some extent a
material. However, in the past decade amalgam has slowly g
ZOE containing materials, such as IRM and SuperEBA as
root-end filling materials. Numerous studies show that these
taining materials are superior to amalgam in terms of seala
biocompatibilit§4—8Y. More recently, mineral trioxide aggres
(MTA) has been suggested as having many of the properties
root-end filling material. .

Although the exact composition of MTA is proprietary, Ultrasonic
ingredients are ftricalcium silicagBi)(Qaicalcium aluminaterigre 2aHistological images of root-end preparations in dogteeth by a t
(CaAl), and tricalcium oxidg@2Because of its superior sealifgft) and ultrasonic tip (right). The bur preparation nearly resulted in a ling
ability and biocompatibility over conventional filling materialpeMdrAsiisn, while the ultrasonic preparation preserved the integrity of the
gaining popularity among endod8ati&% (n vivo studies haveapex because of the co-axial preparation within the root canal.

Figure 1icrosurgical root-end preparation of a maxillary canine wi
#1 ultrasonic diamond coated tip.(16
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Figure 2MTA root-end filled apex (mesial root) of a dog tooth showed complete healing at 5 months postoperative (left X-rays). The histologic:
bone formation at the surgical site (center) and the absence of inflammatory cells (right), suggesting a complete resolution of the pathology. Tt
incomplete healing, is filled with SuperEBA (left X-rays).

Analysis of the chemical constituents of both types of MjeAdsathrough the root filling with gMTA and wMTA showed that
shown that they are almost identical in their composition exeephimstatistically significant difference between them althoug
the absence of iron compound in the38\VIRA ( gMTA fillings had leaked in fewed.6dses (

Biocompatibility of gMTA and wMTA was compared by evaludtmtissue response was compared by subcutaneous implant
cell attachment and osteogenic behavior. P&§zdenan{ ofdentintubesfilled with gMiB&Od WMTAQ4 and subsequent
strated that there was no initial difference in the cell attachmehistmlibtieal examination showed that there was no obvious obsel
cells on wMTA did not survive as long as on the gMTA. On thdiffenérzeg between the two. They both showed similarities in the b
Camilleri et 889 directly compared the biocompatibility using focelation and tissue changes, indicating that the mechanisms of ¢
culture method and concluded that the samples of two cowitieecidVI TA and gMTA are similar.
forms of MTA showed good biocompatibility. Studies on wMTAHaa&eo et al. tested pulp capping witl@j/&am#d (WMTA
concluded that WMTA is biocompatible and has the potentia( i®fdaaog dental pulps and showed that both resulted in a heal
osteogenic behavior, although in some cases no direct comppram®seasth complete dentin bridge formation in all the samples. |
made with gMTH)(Q, 104-1D6 rokh et al.10§ also showed that there is no difference between th

The sealing ability was compared using the bacterial leakaydtest both formed hard tissue barriers and caused minimal
on perforation repair sites. Ferrisl@tdie$ted the ability of bothtissue inflammation.
types of MTA to seal off the perforation site and showed that there Atissggh additional studies are needed to test WMTA, the |
significant difference between the two materials. Also a bacleleddaldings so far indicate that WMTA is comparable to gMTA.

Figure 2Histological sections of dog teeth root-end filled with MTA show remarkable bone regeneration (yellow frame). At large magnificatio
PDL-like projections are seen from the bone toward the MTA filling. From the MTA side, numerous PDL-like projections with fibroblasts formi
are seen (left). The regenerated PDL has the same width of ca 0.38 mm, as a normal PDL.
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Figure 28VIDPC23 odontoblasts grown on MTA proliferated significar
faster (about 60%) than those in the control. This test was done using the

Figure 23The same preparationrag.i2@8hows newly generated cemefi> Y-

tum-like projections covering the MTA. Atlarge magnification (right) a growing

cementume-like entity, closely linked to the MTA, can be seen. With time the

cementum-like projection will close over the MTA, forming a bidlegicillyppears on the radiodr@®hA thorough knowledge of the

barrier. anatomy of the region, as well as taking angled radiographs are €
tial. Itis also essential that the vertical releasing incision is long en

rRfxpose the mental foramen after a careful dissection. Once the
men isidentified, aretractor is placed to protect the foramen and ut
i%rgscope, a horizontal groove is cut just above ffig foramen
gygh injuring the nerve is extremely rare, transient parasth
Grur even if the surgical site is far from the nerve. Inflamme

ing of the manipulated tissues may cause impingement ol

Surgical Sequelae and Complications: The Me
Foramen and Sinus

Many clinicians avoid doing surgery on posterior teeth %}e

of possible parasthesia in the mandibular arch and sinus mffi

ment in the maxillary arch. These anatomical entities shouldH|

a deterrent for surgery as there are well-tested techniquesS¥§

age them. mandibular nerve, resulting in transient ipsilateral paresthesia. Nc
sensation generally returns within few weeks. Thus, performing st
Mental Foramen Management on mandibular posterior teeth should not be of great concern, prov

Generally, the mental foramen is located below and bethatpreger preparations are made. Atour institution, there has bee
apices of the second premolar and the mesiobuccal root of@se filkpermanent parasthesia in more than 450 mandibular m
molar. More precisely, its most common location is inferiocasesince 1992, when microsurgery was first taught and perform
crown of the second premolar (62.0%)ahd it is always largerendodontic graduate students.

Figure 245canning electron microscope images of gradyPH®@33 mouse odontobla®)caltsl(cells grown on MJAYDPC23 cells without MTA
appear normal, of a round shape and attached to the [BateIBIR{228 €ells grown on gray MTA have a flat appearance, showing robust growth, <
that MTA may stimulate cell growth. Electron dispersion analysis was used to differentiate cells from?M EAritgromparing the Ca
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TABLE Radiographic checkup of resected teeth in the maxillary gedteripthere are usually no problems with a sinus perforation. A c

regiontf  146) 6—42 months postoperatively parison study done by Prof. G. Watzek and his colleagues at the L
] Maxillary Maxillary sity of Vienna, Austria showed that there is no difference in tern
Healing Sinus Exposed Sinus Not Exposed complete healing (89.2% vs. 85.3%) of cases with sinus perforatiot
Complete 33 (89.2%) 93 (85.3%) with an intact sintialfle 5
Incomplete 3 (8.1%) 8 (7.3%)
None 1(2.7% 8 (7.3% . . . . .
Total 37 flooo},)) 109 glooojo)) Classification of Endodontic Microsurgical Cases

Because the outcome of endodontic surgery depends on the
existing condition of the tooth, it is important to know that the prol
Sinus Management bility of success depends on the given situation. Therefore, we pre

The sinus can be easily perforated when dealing with #4RHAiINg classificaki@s(2and27):
posterior teeth. Sometimes it can be avoided with the careful exacutio ts the ab f iapical lesi bil
of the surgery. Sometimes it cannot be avoided, when the root- pydepresents the absence of a periapical lesion, no mobi

extend into the sinus. When the sinus is perforated, the most impoﬂg {10rmal pocket depth, but unresolved symptoms after n

step is to prevent any solid particles, such as cotton pellets, root—%ll{g'cal approaches have been exhausted. Clinical sympton

filling materials, and so forth, from entering the sinus cavity. The s Ssonly reason for the surgery.

is capable of flushing away large amount of fluid but not solid matgdeagBepresents the presence of a small periapical lesion toget
Thus, flushing of the sinus with saline poses no problem. Ifthe size ofiteclinical symptoms. The tooth has normal periodontal prc
sinus perforation is very small, a cotton pellet tied securely to a sutd@edepth and no mobility. The teeth in this class are ideal c:
can be used as a bartjelftthe perforation is large, however, athin didates for microsurgery.

iodine gauze strip can be inserted into the sinus, leaving the end@|4$id@-eth have a large periapical lesion progressing coronz
for ready retrieval, before continuing t_he surgery. Once the surgepyiSyithout periodontal pocket and mobility.

completed, the cotton pellet or the iodine strip must be removed com- - o .
pletely. The postoperative preparations should includeaprescridfﬁ re clinically similar to those in class C, but have dee
an antibiotic, such as ciprofloxacin or amoxycillin for 1 wk, postop@grodontal pockets.

ative instructions to sleep with the head slightly elevated, to avditbsssieeth have a deep periapical lesion with an endodonti
blowing and to expect possible nose bleeds. When these precautiopsaoglontal communication to the apex but no obvious fractu

Figure 2&Classification of endodontic microsurgical cases.
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postoperative reactions. In either case, if a small dose of ibuprofe
dexamethasone provides postoperative comfort, it would be bene
to incorporate their use into the surgical protocol.

Lasers

Various laser systems were tried in endodontic surgery with |

ited benefitd 12, 118 The Cor Nd/Yag lasers are not suitable

because they do not cut bone and dentin dff:tivBly (
Er:Yag lasers have also been used for apichl Sutdg@ty (

The authors claim that the Er:YAG laser causes no vibration an
comfort while cutting bone and dentin and less damage to soft tis
and bone, as well as less contamination of surgical sites. Outcome
critical prospective randomized clinical trial has not yet been repol
Clinical impressions from those who used the Er:YAG laser syste
apical surgery are mixed: (a) The Er:YAG system can be used f
teotomies and root resections but the procedure requires more 1
_ _ _ ) than a preparation with burs. (b) While the Er:-YAG laser may pror
Figure 27 long-term 8 yr follow-up of a #19 using microsurgical teChaieehealing and more comfortable postoperative results accord
and gray MTA as root-end filling material. Complete radiographical ?Hg %ﬁ%‘acturer, the root-end preparation cannot be done with
resolution of the pathology with total absence of symptoms. laser and the procedure still requires microsurgical ultrasonic pre
ration and filling. There are no convincing clinical and/or animal st
Class FFepresents a tooth with an apical lesion and complegsulis-demonstrating significant advantages of using the laser o\
nudement of the buccal plate but no mobility. microsurgical techniques. Under these circumstances, we shou
%Pbout changing our current surgical approach. If we inco

Classes A, B, and C represent no significant surgical rﬁ%‘:ﬁ . cal X b
problems, and the conditions do not adversely affect treatbfen f@{gse@ys.te.m|ntoours_ur.g|ca armamentarium, we must be
comes. For instance, in the study by Rubinstels) azats&énin( that it has a significant and distinct advantage over the existing
these categories had 96.8% healing success after 1 yr. Hower\vgp%%;?
D, E, and F present serious difficulties. Although these case%?glrg lst.
endodontic domain, proper and successful treatment requiré Fb‘f%%;gn

t

S, f now, there are no articles published in peer-revie
at demonstrate this advantage. Research using rando
methods with the laser system is urgently needed to prt
as to whether the currently available laser system, Bic

endodontic microsurgical techniques butalso concurrent bong - .
cant benefit in endodontic surgery.

and membrane barrier techniques. These are true chalIengég R
the endodontic surgeon who has excellent microsurgical skills, because . .
the causes of the problem are of combined endodontic and nohéga@tment Outcome of Endodontic Microsurgery
odontic origins. The predictable and successful management offtheseis an abundance of success and failure studies and re
cases is the true challenge. articles in endodontic sur@erdQ-21, 82, 118-1A50es the
microsurgical approach provide better treatment results than the t
Postoperative Reactions: Pain and Swelling tional techniques? Although relatively few surgical outcome studi
Pain and swelling are common postoperative reactions akpegrental designs with the higher levels of evidence-based res
gical endodontic treatment. It is a common impression with {ers@idomized clinical trial (RCT)], many of the published stuc
tional techniques that apical surgery is invasive and causes rafglepitertsstudies or case series and, clearly, future studies shou
severe pain and swelling and requires analgesics 1 day after @@signgdtg satisfy the Cohortand RCT requirements. Until then, w
for a significant number of patients. Further, 23% of these pdfiem@kareur clinical decisions on the basis of current knowledge
absent from work because of swelling df®paid( would be ideal to conduct a RCT using a group of traditional case:
At the University of Pennsylvania, we examined and raoptiieeg@roup of microsurgical cases. However, as stated earli
postoperative pain and swelling in more than 150 patients uMda#gbaeginethical to conduct such a study, knowing that the failure
microsurgical endodontics. The patients were preloaded withfgoaditignal periapical surgery is very high. This sentiment is
ibuprofen and continued on this drug for 2 days four times perefiypathey Chong and PittlBowhp performed an important RCT
preliminary results of this study clearly demonstrate that pain aftdigurernicrosurgery. As pointed out in their work, conducting a c
ing were minimal. Occasionally, patients report some swelling®liy egligble prospective study is extremely difficult, because outs
minor pain. Similar results were obtained by Tsksls &hal. ( depends on participant cooperation, over which the investigators
difference between the Tsesis and our study is that Tsesis liré@@gentrol.
doses (8 mg) of a corticosteroid (Dexamethasone) preoperativelif BH8, in this section we will mostly discuss the success of mi
two single does (4 mg) 1 and 2 days postoperatively. Pain arglgieirigchniques and compare them with the traditional techni
were evaluated using the Verbal Numerical Rating Scale (VNRS)gadigaiigble and relevant published articles. Success or heal
from 1 (no pain) to 10 (intolerable pain). The degree of swelli\j@iea cases must be differentiated by pre- and postmicrosurge!
expressed as none, mild, moderate, and severe. Of the 82igagiEakie 6ontains data of recent studies.
64.7% did not report any swelling 1-day postsurgery. Only one patient
reported maximum pain of VNRS 4 and close to 80% of thd fadiiaal Methods
reported VNRS 1, indicating no pain. These results may be attribiiieel¢bnical success of traditional surgery, based on the absen
the use of ibuprofen or dexamethasone, however, it may aoimdhes and on radiographical healing, ranged from 44 to 90%
microsurgical procedures that are largely responsible for the weidaoryperiod of tirh2§ —130Such disparity could be explained by
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TABLEA&.Summary of Selected Microsurgical Studies

Inclusion/

Author/Year Sample Size Teeth Ary FOHO\.N_UP Study Design Exclusion Magnification Retropreop Retrofill Material Success Rate
PM/M Period L
Criteria
Wang et al. 155 teeth 42A/58P 4-8 yrs prospective No No Ultrasonic Amalgam, 74%
(2004) Composite
Super EBA,
IRM or MTA
Maddalone and 120 teeth 62/30/28 3yrs prospective No Loupes Ultrasonic Super EBA 92.40%
Gagliani
(2003)
Chong et al. 108 teeth 1vs2yrs prospective Yes Microscope Ultrasonic IRM vs. MTA 87% IRM
(2003) 92% MTA
Schwartz - Arad 122 teeth 11.2 retrospective No No Bur Amalgam & IRM 44.30%
et al. (2003) months
mean
Von Arx et al. 39 roots in 25M 1yr prospective Yes No Ultrasonic SuperEBA 88%
(2003) 25
molars
Wessen and 1,007 teeth all molars 5yrs prospective No No Bur Amalgam 57%
Gale (2003)
Rubenstein and 59 roots 19/17/23 5-7 yrs prospective Yes Microscope Ultrasonic SuperEBA 91.50%
Kim (2002)
Rahbraran et al. 176 teeth 129/33/14 4yrs retrospective No No Ultrasonic SuperEBA & 37.4% Endo
(2001) & Bur Amalgam 19.4% Oral Surg
Rud et al (2001) 834 roots 520M 1yr retrospective No Microscope N/A Dentine bonded 92%
in 520 resin
molars
Zuolo et al. 114 teeth 39/24/39 1-4 yrs prospective Yes No Ultrasonic IRM 91.20%
(2000)
Testori et al. 302 roots 65/126 4.6 yrs retrospective No No Ultrasonic SuperEBA vs 68% Bur
(1999) in 181 mean vs Bur Amalgam 85% ultrasonic
teeth
Rubenstein and 91 roots 30/30/31 lyr prospective Yes Microscope Ultrasonic SuperEBA 96.80%
Kim (1999)
Halse et al 474 teeth 1yrs retrospective No No Bur Amalgam 68.70%
(1991)

differences in the study designs, sample sizes, the recall period, arebtbe et aR@ reported that of 68% of the teeth treated with the
lack of clear and consistent evaluation criteria for clinical andaditiamal techniques healed in 4.5 yr versus 85% with the ultras
graphic parameters of healing. Other factors that can affect thegimigiue- This was a retrospective study and there were no s
sis in periradicular surgery include patient systemic comaiiasion or exclusion criteria. Both authors found a difference of 1
amount, and location of bone loss, the quality of any previous bedivesmethe two techniques. Itis noteworthy that ultrasonic instrun
treatment or retreatment, coronal restoration, occlusal micraleesa@gayrs alone resulted in such a significant difference. How mt
surgical materials and techniques, and the surg&a8'skBdlis ( this difference was a result of the material used is not clear, as roc
Considering these factors, a survey of the literature revealshediftmsonic group were root-end filled with SuperEBA, while al
pattern in the treatment outcome by different techniques andyaetheaisused in the other group. The results with eugenol-base
A classic study by Frank &88Iréported that 42.3% casegerials in the above two studies are comparable with results report
that had been documented successful initially, failed after 1 DwrdBagd Gartn&Bg. Many authof®, 0, 120, 188ince then
From this result the authors questioned the use of amalgamlzanketigiden varied results with eugenol-based materials like IRM
tional surgical methods using a handpiece and burs. The Sfipet€BfA and the use of ultrasonic tips. Itis apparentfromtheser
several prognostic factors in surgery outcomes were examingthbykradonic root-end preparation provides a significantly hig
uating previous studies. Despite many unexplainable result¢;e@tmeat-success, perhaps in the range of 17 to 30%, than the t
relation was obvious: teeth with radiolucencies failed in sigtidinedtly techniques.
greater numbet29. Molven et allZ§ found that the efficacy of
the apical seal was the most important factor for successful dipasmede Without Microscope
tomy. This would explain the low success obtained with the traditiitabme studies need to be cautiously compared as there ar
Surgical methods as described in this review. many variables in treatment protoc0| and metﬁpdbjow (
. ) N meaningful, any success/failure study has to be well controlled
Comparison of Ultrasonic versus Traditional Method specific as to what tintends to study. A prospective approach s es:
Bader and Lejeut®), Rahbaran et 42¢, and Testori etal. forabetter understanding of the prognosis of surgical endodontics
(20 compared the healing of these two different periapical te@hhioggiesn well-defined case selection and in the application of re|
retrospectively, the traditional technique with rotary instrumdotsbkne@vidence-based, contemporary surgical techniques, and
the modern technique using ultrasonic tips. The Bade and a&jeaskib80). There are four prospective studies recently publishe
studyl3) was a prospective RCT study: 80 teeth were assignétiit fmuno means, is meant as a comparison but as an acknowled
groups with two groups treated with traditional techniques andifteecthrenon theme found among t82ni (8, 1p&on Arx et al.
two groups with ultrasonic root-end preparation. IRM was ¢h2Qs@ported 88% success after 1-yr follow-up of 24 molars with
root-end filling material. The ultrasonic technique healing sucotsasing ultrasonics and SuperEBA. He regularly found isthmu
95% was compared with 65% success with the traditional teanuiapseend managed them despite not using the microscope. His
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Figure 28An example of unusual apical anatomy of a #19. The tooth was retreated twice with persistent clinical and radiographical problerr
resected root surfaces at high magnification revealed three separate canals in the mesial root and an isthmus in the distal root. The case wa:s
microsurgical protocol with MTA as the root-end filling material. (Courtesy Dr. G. Guess, La Jolla, CA))

selection criterion was exclusion of advanced periodontitis. The d¢lgiéssonics and the Microscope: The Complete

of the inclusion criteria are lacking in this case, however, this is an Microsurgical Approach

otherwise well executed and documented prospective study. ApJORE 25hows a radiograph displaying the long-term success
worthy prospective study is by Zud@eTaky selected lesions ¢f typical molar case performed with a strict microsurgical proto
strictly endodontic origin (pockets less than 7 mm) and exgiudediTA as the root-end filling material. To the untrained eye
through and through lesions or cases in which they found ngiiiCfsks continuous, just somewhat larger. IFFpn2@st,
cortical plate. Healingaft¢o 4 yfollow-up was 91.2% of 102 casgsows the way the microsurgical technique allows the surgeon to
includedintherecall. The study did notinclude the use ofa mi@ﬂ%%@%ique canal anatomy and how it can be managed correct
but fiberoptic light was used to transilluminate the root. Out of thg 4 @zis category, there are two published prospective works.
case, 9 cases failed and out of these 9 cases 6 were molars [fHe@Ss b KiBhgvaluated the microsurgical techniques using onl
a higher incidence of molar failure (85%). This result is simairibt-end filling material, SuperEBA. They had strict criteria, se
Testori's2() who used microsurgical instruments but not a nigfeases with pure endodontic lesions only. Ninety-four teeth (3:
scope. The authors also did not mention finding isthmuses ieMrs1 premolars, and 32 molars) were subjected to strict mic
suggesting that they may not have identified them during thesgicg8procedures under the microscope, as described in this re»
Maddalone and Gagliani 2093owed overall healing of 92.5¥he purpose of this study was to evaluate microsurgical endod
for 120 teeth with 28 molars. They use@ds, ultrasonic tips andechniques. Briefly, all apices were resected 3 mm perpendicular t
SuperEBA root-end fillings. They did not have strict inclusiaBgjitetig of the root. No bevel was made and the size of the ostec
but stated that they did notinclude cases with compromised pgagdesiially 4 mm in diameter. The resected root surface was st
status. They compared their results with the works of Friedwén gicthylene blue and was reflected in a micromirror for examine
(133, and commented that the latter had fewer successful cagege p®: microscope at high magnification) (Tee4pical ca-

sibly because they did not use ultrasaidesond and Gaglianhals were prepared 3 mm deep with ultrasonic tips and were su
(11§ made no mention of isthmuses in their molar cases. Rggentlly,sealed with SuperEBA. Recall radiographs were take
Wang et aR1) reported 74% healed cases of the 94 exargipgshths intervals for 1 yr. The resolution of periapical radiolucen
teeth that were treated with ultrasonic tips and various ralehgmdth the reestablishment of the lamina dura as well as the ab:
filling materials (amalgam with varnish, SuperEBA, copfipgsittoms were considered for healing. After 1 yr, 96.8% of the ¢
resin, and MTA). This seemingly low healing, compared to topatbedrhad healg) énd recalls of the same cases after 5 to 7 yr
studies, may be a result of the use of amalgam and bevelispowWwdeesustained healing dfZ1.% (

was no mention of isthmuses in molar teeth, although 58 postmi2003, Chong and Pitt E§rcmpared IRM versus MTA with
teeth having been examined. This suggests that the reséaweshne®technique for both groups. This RCT was designed to
surfaces were not inspected for isthmuses. These prospeatidestugare the success of two popular root-end filling materials,
ies support the premise that the treatment outcome can barsldRifi: Because the same microsurgical techniques were usel
cantly improved with the use of ultrasonic tips and biolegisalhideal way to evaluate the techniques as well as the material
acceptable root-end filling materials, even when not all ohth&endls promoted high levels of healing in 24 months: 92% with:
crosurgical techniques are used. and 87% with IRM. The authors had strict inclusion and exclus
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criteria: no pockets more than 4 mm deep and no mobility. Ré$ulgiofPN. New perspectives on radicular cysts: do they heal? Int End

the studies by two different groups clearly demonstrate that thé@&?@-&lilﬁ—ﬁq- bial etioloav: foreian bod _ N
plete microsurgical technique using the appropriate root-enﬁzfi%fi . Non-microbial etiology: foreign body reaction maintaining post-trea
it

. . . | periodontitis. Endod Topics 2003;6:114-34.
mater_lals provides ahigher degree of success than any other tegh > Pajarola G, Schroeder HE. Types and incidence of human peri
used in the past. lesions obtained with extracted teeth. Oral Surg Oral Med Oral Pathol Oral R
Endod 1996;81:93-102.
14. Nair PN. New perspectives on radicular cysts: do they heal? Int End
. Summary . . . 1998;31:155-60.

Endodontic surgery has now evolved into endodontic MigORH§PN. Pathogenesis of apical periodontitis and the causes of endodontic fz

gery. By using state-of-the-art equipment, instruments and matetiés Oral Biol Med 2004;15:348-381.
that match biological concepts with clinical practice, we belié&eN#ieiRN, Sjogren U, Schumacher E, Sundqvist G. Radicular cyst affectingarc

micr raical r h r redi | mesinth tooth: a long-term post-treatment follow-up. Int Endod J 1993;26:225.
crosurgicalapproachesp oducep edictable outcomesint ?;' l#nﬂo JH. Incidence of periapical cysts in relation to the root canal. J Er

of lesions of endodontic origin. We must consistently learn and {gg-E.ga5_g

microsurger_y to all endOd_O”tiStS So_that they can treat n(_)nsumiwc_aﬁ G, Andreana S. Use of dental operating microscope in endodontic st
well as surgical endodontic cases with equal ease and skill. With@r&ligirg Oral Med Oral Pathol 1993;75:751-8. _
percentage of successful treatment outcomes of conventional@n&beigS, Pitt Ford TR, Hudson MB. A prospective clinical study of Mineral T

; ; ; ; ; te and IRM when used as root-end filling materials in endodontic sur
tics together with high success of surgical endodontics almost arﬁ] T4 1 2003:36:520—6,

with endOdo,nt'C lesions can be successfglly treated. The Cha&@n&%t fT, Capelli M, Milani S, Weinstein RL. Success and failure in perirad
the future will be the successful and predictable management of g§iy: a longitudinal retrospective analysis. Oral Surg Oral Med Oral Patho
endo lesions. Radiol Endod 1999;87:493-8.

We must continuously run well controlled experiments, clidlealVarg N, Knight K, Dao T, Friedman S. Treatment outcome in endodontic

: : : : Study. Phases | and II: apical surgery. J Endod 2004;30:751-61.
well as b|0|09lca|’ on many new technlques and materials to fpe ission on Dental Accreditation of the American Dental Association. Sta

present and future challenges. On the basis of published researghai¢anced Specialty Education Programs in Endodontics. 1998;(revised 2
believe that endodontic microsurgery with MTA is a predictabis peac@ey JA, Ciancio SG, McMullen JA. Efficacy of epinephrine concentration
dure to save teeth. We must assertively teach the future generatiesthebia during periodontal surgery. J Periodontol 1984;55:653-7.
graduate students, and also train our collegues to incorpora® %EE%?]: CJS'--AP:(;;”’;“;IEE gfoa:]‘i:‘(')f‘t’)'ggtqlug‘g'é}’;};ggthgs'aa”d hemostasis in
tgchmques Into,ev_eryday clinical practice, similar to what pe”‘%@.o % s ES, Goldstein DS, Hargreaves KM,’Dionne RA. Plasma epinephrin
did 15 yr ago with Im plants. . and cardiovascular response to high administered doses of epinephrine cont
The preservation of our natural teeth must be our ultimate go®kal anesthesia. Anesth Prog 1987;34:10-3.
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