
HISTORICAL PERSPECTIVE

Contrary to what many dentists think, endodontic sur-
gery is not a concept developed in the twentieth centu-
ry. The first recorded endodontic surgical procedure
was the incision and drainage of an acute endodontic
abscess performed by Aetius, a Greek physician–dentist,
over 1,500 years ago.1 Since then, endodontic surgery
and endodontic surgical procedures have been devel-
oped and refined, a result of the valuable contributions
of many pioneers in dentistry including Abulcasis,
Fauchard, Hullihan, Martin, Partisch, and Black.2

William Hunter’s classic presentation “An Address on
the Role of Sepsis and Antisepsis in Medicine,” which
was delivered to the Faculty of Medicine of McGill
University in Montreal in 1910, had a major impact on
dentistry and initiated the conflict of “focal infection,”
whose embers still smolder. As a result, the development
of endodontics and endodontic surgery can best be
characterized as both progressive and regressive.
Tremendous strides were made in the development and
application of endodontic surgical techniques, but the
concepts involved in endodontic surgery were being
severely attacked by the medical profession.2

Although Hunter’s presentation initiated a major
conflict, it turned out to be a blessing in the develop-
ment of endodontics and endodontic surgery. The
stimulus to form the American Association of
Endodontists was in part the result of endodontic pio-
neers joining in mutual support to develop scientific
evidence for their concepts.

The results of scientific investigation and the clinical
application of the techniques and concepts developed
during the second half of the twentieth century repre-
sent the basis of what is known and will be practiced
into the twenty-first century. However, endodontic sur-
gery is dynamic, and it is imperative that scientific
investigation continue; concepts, techniques, and mate-
rial used in endodontic surgery must be continually

evaluated and modified, and more emphasis must be
placed on the assessment of long-term clinical out-
comes.

CURRENT APPLICATION

During the last 20 years, endodontics has seen a dra-
matic shift in the application of periradicular surgery
and the part it plays in the delivery of endodontic serv-
ices. Previously, periradicular surgery was commonly
considered the treatment of choice when nonsurgical
treatment had failed or if existing restorative or pros-
thetic treatment would be endangered by orthograde
treatment.3 Grossman et al included in a list of indica-
tions for endodontic surgery the presence of large and
intruding periapical lesions, overfilled canals, incom-
plete apical root formation, and destruction of the api-
cal constriction by overinstrumentation.4

The dental literature contains an abundance of clin-
ical articles, scientific reports, and textbook chapters
that provide extensive lists of indications for periradic-
ular surgery. However, many of the previously accepted
indications are no longer valid in light of current con-
cepts of the biologic basis for endodontic treatment
(Figure 12-1). Therefore, it must be recognized that
periradicular surgery has become very selective in con-
temporary dental practice (Figures 12-2, 12-3, and 12-
4). Moreover, it must be emphasized that the applica-
tion of surgery must always be in the best interest of the
patient and also within the realm of the expertise of the
practitioner.

INDICATIONS

Several factors have resulted in a significant impact on
the indications for and the application of endodontic
surgery. According to the American Association of
Endodontists, more than 14 million root canal treat-
ments are done annually in the United States.5 Even
though the success rate of nonsurgical endodontic
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treatments is high, failures do occur. Many retrospective
studies have established endodontic success rates, rang-
ing from a high of 96% to a low of 53%.6–13

Additionally, in recent years, there has been an increas-
ing interest in endodontic re-treatment procedures (see
chapter 13). Studies reporting the success rate for non-
surgical re-treatment indicate successes as low as 62%
to as high as 98%.14–18 This emphasis on nonsurgical
re-treatment of endodontic failures has probably had
the single greatest impact on the indications for surgical
intervention in the treatment of endodontic pathosis.

A classic categorization of specific indications and
contraindications was developed by Luebke, Glick, and
Ingle and has been modified for this chapter19 (Table
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12-1). Even though these indications describe specific
situations, they should not be considered “automatic”
indications but should be applied as judgment and cir-
cumstances dictate.

CONTRAINDICATIONS

Few absolute contraindications to endodontic surgery
exist. Most contraindications are relative, and they are
usually limited to three areas: (1) the patient’s medical
status, (2) anatomic considerations, and (3) the den-
tist’s skills and experience.

Advances in medicine have dramatically increased
life expectancy and the survival rate from most of
today’s diseases. Dentists are, with increasing frequen-

Figure 12-1 A, Dens invaginatus (dens
in dente), with accompanying apical/lat-
eral cyst. Patient is a 16-year-old girl.
Gutta-percha sound placed through
draining stoma. B, Calcium hydroxide
[Ca(OH)2] and iodoform (for contrast)
paste fills débrided canal. C, Drainage
ceased and Ca(OH)2 resorbed away in 8
months. At this appointment, the canal
was filled with gutta-percha and AH26
sealer. D, Follow-up radiograph 15 years
after obturation. No surgery was done.
(Courtesy of Dr. César C. Mexia de
Almeida, Lisbon, Portugal.) 
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cy, being asked to treat medically compromised
patients. When considering performing any surgical
procedure on a patient who reports a major systems
disorder (cardiovascular, respiratory, digestive, hepatic,
renal, immune, or skeletomuscular), a thorough med-
ical history is mandatory. Following the identification

of all potential medical complications and a review of
the patient’s current drug regimen, a consultation with
the primary care physician or specialist may be in
order. The dentist should explain to the physician the
needed endodontic surgical treatment, including a
brief description of the procedure, anesthetic agents

Figure 12-2 A, Fractured instrument protrudes past apical
foramen of mesiolingual canal. B, Overinstrumentation has led
to apical perforation and fracture of root tip (arrow) that must
be removed surgically. C, Overextended gutta-percha filling
caused physical irritation with pain and inflammation.A

B C
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and other drugs to be used, the approximate length of
time required for the procedure, and the expected
length of recovery. In this way, the physician can more
adequately assess the medical risks involved and can
assist the dentist in determining appropriate treatment
modifications. These modifications may be preopera-
tive (alteration of drug therapy, sedative or hypnotic,
systemic antibiotics), intraoperative (nitrous oxide,
intravenous sedation), or postoperative (reinstatement
of drug therapy, sedatives, and analgesics).

Anatomic considerations are addressed in more
detail later in this chapter. However, it should be
emphasized that the majority of these anatomic con-
siderations present contraindications that must be
addressed for each individual patient. The major
anatomic considerations of importance to endodontic
surgery involve (1) the nasal floor, (2) the maxillary
sinus, (3) the mandibular canal and its neurovascular
bundle, (4) the mental foramen and its neurovascular
bundle, and (5) anatomic limitations to adequate visu-
al and mechanical access to the surgical site. A skilled

Figure 12-3 Beveling of the root apex to subcortical level relieves
facial periradicular tenderness.

Figure 12-4 Cyst enucleation necessary to achieve healing.
Longitudinal radiographs over 4 years and 9 months. a, Pretreatment.
b, No healing 44 months after root filling. c, Apicoectomy and cyst
enucleation. d, Complete healing 1 year later. Reproduced with per-
mission from Nair PNR et al. Radicalar cyst affecting aroot-filled
human tooth. Int Endod J 1993;26:225.

Table 12-1 Indications for Endodontic Surgery

1. Need for surgical drainage

2. Failed nonsurgical endodontic treatment
1. Irretrievable root canal filling material
2. Irretrievable intraradicular post 

3. Calcific metamorphosis of the pulp space

4. Procedural errors
1. Instrument fragmentation
2. Non-negotiable ledging
3. Root perforation
4. Symptomatic overfilling

5. Anatomic variations
A. Root dilaceration
B. Apical root fenestration

6. Biopsy

7. Corrective surgery
1. Root resorptive defects
2. Root caries
3. Root resection
4. Hemisection
5. Bicuspidization

8. Replacement surgery
1. Replacement surgery

1. Intentional replantation (extraction/replantation)
2. Post-traumatic 

2. Implant surgery
1. Endodontic
2. Osseointegrated 
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surgeon with the needed armamentarium is usually
able to circumvent these anatomic limitations and
accomplish successful endodontic surgery.

It is imperative that dental professionals keep in
mind that all treatment rendered by them to their
patients must be in the patients’ best interest and at the
highest quality possible. As a professional, one has an
obligation to know one’s limitations of clinical skills
and to confine treatment efforts to be consistent with
those limitations. Unless the general practitioner has
had extensive surgical training and experience, the
majority of endodontic surgical procedures should be
done by trained endodontic specialists. When receiving
care of a specialized nature, patients need and deserve
treatment that meets the standard of care delivered by
competent practitioners who are trained as special-
ists.19 The standard of care in dentistry is that practiced
by the specialist in any given dental discipline.20

CLASSIFICATION OF ENDODONTIC 
SURGICAL PROCEDURES

Endodontic surgery encompasses surgical procedures
performed to remove the causative agents of periradic-
ular pathosis and to restore the periodontium to a state
of biologic and functional health. These procedures
may be classified as follows:

1. Surgical drainage
1. Incision and drainage (I & D)
2. Cortical trephination (fistulative surgery)

2. Periradicular surgery
1. Curettage
2. Biopsy
3. Root-end resection
4. Root-end preparation and filling
5. Corrective surgery

1. Perforation repair
a. Mechanical (iatrogenic)
b. Resorptive (internal and external)

2. Root resection
3. Hemisection

3. Replacement surgery (extraction/replantation)

4. Implant surgery
1. Endodontic implants
2. Root-form osseointegrated implants 

SURGICAL DRAINAGE

Surgical drainage is indicated when purulent and/or
hemorrhagic exudate forms within the soft tissue or
the alveolar bone as a result of a symptomatic peri-
radicular abscess. A significant reduction of pain and a

decrease in the length of morbidity will follow the
release of pressure and the evacuation of the by-prod-
ucts of inflammation and infection.21 Surgical drainage
may be accomplished by (1) incision and drainage (I &
D) of the soft tissue or (2) trephination of the alveolar
cortical plate.

Incision and Drainage 

Fluctuant soft-tissue swelling occurs when periradicular
inflammatory exudate exits through the medullary
bone and the cortical plate. Once through the cortical
plate, the exudate spreads into the surrounding soft tis-
sues. When this occurs, an incision should be made
through the focal point of the localized swelling to
relieve pressure, eliminate exudate and toxins, and stim-
ulate healing. If the swelling is intraoral and localized,
the infection may be managed by surgical drainage
alone. However, if the swelling is diffuse or has spread
into extraoral musculofascial tissues or spaces, surgical
drainage should be supplemented with appropriate sys-
temic antibiotic therapy.22 (Figure 12-5) (also see chap-
ter 18, “Pharmacology for Endodontics”).

Learning the correct timing for I & D takes experi-
ence. The patient often presents with a generalized, dif-
fuse facial swelling that is indurated. Caution should
always be exercised with hard swellings of this nature,
especially when accompanied by a fever. Such an infec-
tion can extend into fascial planes and anatomic spaces
and become life threatening. Consultation with, or
referral to, an appropriate specialist may be indicated.

Unfortunately, incision into a diffuse or indurated
swelling before its localization is often unsuccessful in
affording immediate relief or reduction of the swelling.
When this situation exists, it has been suggested that
the patient be placed on appropriate systemic antibiot-
ic therapy and instructed to use hot salt water “mouth
holds” (1⁄4–1⁄2 tsp of salt in a 10–12-oz glass of hot water)
in the swollen area to assist in the localization of the
swelling to a more fluctuant state. The clinical situation
should be monitored every 24 hours. As soon as the
swelling has localized and a fluctuant area has devel-
oped, surgical drainage should be performed.3

Incision and Drainage Tray Setup. The tray setup
should be simple and uncluttered. The instruments
and supplies needed for the procedure should be laid
out in the order of their use (Figure 12-6).

Local Anesthesia. Whenever possible, nerve block
injection is the preferable method for obtaining local
anesthesia. In some cases, block injections must be sup-
plemented with local infiltration to obtain adequate
local anesthesia. In other clinical situations, block
injections are either impossible or impractical and
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anesthesia will be limited to local infiltration. When
local infiltration is used, the oral mucosa in the area to
be injected should be dried with 2 × 2 gauze and a top-
ical anesthetic placed. Local anesthetic should be
deposited peripheral to the swollen mucoperiosteal tis-
sues. Injection directly into the swollen tissues should
be avoided because it is painful, may cause spread of
infection, and does not produce effective anesthesia.2

Inflammation results in the lowering of tissue pH,
which effects alteration of the equilibrium of the inject-
ed anesthetic and a significant reduction in tissue con-
centration of the non-ionized form. Local anesthetics
with low pKa values, such as mepivacaine, are the most
effective in this clinical situation.23 Patients should be
warned that, as a result of the effects of inflammation
and infection, local anesthesia may not eliminate all dis-
comfort associated with this procedure. The discomfort,
however, is usually minimal and transient in nature.
The reduced effectiveness of local anesthetic agents to
block pain transmissions in a site of inflammation has
been well documented.24–26 Najjar has also demonstrat-
ed that inflammation in dental tissues can produce neu-
rologic changes at distant sites along the nerve trunk,
rendering local anesthetic less effective.27 The use of
nitrous oxide analgesia may be useful in reducing
patient anxiety and lowering the pain threshold.

Incision. Following the administration of the
appropriate block and/or infiltration anesthesia, the sur-
gical area should be isolated with sterile 2 × 2 gauze
sponges. The incision should be horizontal and placed at
the dependent base of the fluctuant area. This will allow
the greatest release (flow) of exudate. The incision
should be made using a scalpel blade that is pointed,

Figure 12-5 Rapid dissolution of massive cellulitis
following incision and drainage and antibiotic ther-
apy. A, Unilateral facial asymmetry and eye closure
indicate severity of inflammatory edema from
abscess, apical to maxillary lateral incisor. B, Five
days later all signs of inflammation have vanished
and patient is ready for root canal therapy.
(Courtesy of Dr. Bertram L. Wolfshon.)

Figure 12-6 A well-organized incision and drainage (“I & D”) kit
is essential for efficient accomplishment of drainage procedures.
(Courtesy of Graduate Endodontics, Loma Linda University.)

A B



Endodontic Surgery 675

such as a No. 11 or No. 12, rather than a rounded No. 15
blade. The exudate should be aspirated and, if indicated,
a sample collected for bacteriologic culturing. Probing
with a curette or hemostat into the incisional wound to
release exudate entrapped in tissue compartments will
facilitate a more effective result2 (Figure 12-7).

Placement of a Drain. The use of drains following
an I & D procedure is controversial. Frank et al. recom-
mended the use of a rubber dam drain to maintain the
patency of the surgical opening.3 McDonald and
Hovland have stated that the incision alone will usual-
ly provide the needed drainage.28 However, if initial
drainage is limited, placement of a drain may be indi-
cated. The drain may be made of either iodoform gauze
or rubber dam material cut in an “H” or “Christmas
tree” shape. It may be sutured in place for added reten-
tion and should be removed after 2 to 3 days. Bellizzi
and Loushine recommended the use of a 1⁄4-inch
Penrose drain, which should be sutured in place and
removed in 24 to 48 hours.29

Gutmann and Harrison stated that the use of drains
following I & D procedures has been greatly abused.2

Patients with localized or diffuse intraoral swellings,
even if mild extraoral swelling is present, do not usual-
ly require drains following I & D procedures. Healing
will progress much more rapidly without insertion of
an artificial barrier in the incisional wound site. The
tissues should be allowed to close the incisional wound
at their normal wound-healing pace, which is about 24
to 48 hours. When sufficient drainage has occurred,
epithelial closure of the incisional wound will follow.
The insertion of a drain is only indicated in cases pre-
senting with moderate to severe cellulitis and other
positive signs of an aggressive infective process.

Cortical Trephination

Cortical trephination is a procedure involving the per-
foration of the cortical plate to accomplish the release
of pressure from the accumulation of exudate within
the alveolar bone. This is a limited-use procedure and
is fraught with peril and potential negative complica-
tions. Patients who present with moderate to severe
pain but with no intraoral or extraoral swelling may
require drainage of periradicular exudate to alleviate
the acute symptoms. Literature pertaining to this pro-
cedure is very limited and consists primarily of case
reports, opinions, and clinical experiences.2 Two clini-
cal studies have been reported on trephination proce-
dures. However, they were both designed to investigate
the efficacy of trephination in avoiding postobturation
pain rather than in treating existing acute condi-
tions.30,31 The treatment of choice for these patients is

drainage through the root canal system (apical trephi-
nation) whenever possible. This may involve the
removal of intraradicular posts and/or existing root
canal obturation material. Apical trephination involves
penetration of the apical foramen with a small
endodontic file and enlarging the apical opening to a
size No. 20 or No. 25 file to allow drainage from the
periradicular lesion into the canal space. The decision
about whether to perform apical or cortical trephina-
tion is based primarily on clinical judgment regarding
the urgency of obtaining drainage.

Cortical trephination involves making an incision
through mucoperiosteal tissues and perforating
through the cortical plate with a rotary instrument
(Figure 12-8). Some practitioners prefer to lay a
mucoperiosteal flap to expose the buccal/labial cortical
plate before the trephination procedure. The objective is
to create a pathway through the cancellous bone to the
vicinity of the involved periradicular tissues. It is often
difficult to identify the appropriate site for cortical
trephination. Good quality diagnostic radiographs and
careful clinical examination will aid in determining the
appropriate trephination site. The site most often rec-
ommended is at or near the root apex.3,32–34 Gutmann
and Harrison2 suggest, however, that the trephination
site should be at or about midroot level in the interden-
tal bone, either mesial or distal to the affected tooth.
Cortical trephination should always be initiated from a
buccal approach, never from the lingual or palatal.
Gutmann and Harrison recommend using either a No.
6 or No. 8 round bur in a high-speed handpiece to pen-
etrate the cortical plate. A reamer or K-type file is then
passed through the cancellous bone into the vicinity of
the periradicular tissues. It is not necessary to pass the
instrument directly to the root apex to achieve effective
results.2 The clinician must exercise good judgment to
avoid anatomic structures such as the maxillary sinus
and the neurovascular contents of the mandibular canal
and the mental foramen, as well as the tooth itself.

PERIRADICULAR SURGERY

As previously discussed, the indications for, and the
application of, periradicular endodontic surgery have
undergone dramatic changes in the last two decades.
These changes have been especially evident when deal-
ing with the treatment of failed nonsurgical endodon-
tic treatments. A widely held principle of endodontic
diagnosis and treatment planning is that the primary
modality for endodontic treatment failure should be
nonsurgical endodontic re-treatment whenever possi-
ble2,3,28,35–39 (see chapter 13, “Outcome of Endodontic
Treatment and Re-treatment”).
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Figure 12-7 Incision and drainage of acute apical abscess. A, Good level of anesthesia is established and region is packed with gauze
sponges. B, Sweeping incision is made through core of lesion with No. 11 or 12 scalpel. Drainage is aspirated by assistant. C, Profile view of
incision showing scalpel carried through to bone. D, In some cases a small curved hemostat through defect of bony plate into body of infec-
tion. By spreading beaks, adequate drainage is established and may be maintained by suturing T-drain through incision. Patient requires
antibiotics for bacteremia and analgesics to control discomfort. E, T-drain is positioned to ensure patency of incision until all drainage ceas-
es. F, If drain will not remain in place, it may be sutured.

A B
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The importance of thorough and meticulous
presurgical planning cannot be overemphasized. Not
only must the dental practitioner and staff be thor-
oughly trained, but, in addition, all necessary instru-
ments, equipment, and supplies must be readily avail-
able in the treatment room (Figure 12-9). This requires
that every step of the procedure be carefully planned
and analyzed. The potential for possible complications
must be anticipated and incorporated into the presur-
gical planning.

Good patient communication is essential for thor-
ough surgical preparation. It is important that the
patient understands the reason surgery is needed as
well as other treatment options available. The patient
must be informed of the prognosis for a successful out-
come and the risks involved in the surgical procedure,
in addition to the benefits. It is also important that the
patient be informed of the possible short-term effects
of the surgery, such as pain, swelling, discoloration, and
infection. Signed consent forms are advised. It is rec-
ommended that patients not be allowed to watch the
procedure in a mirror, even if they so request.

A presurgical mouth rinse will improve the surgical
environment by decreasing the tissue surface bacterial

Figure 12-8 Surgical trephination of intact labial cortical plate to
relieve liquid and gas pressure of acute apical abscess. Accurate pin-
pointing of lesion is done by radiography.

Figure 12-9 Suggested surgical instrument setup. Top Row: Extra 2-inch × 2-inch gauze; irrigating syringe with sterile saline, (Monoject);
two extra carpules lidocaine 1/50,000 epinephrine; Teflon gauze cut in small squares; surgical length FG carbide burs No. 6, No. 8, and No.
H267 (Brassler); 4-0 Vicryl (Polyglactin 910) suture; needle holder; scissors. Bottom Row: Scalpel handle with No. 15C Bard-Parker blade;
mouth mirror, front surface No. 4; cow horn DE explorer; No. 16 DE endodontic explorer; periodontal probe; perio curettes; bone curettes;
Morse No. 00 scaler (Ransom and Randolph); periosteal elevators; flap retractors; locking cotton pliers; root-end filling material carrier; root-
end filling condenser; front surface micro mirrors. Instruments required for endodontic surgery are prearranged on the surgical tray with
logical placement in order of their use from left to right. Instruments are sterilized and packaged in readiness for use.



contamination and thereby reducing the inoculation of
microorganisms into the surgical wound. Chlorhexidine
gluconate (Peridex) has been shown to decrease salivary
bacterial counts by 80 to 90% with a return to normal
within 48 hours.40 Gutmann and Harrison recommend
that chlorhexidine gluconate oral rinses should be start-
ed the day before surgery, given immediately before sur-
gery, and continued for 4 to 5 days following surgery.2

The reduction in numbers of oral bacteria before and
during the early postsurgical period and the inhibition
of plaque formation produce a markedly improved envi-
ronment for wound healing.2

Most periradicular surgical procedures, regardless of
their indication, share a number of concepts and prin-
ciples: (1) the need for profound local anesthesia and
hemostasis, (2) management of soft tissues, (3) man-
agement of hard tissues, (4) surgical access, both visual
and operative, (5) access to root structure, (6) peri-
radicular curettage, (7) root-end resection, (8) root-
end preparation, (9) root-end filling, (10) soft-tissue
repositioning and suturing, and (11) postsurgical care.
All of these concepts and principles may not be used in
any given surgery. However, an in-depth knowledge
and understanding of these principles, and the manner
in which they relate to the biology and physiology of
the tissues involved, is of major importance. The strict
adherence to and application of these principles will
greatly influence the success of the surgical treatment
and will minimize patient morbidity.

Anesthesia and Hemostasis

The injection of a local anesthetic agent that contains a
vasoconstrictor has two equally important objectives:
(1) to obtain profound and prolonged anesthesia and (2)
to provide good hemostasis both during and after the
surgical procedure. To sacrifice one for the other is
shortsighted and unnecessary. Failure to obtain pro-
found surgical anesthesia will result in needless pain and
anxiety for the patient. Inadequate hemostasis will result
in poor visibility of the surgical site, thus prolonging the
procedure and resulting in increased patient morbidity.
With the proper handling of any medical condition with
which the patient may present, and the selection of an
appropriate anesthetic agent and vasoconstrictor, it is
possible to accomplish both objectives.

Selection of Anesthetic Agent. The selection of an
appropriate anesthetic agent should always be based on
the medical status of the patient and the desired dura-
tion of anesthesia needed (see chapter 9, “Preparation
for Endodontic Treatment”). The two major groups of
local anesthetic agents are the esters and amides. The
important difference between these groups lies not in
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their ability to produce profound anesthesia but in the
manner in which they are metabolized and the poten-
tial for allergic reactions. Esters have a much higher
allergic potential than do amides.41 The only ester local
anesthetic available in dental cartridges in the United
States is a combination of propoxycaine and procaine
(Ravocaine).

The amide group of local anesthetics, which include
lidocaine (Xylocaine), mepivacaine (Carbocaine),
prilocaine (Citanest), bupivacaine (Marcaine), etido-
caine (Duranest), and articaine (Ultracaine), undergo a
complex metabolic breakdown in the liver. Patients
with a known liver dysfunction should be adminis-
tered amide local anesthetic agents with caution
because of the potential for a high systemic blood con-
centration of the drug. Also, patients with severe renal
impairment may be unable to remove the anesthetic
agent from the blood, which may result in an increased
potential for toxicity as a result of elevated blood levels
of the drug. Therefore, significant renal dysfunction
presents a relative contraindication, and dosage limits
should be lowered.23,41

The high clinical success rate in producing profound
and prolonged local anesthesia along with its low poten-
tial for allergic reactions makes lidocaine (Xylocaine)
the anesthetic agent of choice for periradicular surgery.
Selection of another anesthetic agent is indicated only in
the presence of a true documented contraindication. If
the use of an amide anesthetic agent (lidocaine) is
absolutely contraindicated, the ester agent, procaine-
propoxycaine with levonordefrin (Ravocaine with Neo-
Cobefrin), is the only choice at present.2

Selection of Vasoconstrictor Agent. The choice of
vasoconstrictor in the local anesthetic will have an
effect on both the duration of anesthesia and the qual-
ity of hemorrhage control at the surgical site.23,42–44

Vasopressor agents used in dentistry are direct-acting,
sympathomimetic (adrenergic) amines that exert their
action by stimulating special receptors (alpha- and
beta-adrenergic receptors) on the smooth muscle cells
in the microcirculation of various tissues. These agents
include epinephrine (Adrenalin), levonordefrin (Neo-
Cobefrin), and levarterenol (Levophed, noradrenaline,
norepinephrine).41,42 For the purpose of hemostasis,
there is little or no justification for the use of
levarterenol. The degree of hemostasis required for
most periradicular surgical procedures cannot be pro-
duced safely by levarterenol.41

Ahlquist was the first to determine the existence of two
types of adrenergic receptors.45 He termed them alpha
and beta. He documented that each produces different
responses when stimulated. Many tissues have both alpha
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and beta receptors; however, one will usually predomi-
nate. Gage demonstrated that the action of a vasopressor
drug on the microvasculature depends on (1) the pre-
dominant receptor type and (2) the receptor selectivity of
the vasopressor drug.46 Alpha receptors predominate in
the oral mucosa and gingival tissues, whereas beta recep-
tors predominate in skeletal muscle.23,47 Epinephrine
receptor selectivity is approximately equal for alpha and
beta receptors. Levonordefrin receptor selectivity, howev-
er, is primarily for alpha-adrenergic receptors.

Stimulation of the alpha-adrenergic receptors will
result in contraction of the smooth muscle cells in the
microvasculature with a subsequent reduction of blood
flow through the vascular bed. Stimulation of the beta-
adrenergic receptors will result in a relaxation of the
smooth muscle cells in the microvasculature with a sub-
sequent increased blood flow through the vascular bed.
Since epinephrine receptor selectivity is equal for alpha
and beta receptors, and beta receptors predominate in
skeletal muscle, it is important not to inject epinephrine
into skeletal muscles in the area of endodontic surgery or
a vasodilation with increased blood flow will result.23,46

Epinephrine is the most effective and most widely
used vasoconstrictor agent used in dental anesthet-
ics.41,48–50 The other vasopressors available are less
effective. Even though they are used in higher concen-
trations in an effort to compensate for their lower
effectiveness, the difference in the degree of clinical
effect is readily observable. Many studies have been
reported measuring the plasma catecholamine levels
and the clinical effects of the injection of epinephrine
containing local anesthetics for dental treatment.51–55

The results of these studies indicate that even though
the plasma level of catecholamines increases following
the injection, this increase does not generally appear to
be associated with any significant cardiovascular effects
in healthy patients or those with mild to moderate
heart disease. Pallasch stated that the hemodynamic
alterations seen with elevated plasma epinephrine are
usually quite short in duration, probably because of the
very short plasma half-life of epinephrine, usually less
than 1 minute. He also stated that the good achieved by
the inclusion of vasoconstrictors in dental local anes-
thetics greatly outweighs any potential deleterious
effects of these agents.56

Injection Sites and Technique. For periradicular
surgery, it is imperative that profound prolonged anes-
thesia and maximum hemostasis be achieved. In addi-
tion to the choice of anesthetic and vasopressor agents,
the sites and technique of injection are important factors
as well. Nerve block anesthesia involves injection in close
proximity to a main nerve trunk that is usually located

some distance from the surgical site. Thus, the vasopres-
sor agent in the anesthetic preparation used in nerve
block anesthesia will not significantly affect the blood
flow at the surgical site. Profound nerve block anesthesia
can be achieved with a local anesthetic containing dilute
(1:100,000 or 1:200,000) epinephrine.23,24

Hemostasis, unlike anesthesia, however, cannot be
achieved by injecting into distant sites.48 Only the small
vessels of the microvasculature are affected by the
injected vasopressor; larger vascular channels are not.
An inferior alveolar nerve block injection effectively
blocks pain transmission from the surgical site; howev-
er, the vasopressor injected has no effect on the inferi-
or alveolar artery and normal blood flow continues to
the peripheral surgical site. Therefore, additional injec-
tions must be administered in the soft tissue in the
immediate area of the surgery. This is accomplished by
local infiltration using a higher concentration
(1:50,000 epinephrine) of vasopressor in the anesthetic
solution. In the maxilla, infiltration anesthesia can
simultaneously achieve anesthesia and hemostasis. It is
important to note that, whatever technique is used to
obtain anesthesia, infiltration in the surgical site is
always required to obtain hemostasis. 2,57

The infiltration sites of injection for periradicular
surgery are always multiple and involve deposition of
anesthetic throughout the entire surgical field in the
alveolar mucosa just superficial to the periosteum at the
level of the root apices (Figure 12-10). Following block
anesthesia, using a 30-gauge needle with the bevel
toward bone, a small amount of solution (0.25–0.50 mL)
should be slowly deposited. The needle tip is then moved
peripherally (mesially and distally) and similar small
amounts are slowly injected in adjacent areas.2,48

Figure 12-10 Proper placement of needle for infiltration anesthesia
to obtain maximum surgical hemostasis is in the alveolar mucosa just
superficial to the periosteum at the level of the root apices.



The rate of injection in the target sites directly
affects the degree of hemostasis.2 The recommended
injection rate is 1 mL/minute, with a maximum safe
rate of 2 mL/minute.41,58 Rapid injection produces
localized pooling of solution in the injected tissues,
resulting in delayed and limited diffusion into adjacent
tissues. This results in minimal surface contact with the
microvascular bed and less than optimal hemostasis.

The amount of anesthetic solution needed varies
and depends on the size of the surgical site. In a small
surgical site involving only a few teeth, one cartridge
(1.8 cc) of solution containing 1:50,000 epinephrine is
usually sufficient to obtain adequate hemostasis. For
more extensive surgery involving multiple teeth, it is
rarely necessary to inject more than two cartridges (3.6
cc) of anesthetic (1:50,000 epinephrine) to achieve
both anesthesia and hemostasis.

Reactive Hyperemia: The Rebound Phenomenon.
It is important that the endodontic surgeon be aware of
the delayed beta-adrenergic effect that follows the hemo-
stasis produced by the injection of vasopressor amines. A
rebound occurs from an alpha (vasoconstriction) to a
beta (vasodilation) response and is termed reactive
hyperemia or the rebound phenomenon. 59

Following the injection of a vasopressor amine, tis-
sue concentration of the vasopressor gradually decreas-
es to a level that no longer produces an alpha-adrener-
gic vasoconstriction. The restricted blood flow slowly
returns to normal but then rapidly increases far beyond
normal, as a beta-adrenergic dilatation occurs.23,59,60

This rebound phenomenon is not the result of beta
receptor activity but results from localized tissue
hypoxia and acidosis caused by the prolonged vasocon-
striction.47,61 Once this reactive hyperemia occurs, it is
usually impossible to re-establish hemostasis by addi-
tional injections. Therefore, if a long surgical procedure
is planned (multiple roots or procedures), the more
complicated and hemostasis-dependent procedures
(root-end resection, root-end preparation and filling)
should be done first. The less hemostasis-dependent
procedures, such as periradicular curettage, biopsy, or
root amputation, should be reserved for last.

The rebound phenomenon has another important
clinical implication: postsurgical hemorrhage and
hematoma. These possible postsurgical sequelae are
best minimized by proper soft-tissue repositioning
and postsurgical care, described in more detail later in
this chapter.

Soft-Tissue Management

The establishment of good surgical access, both visual
and operative, is a requirement for all surgical proce-
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dures. Visual access enables the endodontic surgeon to
see the entire surgical field. Operative access allows the
surgeon to perform the needed surgical procedure(s)
with the highest quality and in the shortest amount of
time. This will result in the least amount of surgical
trauma and a reduction in postsurgical morbidity.

All surgical procedures require the intentional
wounding of specific tissues, and the subsequent
wound healing depends on the type of tissues wound-
ed and the type of wound inflicted. The surgeon’s goal
must always be to minimize trauma to both the soft
and hard tissues involved in the surgical procedure.
Most periradicular surgical procedures require the rais-
ing of a mucoperiosteal flap.

Flap Designs and Incisions. Good surgical access is
fundamentally dependent on the selection of an appro-
priate flap design. Numerous flap designs have been pro-
posed for periradicular surgery (Figure 12-11). It must
be noted, however, that no one flap design is suitable for
all surgical situations. It is necessary to know the advan-
tages and disadvantages of each flap design.

Principles and Guidelines for Flap Design.
Regardless of the design of the surgical flap, there are a
number of principles and guidelines that apply to the
location and extent of incisions. The adherence to these
principles and guidelines will ensure that the flapped
soft tissues will fit snugly in their original position and
will properly cover the osseous wound site and provide
an adequate vascular bed for healing:

1. Avoid horizontal and severely angled vertical inci-
sions.
The gingival blood supply is primarily from the same
vessels supplying the alveolar mucosa. As these vessels
enter into the gingiva, they assume a vertical course
parallel to the long axis of the teeth and are positioned
in the reticular layer superficial to the periosteum.
They are known as the supraperiosteal vessels.62,63

They are arterioles with a diameter of about 100
µm and are the terminal branches of the buccal, lin-
gual, greater palatine, inferior alveolar, and superior
alveolar arteries.64

The collagen fibers of the gingiva and alveolar
mucosa provide structural strength to these tissues.
Collectively, these fibers are termed the gingival liga-
ment. This ligament consists of a number of fiber
groups that form attachments from crestal bone and
supracrestal cementum to the gingiva and the perios-
teum on the buccal and lingual radicular bone. The
collagen fibers that attach to the periosteum course
over the crestal radicular bone in a direction parallel
to the long axis of the teeth.65
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Horizontal and severely angled incisions, such as
used in semilunar flaps and in broad-based rectan-
gular flaps, shrink excessively during surgery as a
result of contraction of the cut collagen fibers that
run perpendicular to the line of incision. As a result
of this shrinkage, it is often difficult to return the
flap edges to their original position without placing
excessive tension on the soft tissues. This often
results in tearing out of the sutures and subsequent
scar formation from healing by secondary intention
(Figure 12-12). Horizontal or severely angled inci-
sions may also result in interference of the blood
supply to the unflapped gingival tissues because of

severance of the gingival blood vessels that run per-
pendicular to the line of incision.

2. Avoid incisions over radicular eminences.
Radicular eminences, such as the canine, maxillary
first premolar, and first molar mesiobuccal root
prominences, often fenestrate through the cortical
bone or are covered by very thin bone with a poor
blood supply. These bony defects may lead to soft-
tissue fenestrations if incisions are made over them.
Vertical (releasing) incisions should be made paral-
lel to the long axis of the teeth and placed between
the adjacent teeth over solid interdental bone, never
over radicular bone (Figure 12-13).

Figure 12-11 Surgical flap design and nomenclature for flaps. A, Single vertical (tri-
angular). Above, Relaxing incision is vertical and placed over interdental bone.
Horizontal incision is in the gingival sulcus and releases the papillae as it extends lat-
erally. Below, Adequate access reaches periapical region of tooth involved in surgery
(arrow). More retraction may be gained by extending both vertical and horizontal inci-
sion. B, Double vertical (trapezoidal). Above, Oblique vertical incisions provide for a
broader base of the flap. They may cross, however, over radicular bone. Below,
Trapezoidal flap when fully reflected provides excellent access to the apices of teeth in
the surgical area. C, Double vertical (rectangular). Above, Recommended if bony fen-
estration is expected. Vertical relaxing incisions are placed over interdental bone and
not over radicular surfaces to avoid fenestrated root surfaces. Below, Excellent surgical
access is achieved to all periradicular areas of the teeth involved in the surgical area.
This flap design is recommended for maximum apical extension when needed. D,
Scalloped (Luebke-Ochsenbein). Above, This flap avoids interference with the archi-
tecture of the gingival sulcus and the interdental papillae. The horizontal incision is
placed parallel and just apical to the free gingival grove. A vertical relaxing incision is
placed at each of the terminal ends of the horizontal incision. Below, Surgical access is
good to the middle and apical periradicular areas but limited to the incisal one-third.
It is critical that solid bone support the incision when repositioning the flap.



3. Incisions should be placed and flaps repositioned
over solid bone.
Incisions should never be placed over areas of peri-
odontal bone loss or periradicular lesions. Without
good solid bone to support the repositioned edges of
the mucoperiosteal flap, inadequate blood supply
results in necrosis and sloughing of the soft tissue.
The endodontic surgeon must take into considera-
tion the extent of osseous bone removal necessary to
accomplish the intended periradicular surgery when
designing the flap so that the repositioned flap mar-
gins will be supported by solid bone. Hooley and
Whitacre suggest that a minimum of 5 mm of bone
should exist between the edge of a bony defect and
the incision line.66
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4. Avoid incisions across major muscle attachments.
Incisions across major muscle attachments (frena)
make repositioning of the flap and subsequent heal-
ing much more difficult. Healing and scar tissue for-
mation by secondary intention healing often results.
This can be circumvented by laterally extending the
horizontal incision so that the vertical incision
bypasses the muscle attachment and it is included
within the flap.

5. Tissue retractor should rest on solid bone.
The extension of the vertical incision should be suf-
ficient to allow the tissue retractor to seat on solid
bone, thereby leaving the root apex well exposed
(Figure 12-14). If the vertical incisions are not ade-
quately extended, there will be a tendency for the
retractor to traumatize the mucosal tissue in the fold
at the base of the flap. This may affect the blood sup-
ply to these tissues and will result in increased post-
surgical morbidity.

6. Extent of the horizontal incision should be ade-
quate to provide visual and operative access with
minimal soft-tissue trauma.
In general, the horizontal incision for mucope-
riosteal flaps in periradicular surgery should
extend at least one to two teeth lateral to the tooth
to be treated (Figure 12-15). This will allow for
adequate surgical access and minimize tension and
stretching of the soft tissue. A time-tested axiom
regarding the length of an incision is that more
trauma results from too short an incision rather
than too long, and incisions heal from side to side,
not from end to end.

Figure 12-12 Shrinkage of the gingival tissue resulting from cut
collagen fibers may result in postsurgical scarring as a result of heal-
ing by secondary intention.

Figure 12-13 Vertical incisions should be made over the thick
bone that lies in the “trough” (arrow) between the radicular emi-
nences.

Figure 12-14 The flap retractor should be broad enough to pro-
vide visual access to the surgical site and also rest on solid bone
without impinging soft tissue.
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7. The junction of the horizontal sulcular and vertical
incisions should either include or exclude the
involved interdental papilla.
Vertical releasing incisions should be made parallel
to the long axis of the teeth and placed between the
adjacent teeth over solid interdental bone, never
over radicular bone. The vertical incision should
intersect the horizontal incision and terminate in
the intrasulcular area at the mesial or distal line
angle of the tooth. The involved interdental papilla
should never be split by the vertical incision or inter-
sect the horizontal incision in the midroot area
(Figure 12-16).

8. The flap should include the complete mucoperios-
teum (full thickness).
The flap should include the entire mucoperiosteum
(marginal, interdental and attached gingiva, alveolar
mucosa, and periosteum). Full-thickness flaps result
in less surgical trauma to the soft tissues and better
surgical hemostasis than do split-thickness flaps.
The major advantages of full-thickness flaps are
derived from the maintenance of the supraperiosteal
blood vessels that supply these tissues.

According to Gutmann and Harrison, the two major
categories of periradicular surgical flaps are the full
mucoperiosteal flaps and the limited mucoperiosteal
flaps.2 The location of the horizontal component of the
incision is the distinguishing characteristic between the
two categories of surgical flaps. All full mucoperiosteal
flaps involve an intrasulcular horizontal incision with
reflection of the marginal and interdental (papillary)
gingival tissues as part of the flap. Limited mucope-
riosteal flaps have a submarginal (subsulcular) hori-
zontal or horizontally oriented incision, and the flap
does not include the marginal or interdental tissues.2

The addition of plane geometric terms to describe flap
designs, as suggested by Luebke and Ingle, provides for
an easily identifiable classification of periradicular sur-
gical flap designs.67 The classification of periradicular
surgical flaps is found in Table 12-2, and a description
of these flaps and their application in endodontic sur-
gery follows.

Full Mucoperiosteal Flaps. Triangular Flap. The
triangular flap is formed by a horizontal, intrasulcular
incision and one vertical releasing incision (Figure 12-
11, A). The primary advantages of this flap design are

Figure 12-15 An incision should be no closer than 5 mm to a bony defect. A, Vertical incision is too close to bony defect. B, Incision placed
one tooth mesially allows for better visual access and solid bony support for the incision.

Figure 12-16 Incisions that split the papillae do not heal as well
and may leave a periodontal defect following suture removal.

A B



that it affords good wound healing, which is a result of
a minimal disruption of the vascular supply to the
flapped tissue, and ease of flap reapproximation, with a
minimal number of sutures required. The major disad-
vantage of this flap design is the somewhat limited sur-
gical access it provides because of the single vertical
releasing incision. This limited surgical access often
makes it difficult to expose the root apexes of long teeth
(eg, maxillary cuspids) and mandibular anterior teeth.

In posterior surgery, both maxillary and mandibu-
lar, the vertical releasing incision is always placed at the
mesial extent of the horizontal incision, never the dis-
tal. This affords the surgeon maximum visual and
operative access with minimum soft-tissue trauma. For
anterior surgery, the vertical releasing incision should
be placed at the extent of the horizontal incision that is
closest to the surgeon and is therefore dependent on
the surgeon’s position to the right or left of the patient.

After reflecting a triangular flap, sometimes the sur-
geon may find it necessary to obtain additional access.
This can be easily obtained by placement of a distal
relaxing incision. A relaxing incision is a short vertical
incision placed in the marginal and attached gingiva
and located at the extent of the horizontal incision
opposite the vertical releasing incision. This incision is
also good for relieving flap retraction tension while
achieving adequate surgical access.

As a result of the excellent wound-healing potential
of this flap design and the generally favorable surgical
access it provides, use of the triangular mucoperiosteal
flap is recommended whenever possible. It is recom-
mended for maxillary incisors and posterior teeth. It is
the only recommended flap design for mandibular
posterior teeth because of anatomic structures con-
traindicating other flap designs.2

Rectangular Flap. The rectangular flap is formed
by an intrasulcular, horizontal incision and two vertical
releasing incisions (see Figure 12-11, C). The major
advantage of this flap design is increased surgical access
to the root apex. This flap design is especially useful for
mandibular anterior teeth, multiple teeth, and teeth
with long roots, such as maxillary canines.
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The major disadvantage of the rectangular flap
design is the difficulty in reapproximation of the flap
margins and wound closure. Postsurgical stabilization
is also more difficult with this design than with the tri-
angular flap. This is primarily due to the fact that the
flapped tissues are held in position solely by the
sutures. This results in a greater potential for postsurgi-
cal flap dislodgment. This flap design is not recom-
mended for posterior teeth.

Trapezoidal Flap. The trapezoidal flap is similar to
the rectangular flap with the exception that the two
vertical releasing incisions intersect the horizontal,
intrasulcular incision at an obtuse angle (see Figure 12-
11, B). The angled vertical releasing incisions are
designed to create a broad-based flap with the vestibu-
lar portion being wider than the sulcular portion. The
desirability of this flap design is predicated on the
assumption that it will provide a better blood supply to
the flapped tissues. Although this concept is valid in
other tissues, such as the skin, its application is
unfounded in periradicular surgery.68

Since the blood vessels and collagen fibers in the
mucoperiosteal tissues are oriented in a vertical direc-
tion, the angled vertical releasing incisions will sever
more of these vital structures. This will result in more
bleeding, a disruption of the vascular supply to the
unflapped tissues, and shrinkage of the flapped tissues.
The trapezoidal flap is contraindicated in periradicu-
lar surgery. 32,68

Horizontal Flap. The horizontal, or envelope, flap
is created by a horizontal, intrasulcular incision with
no vertical releasing incision(s). This flap design has
very limited application in periradicular surgery
because of the limited surgical access it provides. Its
major applications in endodontic surgery are limited to
repair of cervical defects (root perforations, resorption,
caries, etc) and hemisections and root amputations.

Limited Mucoperiosteal Flaps. Submarginal
Curved (Semilunar) Flap. The submarginal or semi-
lunar flap is formed by a curved incision in the alveolar
mucosa and the attached gingiva (see Figure 12-11, E).
The incision begins in the alveolar mucosa extending
into the attached gingiva and then curves back into the
alveolar mucosa. There are no advantages to this flap
design and its disadvantages are many, including poor
surgical access and poor wound healing, which results
in scarring. This flap design is not recommended for
periradicular surgery.

Submarginal Scalloped Rectangular (Luebke-
Ochsenbein) Flap. The submarginal scalloped rectan-
gular flap is a modification of the rectangular flap in
that the horizontal incision is not placed in the gingival

Table 12-2 Classification of Surgical Flaps

1. Full mucoperiosteal flaps
(a) Triangular (one vertical releasing incision)
(b) Rectangular (two vertical releasing incisions)
(c) Trapezoidal (broad-based rectangular)
(d) Horizontal (no vertical releasing incision)

2. Limited mucoperiosteal flaps
(a) Submarginal curved (semilunar)
(b) Submarginal scalloped rectangular (Luebke-Ochsenbein)
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sulcus but in the buccal or labial attached gingiva. The
horizontal incision is scalloped and follows the contour
of the marginal gingiva above the free gingival groove
(Figure 12-11, D). The major advantages of this flap
design are that it does not involve the marginal or
interdental gingiva and the crestal bone is not exposed.
The primary disadvantages are that the vertically ori-
ented blood vessels and collagen fibers are severed,
resulting in more bleeding and a greater potential for
flap shrinkage, delayed healing, and scar formation.

When considering the use of this flap design, the
endodontic surgeon must keep in mind that the hori-
zontal, scalloped incision must be placed and the flap
repositioned over solid bone. Careful evaluation of any
buccal or labial periodontal pockets must also be made
to minimize the possibility of leaving unflapped gingi-
val tissue without bony support.

The importance of properly angled diagnostic radi-
ographs cannot be overemphasized when considering
the use of this flap design. The size and position of any
periradicular inflammatory bone loss must also be
considered when placing the horizontal incision to
ensure that the margins of the flap, when reapproxi-
mated, will be adequately supported by solid bone.

Proponents of this flap design stress the importance
of not involving the marginal gingiva and the gingival
sulcus in the horizontal incision, which may result in
an alteration of the soft-tissue attachment and crestal
bone levels. It has been reported, however, that, with
proper reapproximation of the reflected tissues and
good soft-tissue management, the gingival attachment
level is minimally altered or unchanged when full
mucoperiosteal flaps are used.

The key element in preventing loss of the soft-tissue
attachment level is ensuring that the root-attached tis-
sues are not damaged or removed during surgery.68–70

It has also been reported that crestal bone loss is mini-
mal (about 0.5 mm) when full mucoperiosteal flaps are
used in periodontic surgery. These procedures may
involve apical positioning of flaps, excision of margin-
al gingiva, and root planing that must rely on new
attachment of soft tissue to cementum. Unlike peri-
odontal surgery, endodontic surgery can accomplish
reattachment that results in little or no crestal bone
loss.71 Harrison and Jurosky reported that crestal bone
showed complete osseous repair of resorptive defects
and no alteration of crestal height following periradic-
ular surgery using a triangular (full mucoperiosteal)
flap.70 In the absence of periodontal disease, a complete
return to anatomic and functional normalcy can be
expected, following periradicular surgery using trian-
gular or rectangular flap designs.2

Flap Design for Palatal Surgery. Periradicular sur-
gery from a palatal approach is difficult due to the sur-
geon’s limited visual and operative access to this area.
The only flap designs indicated for palatal approach
surgery are the horizontal (envelope) and the triangu-
lar, with the latter being preferred. The palatal surgical
approach should be limited to the posterior teeth.
Anterior teeth should be approached from the labial
aspect, except when radicular pathosis dictates a palatal
approach, for example, curettement of a cyst located
toward the palate.

The horizontal intrasulcular incision for the trian-
gular flap should extend anteriorly to the mesial side of
the first premolar or, for the horizontal (envelope) flap,
to the midline. It should extend distally as far as need-
ed to afford access to the involved palatal root. A distal
relaxing incision extending a few millimeters from the
marginal gingiva toward the midline or over the
tuberosity area can be added to achieve better access
and to relieve tension on the distal extent of the flap.

The vertical releasing incision for the triangular flap
should extend from a point near the midline and join
the anterior extent of the horizontal incision mesial to
the first premolar. There is no validity to concerns
regarding a potential hemorrhage problem with verti-
cal incisions in the palatal mucosa in the premolar area.
The greater palatine artery branches rapidly as it cours-
es anteriorly and an incision in the premolar area
results in a minimal disruption to the vascular supply.

The palatal mucosa is tough and fibrous, and flap
reflection and retraction can be difficult in this area.
Placement of a sling suture in the flapped tissue
attached to a tooth or a bite block on the opposite side
of the maxillary arch may aid the surgeon in improving
visual and operative access by eliminating the need to
manually retract the flap while performing this poten-
tially difficult surgical procedure (Figure 12-17).

Incisions. Following the selection of the flap
design, it is important to select the proper scalpel blade
to accomplish the delicate task of making smooth,
clean, atraumatic incisions. Incisions for the majority
of mucoperiosteal flaps for periradicular surgery can
be accomplished by using one or more of four scalpel
blades: No. 11, No. 12, No. 15, and No. 15C (Figure 12-
18). The horizontal incision should be made first, fol-
lowed by the vertical releasing incisions to complete the
perimeters of the flap design.

The horizontal incision for a full mucoperiosteal
flap begins in the gingival sulcus and should extend
through the fibers of the gingival attachment to the cre-
stal bone. Care should be exercised to ensure that the
interdental papilla be incised through the midcol area,



separating the buccal and lingual papilla and incising
the fibers of the epithelial attachment to crestal bone.
Because these tissues are extremely delicate and space is
very limited, this important incision is best made with
a small scalpel blade, such as No. 11 or No. 15C (Figure
12-19). By holding the scalpel handle in a pen grasp
and using finger rests on the teeth, the surgeon can
achieve maximum control and stability when perform-
ing these delicate incision strokes. An attempt should
be made to accomplish the horizontal incision using as
few incision strokes as necessary to minimize trauma to
the marginal gingiva.
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The horizontal incision for a limited mucoperiosteal
flap should begin in the attached gingiva and be placed
about 2 mm coronal to the mucogingival junction
(Figure 12-20). The incision should be scalloped fol-
lowing the contour of the marginal gingiva. It is impor-
tant that the horizontal incision never be placed coro-
nal to the depth of the gingival sulcus. The depth of the
gingival sulcus must be measured before placement of
this flap design. The No. 15 or No. 15C scalpel blade is
recommended for this incision. An attempt should be
made to incise through the gingiva and periosteum to
the cortical bone using firm pressure and a single,
smooth stroke. Multiple incision strokes will result in
increased trauma to the gingival tissue, which, in turn,
may contribute to retarded healing and scar formation.

Vertical releasing incisions, whether for full or limit-
ed mucoperiosteal flaps, should always be vertical and
placed between adjacent teeth over interdental bone.
They should never be placed over radicular bone. The
incision should penetrate through the periosteum so
that it can be included in the flap. The incision stroke
should begin in the alveolar mucosa and proceed in a
coronal direction until it intersects the horizontal inci-
sion (Figure 12-21). Contrary to a well-ingrained surgi-
cal axiom, it is not necessary to accomplish this incision
in a single stroke.2 It is often difficult to accomplish
penetration completely through the gingiva, mucosa,
submucosa, and periosteum in a single stroke of the
scalpel. An initial incision stroke that penetrates the
mucosa and gingiva can be followed by a second that
penetrates through the periosteum to the surface of the
cortical bone. More accurate placement of the vertical
releasing incision will often result from this two-stroke

Figure 12-17 Single sling suture retracts palatal flap, giving surgi-
cal access and freeing hands of surgeon to hold mouth mirror and
handpiece. (Courtesy of Dr. Donald D. Antrim.)

Figure 12-18 Scalpel blades for surgical incisions. From top:
Microsurgical blade, No. 15C, No. 15, No. 12, No. 11.

Figure 12-19 No. 15C scalpel blade placed in the gingival sulcus
for horizontal incision.
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Figure 12-20 Horizontal incision for submarginal scalloped rectangular flap is placed in the attached gingiva just apical to the free gingi-
val groove and follows the contour of the marginal gingiva. Patient biting on gauze can swallow more easily and prevents seepage of hemor-
rhage. (Courtesy of Dr. Donald D. Antrim.)

Figure 12-21 Vertical releasing incision should begin in the alveolar mucosa and proceed in a coronal direction until it intersects the hor-
izontal incision.



incision technique because less pressure is required on
the initial stroke, affording the surgeon more control
over the direction of the scalpel blade. It may be neces-
sary to replace the scalpel blade with a fresh, sharp blade
to produce clean, sharp incision lines.

Flap Reflection. Reflection of soft tissues for full
or limited mucoperiosteal flaps is a very critical process
in the effort to reduce surgical trauma and postsurgical
morbidity. Marginal gingiva is very delicate and easily
injured. It is, therefore, not appropriate to begin the
reflective process in the horizontal incision for full
mucoperiosteal flaps. The supracrestal root-attach-
ment fibers are of even greater clinical significance than
is the marginal gingiva. These root-attachment fibers
are easily damaged or destroyed by direct reflective
forces. Damage to these tissues may result in the loss of
their viability, allowing for apical epithelial down-
growth along the root surface. This epithelial down-
growth will result in increased sulcular depth and loss
of soft-tissue attachment level.2,72 Maintenance of the
viability of these root-attachment fibers will likely
result in the soft-tissue attachment levels being unal-
tered following surgery.69,72

Initiating the flap reflective process in the horizontal
incision for submarginal flaps is not as injurious to the
soft tissues as in the full-flap design since the horizon-
tal incision for the former is placed in attached gingiva.
This will, however, result in damaging forces being
applied to a critical wound edge and should be avoided
whenever possible. The horizontal incision is more
subject to delayed wound healing than are the vertical
incisions in this flap design. Additional trauma to the
attached gingival tissues during flap reflection may
result in tissue shrinkage and healing by secondary
intention, which will result in increased scar-tissue for-
mation. The reflective procedure for the limited
mucoperiosteal flap should begin in the attached gingi-
va of the vertical incision whenever possible.

Flap reflection is the process of separating the soft
tissues (gingiva, mucosa, and periosteum) from the
surface of the alveolar bone. This process should begin
in the vertical incision a few millimeters apical to the
junction of the horizontal and vertical incisions (Figure
12-22). A number of periosteal elevators and curettes
are available for mucoperiosteal flap elevation (Figure
12-23). The periosteal elevator of choice should be
used to gently elevate the periosteum and its superficial
tissues from the cortical plate.

Once these tissues have been lifted from the cortical
plate and the periosteal elevator can be inserted
between them and the bone, the elevator is then direct-
ed coronally. This allows the marginal and interdental
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gingiva to be separated from the underlying bone and
the opposing incisional wound edge without direct
application of dissectional forces. This technique
allows for all of the direct reflective forces to be applied
to the periosteum and the bone. This approach to flap
reflection is referred to as “undermining elevation.”63

This “undermining elevation” should continue until
the attached gingival tissues (marginal and interdental)
have been lifted from the underlying bone to the full
extent of the horizontal incision. After reflection of
these tissues, soft-tissue elevation is continued in an
apical direction, lifting the alveolar mucosa, along with
the underlying periosteum, from the cortical bone
until adequate surgical access to the intended surgical
area has been achieved (Figure 12-24).

After the flap has been fully reflected, small bleeding
tissue tags will be noted on the exposed surface of the

Figure 12-22 Flap reflection begins with the periosteal elevator
placed in the attached gingiva a few millimeters apical to the junc-
tion of the vertical and horizontal incisions.

Figure 12-23 Periosteal elevators for flap reflection. From top:
No. 1 and No. 2 (Thompson Dental Mfg. Co.); No. 2 (Union Broach
Co.); No. 9 (Union Broach Co.).
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cortical bone, especially in the interradicular depressed
areas. Bleeding from these tissue tags will stop in a few
minutes and they should not be damaged or removed.
Research evidence strongly suggests that these bleeding
tissue tags are cortical retained periosteal tissues and
may play an important role in healing and reattach-
ment of the flap to the cortical bone.70,73

In posterior mandibular surgery, it is important to
be aware of the presence of the mental foramen and its
associated neurovascular bundle. The most common
location of the mental foramen is directly inferior to
the crown of the second premolar and mesial to and
inferior to its root apex (Figure 12-25). The mental

foramen is visible approximately 75% of the time on
periapical radiographs. When it is not visible on the
radiograph, it is usually below the border of the
film.74,75 During flap reflection in the mandibular pre-
molar area, the surgeon must be alert to subtle changes
in the resistance of the periosteum to separation from
the cortical bone. The resistance of Sharpey’s fibers,
which attach the periosteum to the bone, to separation
results in a thin, white band at the junction of the
flapped soft tissues and the cortical bone. Since there
are no Sharpey’s fibers attaching the periosteum to the
border of the mental foramen, this thin, white band
will disappear when the border of the mental foramen
has been reached. Further reflection of the soft tissues
in this area will result in the identification of the neu-
rovascular bundle as it exits from the foramen.
Maximum protection to the neurovascular bundle will
be best achieved by its early identification during the
flap reflective process. This will allow the surgeon to
avoid injury to these important anatomic structures
during the remainder of the surgical procedure.

Flap Retraction. Flap retraction is the process of
holding in position the reflected soft tissues. Proper
retraction depends on adequate extension of the flap
incisions and proper reflection of the mucoperiosteum.
It is necessary to provide both visual and operative
access to the periradicular and radicular tissues. The
tissue retractor must always rest on solid cortical bone
with light but firm pressure. In this way, it acts as a pas-
sive mechanical barrier to the reflected soft tissues. If
the retractor inadvertently rests on the soft tissue at the

Figure 12-24 Flap fully reflected achieves visual and surgical
access to all periradicular surfaces. Arrows indicate vertical root
fracture.

Figure 12-25 Neurovascular bundle is seen in cadaver dissection exiting through the mental foramen (arrow). Notice its relationship to the
apices of both mandibular premolars.

BA



base of the flap, mechanical trauma to the alveolar
mucosa may result in delayed healing and increased
postsurgical morbidity.

There are a number of tissue retractors available for
use in endodontic surgery (Figure 12-26). Selection of
the proper size and shape of the retractor is important in
minimizing soft-tissue trauma. If the retractor is too
large, it may traumatize the surrounding tissue. If the
retractor is too small, flapped tissue falls over the retrac-
tor and impairs the surgeon’s access. This results not
only in increased soft-tissue trauma but also in extend-
ing the length of the surgical procedure. An axiomatic
principle of endodontic surgery is that the longer the
flap is retracted, the greater the postsurgical morbidity.
This is a logical conclusion based on the probability that
blood flow to the flapped tissues is impeded during flap
retraction. In time, this will result in hypoxia and acido-
sis with a resulting delay in wound healing.2,23,59

Regardless of whether the retraction time is short or
long, the periosteal surface of the flap should be irri-
gated frequently with physiologic saline (0.9% sodium
chloride) solution. Saline should be used rather than
water because the latter is hypotonic to tissue fluids. It
is not necessary to irrigate the superficial surface of the
flap because the stratified squamous epithelium pre-
vents dehydration from this surface. Limited mucope-
riosteal flaps are more susceptible to dehydration and
may require more frequent irrigation than would full
mucoperiosteal flaps.2

Hard-Tissue Management

Following reflection and retraction of the mucope-
riosteal flap, surgical access must be made through the
cortical bone to the roots of the teeth. Where cortical
bone is thin, as in the maxilla, a large periradicular
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lesion may result in the loss of buccal or labial cortical
plate, or if a natural root fenestration is present, the
tooth root may be visible through the cortical plate. In
other cases, the cortical bone may be very thin, and
probing with a small sharp curette will allow penetra-
tion of the cortical plate.

The most difficult and challenging situation for the
endodontic surgeon occurs when several millimeters of
cortical and cancellous bone must be removed to gain
access to the tooth root, especially when no periradicu-
lar radiolucent lesion is present. A number of factors
should be considered to determine the location of the
bony window in this clinical situation. The angle of the
crown of the tooth to the root should be assessed.
Often the long axis of the crown and its root are not the
same, especially when a prosthetic crown has been
placed. When a root prominence or eminence in the
cortical plate is present, the root angulation and posi-
tion are more easily determined. Measurement of the
entire tooth length can be obtained from a well-angled
radiograph and transferred to the surgical site by the
use of a sterile millimeter ruler. After a small defect has
been created on the surface of the cortical plate, a
radiopaque marker, such as a small piece of lead foil
from a radiographic film packet or a small piece of
gutta percha, can be placed in the bony defect and a
direct (not angled) radiograph exposed. The
radiopaque object will provide guidance for the posi-
tion of the root apex.76–79

When the cortical plate is intact, another method to
locate the root apex is to first locate the body of the
root substantially coronal to the apex where the bone
covering the root is thinner. Once the root has been
located and identified, the bone covering the root is
slowly and carefully removed with light brush strokes,
working in an apical direction until the root apex is
identified (Figure 12-27). Barnes identified four ways
in which the root surface can be distinguished from the
surrounding osseous tissue: (1) root structure general-
ly has a yellowish color, (2) roots do not bleed when
probed, (3) root texture is smooth and hard as opposed
to the granular and porous nature of bone, and (4) the
root is surrounded by the periodontal ligament.80

Under some clinical conditions, however, the root
may be very difficult to distinguish from the surround-
ing osseous tissue. Some authors advocate the use of
methylene blue dye to aid in the identification of the
periodontal ligament. A small amount of the dye is
painted on the area in question and left for 1 to 2 min-
utes. When the dye is washed off with saline, the peri-
odontal ligament will be stained with the dye, making
it easier to identify the location of the root.32,77,81,82

Figure 12-26 Flap retractors. Top: No. G3 (Hu-Friedy); Middle: No.
3 (Hu-Friedy); Bottom: Rubinstein (JedMed Co., St. Louis, MO).
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Osseous tissue response to surgical removal is compli-
cated and depends on a number of variables. One impor-
tant factor is that bone in the surgical site has a tempo-
rary decrease in vascular supply because of the local anes-
thetic vasoconstrictor. This results in the osseous tissue
being more heat sensitive and less resistant to injury. Of
major importance in osseous tissue removal by burs is
the generation of heat. Variables, such as bur sharpness,
rotary speed, flute design, and pressure applied, will all
have a direct influence on heat generation.

The use of a liquid coolant is indispensable in con-
trolling temperature increase during bone removal by
dissipating the heat generated and by keeping the cut-
ting flutes of the instruments free of debris. Osseous
temperatures higher than 100˚C have been recorded
during bone removal with burs even when a liquid
coolant was used.83 Animal studies have shown that
vascular changes occur in bone when temperatures
exceed 40˚C. Heating bone tissue in excess of 60˚C
results in inactivation of alkaline phosphatase, inter-
ruption of blood flow, and tissue necrosis.84–87 For the
coolant to be effective, it must be directed on the head
of the bur enough to prevent tissue debris from clog-
ging the flutes.

The shape of the bur used for bone removal and the
design of its flutes play a significant role in postsurgical
healing. Cutting of osseous tissue with a No. 6 or No. 8
round bur produces less inflammation and results in a
smoother cut surface and a shorter healing time than
when a fissure or diamond bur is used.88–90 Burs with
the ability to cut sharply and cleanly, with the largest
space between cutting flutes, regardless of the speed of
rotation, leave defects that heal in the shortest postsur-
gical time.91

The amount of pressure applied to the bone by burs
during osseous tissue removal will have a direct effect
on the frictional heat generated during the cutting
process. Light “brush strokes” with short, multiple
periods of osseous cutting will maximize cutting effi-
ciency and minimize the generation of frictional heat.

Several authors have stated that because of a poten-
tial for contamination from high-speed turbines, insuf-
ficient coolant directed at the bur head and problems of
obstructed vision at the surgical site, a low-speed surgi-
cal handpiece should be used for osseous removal
rather than a high-speed handpiece.32,78,92 No studies
presently exist that support a biologic basis for the use
of a low-speed handpiece rather than the proper use of
a high-speed handpiece for bone removal.2 In most
areas of the mouth, visual access is adequate while
using a high-speed handpiece and surgical-length burs.
In areas of restricted visibility, the use of a high-speed
handpiece with a 45-degree angled head significantly
increases visibility.

The Impact Air 45-degree high-speed handpiece
offers the added advantage that the air is exhausted to
the rear of the turbine rather than toward the bur and
the surgical site (Figure 12-28). Several case reports
have been published of surgical emphysema resulting
in subcutaneous emphysema of the face, intrathoracic
complications including pneumomediastinum, fatal
descending necrotizing mediastinitis, and Lemierre
syndrome from the use of a high-speed dental hand-
piece.93–95 Clinicians should be aware of the spectrum
of this potential problem and, specifically, of the poten-
tial hazards of pressurized nonsterile air blown into
open surgical sites by the dental drill.96

When performing periradicular surgery, inexperi-
enced endodontic surgeons, in their attempt to be con-
servative in the removal of osseous tissue, often create
too small a window through the cortical plate to expose
the tooth root. As a result, both visual and operative
access is impaired for the most delicate and critical part

Figure 12-27 Stepwise removal of bone to the apex, after the root
has been identified, prevents gouging adjacent roots or structures.
(Courtesy of Dr. Merrill E. Schmidt.)

Figure 12-28 Impact Air 45-degree handpiece. Air is exhausted to
the rear of the turbine rather than toward the surgical site.



of the surgery: root-end resection and root-end filling.
Although it is advisable to limit osseous tissue removal
to no more than is necessary, failure to achieve suffi-
cient visual and operative access results in extending
the time required for the surgical procedure, increasing
the stress level of the surgeon, trauma to adjacent tis-
sues, and postsurgical patient morbidity.

Periradicular Curettage 

Once the root and the root apex have been identified
and the surgical window through the cortical and
medullary bone has been properly established, any dis-
eased tissue should be removed from the periradicular
bony lesion. This removal of periradicular inflammato-
ry tissue is best accomplished by using the various sizes
and shapes of sharp surgical bone curettes and angled
periodontal curettes (Figure 12-29). Several instrument
manufacturers provide a wide assortment of curettes
that can be used for débridement of the soft tissue
located adjacent to the root. The choice of specific
curettes is very subjective, and endodontic surgeons
will develop a preference for curettes that work best for
them. It is advisable, however, to have a wide assort-
ment of curettes available in the sterile surgery pack to
use should the need arise.

Before proceeding with periradicular curettage, it is
advisable to inject a local anesthetic solution contain-
ing a vasoconstrictor into the soft-tissue mass. This will
reduce the possibility of discomfort to the patient dur-
ing the débridement process and will also serve as hem-
orrhage control at the surgical site. Additional injec-
tions of local anesthetic solution may be necessary if
the amount of soft tissue needing to be removed is
extensive and hemorrhage control is a problem.

Curettement of the inflammatory soft tissue will be
facilitated if the tissue mass can be removed in one piece.
Penetration of the soft-tissue mass with a curette will
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result in increased hemorrhage and shredding the tissue
will result in more difficult removal. To accomplish
removal of the entire tissue mass, the largest bone curette,
consistent with the size of the lesion, is placed between
the soft-tissue mass and the lateral wall of the bony crypt
with the concave surface of the curette facing the bone.
Pressure should be applied against the bone as the curette
is inserted between the soft-tissue mass and the bone
around the lateral margins of the lesion. Once the soft tis-
sue has been freed along the periphery of the lesion, the
bone curette should be turned with the concave portion
toward the soft tissue and used in a scraping fashion to
free the tissue from the deep walls of the bony crypt.
Again, care should be taken not to penetrate the soft-tis-
sue mass with the curette.

Once the tissue has been detached from the walls of
the crypt, its removal can be facilitated by grasping it
with a pair of tissue forceps. The tissue should be
immediately placed in a bottle containing 10%
buffered formalin solution for transportation to the
pathology laboratory. Although the majority of peri-
radicular lesions of pulpal origin are granulomas,
radicular cysts, or abscesses, a multitude of benign and
neoplastic lesions have been recovered from periradic-
ular areas.97 All soft tissue removed during periradicu-
lar curettage should be sent for histopathologic exami-
nation to ensure that no potentially serious pathologic
condition exists.98

When the periradicular inflammatory soft tissue
cannot be removed as a total mass, débridement is
much more difficult and time consuming. As demon-
strated by Fish, there is a considerable amount of
reparative tissue in periradicular lesions.99 Although it
has been advocated for many years that all the soft tis-
sue adjacent to the root be removed during periradicu-
lar surgery, in theory and practice this may not be nec-
essary. This is especially true in cases where the lesion
invades critical anatomic areas and structures such as
the maxillary sinus, nasal cavity, mandibular canal, or
adjacent vital teeth. Curettement of soft tissue in these
and other critical anatomic areas should be avoided.2

Root-End Resection

Root-end resection is a common yet controversial
component of endodontic surgery. Historically, many
authors have advocated periradicular curettage as the
definitive treatment in endodontic surgery without
root-end resection. Their rationale for this approach
centered primarily around the perceived need to main-
tain a cemental covering on the root surface and to
maintain as much root length as possible for tooth sta-
bility.100–102 According to Gutmann and Harrison, no

Figure 12-29 Assorted curettes for removing periradicular
inflammatory soft tissue.
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studies are available to support either of these con-
cerns. The rationale for periradicular curettage as a ter-
minal procedure to protect root length and to ensure
the presence of cementum is, therefore, highly ques-
tionable, especially if the source of periradicular irri-
tant is still within the root canal system.2 Other authors
have stated that periradicular curettage per se, without
root-end resection and root-end filling, should never
be considered a terminal treatment in periradicular
surgery unless it is associated with concurrent
orthograde root canal treatment.103,104

Indications. There are many stated indications in
the literature for root-end resection as part of endodon-
tic periradicular surgery. These indications may be clas-
sified as either biologic or technical. el-Swiah and Walker
reported on a retrospective study that evaluated the clin-
ical factors involved in deciding to perform root-end
resections on 517 teeth from 392 patients. They report-
ed that biologic factors constituted 60% of the total,
whereas technical factors constituted 40%. The most
common biologic factors were persistent symptoms and
continued presence of a periradicular lesion. The most
common technical factors contributing to the need for
root-end resections were interradicular posts, crowned
teeth without posts, irretrievable root canal filling mate-
rials, and procedural accidents.105

There are three important factors for the endodon-
tic surgeon to consider before performing a root-end
resection: (1) instrumentation, (2) extent of the root-
end resection, and (3) angle of the resection.

Instrumentation. The choice of bur type and the
use of either a low- or high-speed handpiece for root-
end resection deserve some consideration (Figure 12-
30). Ingle et al. recommended that root-end resection
is best accomplished by use of a No. 702 tapered fis-
sure bur or a No. 6 or No. 8 round bur in a low-speed
straight handpiece. They stated that a large round
bur was excellent for this procedure because it was
easily controlled and prevented gouging and the for-
mation of sharp line angles.106 Gutmann and
Harrison, however, have stated that the use of a low-
speed handpiece for root-end resection can be very
difficult to control unless a good finger rest is
obtained and a sharp bur is used. They have suggest-
ed the use of a high-speed handpiece and a surgical-
length plain fissure bur.2,104 Gutmann and Pitt Ford
stated that, even though various types of burs have
been recommended for root-end resections, there is
no evidence to support an advantage of one type of
bur over another with regard to tissue-healing
response. For years, however, clinical practice has
favored a smooth, flat, resected root surface.103

Nedderman et al. used the scanning electron micro-
scope (SEM) to evaluate the resected root face and
gutta-percha fillings following root-end resection with
various types of burs using both high- and low-speed
handpieces. They reported that the use of round burs at
both speeds resulted in scooping or ditching of the root
surface. Cross-cut fissure burs at both speeds produced
the roughest resected root surfaces with the gutta-per-
cha being smeared across the root face. Plain fissure
burs, both high- and low speed, produced the
smoothest resected root surface, with plain fissure burs
and a low-speed handpiece resulting in the least gutta-
percha distortion.107

Morgan and Marshall reported on a study that com-
pared the topography of resected root surfaces using No.
57, Lindeman, or Multi-purpose burs. Further compar-
isons were made after refinements with either a multi-
fluted carbide or an ultra-fine diamond finishing bur.
The resected root surfaces were examined by light
microscopy at 20× magnification for smoothness and
irregularities. Their results indicated that the Multi-pur-
pose bur produced a smoother and more uniplanar sur-
face than did the No. 57 bur and caused less damage to
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Figure 12-30 Burs for hard tissue removal. A, FG No. 6, No. 8, No.
H267 (Brassler). B, SHP No. 6, No. 8, cross-cut fissure bur, plain fis-
sure bur. Burs with larger spaces between cutting flutes result in less
clogging of the bur with debris, thus reducing development of fric-
tional heat.



the root than either the No. 57 or the Lindeman bur. The
multifluted carbide finishing bur tended to improve the
smoothness of the resected root face, whereas the ultra-
fine diamond tended to roughen the surface.108

Since Theodore H. Maiman produced light amplifi-
cation by stimulated emission of radiation (LASER) in
1960, lasers have found application in many areas of
industry and medicine. Laser technology has been
developed very rapidly and is now being used in vari-
ous fields of dentistry. Most lasers used in dentistry
operate either in the infrared or visible regions of the
electromagnetic spectrum. These lasers act by produc-
ing a thermal effect. This means that the laser beam,
when absorbed, has the capability to coagulate, vapor-
ize, or carbonize the target tissue. It is important to
note that different types of lasers may have different
effects on the same tissue and the same laser may have
different effects on different tissues.

Recently, many investigators have studied and
reported on the in vitro and in vivo effects of the appli-
cation of laser energy for root-end resections in
endodontic periradicular surgery. A team of investiga-
tors from the Tokyo Medical and Dental University in
Japan reported on an in vitro study using the Er:YAG
laser for root-end resections. They reported that there
was no smear layer or debris left on the resected root
surfaces prepared by the use of the Er:YAG laser. Smear
layer and debris, however, were left on the root surfaces
prepared with a fissure bur.109

Komori and associates reported on an in vitro study
evaluating the use of the Er:YAG laser and the Ho:YAG
laser for root-end resections. They reported that the
Er:YAG laser produced smooth, clean, resected root
surfaces free of any signs of thermal damage. The
Ho:YAG laser, however, produced signs of thermal
damage and large voids between the gutta-percha root
canal fillings and the root canal walls.110

Moritz and associates reported on an in vitro study
evaluating the use of the carbon-dioxide (CO2) laser
as an aid in performing root-end resections. They
chose the laser because it had previously been shown
to have a sealing effect on the dentinal tubules. Their
results indicated that the use of the CO2 laser as an
adjunct following root-end resection with a fissure
bur resulted in decreased dentin permeability, as
measured by dye penetration and sealing of dentinal
tubules determined by SEM examination. Their con-
clusion was that CO2 laser treatment optimally pre-
pares the resected root-end surface to receive a root-
end filling because it seals the dentinal tubules, elimi-
nates niches for bacterial growth, and sterilizes the
root surface.111
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Maillet and associates evaluated the connective-tis-
sue response to healing adjacent to the surface of
dentin cut by a Nd:YAG laser versus dentin cut by a fis-
sure bur. Disks of human roots 3.5 mm thick were
implanted in the dorsal subcutaneous tissue of rats for
90 days. The disks were then recovered, with the sur-
rounding tissue, at various times. The tissue against the
cut dentin surfaces was assessed for extent of inflam-
mation and fibrous capsule thickness by light
microscopy. Their results showed a statistically signifi-
cant increase in inflammation and fibrous capsule
thickness adjacent to the dentin surfaces cut with the
Nd:YAG laser compared with the bur-cut surfaces.112

Miserendino submitted a case report in which the
CO2 laser was used to perform a root-end resection
and to sterilize the unfilled apical portion of the root
canal space. He stated that the rationale for laser use in
endodontic periradicular surgery includes (1)
improved hemostasis and concurrent visualization of
the operative field, (2) potential sterilization of the
contaminated root apex, (3) potential reduction in per-
meability of root-surface dentin, (4) reduction of post-
operative pain, and (5) reduced risk of contamination
of the surgical site through elimination of the use of
aerosol-producing air turbine handpieces. He conclud-
ed that the initial results of the clinical use of the CO2
laser for endodontic periradicular surgery confirms the
previous in vitro laboratory findings and indicates that
further study of the application of lasers for microsur-
gical procedures in endodontics is in order.113

Komori and associates recently reported on eight
patients (13 teeth) in whom the Er:YAG laser was used
for root-end resections in periradicular endodontic
surgery. They reported that all procedures were per-
formed without the use of a high- or low-speed dental
handpiece. Although the cutting speed of the laser was
slightly slower than with the use of burs, the advantages
of the laser included the absence of discomfort and
vibrations, less chance for contamination of the surgi-
cal site, and reduced risk of trauma to adjacent tissue114

(Figure 12-31).
Extent of the Root-End Resection. William

Hunter’s classic presentation on the role of sepsis and
antisepsis in medicine had an impact that lasted for
many years on the extent of root-end resections in peri-
radicular surgery. Historically, it was believed that fail-
ure to remove all foci of infection could result in a per-
sistence of the disease process. Since the portion of the
root that extended into the diseased tissue was “infect-
ed,” and the cementum was “necrotic,” it was necessary
to resect the root to the level of healthy bone.
Andreasen and Rud, in 1972, were unable to demon-
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strate the validity of this concept. Their findings indi-
cated that there was no correlation between the pres-
ence of microorganisms in the dentinal tubules and the
degree of periradicular inflammation.115

The extent of root-end resection will be determined
by a number of variable factors that a dental surgeon
must evaluate on an individual, case-by-case basis. It is
not clinically applicable to set a predetermined amount
of root-end removal that will be appropriate for all
clinical situations. The following factors should be con-
sidered when determining the appropriate extent of
root-end resection in periradicular surgery:

1. Visual and operative access to the surgical site
(example: resection of buccal root of maxillary first
premolar to gain access to the lingual root).

2. Anatomy of the root (shape, length, curvature).
3. Number of canals and their position in the root

(example: mesial buccal root of maxillary molars,
mesial roots of mandibular molars, two canal
mandibular incisors).

4. Need to place a root-end filling surrounded by solid
dentin (because most roots are conical shaped, as
the extent of root-end resection increases, the sur-
face area of the resected root face increases).

5. Presence and location of procedural error (example:
perforation, ledge, separated instrument, apical
extent of orthograde root canal filling).

6. Presence and extent of periodontal defects.
7. Level of remaining crestal bone.

The endodontic surgeon must constantly be aware
that conservation of tooth structure during root-end
resection is desirable; however, root conservation
should not compromise the goals of the surgical proce-
dure (Figure 12-32).

Angle of Root-End Resection. Historically,
endodontic textbooks and other literature have recom-
mended that the angle of root-end resections, when
used in periradicular surgery, should be 30 degrees to
45 degrees from the long axis of the root facing toward
the buccal or facial aspect of the root. The purpose for
the angled root-end resections was to provide
enhanced visibility to the resected root end and opera-
tive access to enable the surgeon to accomplish a root-
end preparation with a bur in a low-speed hand-
piece.2,3,29,32,63,76–78,103

More recently, several authors have presented evi-
dence indicating that beveling of the root end results in
opening of dentinal tubules on the resected root sur-
face that may communicate with the root canal space
and result in apical leakage, even when a root end fill-
ing has been placed. Ichesco and associates, using a
spectrophotometric analysis of dye penetration, con-
cluded that the resected root end of an endodontically
treated tooth exhibited more apical leakage than one

Figure 12-31 Root-end resection using LASER energy. A, Pretreatment radiograph revealing failing endodontic treatments with periradic-
ular inflammatory lesions. B, Radiograph following endodontic retreatment and root-end resection of teeth No. 9 and No. 10 using Er:YAG
laser. C, Twenty-six-month postsurgical radiograph revealing good periradicular healing. (Courtesy of Dr. Silvia Cecchini.)
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without root-end resection.116 Beatty, using a similar
method of dye penetration analysis, examined apical
leakage at different root-end resection angles and
reported that significantly more leakage occurred in
those roots where the root-end filling did not extend to
the height of the bevel.117 Vertucci and Beatty proposed
that exposed dentinal tubules may constitute a poten-
tial pathway for apical leakage.118
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Tidmarsh and Arrowsmith examined the cut root
surface following root-end resections at angles between
45 degrees and 60 degrees approximately 3 mm from
the root apex. Using scanning electron microscopy,
they reported the presence of an average of 27,000
dentinal tubules per mm2 on the face of the root-end
resection midway between the root canal and the den-
tine–cementum junction.119

Figure 12-32 A, Mandibular canine abutment found to have two canals (arrows) on surgical exposure. B, One-year recall of A, with com-
plete healing. C, Two-canal mandibular incisors serving as double abutments. Larger retrofillings obturate two foramina to rescue case.
(Courtesy of Dr. L. Stephen Buchanan.)
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Gagliani and associates assessed the apical leakage
measured by dye penetration in extracted teeth with
root-end resections at 45-degree and 90-degree angles
from the long axis of the root. Their findings indicated
a statistically significant increase in leakage extending to
the root canal space through dentinal tubules in those
teeth with 45-degree angled root-end resections. They
concluded that, by increasing the angle of the root-end
resection from the long axis of the root, the number of
exposed dentinal tubules increases. If infection persists
within the root canal system coronal to the root-end fill-
ing, the likelihood of bacteria and/or bacterial by-prod-
ucts spreading outside of the root canal is high.120

Regardless of the angle or the extent of the root-end
resection, it is extremely important that the resection
be complete and that no segment of root is left unre-
sected. The potential for incomplete root-end resection
is especially high in cases where the root is broad in its
labial–lingual dimension and where surgical access and
visibility are impaired. Carr and Bentkover stated that
failure to cut completely through the root in a buc-
cal–lingual direction is one of the most common errors
in periradicular surgery.82 Once the desired extent and
bevel of root-end resection have been achieved, the face
of the resected root surface should be carefully exam-
ined to verify that complete circumferential resection
has been accomplished. This can be accomplished by
using a fine, sharp explorer or the tip of a Morse scaler
guided around the periphery of the resected root sur-
face. If complete resection is in doubt, a small amount
of methylene blue dye can be applied to the root sur-
face for 5 to 10 seconds. After the area has been irrigat-
ed with sterile saline, the periodontal ligament will
appear dark blue, thereby highlighting the root outline.

Root-End Preparation

The purpose of a root-end preparation in periradicular
surgery is to create a cavity to receive a root-end filling.
Historically, root-end preparations have been per-
formed by the use of small round or inverted cone burs
in a miniature or straight low-speed handpiece. One
major objective of a root-end preparation is that it be
placed parallel to the long axis of the root. It is rare that
sufficient access is present to allow a bur in a contra
angle or straight handpiece to be inserted down the
long axis of the root. These preparations are almost
always placed obliquely into the root with a high risk of
perforation to the lingual.

It is important for proper root-end preparation that
the endodontic surgeon have a thorough knowledge of
the root canal morphology of the tooth being treated.
Incisor teeth with single roots and single canals most

often have a straightforward, uncomplicated root canal
system, except for lateral or accessory canals, usually
located in the apical one-third of the root.

Roots with multiple canals, however, have the poten-
tial to have more complicated root canal systems. An
isthmus or anastomosis may exist between two root
canals in the same root.121 This isthmus connection,
when it occurs, becomes an important factor in the abil-
ity to thoroughly clean and débride these root canal sys-
tems (Figure 12-33). They also become a significant fac-
tor in the design and placement of the root-end prepa-
ration. If an isthmus exists and is not included in the
root-end preparation, the remaining necrotic pulp tissue
and debris may be a nidus for recurrent infection and
subsequent treatment failure. The use of methylene blue
dye placed on the resected root surface can also aid in the
detection of an existing root canal isthmus.

Several authors have reported on studies investigat-
ing the actual incidence of an isthmus being present
between two root canals in the same root. These
reports indicate that the mesial root of the mandibular
first molar has the highest incidence, at 89%, followed
by the mesiobuccal root of the maxillary first molar, at
52%.122–127 In the past, the existence of a canal isthmus
was often overlooked, and when identified, it was diffi-
cult to prepare with the traditional bur preparation.
The recognition and proper management of a canal
isthmus is an important factor that may affect the suc-
cess of periradicular surgery involving roots with two
or more canals.

Importance of Surgical Hemostasis. Good visual-
ization of the surgical field and of the resected root sur-
face is essential in determining the optimum placement
of the root-end preparation. The ability to visualize the
fine detail of the anatomy on the resected root surface
depends on excellent surgical hemostasis to provide a
clean, dry, surgical site. Presurgical hemostasis was dis-
cussed earlier in this chapter and its importance cannot
be overemphasized. Frequently, however, the need for
additional hemostasis at the surgical site becomes evi-
dent. This surgical hemostasis is best achieved by the
use of various topical or local hemostatic agents.
Ideally, these hemostatic agents should be placed sub-
sequent to the root-end resection and before the root-
end preparation and filling.2 These topical and local
hemostatic agents have been broadly classified by their
mechanism of action128 (see Table 12-3).

Bone Wax. The recommended use of bone wax
dates back more than 100 years.128 In 1972, Selden
reported bone wax to be an effective hemostatic agent
in periradicular surgery.129 Bone wax contains mostly
highly purified beeswax with the addition of small
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amounts of softening and conditioning agents. Its
hemostatic mechanism of action is purely mechanical
in that the wax, when placed under moderate pressure,
plugs the vascular openings. It has no effect on the
blood-clotting mechanism.

When using bone wax for surgical hemostasis, it
should first be packed firmly into the entire bony cavi-
ty. The excess should then be carefully removed with a
curette until only the root apex is exposed. When the
root-end surgical procedure is completed, all remain-
ing bone wax should be thoroughly removed before
surgical closure. Numerous authors, however, have
reported the presence of persistent inflammation, for-
eign-body giant cell reactions, and delayed healing at
the surgical site following the use of bone wax.130–133

With the availability of more biocompatible and
biodegradable products for local hemostasis, bone wax
can no longer be recommended for use in periradicu-
lar surgery. 2,134

Vasoconstrictors. Vasoconstrictors, such as epi-
nephrine, phenylephrine, and nordefrin, have been rec-
ommended as topical agents for hemorrhage control
during periradicular surgery. Of these agents, epineph-
rine has been shown to be the most effective and the
most often recommended.2,128,135,136 Cotton pellets
containing racemic epinephrine in varying amounts
(Epidri, Racellete, Radri) are available (Figure 12-34).
For example, each Epidri pellet contains 1.9 mg of

Figure 12-33 Cause of two endodontic failures revealed under
dental operating microscope following root-end amputation.
A, Nondébrided unfilled isthmus connecting mesiobuccal and
mesiolingual canals. B, Low-power magnification reveals
nondébrided unfilled portion of otherwise well-filled canal.
C, Higher magnification of box area in B. (Courtesy of Dr.
Gary Carr and Pacific Endodontic Research Foundation.)

Table 12-3 Classification of Topical Hemostatic
Agents

1. Mechanical agents (Nonresorbable)
a. Bone wax (Ethicon, Somerville, NJ)

2. Chemical agents
a. Vasoconstrictors: epinephrine (Racellets, Epidri,

Radri) (Pascal Co, Bellevue, WA) 
b. Ferric sulfate: Stasis (Cut-Trol, Mobile, AL);

Viscostat; Astringedent (Ultradent Products, Inc, UT)

3. Biologic agents
a. Thrombin USP: Thrombostat (Parke-Davis, Morris 

Plains, NJ); Thrombogen (Johnson & Johnson 
Medical, New Brunswick, NJ)

4. Absorbable hemostatic agents
a. Mechanical agents

i. Calcium sulfate USP
b. Intrinsic action agents

i. Gelatin: Gelfoam (Upjohn Co, Kalamazoo, MI);
Spongostan (Ferrostan, Copenhagen, Denmark)

ii. Absorbable collagen: Collatape (Colla-tec Inc,
Plainsboro, NJ); Actifoam (Med-Chem Products 
Inc, Boston, MA)

iii. Microfibrillar collagen hemostats: Avitene 
(Johnson & Johnson, New Brunswick, NJ)

c. Extrinsic action agents
i. Surgicel (Johnson & Johnson, New Brunswick, NJ)

USP = United States Pharmacopeia.
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racemic epinephrine. Each Racellete No. 2 pellet con-
tains 1.15 mg and each Racellete No. 3 pellet contains
0.55 mg of epinephrine. Radri pellets contain a combi-
nation of vasoconstrictor and astringent. Each Radri
pellet contains 0.45 mg of epinephrine and 1.85 mg of
zinc phenolsulfonate.

Two areas of concern when using cotton pellets con-
taining epinephrine need to be addressed. The first is the
potential for leaving cotton fibers in the surgical site and
the second is the possible hemodynamic effect of epi-
nephrine on the vascular system. Gutmann and
Harrison stated that cotton fibers that are left at the sur-
gical site may impair the actual root-end seal by being
trapped along the margins of the root-end filling mate-
rial.2 They also stated that cotton fibers may serve as for-
eign bodies in the surgical site and result in impaired
would healing. Cotton pellets and gauze products con-
taining cotton should, therefore, be considered the least
desirable materials to be used for root-end isolation or
hemostasis. Sterile Telfa pads (Kendall Co., Mansfield,
Mass.) are useful adjuncts as they contain no cotton
fibers. They can be cut into small squares that are easily
adapted to the surgical site (Figure 12-35).

Weine and Gerstein and Selden have cautioned
against the use of vasoconstrictors as topical agents for
hemostasis during periradicular surgery because their
use may result in systemic vascular change.76,129 Besner,
however, has shown that when a Racellete No. 2 pellet
containing 1.15 mg of epinephrine was used during

periradicular surgery, the pulse rate of the patient did
not change.137 Pallasch has stated that, although the use
of vasoconstrictors in topical hemostatic agents and
gingival retraction cord remains controversial, data
exist from which to formulate reasonable guidelines.
Elevated blood levels of epinephrine can occur with
their use but do not generally appear to be associated
with any significant cardiovascular effects in healthy
patients or those with mild to moderate heart disease.
In patients with more severe heart disease, epineph-
rine-impregnated cotton pellets or gauze, or gingival
retraction cord, should be used with caution or avoid-
ed.138 Kim and Rethnam, however, have stated that,
because epinephrine used topically causes immediate
local vasoconstriction, there is little absorption into the
systemic circulation and thus a reduced chance of a sys-
temic effect.128 

Ferric Sulfate. Ferric sulfate is a chemical agent
that has been used as a hemostatic agent for over 100
years. It was first introduced as Monsel’s solution (20%
ferric sulfate) in 1857. Its mechanism of action results
from the agglutination of blood proteins and the acidic
pH (0.21) of the solution. In contrast to vasoconstric-
tors, ferric sulfate effects hemostasis through a chemi-
cal reaction with the blood rather than an alpha-adren-
ergic effect.128 

Ferric sulfate is easy to apply, requires no applica-
tion of pressure, and hemostasis is achieved almost
immediately (Figure 12-36). Ferric sulfate, however, is

Figure 12-34 Racellet Pellets (Pascal Co, Bellevue, WA). Each pel-
let contains 0.55 mg of racemic epinephrine. Epidri pellets (Pascal
Co) contain 1.9 mg racemic epinephrine.

Figure 12-35 Telfa pads contain no cotton fibers and can be cut
into small squares that are easily adapted to the surgical site.



known to be cytotoxic and may cause tissue necrosis
and tattooing. Systemic absorption is unlikely
because the agglutinated protein plugs that occlude
the blood-vessel orifices isolate it from the vascular
supply.128 Lemon and associates, using rabbit
mandibles, reported a significant adverse effect on
osseous healing when ferric sulfate was left in the sur-
gical site following creation of experimental surgical
bony defects.139 Jeansonne and associates, however,
using a similar rabbit model, reported that when fer-
ric sulfate was placed only until hemostasis was
obtained and the surgical site was thoroughly curetted
and irrigated with sterile saline 5 minutes later, there
was no significant difference in osseous repair, as
compared with the untreated controls.140 Ferric sul-
fate appears to be a safe hemostatic agent when used
in limited quantities and care is taken to thoroughly
curette and irrigate the agglutinated protein material
before surgical closure.128

Thrombin. Topical thrombin has been developed
for hemostasis wherever wounds are oozing blood
from small capillaries and venules. Thrombin acts to
initiate the extrinsic and intrinsic clotting pathways.
It is designed for topical application only and may be
life threatening if injected. Topical thrombin has
been investigated as a hemostatic agent in abating
bleeding in cancellous bone. Although there was less
bleeding than in the control, thrombin was not as
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effective as other available topical hemostatic
agents.134 In a report of a study by Codben and asso-
ciates, no impedance of bone healing was evident 3
months following the use of topical thrombin.141

Topical thrombin has been used successfully in neu-
rosurgery, cardiovascular surgery, and burn surgery;
however, its use in periradicular surgery has not been
adequately investigated at this time. The main disad-
vantages of topical thrombin are its difficulty of han-
dling and high cost.

Calcium Sulfate. Calcium sulfate (plaster of Paris)
is a resorbable material used in surgery for over 100
years. It has gained popularity, in recent years, as a bar-
rier material in guided tissue-regeneration proce-
dures.142,143 Calcium sulfate can also be used as a hemo-
static agent during periradicular surgery. It consists of a
powder and liquid component that can be mixed into a
thick putty-like consistency and placed in the bony
crypt using wet cotton pellets to press it against the
walls. The hemostatic mechanism of calcium sulfate is
similar to bone wax in that it acts as a mechanical bar-
rier, plugging the vascular channels. In contrast to bone
wax however, calcium sulfate is biocompatible, resorbs
completely in 2 to 4 weeks, and does not cause an
increase in inflammation. It is porous, which allows for
fluid exchange so that flap necrosis does not occur when
left in place following surgery. Calcium sulfate also has
the advantage of being relatively inexpensive.128 

Figure 12-36 Hemodent (Premier Dental; King of Prussia, Pa.). A, Ferric sulfate achieves hemostasis as a result of agglutination of blood pro-
teins rather than from an alpha-adrenergic effect like epinephrine. B, An Infusion Tip (Ultradent Products Inc., Utah) placed on a 1.0 cc syringe
(Monoject) containing a small amount of ferric sulfate solution. The infusion tip allows for controlled placement of the hemostatic agent.
C, Close-up of infusion tip.
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Gelfoam and Spongostan. Gelfoam and Spongostan
are hard, gelatin-based sponges that are water insoluble
and resorbable. They are made of animal-skin gelatin
and become soft on contact with blood. Gelatin sponges
are thought to act intrinsically by promoting the disinte-
gration of platelets, causing a subsequent release of
thromboplastin. This, in turn, stimulates the formation
of thrombin in the interstices of the sponge.128 

The main indication for the use of gelatin-based
sponges is to control bleeding in surgical sites by leav-
ing it in situ, such as in extraction sockets, where
hemostasis cannot be achieved by the application of
pressure. During periradicular surgery, hemostasis is
needed for improved visualization to accomplish the
delicate task of root-end resection and filling. Once the
gelatin sponge contacts blood, it swells and forms a
soft, gelatinous mass. This swollen, soft, gelatinous
mass tends to visually obscure the surgical site. Because
it is soft, pressure cannot be applied to the severed
microvasculature without dislodging the gelatin
sponge, which will result in a continuation of bleeding.
The major use for gelatin-based sponges in periradicu-
lar surgery is placement in the bony crypt, after root-
end resection and root-end filling have been completed
just before wound closure. Because gelatin-based
sponges promote disintegration of platelets, release of
thromboplastin, and the formation of thrombin, they
may be beneficial in reducing postsurgical bleeding
from the “rebound phenomenon.”

The initial reaction to gelatin-based sponge material
in the surgical site is a reduction in the rate of osseous
healing. Boyes-Varley and associates examined early
healing in the extraction sockets of monkeys.
Histologically, the sockets containing gelatin-based
sponge material displayed a greater inflammatory cell
infiltrate, marked reduction in bone in-growth, and a
foreign-body reaction at 8 days.144 Olson and associ-
ates, however, reported that there was no distinguish-
able difference in healing rate or inflammatory cell
infiltrate between extraction sockets in which Gelfoam
was placed and the controls after 90 days.145

Collagen. Collagen-based products have been used
extensively as surgical hemostatic agents. It is believed
that four principal mechanisms of action are involved
in hemostasis enhanced by collagen-based products:
(1) stimulation of platelet adhesion, aggregation, and
release reaction146; (2) activation of Factor VIII
(Hageman Factor)147; (3) mechanical tamponade
action148; and (4) the release of serotonin.149 The colla-
gen used for surgical hemostasis is obtained from
bovine sources and is supplied in sheets (Collatape)
and sponge pads (Actifoam). Both forms are applied

dry, directly to the bleeding site, while using pressure.
Hemostasis is usually achieved in 2 to 5 minutes.128

Microfibrillar Collagen Hemostat. Avitene and
Instat are two popular forms of microfibrillar collagen.
It is derived from purified bovine dermal collagen,
shredded into fibrils, and converted into an insoluble
partial hydrochloric acid salt. It functions through top-
ical hemostasis, providing a collagen framework for
platelet adhesion. This initiates the process of platelet
aggregation and adhesion and formation of a platelet
plug.150 Avitene has been recommended as a viable
means of controlling hemorrhage in periodontal sur-
gery, resulting in a minimal interference in the osseous
wound-healing process.151,152, Haasch and associates
have demonstrated its potential use in periradicular
surgery.153 In a study designed to examine osseous
regeneration in the presence of Avitene, Finn and asso-
ciates found that bone formation proceeded unevent-
fully without a foreign-body reaction.154

The application of microfibrillar collagen products
may be difficult and tedious, at times, because of their
affinity for wet surfaces, such as instruments and
gloves. To overcome these problems, it has been recom-
mended that they be applied to the surgical site by use
of a spray technique. This allows direct application of
the hemostatic agent to the bleeding points.155 Other
disadvantages of microfibrillar collagen products: they
are inactivated by autoclaving, their use in contaminat-
ed wounds may enhance infection, and they are expen-
sive compared with other topical hemostatic agents.128

Surgicel. Surgicel is a chemically sterilized sub-
stance resembling surgical gauze and is prepared by the
oxidation of regenerated cellulose (oxycellulose), which
is spun into threads, then woven into a gauze that is
sterilized with formaldehyde. Its mode of action is
principally physical since it does not affect the clotting
cascade through aggregation or adhesion of platelets,
such as the collagen-based products. Surgicel initially
acts as a barrier to blood and then as a sticky mass that
acts as an artificial coagulum or plug.134

Surgicel left in bone following surgery has been
shown to markedly reduce the rate of repair and
increase inflammation. Difficulty in completely remov-
ing Surgicel from bony wounds has been described,
with even minimally retained fragments resulting in
inflammation and a foreign-body reaction.130 The
manufacturer, Johnson and Johnson, does not recom-
mend implantation of Surgicel in bony defects.156

Instrumentation. Root-end preparation tech-
niques have historically involved a recommendation
that the endodontic surgeon, following the root-end
resection, examine the root canal filling to determine



the quality of the seal. Adequately evaluating the qual-
ity of seal of a root canal filling requires measure-
ments in the area of microns, and we currently do not
possess these capabilities at a clinical level. SEM stud-
ies have shown that the act of root-end resection dis-
turbs the gutta-percha seal.157,158 The preparation
for, and the placement of, a root-end filling is there-
fore recommended whenever root-end resection has
been performed.82 

Root-end preparations should accept filling materi-
als that predictably seal off the root canal system from
the periradicular tissues. Carr and Bentkover have
defined an ideal root-end preparation as a class I prepa-
ration at least 3.0 mm into root dentin with walls par-
allel to and coincident with the anatomic outline of the
pulp space.82 They also identified five requirements
that a root-end preparation must fulfill:

1. The apical 3 mm of the root canal must be freshly
cleaned and shaped.

2. The preparation must be parallel to and coincident
with the anatomic outline of the pulp space.

3. Adequate retention form must be created.
4. All isthmus tissue, when present, must be removed.
5. Remaining dentin walls must not be weakened.

For successful root-end preparations, the endodon-
tic surgeon must be well versed in both root morphol-
ogy and root canal system anatomy. The teeth that
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require periradicular surgery are often those in which
the anatomy is unusual or complex.82

Bur Preparation. The traditional root-end cavity
preparation technique involved the use of either a
miniature contra angle or straight handpiece and a
small round or inverted cone bur. The objective was to
prepare a class I cavity preparation down the long axis
of the root within the confines of the root canal. The
recommended depth of the preparation ranged from 1
to 5 mm, with 2 to 3 mm being the most commonly
advocated.76,78,104 

The ability of the endodontic surgeon to prepare a
class I cavity parallel to the long axis of the root with a
miniature contra angle handpiece may be difficult and
depends on the physical access available around the
root apex. According to Arens et al., this requires a min-
imum of 10 mm above or below the point of entry.32

Accomplishing this with a straight handpiece is virtual-
ly impossible. These preparations are most often placed
obliquely into the root, resulting in a risk of perfora-
tion and/or weakening of the dentin walls, and predis-
posing to a possible root fracture (Figure 12-37, A).

Ultrasonic Root-End Preparation. Ultrasonic
root-end preparation techniques have been developed
in an attempt to solve the major inadequacies and
shortcomings of the traditional bur-type preparation.
The use of ultrasonic instrumentation during periradic-
ular surgery was first reported by Richman in 1957
when he used an ultrasonic chisel to remove bone and

Figure 12-37 Comparison between bur and ultrasonic root-end preparations. A, Bur preparation shows large cavity prepared obliquely to
the canal with a No. 331⁄2 inverted cone bur. B, Ultrasonic preparation shows clean preparation parallel to the canal. Scanning electron micro-
graph. (Courtesy of Dr. Gary Wuchenich and Dr. Debra Meadows.)
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root apices.159 This concept was further developed by
Bertrand and colleagues in 1957 when they reported on
the use of modified ultrasonic periodontal scaling tips
for root-end preparations in periradicular surgery.160

Recently, specially designed ultrasonic root-end prepa-
ration instruments have been developed and are avail-
able from a number of instrument manufacturers
(Figure 12-38). Their use has become very popular and
they appear to have many advantages over the tradi-
tional bur-type preparation, such as smaller preparation
size, less need for root-end beveling, a deeper prepara-
tion, and more parallel walls for better retention of the
root-end filling material (Figure 12-37, B).

After the root-end resection has been completed, all
soft tissue that needs to be removed has been curetted
from the lesion, and proper hemostasis achieved, the
resected root face should be thoroughly examined. The
use of magnification and staining with methylene blue
dye will aid in the identification of additional portals of
exit, aberrant anatomy, and/or isthmuses not readily
apparent. An appropriate cavity design should be
planned and its outline identified by lightly etching it
on the dentin of the resected root face with the sharp
point of a CT-5 ultrasonic tip without irrigation to
enhance vision.

After the outline of the root-end preparation has
been established, the preparation should be deepened
with an appropriately sized and angled ultrasonic tip,
with irrigation, on the lowest power setting possible to
accomplish dentin and root canal filling material
removal. A light touch with a brush-type motion
should be used, which will facilitate the maximum cut-
ting efficiency and reduce pressure against the root sur-
face. Special attention and care should be taken regard-
ing removal of all root canal filling material on the lat-
eral walls of the root-end cavity preparation, especially
the labial or facial wall. This is a vulnerable area in
which root canal filling material or debris is often left,
resulting in a compromised root-end seal.

At the completion of the root-end preparation, it
should be thoroughly irrigated with sterile saline,
dried, and examined, preferably with magnification,
for quality and cleanliness. Small, front-surface micro-
mirrors are a beneficial adjunct to this examination
process (Figure 12-39). Properly performed, ultrasonic
root-end cavity instrumentation produces conserva-
tive, smooth, nearly parallel walled preparations
(Figure 12-40). In a study involving SEM examination,
root-end preparations using ultrasonic instrumenta-
tion have been reported to be contaminated with less
debris and smear layer than those prepared using a bur.
Ultrasonic instrumentation also resulted in root-end

Figure 12-38 Ultrasonic tips. A, Ultrasonic tips developed by Dr.
Gary Carr (Excellence in Endodontics, San Diego, CA). Available
with plain or diamond-coated tips. B, KiS Microsurgical Ultrasonic
Instruments (Obtura Spartan, Fenton, MO). The tips are coated
with zirconium nitride for faster dentin cutting with less ultrasonic
energy. C, Close-up of KiS Microsurgical Ultrasonic Instruments.
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cavities that followed the direction or the root canal
more closely than those prepared with a bur 161,162 (see
Figure 12-37, B).

A recent controversy has developed regarding the
potential for ultrasonic energy in root-end cavity
preparation to result in the formation of cracks in the
dentin surrounding the root-end preparation. Some
authors have reported that the use of ultrasonic instru-
mentation resulted in an increased number and extent
of dentin crack formation.163,164 Others have reported
no difference in the incidence of dentin crack forma-
tion between bur and ultrasonic root-end cavity prepa-
ration in extracted teeth.165,166

Layton and associates reported an in vitro study
evaluating the integrity of the resected root-end sur-
faces, following root-end resection and after root-end
preparation, with ultrasonic instrumentation at low
and high frequencies. The results indicated that root-
end resection alone may result in dentin crack forma-
tion regardless of the type of root-end preparation.
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Their data also indicated that more dentin cracks
occurred when the ultrasonic tip was used on the high-
frequency setting than on the low-frequency setting
and that more cracks resulted following ultrasonic
root-end cavity preparation, regardless of the frequen-
cy setting, than after root-end resection alone.167

Calzonetti and associates used a polyvinylsiloxane
replication technique to study cracking after root-end
resection and ultrasonic root-end preparation in
cadavers’ teeth. They found no cracks in 52 prepared
root-ends examined under scanning electron
microscopy.168 Their results indicate that there is a pos-
sibility that the intact periodontal ligament adds a pro-
tective function by absorbing the shock of ultrasonic
vibrations to prevent cracking in the clinical setting, a
possibility that was not observed in extracted human
teeth studies.

Morgan and Marshall reported on an in vivo study
using electron microscopy to examine resin casts made
from polyvinylsiloxane impressions taken following

Figure 12-39 Variety of small front
surface micro-mirrors for viewing root-
end resection and root-end preparation
through the microscope.

Figure 12-40 A, Eight-power dental operating microscope view
of root-end preparation using Carr ultrasonic tips. Preparation is
0.5 mm in diameter. B, Higher magnification shows smoothness of
walls. (Courtesy of Dr. Gary Carr.)
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root-end resection and root-end preparation with
ultrasonic instrumentation at low power setting. Their
results revealed that no cracks were evident on any of
the roots following root-end resection alone and only
one small, shallow, incomplete crack was detected from
25 roots following ultrasonic root-end preparation.169

Sumi and associates reported on a human clinical
outcomes assessment study that evaluated the suc-
cess/failure rate of periradicular surgeries performed
on 157 teeth involving root-end cavity preparations
using ultrasonic instrumentation. Observation periods
ranged from 6 months to 3 years. Outcome assessment
was based on clinical and radiographic findings. A suc-
cess rate of 92.4% was reported. It was concluded that
ultrasonic root-end preparation provides excellent
clinical results.170 Available evidence indicates that
root-end cavity preparation using ultrasonic instru-
mentation provides a convenient, effective, and clini-
cally acceptable method for preparing the resected
root end to receive a root-end filling.

Root-End Filling

The purpose of a root-end filling is to establish a seal
between the root canal space and the periapical tissues.
According to Gartner and Dorn, a suitable root-end fill-
ing material should be (1) able to prevent leakage of bac-
teria and their by-products into the periradicular tissues,
(2) nontoxic, (3) noncarcinogenic, (4) biocompatible
with the host tissues, (5) insoluble in tissue fluids, (6)
dimensionally stable, (7) unaffected by moisture during
setting, (8) easy to use, and (9) radiopaque.171 One
might add, it should not stain tissue (tattoo).

Root-End Filling Materials. Numerous materials
have been suggested for use as root-end fillings, includ-
ing gutta-percha, amalgam, Cavit, intermediate restora-
tive material (IRM), Super EBA, glass ionomers, com-
posite resins, carboxylate cements, zinc phosphate
cements, zinc oxide–eugenol cements, and mineral tri-
oxide aggregate (MTA). The suitability of these various
materials has been tested by evaluating their microleak-
age (dye, radioisotope, bacterial penetration, fluid filtra-
tion), marginal adaptation, and cytotoxicity and clinical-
ly testing them in experimental animals and humans.

A large number of in vitro studies dealing with the
marginal adaptation and sealing ability (leakage) of
various root-end filling material have been published.
The results of these studies have often been inconsis-
tent, contradictory, and confusing and have been ques-
tioned as to their clinical relevance. Factors such as the
choice of storage solutions and the molecular size of
the dye particles, and many other variables, can cru-
cially influence the outcome of these in vitro studies.172

In vitro cytotoxicity and biocompatibility studies
using cell cultures have also been published. Owadally
and associates reported on an in vitro antibacterial and
cytotoxicity study comparing IRM and amalgam. Their
results indicated that IRM was significantly more anti-
bacterial than amalgam at all time periods of exposure,
and amalgam was significantly more cytotoxic than
IRM.173 Makkawy and associates evaluated the cyto-
toxicity of resin-reinforced glass ionomer cements
compared with amalgam using human periodontal lig-
ament cells. Their results indicated that, at 24 hours,
amalgam significantly inhibited cell viability compared
with resin-reinforced glass ionomer cement and the
controls. At 48 and 72 hours, however, all materials
tested exhibited a similar slightly inhibitory effect on
cell viability.174

Chong and associates compared the cytotoxicity of a
glass ionomer cement (Vitrebond; 3M Dental; St Paul,
Minn.), Kalzinol, IRM and EBA cements, and amalgam.
Their results indicated that fresh IRM cement exhibited
the most pronounced cytotoxic effect of all materials
tested. Aged Kalzinol was the second most cytotoxic
material, with no significant difference being reported
between Vitrebond EBA cement and amalgam.175

Zhu, Safavi, and Spangberg evaluated the cytotoxic-
ity of amalgam, IRM cement, and Super-EBA cement
in cultures of human periodontal ligament cells and
human osteoblast-like cells. Their results indicated that
amalgam was the most cytotoxic of the materials tested
and showed a reduction in total cell numbers for both
cell types. IRM and Super-EBA, however, were signifi-
cantly less cytotoxic than amalgam and demonstrated
no reduction in total cell numbers for both periodon-
tal ligament and osteoblast-like cells.176

Several authors have published results of in vivo tis-
sue compatibility studies of various root-end filling
materials using an experimental animal model.
Harrison and Johnson reported on a study designed to
determine the excisional wound-healing responses of
the periradicular tissues to IRM, amalgam, and gutta-
percha using a dog model. Healing responses were eval-
uated microscopically and radiographically at 10 and
45 days postsurgically. They reported no evidence of
inhibition of dentoalveolar or osseous wound healing
associated with amalgam, gutta-percha, or IRM.
Statistical analysis showed no difference in wound
healing among the three materials tested.177

Pitt Ford and associates examined the effects of
IRM, Super-EBA, and amalgam as root-end filling
materials in the roots of mandibular molars of mon-
keys. They reported that the tissue response to IRM and
Super-EBA was less severe than that to amalgam. No



inflammation was evident in the bone marrow spaces
adjacent to root-end fillings of IRM and Super-EBA. In
contrast, however, inflammation was present in the
alveolar bone marrow spaces with every root end filled
with amalgam.178,179

A research group at Kyushu University in Japan
reported the results of a histologic study comparing the
effects of various root-end filling materials, including a
4-META-TBB resin (C&B Metabond, Parkell,
Farmingdale, N.Y.), using a rat model. The materials
tested were amalgam, light-cured glass ionomer
cement, IRM, a 4-META-TBB resin, and light-cured
composite resin. The 4-META-TBB resin and light-
cured composite resin root-end fillings showed the
most favorable histologic response among the materi-
als tested. These materials did not provoke inflamma-
tion and did not appear to inhibit new bone formation,
as seen with the other materials.180

Torabinejad and associates reported on a study
designed to examine and compare the tissue reaction to
several commonly used root-end filling material and a
newly developed material, MTA (ProRoot, Tulsa
Dental/Dentsply International; Tulsa, Okla.). Their study
involved the implantation of amalgam, IRM, Super-EBA,
and MTA in the tibias and mandibles of guinea pigs. The
presence of inflammation, predominant cell type, and
thickness of fibrous connective tissue adjacent to each
implanted material was evaluated. The tissue reaction to
implanted MTA was the most favorable observed at both
implantation sites; in every specimen, it was free of inflam-
mation. Mineral trioxide aggregate was also the material
most often observed with direct bone apposition.181

Mineral trioxide aggregate was developed by
Torabinejad and his associates at Loma Linda University.
The main molecules present in MTA are calcium and
phosphorous ions, derived primarily from tricalcium sil-
icate, tricalcium aluminate, tricalcium oxide, and silicate
oxide. Its pH, when set, is 12.5 and its setting time is 2
hours and 45 minutes. The compressive strength of MTA
is reported to be 40 MPa immediately after setting and
increases to 70 MPa after 21 days. The result of solubili-
ty testing of MTA (ADA specification #30) indicated an
insignificant weight loss following testing.182

Mineral trioxide aggregate has been extensively eval-
uated for microleakage (dye penetration, fluid filtration,
bacterial leakage), marginal adaptation (SEM), and bio-
compatibility (cytotoxicity, tissue implantation, and in
vivo animal histology). The sealing ability of MTA has
been shown to be superior to that of Super-EBA and
was not adversely affected by blood contamination. Its
marginal adaptation was shown to be better than amal-
gam, IRM, or Super-EBA. Mineral trioxide aggregate
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has also been shown to be less cytotoxic than amalgam,
IRM, or Super-EBA. Animal usage tests in which MTA
and other commonly used root-end filling material
were compared have resulted in less observed inflam-
mation and better healing with MTA. In addition, with
MTA, new cementum was observed being deposited on
the surface of the material183–194 (Figure 12-41).

Many prospective and retrospective human clinical
usage studies have been reported that assess the out-
come of periradicular surgery involving the placement
of various root-end filling materials. It is difficult to
compare the results of these studies because the
authors have used differing evaluation criteria and
observations periods. It is important, however, to con-
sider some of the more significant of these clinical
usage reports.

Oynick and Oynick, in 1978, reported on the clinical
use of a resin and silicone-reinforced zinc oxide and
eugenol cement (Stailine, Staines, England) as a root-
end filling material in 200 cases over a period of 14
years. Radiographic evaluations following periradicu-
lar surgical procedures using Stailine indicated favor-
able healing. Histologic and SEM evaluations of the
root apex and adjacent periradicular bone, taken by
block section, revealed newly formed bone in areas of
previous resorption and collagen fibers growing into
the filling material.195

Dorn and Gartner reported on a retrospective study
of 488 periradicular surgical treatments in which three
different root-end filling materials were used, IRM,
Super-EBA, and amalgam. The evaluation period was
from 6 months to 10 years. Outcome assessment was
conducted by evaluation of the most recent recall radi-

Figure 12-41 Mineral trioxide aggregate (MTA) retrofilling.
Cementum (arrow) formed subjacent to the filling material (sepa-
rated from the material during slide preparation). B = bone; D =
dentin; RC = root canal. (Courtesy of Dr. M. Torabinejad.)
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ograph as compared with the immediate postsurgical
radiograph. Analysis of the data indicated there was no
significant difference in the outcome of healing rates
between IRM and Super-EBA. There was a significant
difference, however, in the outcome between IRM,
Super-EBA, and amalgam, the latter being the worst.196

Pantschev and associates, however, reported on a
prospective clinical study that evaluated the outcome of
periradicular surgical procedures using either EBA
cement or amalgam. The minimum evaluation period
was 3 years and healing was based on clinical and radi-
ographic analysis. Their data indicated no significant
difference in the outcome between the two materials
evaluated.197 

Rud and associates have reported on several prospec-
tive and retrospective human usage studies in an attempt
to evaluate the acceptability of a composite resin, com-
bined with a dentin bonding agent, as a root-end filling
material. The placement is different from other root-end
fillings in that no root-end preparation, other than root-
end resection, is made. The material covers the entire
resected root-end surface. They have shown that the cre-
ation of a leak-resistant seal is possible with this materi-
al; however, the process is very technique sensitive as a
result of the need for strict moisture control. They have
reported complete bone healing in 80 to 92% of cases
using this technique. Their observation periods ranged
from 1 to 9 years.198–202

Smear Layer Removal. Instrumentation of dentin
results in the accumulation of a smear layer covering
the dentinal surface and occluding the dentinal tubules.
It has been shown that bacteria may colonize in the
smear layer and penetrate the dentinal tubules.203

Removal of this smear layer seems desirable in the sit-
uation of root-end fillings that are placed in a bacteri-
ally contaminated root apex. Irrigation with tetracy-
cline has been shown to remove the smear layer.204

Smear layer removal from resected root ends and
dentin demineralization by citric acid has been shown
to be associated with more rapid healing and deposi-
tion of cementum on the resected root-end.205

Tetracyclines have a number of properties of interest
to endodontists; they are antimicrobial agents, effective
against periodontal pathogens; they bind strongly to
dentin; and when released they are still biologically
active.206 Root surfaces exposed to anaerobic bacteria
accumulate endotoxin and exhibit collagen loss, which
may suppress fibroblast migration and proliferation,
thus interfering with healing.207 Root surface condi-
tioning with acidic agents, such as tetracycline, not
only removes the smear layer, it also removes endotox-
in from contaminated root surfaces.208

Barkhordar and Russel reported on an in vitro study
that examined the effect of irrigation with doxycycline
hydrochloride, a hydroxy derivative of tetracycline, on
the sealing ability of IRM and amalgam, when used as
root-end fillings. Their results indicated significantly
less microleakage following irrigation with doxycycline
involving both IRM and amalgam, compared with the
control irrigation with saline. They also suggested that,
because of the long-lasting sustentative of doxycycline
on root surfaces and its slow release in a biologically
active state, their results support its use for dentin con-
ditioning before placement of a root-end filling in peri-
radicular surgery.209

Based on a review of the currently available litera-
ture, there does not appear to be an “ideal” root-end
filling material. Intermediate restorative material,
Super-EBA, and MTA appear to be the currently avail-
able materials that most closely meet the requirements,
both physical and biologic, for a root-end filling mate-
rial. MTA is a relatively new material, compared with
IRM and Super-EBA, and long-term human usage
studies are as yet not available for any of these materi-
als. Final judgment on their use will need to be reserved
until such clinical usage studies are available.

Placement and Finishing of Root-end Fillings.
The method for placement of the root-end filling mate-
rial will vary depending on the type of filling material
used. Amalgam may be carried to the root-end prepa-
ration with a small K-G carrier that is sized for root-
end preparations. Deeper lying apices may be more
easily reached by using a Messing gun (Figure 12-42).
Zinc oxide–eugenol cements (IRM and Super-EBA) are
best mixed to a thick clay-like consistency, shaped into a
small cone, and attached to the back side of a spoon exca-
vator or the tip of a plastic instrument or Hollenback
carver and placed into the root-end preparation.

Figure 12-42 Root-end filling material carriers. Top, Messing gun
with a curved tip. Bottom, Small K-G carrier.



Mineral trioxide aggregate is a unique root-end fill-
ing material with physical properties much different
from other materials. It is a very fine, gray-colored
powder that is mixed with a sterile liquid, such as saline
or local anesthetic solution, on a sterile glass slab. It
cannot be mixed to a clay-like consistency as can IRM
or Super-EBA because as more powder is added to the
liquid, the mix becomes dry and crumbly. If the mix is
too wet, it is runny and very difficult to handle because
of its lack of form. The surgical area must be kept very
dry during its placement, and care must be taken not to
wash out the filling material by irrigation before clo-
sure of the soft tissue. The setting time of MTA is 2.5 to
3 hours. Properly mixed, MTA should be free of excess
moisture, firm, but not crumbly. It can be delivered to
the root-end preparation by placing a small amount on
the back side of a small spoon excavator or by using a
small amalgam-type carrier (Figure 12-43).

Root-end preparations using ultrasonic tips tend to
be smaller in diameter and extend deeper into the root
canal than those prepared with a bur. As a result, the
need for specially designed root-end filling condensers
has resulted in their availability from many different
manufacturers in various styles and shapes (Figure 12-
44). It is important that the endodontic surgeon
become familiar with the different shapes and styles of
condensers to enable the surgeon to properly condense
the root-end filling material to the full extent of the
root-end preparation. The condenser should be small
enough in diameter that it does not bind on the walls
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of the root-end preparation during condensation, thus
resulting in the possibility of root-end fractures. It is
also important that the condenser is long enough to
properly condense the filling material into the deepest
part of the root-end preparation.

Various techniques have been advocated for finish-
ing root-end fillings in periradicular surgery.
Fitzpatrick and Steiman reported on an in vitro study
designed to evaluate the marginal interfaces between
the dentin and root-end fillings of IRM and Super-
EBA. Following placement of the root-end fillings, they
were finished by burnishing with a ball burnisher, a
moistened cotton pellet, or with a carbide finishing bur
in a high-speed handpiece with air/water spray. Their
results indicated that root-end fillings finished with a
finishing bur displayed significantly better marginal
adaptation, with little evidence of flash, when com-
pared with the other methods. There was no significant
difference between the other finishing techniques or
between the materials tested.210

Forte and associates reported on an in vitro study
designed to compare microleakage, by the fluid filtra-
tion method, of root-end fillings of Super-EBA either
unfinished or finished with a 30-flute high-speed fin-
ishing bur. Their results indicated no significant differ-
ence in microleakage, after 180 days, between root-end
fillings of Super-EBA, finished or unfinished.211

Soft-Tissue Repositioning and Suturing

After final inspection of the root-end filling and removal
of all visible excess filling material and surgical packing,
a radiograph should be taken to evaluate the placement
of the root-end filling and to check for the presence of
any root fragments or excess root-end filling material
(Figure 12-45). If ferric sulfate was used as a hemostatic

Figure 12-43 Carriers for mineral trioxide aggregate (MTA). A,
Small plastic amalgam-type carrier (Premier Dental, King of
Prussia, Pa.). B, A small amount of MTA can be carried and placed
into the root-end preparation on the back side of a spoon excavator.

Figure 12-44 Small condensers for placing root-end filling mate-
rial into ultrasonic preparations (Thompson Dental Mfg. Co).

A

B
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agent during surgery, the coagulated protein material
should be thoroughly curetted and hemorrhage induced
so that healing is not impaired.128 Thorough examina-
tion of the underside of the flap, in the depth of the fold
between the mucoperiosteum and the alveolar bone,
should be done before repositioning the flap to remove
any debris or foreign material that may be present. The
final steps in the periradicular surgical procedure are
wound closure and soft-tissue stabilization.

Repositioning and Compression. The elevated
mucoperiosteal tissue should be gently replaced to its
original position with the incision lines approximated
as closely as possible. The type of flap design will affect
the ease of repositioning, with full mucoperiosteal flaps
generally providing less resistance to repositioning
than would limited mucoperiosteal flaps. Using a sur-
gical gauze, slightly moistened with sterile saline, gentle
but firm pressure should be applied to the flapped tis-
sue for 2 to 3 minutes (5 minutes for palatal tissue)
before suturing. Tissue compression, both before and
after suturing, not only enhances intravascular clotting
in the severed blood vessels but also approximates the
wound edges, especially the dissectional wound. This
reduces the possibility of a blood clot forming between
the flap and the alveolar bone.2

Suturing. It is important to stabilize the reflected
tissue to prevent dislodgment until initial wound healing
has taken place. Several authors have reported on studies
in animals and humans designed to evaluate the effec-

tiveness of medical grade adhesives, such as cyanoacry-
late, for surgical wound closure and to compare them
with sutures. Results of these studies have been mixed,
and, at this time, their use has not replaced that of
sutures for wound closure in endodontic surgery.212–218

The purpose of suturing is to approximate the
incised tissues and stabilize the flapped mucoperios-
teum until reattachment occurs. The placement of
sutures in oral tissues, however, creates unique prob-
lems. It is evident that incisional wounds in oral tissues
heal more rapidly than in skin. However, sutures are
better tolerated and interfere less with postsurgical
healing in the skin. “The major problem in oral tissues
is the constant bathing of the suture material and
suture tract with saliva containing a high concentration
of microorganisms, that may gain entrance to underly-
ing tissues.”2

Sutures are available in many different materials, the
most common being synthetic fibers (nylon, polyester,
polyglactin, and polyglycolic acid), collagen, gut, and
silk (Figure 12-46). Sutures are classified by absorben-
cy (absorbable or nonabsorbable), by size according to
the manufacturer’s minimum diameter, and by physi-
cal design as monofilament, multifilament, twisted, or
braided. The classification of suture size is complicated
by the existence of two standards, the United States
Pharmacopeia (USP) and the European Pharmacopeia
(EP). The USP size is designated by two Arabic num-
bers, one a 0, separated by a hyphen (3-0, 4-0, 5-0, etc).
The higher the first number, the smaller the diameter
of the suture material. The EP system is a number that
represents the manufacturer’s minimum diameter tol-
erance of the suture in millimeters (1 = 0.10 mm, 1.5 =
0.15 mm, etc).

Silk. Silk sutures are made of protein fibers
(fibroin) bound together with a biologic glue (sericin),
similar to fibronectin, produced by silkworms. Silk
sutures are nonabsorbable, multifilamentous, and
braided. They have a high capillary action effect that
enhances the movement of fluids between the fibers
(“wicking” action), resulting in severe oral tissue reac-
tions.219–221 This tissue reaction results from the accu-
mulation of plaque on the fibers that occurs within a
few hours following insertion into the tissues.222 Silk’s
advantage is limited to its ease of manipulation.
Because of the severe tissue reaction to silk, it is not the
suture material of choice for endodontic surgery
today.2 If silk sutures are used, however, the patient
should rinse postoperatively with chlorhexidine.

Gut. Collagen is the basic component of plain gut
suture material and is derived from sheep or bovine
intestines. The collagen is treated with diluted

Figure 12-45 Radiograph taken after suturing and developed after
patient left the office. The patient had to return for removal of root tip.



formaldehyde to increase its strength and is then
shaped into the appropriate monofilament size. Gut
sutures are absorbable; however, the absorption rate is
variable and can take up to 10 days. Because of the
unpredictability of gut suture absorption in oral tis-
sues, a scheduled suture removal appointment should
be made.

Chromic gut sutures consist of plain gut that has
been treated with chromium trioxide. This results in a
delay in the absorption rate. Because retention of
sutures beyond a few days is not recommended in
endodontic surgery, the use of chromic gut sutures
offers no advantage. Also, evidence indicates that plain
gut is more biocompatible with oral soft tissues than is
chromic gut.2,219–221

Gut suture material is marketed in sterile packets
containing isopropyl alcohol. When removed from the
packet, the suture is hard and nonpliable because of its
dehydration. Before using, gut sutures should be
hydrated by placing them into sterile, distilled water for
3 to 5 minutes. After hydration, the gut suture material
will be smooth and pliable with manipulative proper-
ties similar to silk.223
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Collagen. Reconstituted collagen sutures are made
from bovine tendon after it has been treated with
cyanoacetic acid and then coagulated with acetone and
dried. Collagen sutures offer no advantage over gut for
endodontic surgery since their absorption rate and tis-
sue response are similar. They are available only in
small sizes and used almost exclusively in microsurgery.

Polyglycolic Acid (PGA). Suture material made from
fibers of polymerized glycolic acid is absorbable in mam-
malian tissue. The rate of absorption is about 16 to 20
days. Polyglycolic acid sutures consist of multiple fila-
ments that are braided and share handling characteristics
similar to silk. Polyglycolic acid was the first synthetic
absorbable suture and it is manufactured as Dexon.

Polyglactin (PG). In 1975, Craig and coworkers
reported the development of a copolymer of lactic acid
and glycolic acid called polyglactin 910 (90 parts glycol-
ic acid and 10 parts lactic acid).224 Sutures of polyglactin
are absorbable and consist of braided multiple filaments.
Their absorption rate is similar to that of polyglycolic
acid. They are commercially available as Vicryl.

Many studies have been reported evaluating the
response of the oral soft tissues to gut, collagen,

Figure 12-46 Various suture materials. A, Dexon II (braided absorbable polyglycolic acid) suture. B, Silk (braided nonabsorbable) suture.
C, Vicryl (braided absorbable polyglactin 910) suture. D, API (absorbable chromic gut) suture.

A B
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polyglycolic acid, and polyglactin sutures, with con-
flicting results. As a result, there is insufficient evi-
dence, at this time, to make a strong recommendation
among these materials. The important factor to
remember about sutures, regardless of what material
is used, is that they should be removed as early as the
clinical situation will permit.

Needle Selection. Surgical needles are designed to
carry the suture material through the tissues with min-
imal trauma. For that reason, a needle with a reverse
cutting edge (the cutting edge is on the outside of the
curve) is preferable. The arc of the surgical needle
selected should match the optimum curvature needed
to penetrate the tissues in and out on both sides of the
incision, 2 to 3 mm from the wound margins. Suture
needles are available in arcs of one-fourth, three-
eighths, one-half, and five-eighths of a circle, with the
most useful being the three-eighths and one-half circle.
The radius of the arch of the needle is also an impor-
tant consideration. The smaller the radius of the arch,
the more conducive the needle is to quick turnout. For
vertical incision lines and anterior embrasure suturing,
a relatively tight arc is necessary to allow for quick nee-
dle turnout. Suturing in posterior areas, however,
requires less curvature and a longer needle to reach
through the embrasure (Figure 12-47). The final selec-
tion of an appropriate surgical needle is based on a
combination of factors, including the location of the
incision, the size and shape of the interdental embra-
sure, the flap design, and the suture technique planned.

Suture Techniques. There is a wide variety of
suture techniques designed to accomplish the goals of
closure and stabilization of flaps involving oral
mucoperiosteal tissues. All suturing techniques should
be evaluated on the basis of their ability to accomplish
these goals. 2 Several authors have compared the effects
of continuous and interrupted suture techniques. Their
findings indicate that the interrupted suturing tech-
nique provides for better flap adaptation than does the
continuous technique and, therefore, is the recom-
mended technique, and the most commonly used, for
endodontic surgery.225,226 Sutures are holding mecha-
nisms and should not pull or stretch the tissue as a tear
in the flap margin may result. Sutures that close an
incision too tightly compromise circulation and
increase chances for the sutures to tear loose on
swelling. Before placing sutures, bleeding should be
controlled to prevent the formation of a hematoma
under the flap. This will prevent the direct apposition
of the flap to the bone and can act as a culture medium
for bacterial growth. The suturing techniques that are
most conducive to rapid surgical wound healing are the

single interrupted suture, the interrupted loop (inter-
dental) suture, the vertical mattress suture, and the sin-
gle sling suture.

Single Interrupted Suture. The single interrupted
suture is used primarily for closure and stabilization of
vertical releasing and relaxing incisions in full mucope-
riosteal flaps and horizontal incisions in limited
mucoperiosteal flap designs (Figure 12-48). The initial
needle penetration should be through the independent
(movable) tissue. The point of needle entry should be
from the buccal or facial side and 2 to 3 mm from the
incision margin to provide sufficient tissue to minimize
suture tear-out. The needle should then enter the
under surface of the mucoperiosteum of the depend-
ent (immovable) tissue and penetrate through the
mucoperiosteum at a point 2 to 3 mm from the inci-
sion margin. To accomplish this, it is often necessary to
elevate the attached mucoperiosteum from the under-
lying bone for a distance of a few millimeters at the
point of needle insertion. It is important that the
periosteum is included with the tissue bite—otherwise
the suture will most likely tear out of the fragile
attached gingiva.

Figure 12-47 A, More tightly curved needle such as a half-circle is
best for suturing incision lines and anterior embrasures. B,
Straighter and longer curved needle is necessary for suturing in
areas such as posterior embrasures.



After the suture needle has been passed through the
mucoperiosteum on both sides of the incision, the
suture material should be drawn through the tissue
until the end opposite the needle is approximately 1 to
2 inches from the tissue. The suture should be tied with
a secure knot. A surgical knot is the most effective and
least likely to slip. The surgeon’s knot is best tied by
wrapping double loops or throws of the long end (the
end with the needle attached) of the suture around the
needle holder. By then grasping the short end of the
suture with the needle holder and slipping the throws
off, the first half of the surgical knot is tied. After
adjusting the tissue tension, the second half of the knot
is tied by repeating the same process, except wrapping
the loops of suture around the needle holder in the
opposite direction from the first tie, like a square knot.
Suture knots should be placed to the side of the inci-
sion. Suture knots collect food, plaque, and bacteria,
thus resulting in localized infection and a delay in heal-
ing when placed directly over the incision (Figure 12-
48, C and D).

Interrupted Loop (Interdental) Suture. The inter-
rupted loop, or interdental suture, is used primarily to
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secure and stabilize the horizontal component of full
mucoperiosteal flaps. The surgical needle is inserted
through the buccal or facial interdental papillae, then
through the lingual interdental papillae, and then back
through the interdental embrasure. It is tied on the
buccal or facial surface of the attached gingiva (Figure
12-49, A). This suture technique highly predisposes the
fragile interdental tissue and col to inflammation and
retarded healing, resulting in a loss of the outer gingi-
val epithelium, with possible blunting or formation of
a double papillae.

A modification of this interrupted loop suture is
described as follows. After the surgical needle has been
passed through the buccal and lingual papillary gingi-
va, the suture is passed over the interdental contact and
secured with a surgeon’s knot. This modification elim-
inates the presence of suture material in the interdental
embrasure, thus reducing postsurgical inflammation to
this delicate tissue. In clinical situations in which the
horizontal component of a full mucoperiosteal flap
involves a tooth or teeth with full-coverage crowns, this
modification allows for a slight incisal or occlusal repo-
sitioning of the mucoperiosteal flap. This can be

Figure 12-48 Suturing technique. A, Damp 2-inch × 2-inch gauze is used to smooth tissue flap into place. B, Most unattached portion of
the flap is sutured to attached tissue. Two- to three-millimeter margin should be present between puncture points and incision lines.
C, Wound edges are approximated with the first tie. D, Surgeon’s knot is used to tie suture in place. E, Interrupted sutures are used to secure
remainder of flap.
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accomplished by placing slight tension on the suture
over the interdental contact and may compensate for a
loss of gingival height resulting from the sulcular inci-
sion (Figure 12-49, B).

Vertical Mattress Suture. The vertical mattress
suture has the advantage of not requiring needle pene-
tration or suture material being passed through tissue
involved in the incisional wound. The surgical needle
enters and exits the flapped mucoperiosteum some dis-
tance apical from the incision line. The suture is then
passed through the interdental embrasure, directed to
the lingual gingiva of the adjacent tooth and passed back
through the opposite interdental embrasure. The needle
then enters and exits the flapped mucoperiosteum again,
is passed through the embrasure, and, again, lingual to
the tooth and through the opposite interdental embra-
sure to be tied on the buccal surface with a surgeon’s
knot (Figure 12-50). This suture technique also provides
for the opportunity to return the flapped tissue to a
slightly incisal or occlusal position from its original to
compensate for a loss of gingival height.

Single Sling Suture. The single sling suture is simi-
lar to the vertical mattress suture. The surgical needle is
passed through the attached gingiva of the flap,
through the interdental embrasure, but not through
the lingual soft tissue. It is then directed lingual to the
tooth and passed through the opposite interdental
embrasure and over the incisal or occlusal margin of
the flap. The needle is then passed through the attached
gingiva of the flap, from the buccal or facial side, back
through the embrasure, passed lingual to the tooth,
through the opposite embrasure, passed over the flap
margin, and tied with a surgeon’s knot (Figure 12-51).
This suture technique is particularly effective for
achieving the maximum incisal or occlusal level when
repositioning the flap. Because the lingual anchor is the
lingual surface of the tooth and not of the fragile lin-
gual tissue, tension can be placed on the flapped tissue
to adjust the height of the flap margin.

Postsurgical Care

Postsurgical management of the patient is equally as
important as the surgical procedure itself. An impor-
tant component of postsurgical care is a genuine
expression of concern and reassurance to the patient
regarding both their physical and emotional experi-
ence. It is well known that the emotional state of a
patient has a direct relationship on the level of mor-
bidity following a surgical procedure. The patient’s
awareness that the surgeon cares and is readily avail-
able, should the patient have a problem, is a priceless
adjunct to healing. A telephone call to the patient, the
evening following or the morning after endodontic
surgery, is very reassuring and helps to build a strong
doctor–patient relationship. This also allows any
patient anxieties to be dealt with before they become
major concerns.

Figure 12-49 A, Interrupted loop suture. Suture is passed gingival
to the interproximal contact. B, Modified interrupted loop suture.
Suture is passed incisal to the interproximal contact.
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Figure 12-50 Vertical mattress suture.



Another important component of postsurgical care
is good patient communication. It is the endodontic
surgeon’s responsibility to properly communicate to
the patient the expected and normal postsurgical
sequelae as well as detailed home care instructions.
These instructions are best conveyed both verbally and
in writing. Alexander stated that without written rein-
forcement, the understanding and retention of verbal
instructions cannot be ensured. He also advised that
written materials should be presented after oral
instructions have been given rather than the other way
around. Since up to 20% of Americans are functional-
ly illiterate, written instructions should use simple
words (preferably 1 to 2 syllables) and short sentences
of no more than 10 words.227 Normal postsurgical
sequelae include the possibility of slight bleeding from
the surgical area for a few hours, pain that may persist
for a few days, and swelling and soft-tissue discol-
oration (ecchymosis) in the surgical area that may be
evident for as many as 8 to 10 days. An example of writ-
ten postsurgical instructions, which should be reviewed
verbally with the patient before he is dismissed, is pro-
vided in Table 12-4.

Bleeding, swelling, discoloration, pain, and infection
are the most likely untoward sequelae following
endodontic surgery. These should be thoroughly dis-
cussed with the patient during the presurgical consul-
tation and should be reinforced at the time of surgery,
before dismissal of the patient.

Bleeding and Swelling. Slight oozing of blood
from severed microvessels may be evident for several
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hours following surgery. When a little blood is mixed
with saliva, it often appears to the patient as a lot of
blood. If the patient is forewarned of this possibility, it
goes a long way to reducing their anxiety. Slight
swelling of the intraoral and extraoral tissues is a nor-

Figure 12-51 Single sling suture.

Table 12-4 Instructions for Postoperative Care
Following Endodontic Surgery. (May Be Copied)

1. Do not do any difficult activity for the rest of the day.
Easy activity is okay, but be careful and do not bump
your face where the surgery was done. You should not
drink any alcohol or use any tobacco (smoke or chew)
for the next 3 days.

2. It is important that you have a good diet and drink lots
of liquids for the first few days after surgery. Juices,
soups, and other soft foods such as yogurt and pud-
dings are suggested. Liquid meals, such as Sego,
Slender, and Carnation Instant Breakfast, can be used.
You can buy these at most food stores.

3. Do not lift up your lip or pull back your cheek to look
at where the surgery was done. This may pull the
stitches loose and cause bleeding.

4. A little bleeding from where the surgery was done is
normal. This should only last for a few hours. You may
also have a little swelling and bruising of your face.
This should only last for a few days.

5. You may place an ice bag (cold) on your face where the
surgery was done. You should leave it on for 20 minutes
and take it off for 20 minutes. You can do this for 6 to 8
hours. After 8 hours, the ice bag (cold) should not be
used. The next day after surgery, you can put a soft, wet,
hot towel on your face where the surgery was done. Do
this as often as you can for the next 2 to 3 days.

6. Discomfort after the surgery should not be bad, but the
area will be sore. You should use the pain medicine you
were given, or recommended to you, as needed.

7. Rinse your mouth with 1 tablespoon of the chlorhexi-
dine mouthwash (Peridex) you were given or pre-
scribed. This should be done two times a day (once in
the morning and once at night before going to bed).
You should do this for 5 days.

8. The stitches that were placed need to be taken out in a
few days. You will be told when to return. It is impor-
tant that you come in to have this done!!

9. You will be coming back to the office several times dur-
ing the next few months so that we can evaluate how
you are healing. These are very important visits and
you should come in even if everything feels okay.

10. If you have any problems or if you have any questions,
you should call the office. The office phone number is 
xxx-xxxx. If you call after regular office hours or on the
weekend, you will be given instructions on how to page
the doctor on call.
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mal consequence of surgical trauma and leakage of
blood from the severed microvessels. Proper compres-
sion of the surgical flap, both before and after suturing,
greatly reduces postoperative bleeding and swelling.

Additional supportive therapy is the application of
an ice pack, with firm pressure, to the facial area over
the surgical site. Pressure and reduction of temperature
slow the flow of blood and help to counteract the
rebound phenomenon, which occurs following the use
of a vasoconstrictor in the local anesthetic. Application
of cold also acts as an effective analgesic as a result of its
reduction in sensitivity of the peripheral nerve endings.
The ice pack should be applied in a 20 minutes on and
20 minutes off cycle. This regimen should be repeated
for 6 to 8 hours and should preferably be started in the
surgeon’s office with the use of a disposable instant
chemical cold pack (Figure 12-52). Continuous appli-
cation of cold should be avoided. This will initiate a
physiologic mechanism that will result in an increase in
blood flow to the site of cold application.228

If minor bleeding should persist for more than 12
hours following surgery, it can usually be managed by
the patient with proper home care. At the time of sur-
gery, the patient should be given several 2-inch × 2-inch
gauze pads in a sterile pack (Figure 12-53). The patient
should be instructed to slightly moisten one of the ster-
ile gauze pads and to place it over the bleeding site while
applying firm pressure. Pressure should be applied to the
area for 10 to 15 minutes. Should the bleeding problem
persist, the patient should be instructed to place a moist
tea bag, or one of the gauze pads soaked in tea, over the
bleeding area and to apply pressure in the same manner
as before. Tannic acid, contained in tea, is known to be
an effective hemostatic agent. If home treatment fails,
the patient should be seen in the dental office, where the

dentist can inject a local anesthetic agent containing
1:50,000 epinephrine and apply tissue compression to
the bleeding area. Unless there is an undisclosed or undi-
agnosed bleeding disorder, this should resolve the prob-
lem.2 The patient should be warned not to take aspirin
for pain before surgery or afterward, but rather to take
acetaminophen or ibuprofen.

Application of moist heat over the surgical site is
recommended; however, it should not begin until 24
hours following the surgery. Heat promotes blood flow
and enhances the inflammatory and healing processes.
The application of moist heat is best accomplished by
the use of a small cotton towel that has been moistened
with hot tap water. The hot, moist towel should be
applied to the surface of the face over the surgical area
for about 30 minutes. The towel should be reheated
with hot tap water every 5 to 10 minutes to maintain
the temperature.

Discoloration. Discoloration of the mucope-
riosteal and/or facial tissues following surgery is the
result of the breakdown of blood that has leaked into
the surrounding tissues. Again, patients should be
made aware of the potential for postsurgical discol-
oration at the presurgical consultation visit and the
information should be reinforced at the time of surgery
(Figure 12-54). This ecchymosis can last for up to 2
weeks and is observed more in the elderly and in fair-
complexioned patients. This is an esthetic problem
only and requires no special treatment. In patients with
ecchymosis, applications of moist heat may be benefi-
cial for up to 2 weeks following surgery. Heat promotes
fluid exchange and speeds resorption of discoloring
agents from the tissues.2

Pain. In the majority of patients, pain following
periradicular surgery is surprisingly minimal.
Postsurgical pain is usually of short duration and most

Figure 12-52 Col-Press (instant chemical cold pack), Hospital
Marketing Service Co. Inc.

Figure 12-53 Several 2-inch × 2-inch sterile gauze pads sealed in
plastic.



often reaches its maximum intensity about 6 to 8
hours following surgery. A significant reduction in
pain can usually be expected on the first postoperative
day followed by a steady decrease in discomfort each
day following surgery. It is unusual for a patient to
experience pain that cannot be managed by mild to
moderate analgesics.229

Another method of postsurgical pain control is the
use of long-acting local anesthetic agents, such as
bupivacaine (Marcaine) or etidocaine (Duranest),
which provide 6 to 8 hours of local anesthesia and up
to 10 hours of local analgesia.230,231 Since these long-
acting anesthetic agents contain a low concentration
of vasoconstrictor (1:200,000), they are not suitable
to be used alone in periradicular surgery. They can
either be used before surgery, in conjunction with
lidocaine 1:50,000 epinephrine, or at the conclusion
of the surgical procedure before dismissal of the
patient. The return of sensation is more gradual with
the long-acting anesthetics than with the short-act-
ing anesthetics; therefore, the onset of discomfort is
less sudden.
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Infection. Although endodontic surgery is per-
formed in an area that is heavily populated with bacte-
ria, postsurgical infections are rare. For this reason,
peritreatment systemic antibiotic therapy is seldom
required and is not considered part of routine postsur-
gical care in healthy patients. The most common caus-
es of postsurgical infections following periradicular
surgery are the result of inadequate aseptic techniques
and improper soft-tissue reapproximation and stabi-
lization. These factors are under the direct control of
the endodontic surgeon.2

The clinical signs and symptoms of a postsurgical
infection are usually evident 36 to 48 hours after surgery.
The most common indications are progressively increas-
ing pain and swelling. Suppuration, elevated tempera-
ture, and lymphadenopathy may or may not be present.
Systemic antibiotic therapy should be initiated promptly,
when indicated. The antibiotic of choice is penicillin V
and the recommended dosage is 1.0 g as an initial dose,
followed by a maintenance dose of 500 mg. The dosing
interval should be every 3 to 4 hours, preferably without
food. In patients allergic to penicillin, the antibiotic of
choice is clindamycin with an initial dose of 600 mg, fol-
lowed by a maintenance dose of 150 to 300 mg, depend-
ing on the age and weight of the patient. The dosing
interval should be every 8 hours, preferably without food.
The patient should be monitored every 24 hours and
antibiotic therapy withdrawn as soon as the clinical con-
dition indicates that the patient’s host defenses have
regained control of the infection and that the infection is
resolving or has resolved. (For additional information see
Chapter 18, “Pharmacology for Endodontics.”)

Oral Hygiene. Oral hygiene often presents a post-
surgical problem for many patients. A toothbrush
should not be used as an aid to oral hygiene in the area
of surgery until the day following surgery, and then
only on the occlusal or incisal surfaces of the teeth. Use
of a toothbrush in the surgical area may dislodge the
mucoperiosteal flap and lead to serious postsurgical
complications. A cotton swab soaked with chlorhexi-
dine oral rinse (Peridex) or 3% hydrogen peroxide may
be used to gently remove oral debris from the surgical
area. A regimen of twice daily (morning and evening)
rinsing with chlorhexidine oral rinse will provide an
effective means for reduction of debris, decreasing the
population of the oral microbial flora and inhibiting
plaque formation. Chlorhexidine oral rinses should
continue for 4 to 6 days following surgery (2 to 3 days
following suture removal).

Suture Removal. According to Gutmann and
Harrison, the key to preventing sutures from having a
negative effect on wound healing following surgery is

Figure 12-54 “Black eye” ecchymosis following periradicular sur-
gery. Also note discoloration of upper lip.
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their early removal.2 The primary purpose for placing
sutures following endodontic surgery is to approximate
the edges of the incisional wound and to provide stabi-
lization until the epithelium and myofibroblast–
fibronectin network provides a sufficient barrier to dis-
lodgment of the flapped tissues. This usually occurs
within 48 hours following surgery. It has been recom-
mended that sutures should not be allowed to remain
longer than 96 hours.

A suture removal kit should contain a cotton swab,
2-inch × 2-inch gauze sponges, suture scissors, cotton
pliers, and a mouth mirror (Figure 12-55). The sutures
and surrounding mucosa should be cleaned with a cot-
ton swab containing a mild disinfectant followed by
hydrogen peroxide. This helps to destroy bacteria and
remove plaque and debris that have accumulated on
the sutures, thus reducing the inoculation of bacteria
into the underlying tissues as the suture is pulled
through. A topical anesthetic should also be applied
with a swab at the surgical site. This greatly reduces the

discomfort associated with the placement of the scis-
sors blade under the suture, a procedure that is partic-
ularly painful in areas of persistent swelling and edema,
commonly seen in the mucobuccal fold.

Sharp-pointed scissors are used to cut the suture
material, followed by grasping the knotted portion
with cotton pliers and removing the suture. Various
designs of scissors are available and can be selected
according to specific access needs in different areas of
the mouth. It has been suggested that a No. 12 scalpel
blade be used to sever the suture. The advantages are
stated to be a predictably sharp cutting edge and less
“tug” on the suture.232

Corrective Surgery

Corrective surgery is categorized as surgery involving
the correction of defects in the body of the root other
than the apex. When the coronal and middle thirds of
the root are involved, it is imperative to physically
observe, diagnose, and repair the defect. A full sulcular
mucoperiosteal flap, such as the triangular or rectangu-
lar design, must be used to gain adequate visual and
surgical access. Corrective surgical procedures may be
necessary as a result of procedural accidents, resorption
(internal or external), root caries, root fracture, and
periodontal disease. Corrective surgery may involve
periradicular surgery, root resection (removal of an
entire root from a multirooted tooth leaving the clini-
cal crown intact), hemisection (the separation of a
multirooted tooth and the removal of a root and the
associated portion of the clinical crown), or intention-
al replantation (extraction and replantation of the
tooth into its alveolus after the corrective procedure has
been done). Reparative defects of the root and associat-
ed procedures are classified as follows:

I. Perforation repair
A. Mechanical
B. Resorptive/caries

II. Periodontal repair
A. Guided tissue regeneration
B. Root resection/hemisection
C. Surgical correction of the radicular lingual groove

Perforation Repair. Mechanical. Perforations are
procedural accidents that can occur during root canal or
postspace preparation. High potential areas for perfora-
tions are the pulp chamber floor of molars and the dis-
tal aspect of the mesial root of mandibular molars and
the mesial buccal root of maxillary molars (strip perfo-
rations). When a perforation has occurred, the initial

Figure 12-55 Suture removal kit should be presterilized and pack-
aged, and it should contain all necessary instruments and auxiliary
supplies needed for the procedure.



attempt at correction should be an internal repair (see
chapter 14, “Endodontic Mishaps: Their Detection,
Correction, and Prevention”). Corrective surgery should
be reserved for those teeth when internal repair is not a
treatment option or when internal repair has failed.

“Strip perforations” that occur on the distal aspect
of the mesial roots of maxillary and mandibular molars
are usually inaccessible and extremely difficult to repair
surgically. Visual and surgical access is limited, and
bone removal necessary to obtain access to the site of
the perforation usually results in a major periodontal
defect. This type of clinical situation may be better
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managed by intentional replantation, root resection, or
hemisection.

Midroot perforations, such as those resulting from
postspace preparations, should be immediately sealed
internally, if possible, or calcium hydroxide should be
placed as an intracanal dressing and sealed at a subse-
quent appointment. If the perforation is excessively
large or long-standing, a full mucoperiosteal flap
should be reflected, the perforation site identified, and
the repair made with an appropriate repair material
(Figure 12-56). If the perforation is located in the api-
cal third of the root, a root-end resection, extending to

Figure 12-56 A, Lateral midroot perforation with extruded filling material. B, Radiograph following surgical removal of extruded filling
material, root-end resection, root-end fill, and repair of perforation defect with mineral trioxide aggregate (MTA). C, Radiograph 2 years fol-
lowing surgery.

A B C

Figure 12-57 A, Lateral perforation of the apical one-third of the mesial root of tooth No. 31. B, Root-end resection of mesial root. Root
canal was obturated with mineral trioxide aggregate (MTA).

A B
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the point of the perforation, and a root-end filling
should be considered as a more effective and efficient
way of handling this clinical situation (Figure 12-57).

Resorption (External or Internal) and Root Caries.
Repair of a defect on the root surface, from either inter-
nal or external resorption, depends to a large extent on
whether there is communication between the resorp-
tive defect and the oral cavity and/or the pulp space.
When communication between the defect and the oral
cavity exists, a corrective surgical procedure is usually
necessary. When the resorptive defect has also commu-
nicated with the pulp space, excessive and persistent
hemorrhage into the pulp space is usually evident dur-
ing root canal instrumentation. This makes cleaning,
shaping, and obturation of the pulp space very diffi-
cult, unless surgical repair of the resorptive defect is
done first. If the decision is made to repair the root
defect before filling the pulp space, after the pulp tissue
has been removed, a temporary, easily removable fill-
ing should be placed in the root canal space. A large
gutta-percha point may be used for this purpose; no
sealer is used. This will serve as an internal matrix to
prevent the repair material from obstructing the root
canal. Depending on the setting time of the repair
material used, the pulp space may be prepared and
obturated at the same appointment. Otherwise, an
intracanal dressing of calcium hydroxide should be
placed, the access cavity sealed from oral contamina-
tion, and the pulp space prepared and obturated at a
subsequent appointment (Figure 12-58).

In the case of a resorptive defect that opens into the
gingival sulcus, the approach depends to a great extent
on the location and the extent of the defect. If it is
approachable from the buccal or facial side, a full
mucoperiosteal flap should be raised, and the extent of
the defect established. If the resorptive defect has not
extended into the pulp space, it should be restored
with a suitable material, such as amalgam, composite
resin, or glass ionomer cement. If the defect has
extended into the pulp space, the flap should be repo-
sitioned and stabilized with a suture. A rubber dam
should be placed and a conventional coronal access
preparation followed by removal of the pulp tissue and
placement of a temporary internal matrix should be
done. Following this, the rubber dam should be
removed, the flap elevated, the resorptive defect
repaired, and the flap repositioned and stabilized with
sutures. The temporary internal canal matrix should
be removed and the root canal preparation and obtu-
ration completed or a calcium hydroxide intracanal
dressing placed and the endodontic treatment com-
pleted at a subsequent appointment.

If the resorptive defect opens into the gingival sulcus
on the lingual or palatal surface of the tooth, surgical and
visual access are much more difficult. A sulcular lingual
or palatal flap can be raised to explore the extent of the
defect. Vertical incisions on the lingual side of the
mandible should be avoided whenever possible because
of the fragile nature of this tissue. If the resorptive defect
is surgically accessible, treatment can proceed as
described earlier. If it is not accessible, then intentional
replantation or extraction should be considered.

Some cases of resorption or root caries are so exten-
sive that nothing can be done to save the entire tooth.
Extraction may be the solution for some cases, or total
root amputation or hemisection may apply to others. A
case in point calling for hemisection is illustrated in
Figure 12-59. Internal–external resorption has
destroyed virtually one half of a lower first molar, a ter-
minal tooth in the arch, with opposing occlusion.
Probing with a cowhorn explorer and viewing the radi-
ograph reveals the massive lesion and defect (Figure 12-
59, A and B). The crown of the tooth is sectioned buc-
colingually with a high-speed fissure bur (Figure 12-59,
C–E). The mesial crown and root are then extracted,
and immediate root canal therapy is completed in the
remaining distal root (Figure 12-59, F and G). A pre-
molar rubber dam clamp may be used on the remaining
“bicuspidized” distal root of the molar. The remaining
tooth structure and edentulous space should be restored
with a fixed partial denture as soon as possible to pre-
vent mesial drift of the distal root (Figure 12-59, H).
This provides for function against the maxillary oppo-
nent(s), thereby preventing continual eruption.

Periodontal Repair. Guided Tissue (Bone)
Regeneration. In the past, extensive periodontal defects
required extraction or root amputation. Today, with
techniques of guided bone regeneration and demineral-
ized freeze-dried bone allografts, many teeth that were
previously untreatable can be saved. Several authors
have published reports on the effectiveness of the use
calcium sulfate, alone and as a composite with an allo-
graft material, and resorbable and nonresorbable barrier
membranes, with and without allografts, on the quality
and quantity of alveolar bone regeneration in endodon-
tic and periodontic defects. Many of these case reports
have had mixed results.233–238

Few controlled clinical studies comparing the results
of the use of guided bone regeneration techniques have
been reported. Santamaria and associates reported on a
controlled clinical study to determine the degree of
bone regeneration following radicular cyst enucleation.
Thirty patients were involved in the study. The control
group consisted of enucleation of the cyst only and the



720 Endodontics

Figure 12-58 Corrective surgical repair of root-resorptive defect. A, Constant drainage mesial to first premolar bridge abutment. Internal
and external resorption revealed in radiograph. B, Elevating rectangular flap uncovers huge dehiscence and resorptive defect Instrument
placed into defect proves connection with pulp lesion. C, Conventional occlusal endodontic cavity is prepared and pulpectomy is performed.
Internal matrix of endodontic silver point is placed. D, Internal matrix in place and hemorrhage controlled. E, Amalgam filling inserted into
external resorptive defect. Non-zinc alloy is used. F, Silver point is immediately removed and flap repositioned and sutured. Because of time
constraints in this particular case, canal enlargement and obliteration are completed at subsequent appointment. G, Radiograph 9 months
following therapy. Repair of bone is apparent. H, Photograph 9 months following therapy. Note complete repair of draining stoma and inci-
sions. (Courtesy of Dr. David Yankowitz.) 
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Figure 12-59 Technique for hemisecting and restoring mandibular molar. A, Using cowhorn explorer, resorptive lesion and relation to crest
of alveolar process are established. B, Huge area of internal resorption involving mesial half of molar. C, Extra long #559-XL fissure bur has
length or reach necessary to cut entirely through crown to furca. D, Tooth is sectioned from buccal to lingual with copious water and aspi-
ration. E, Sectioning completed. Base of cut must terminate at alveolar crest. F, Hemisected mandibular molar. Pathologic mesial half is ready
for extraction. Accuracy of sectioning is shown by radiograph. G, Care must be exercised not to gouge remaining distal portion. Root canal
therapy is completed at same dental appointment. Teeth are ready for immediate restoration. H, Importance of restoration for contact with
opposite arch is here demonstrated. (Restoration by Dr. Milan V. Starks.)
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experimental groups involved enucleation of the cyst
plus the use of either a resorbable or nonresorbable
membrane. The residual volume and density of the
newly formed tissue were measured by computer-assist-
ed tomography and computer-assisted digital image
analysis before and after enucleation. No statistically
significant difference was noted in the volume or densi-
ty of the newly formed tissue between the three treat-
ment groups 6 months postsurgically. The results sug-
gested that guided bone regeneration using membranes
does not contribute to increased quality or quantity of
bone regeneration in this clinical situation.239

Pecora and associates reported on a controlled clinical
study involving 20 patients with large endodontic bony
lesions that failed to respond to nonsurgical endodontic
treatment. Following curettement of the lesions, 10 sites
were covered with Gortex membranes before reposition-
ing the flap, and 10 were left uncovered. The investiga-
tors reported that radiographic analysis of the lesions 12
months postsurgically revealed that the quality and
quantity of the regenerated bone were superior when the
Gortex membranes were used.240

Root Amputation. Root amputation procedures are
a logical way to eliminate a weak, diseased root to allow
the stronger root(s) to survive when, if retained togeth-
er, they would collectively fail. Selected root removal
allows improved access for home care and plaque con-
trol with resultant bone formation and reduced pocket
depth. The incorporation of one half or two-thirds of a
tooth can be instrumental in obviating the need for a
long-span fixed partial or a removable partial denture.
Quite often, amputation of a hopelessly involved root
of an abutment tooth saves an entire fixed prosthesis,
even one that is full arch in extent.

As always, case selection is an important factor in
success. Proper diagnosis, treatment planning, case
presentation, and good restorative procedures are all
critical factors equally important to the resective proce-
dure itself. The strategic value of the tooth involved
must be convincing.

Evaluation of the involved tooth requires thorough
periodontal evaluation of the root or roots to be
retained. Remaining structures need continuing peri-
odontal care, and this should be pointed out to the
patient. Bony support, the crown–root ratio, occlusal
relations, and restorability of the remaining segment all
determine the case outcome.

INDICATIONS FOR ROOT AMPUTATION:

1. Existence of periodontal bone loss to the extent that
periodontal therapy and patient maintenance do not
sufficiently improve the condition.
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2. Destruction of a root through resorptive processes,
caries, or mechanical perforations.

3. Surgically inoperable roots that are calcified, contain
separated instruments, or are grossly curved.

4. The fracture of one root that does not involve the
other.

5. Conditions that indicate the surgery will be techni-
cally feasible to perform and the prognosis is rea-
sonable.

CONTRAINDICATIONS FOR ROOT AMPUTATIONS:

1. Lack of necessary osseous support for the remaining
root or roots.

2. Fused roots or roots in unfavorable proximity to
each other.

3. Remaining root or roots endodontically inoperable.
4. Lack of patient motivation to properly perform

home-care procedures.

MORPHOLOGIC FACTORS: The length, width, and
contour of the roots are important factors in determin-
ing where the resective cut is made and the strength of
the remaining tooth structure. It is important to be
aware of the normal and varied anatomy that may be
encountered as these factors will materially affect the
procedures of root separation and removal. A careful
check of the radiograph and probing of periodontal
pockets will help to reveal tooth-to-tooth and root-to-
root proximities, as well as morphologic characteris-
tics, such as root size and curvature, furcal location,
and fused roots (Figure 12-60).

Two different approaches to resection are available.
One approach is to amputate horizontally or obliquely
the involved root at the point where it joins the crown,
a process termed root amputation (Figure 12-61). The
other approach is to cut vertically the entire tooth in
half—from mesial to distal of the crown in the maxil-
lary molars, and from buccal to lingual of the crown in
the mandibular molars—removing in either case the
pathologic root and its associated portion of the crown.
This procedure is termed hemisection (Figure 12-62).

Bisection or “bicuspidization” refers to a division of
the crown that leaves the two halves and their respec-
tive roots. This bisection is designed to form a more
favorable position for the remaining segments that
leaves them easier to clean and maintain (Figure 12-
63). If the remaining roots are too close to each other,
minor orthodontic movement may be necessary to
properly align them. The careful preparation and
restoration of the remaining portions of the tooth to
minimize food entrapment and plaque accumulation
are critical to the long-term success in this situation.
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PROCEDURAL SEQUENCE: Following diagnosis and
treatment planning, but before resection, endodontic
therapy should be done on the roots to be retained. The
occlusion should be adjusted to eliminate the trauma
of lateral excursions. After the canals of the roots to be
retained have been filled, a post (or posts) should be
placed when indicated and/or a core should be placed
in the pulp chamber and the access cavity. Following
the set of the core material, the resection procedure
may be done.

AMPUTATION TECHNIQUE FOR MAXILLARY MOLARS:
Maxillary molars typically have mesiobuccal roots that
are relatively broad buccolingually, narrow mesiodistal-
ly, and extend about two-thirds of the distance to the
palatal root. Distobuccal roots, however, are much
more conical in shape and extend about one half the
distance to the palatal root. The length of the palatal
root and its considerable thickness impart great stabil-
ity to this tooth. If occlusal alignment and periodontal
factors are favorable, the palatal root can be restored
successfully on its own.

The amputation procedure itself is best performed
with a surgical-length smooth fissure bur. Length of the
cutting portion of the fissure bur is important and espe-
cially critical in mesiobuccal roots of maxillary molars

Figure 12-60 A, Roots in close proximity. B, Fused roots are very
difficult to resect. Extraction must be considered.

Figure 12-61 A, Periradicular lesion consistent with possible ver-
tical root fracture. B, Mesiobuccal root amputation due to vertical
root fracture. C, Clinical crown restored with porcelain-fused-to-
metal prosthetic crown.
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and vertical resections through the crown and the furca-
tion. Kirchoff and Gerstein suggested reshaping the
crown with a bur so that the crown structure over the
root to be removed is resected along with the root. This
simplifies the task by making the root-furcation junction
more visible for separation and extraction.241
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To resect a root involving a tooth that is an abutment
for a fixed partial denture or has previously been
crowned and a new restoration has not been planned,
the endodontic surgeon must do the resection horizon-
tally or at an oblique angle. The more vertical the resec-
tive cut, the greater the ease of maintaining cleanliness.

Figure 12-62 A, Postspace perforation on distal aspect of mandibular first molar resulting in a periodontal defect. B, Hemisection and dis-
tal root amputation. Note the molars have been splinted together.

Figure 12-63 Terminal molar with periodontal disease involv-
ing furca, to be used as bridge abutment. A, Canals obturated
with softened gutta-percha and tooth bisected. B, Mirror view of
buccal shows how tissue may now be maintained as interdental
papilla. C, Different case; hemisection of second molar and
bisection of first molar provides three sturdy abutments for ter-
minal bridge. (A and B courtesy of Dr. James D. Zidell; C cour-
tesy of Dr. L. Stephen Buchanan.)
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Care must be exercised in maintaining the correct
angulation of the bur to avoid gouging the remaining
root or crown.

When the root to be removed has been completely
resected, there may be enough loss of periradicular
bone to permit it to be lifted or elevated from the sock-
et (Figure 12-64). It is possible, however, that sufficient
periradicular bone and cortical plate remain such that
reflecting a mucoperiosteal flap is necessary so that suf-
ficient bone can be removed to facilitate root removal.
Elevation of a flap also allows for osseous recontouring.

Recontouring of the crown at the point of resection
is very important. Plain fissure burs and tapered dia-
mond stones are ideal for this reshaping process. The
junction of the crown with the furcation should be
smooth, with a gradual taper toward the interdental
embrasure. There should not be any semblance of a
stump left, and enough clearance between the under-
surface of the crown and the tissue should be estab-
lished to facilitate good oral hygiene. Following root
amputation, oral hygiene can be enhanced by the use of

a small round brush (Figure 12-65). The patient should
be instructed in its use and monitored postsurgically
for proper effectiveness.

AMPUTATION TECHNIQUE FOR MANDIBULAR MOLARS:
Treatment planning is critical when evaluating
mandibular molars for root amputation. If the tooth is
not a terminal tooth in the arch or an abutment for a
fixed partial denture, extraction and replacement may
be a preferred treatment. Some outstanding successes,
however, are seen involving hemisection and placement
of a three-unit fixed partial denture (see Figure 12-68).

The most common method of root amputation
involving mandibular molar teeth is a hemisection. A
terminal second mandibular molar is ideally suited for
hemisection, provided there is opposing occlusion and
adequate bone support for the remaining root (Figure
12-66). The remaining root and crown structure is
restored as a premolar.

The root to be retained undergoes endodontic ther-
apy. A post is placed in the retained root, if indicated,
or a coronal–radicular core is placed. Following set of

Figure 12-64 Excellent example of bilateral oblique root amputation on the same patient. A, Right maxillary first molar before root canal
therapy and root amputation. Distobuccal root has lost its entire bony support. Because furca is exposed, flap need not be raised to ampu-
tate this root. B, Result 6 years after amputation. Occlusal table has been narrowed considerably. C, Left maxillary first molar in same patient
with bony housing of distobuccal root completely destroyed. D, Result 6 years following root canal therapy and amputation; patient is metic-
ulous in home care.
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the core material, a sharp cowhorn explorer is used to
identify the location of the buccal and lingual furca-
tions (see Figure 12-59, A). Depending on the degree of
periodontal bone loss and the thickness of the trunk of
the tooth, a mucoperiosteal flap may or may not need
to be raised. The coronal sectioning should be done
with a fissure bur or a small tapered diamond stone in
a high-speed handpiece. The cut should be initiated on
the buccal surface and should section the tooth at the
expense of the portion of the crown that is scheduled to
be removed. Sufficient proximal furcal floor should be
left on the portion of the tooth to be retained to estab-
lish a restorative finish line as well as sufficient crown
for retention.

726 Endodontics

An elevator should be placed between the two halves
of the crown and gently rotated to determine if the sep-
aration is complete. Once this has been verified, the
pathologic root is gently removed with forceps or eased
out with an elevator. Sterile gauze should be packed
into the socket while the final contouring of the
remaining coronal tooth structure is completed. This
will prevent particles of tooth and restorative material
from gaining entrance into the open socket. After all
coronal contouring is completed, the gauze packing
should be removed and, if a flap was elevated, it should
be repositioned and stabilized with sutures.

Bisection or “bicuspidization” should be considered
in mandibular molars in which periodontal disease has
invaded the bifurcation and when repair of internal fur-
cation perforations has been unsuccessful. The type of
coronal section is similar to that used for hemisection
except the location of the cut is centered in the furcation
so as to evenly divide the crown. The furca is then turned
into an interproximal space where the tissue is more
manageable by the patient (see Figure 12-63).

Single root amputation of mandibular molar teeth
(leaving the crown intact) may, on occasion, be indi-
cated where a splint or fixed partial denture is in place.
For the most part, however, an uneven exertion of
occlusal forces tends to exert an unnatural force on the
remaining root, thereby resulting in root fracture.
Some teeth are treated successfully by single root
amputation, but the length of tooth retention is unpre-
dictable (Figure 12-67).

A tooth that is hopelessly involved, yet is a nonter-
minal member of a fixed partial denture, may be con-
verted into a pontic by total amputation of its root or
roots. Premolars are the most commonly involved teeth
in this situation. Following pulpectomy, the canal ori-
fice(s) are prepared with a round bur to a level below
the gingival margin. The entire access cavity is filled
with amalgam or composite resin following dentin

Figure 12-65 A, Cleaning aids such as the Butler Proxabrush
(John O. Butler Co., Chicago, Il.) are important to good mainte-
nance care. B, Close-up of Proxabrush head.
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Figure 12-66 Terminal molar, hemisected and bicuspidized. A, Distal half of tooth removed. B, Final full crown restoration contacts both
adjacent and opposing molars.
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bonding. A buccal/facial marginal mucoperiosteal flap
is raised, and the entire root is resected at a level well
below the gingival margin. The remaining tooth struc-
ture should be contoured in a convex shape to resem-
ble a pontic. The severed root should be removed to the
buccal side of the alveolar bone and the flap reposi-
tioned and stabilized with appropriate sutures.

Several studies have evaluated the long-term success
of root-resected and hemisected teeth. The results
range from a success rate of 62 to 100% occurring over
times ranging from 1 to 23 years. Combining the data
from these studies indicates an overall success rate of
88% for the time periods followed.242–251 Long-term
prognosis of teeth with roots totally amputated or
hemisected depends on the quality of the original sur-
gery and recontouring of the remaining tooth struc-
ture, on the quality of the root canal treatment in the
remaining root or roots, on the quality of the final
restoration, on the quality and quantity of the remain-
ing supporting bone, and on the status of periodontal
care. Any one, or combination, of these factors may
cause failure of the case. When all of these elements are
well executed, a superb and long-lasting result may be
achieved (Figure 12-68).

Surgical Correction of the Radicular Lingual Groove.
Another serious periodontal defect that can sometimes be
corrected surgically is the radicular lingual groove
(palatogingival groove). Found almost exclusively in max-
illary lateral and central incisors, this developmental
defect in root formation precludes the deposition of
cementum in the groove; hence it prevents periodontal
ligament (PDL) attachment. The groove then causes a
narrow periodontal pocket, a bacterial pathway, often to
the root apex, that can lead to retroinfection of the pulp.92

Prevalence of these grooves may be higher than pre-
viously suspected. After examining 921 maxillary inci-
sors, Pecora and his associates in Sao Paulo reported a
2% incidence in central incisors and a 2.6% incidence
in lateral incisors. Most of the central incisor grooves,
however, were found on the facial surface.252 Goon and
his associates at the University of the Pacific in San
Francisco reported on an unusual facial radicular
groove in a maxillary lateral incisor.253

Robinson and Cooley have suggested a surgical
intervention that may, in a number of cases, correct
the defect and allow healing.254 Following a palatal
surgical exposure of the defect, the groove is eliminat-
ed by grinding it away with round burs or diamond
points. Shallow grooves are handled differently from
deep grooves (Figure 12-69). If the lingual groove,
however, is so deep that it communicates with the
pulp space, the case is hopeless and extraction of the
tooth is indicated.92

REPLACEMENT SURGERY
(EXTRACTION/REPLANTATION)

Grossman, in 1982, defined intentional replantation
as “the act of deliberately removing a tooth and—fol-
lowing examination, diagnosis, endodontic manipu-
lation, and repair—returning the tooth to its original
socket.”255 Extraction/replantation is by no means a
recently developed procedure. Abulcasis, an Arabian
physician practicing in the eleventh century, is the
first credited with recording the principle of extrac-
tion/replantation.256 Over the years since then, many
authors have published reports of studies and case
reports dealing with the technique and results of
extraction/replantation.257–261

Figure 12-67 Mesial root amputation of a mandibular molar involving the distal abutment of a fixed partial denture. A, Root perforation
with root canal filling material and bone loss in the furcation. B, Radiograph taken 5 years following mesial root amputation.
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Figure 12-68 Hemisection of mandibular molar. A, Decision to hemisect molar and restore space relates to open contacts and future drifting. B,
Tooth is hemisected through furca, and pathologic root removed. Root canal filling of remaining distal root is done at the same appointment
through exposed pulp chamber. C, Final restoration of space converts first molar into a premolar. D, Forty-seven-year recall film attests to the
meticulous therapy and long-range efficacy of this case. (Endodontic therapy by Dr. Dudley Glick and restoration by Dr. James McPherson.)

D

Figure 12-69 Surgical exposure of palatogingival groove allows “saucerization” with diamond stones or burs to remove pathologic groove.
A, Illustration of the chronic lesion (left) and saucerization to eliminate the lingual groove (right). The cross-section shows the contour of
the lingual surface with the groove (left) and after it has been removed. B, An acute lesion may result in less bone loss than a chronic lesion.
In this situation, it may be possible to eliminate the groove without flattening the entire lingual surface. The cross-section illustrates the con-
tour of the lingual surface as it might appear with the groove (left) and its contour after removal (right). Reproduced with permission from
Robison SF, Cooley RL. Gen Dent 1988;36:340.
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Indications

It is generally accepted that extraction/replantation is
an acceptable treatment alternative when nonsurgical
endodontic treatment is either impossible or has not
been successful and periradicular surgery is inadvisable
because of poor visual and/or surgical access or the
danger of surgical damage to adjacent anatomic struc-
tures (mandibular canal, mental foramen). Dryden and
Arens have stated that extraction/replantation should
not be suggested as a routine treatment but should be
considered only as a treatment of last resort. They also
suggested the following as indications for
extraction/replantation262:

1. Inadequate interocclusal space to perform nonsurgi-
cal endodontic treatment caused by the patient’s
limited range of motion of the temporomandibular
joint and associated muscles.

2. Nonsurgical treatment and/or re-treatment are not
feasible because of canal obstructions (ie, calcifica-
tion of the pulp space, posts, separated instruments,
impassable ledges).

3. Surgical approach for periradicular surgery is not
practical because of limiting anatomic factors (ie,
risk of paresthesia because of proximity of root
apices to the mandibular canal or mental foramen).

4. Nonsurgical and surgical treatment have failed and
symptoms and/or pathosis persist.

5. Visual access is inadequate to perform root-end
resection and root-end filling.

6. Root defects (resorption, perforation) exist in areas
that are not accessible through a periradicular surgi-
cal approach without excessive alveolar bone loss.

7. To thoroughly examine the root or roots on all sur-
faces to identify or rule out the presence of a root
defect, such as a crack or root perforation.

Rationale and Outcome

The replantation of traumatically (accidentally)
avulsed teeth is universally accepted as the treatment of
choice whenever possible (see Chapter 15, “Endodontic
Considerations in Dental Trauma”). If replantation has
become the standard of care for teeth that have been
traumatically avulsed, why would it not be justifiable to
intentionally “avulse” a tooth under the controlled
trauma of extraction and replant the tooth under asep-
tic conditions? Dryden and Arens state that, in a per-
sonal communication, Andreasen claims 90% success
when avulsed teeth are replanted within 30 minutes.262

There are three factors that directly affect the out-
come of extraction/replantation procedures:

1. Keeping the out-of-socket time as short as possible.
2. Keeping the periodontal ligament cells on the root

surface moist with saline or Hanks Balanced Salt
Solution during the time the tooth is out of the
socket.

3. Minimizing damage to the cementum and peri-
odontal ligament cells by gentle elevation and
extraction of the tooth. The forcep beaks should not
touch the cementum if at all possible.

It is obvious that success depends on the ability to
remove the involved tooth without fracture of the root
or roots. The patient should always be advised that
fracture of the tooth is possible and if this occurs, the
tooth must be removed and discarded.

Kingsbury and Wiesenbaugh reported on 151
mandibular premolar and molar teeth that were
extracted, treated, and replanted. They evaluated these
teeth over a 3-year period and reported a success rate of
95%.263 Koenig and associates reported on a study
involving 192 extracted and replanted teeth. Following
an evaluation period of between 6 and 51 months, they
reported a success rate of 82%.264 More recently,
Bender and Rossman reported on 31 cases of extrac-
tion/replantation. They reported a success rate of
80.6% with an observation period of up to 22 years.265

Raghoebar and Vissink reported on 29 cases involving
extraction/replantation of mandibular molar teeth.
One (3%) had to be removed 4 weeks postsurgically
because of pain and mobility, 3 (11%) had to be
removed during the first year because of periodontal
problems, 4 (14%) showed periodontal problems or
root resorption but continued to be functional, and 21
(72%) were considered successful after a 5-year obser-
vation period.266 Kratchman stated, “With increased
understanding of the periodontium and improved
techniques, intentional replantation should no longer
be viewed as a treatment of last resort, but rather a suc-
cessful treatment alternative.267

Steps in Extraction/Replantation

Once extraction/replantation has been determined and
accepted as the treatment of choice, orthograde
endodontic treatment should be completed to the best
degree possible, and the pulp chamber and coronal
access restored to help stabilize and reinforce the coro-
nal tooth structure:

1. Following incision of the periodontal fibers with a
No. 15 scalpel blade, the tooth to be extracted should
be slowly and gently elevated with an appropriate
size and style of surgical elevator until a class III



mobility is achieved. This is a very crucial step in the
extraction process as it helps to accomplish extrac-
tion with the least chance of root fracture.

2. The appropriate forceps are chosen and preferably
the beaks are wrapped with a sterile gauze sponge
that is saturated with normal saline or Hanks
Balanced Salt Solution. Every attempt should be
made to minimize damage to the cementum during
the extraction process.

3. Following extraction, the tooth should be held with
the forceps, protected by saturated gauze or by hand at
the coronal portion using a saturated gauze. The roots
of the tooth should be thoroughly examined with
fiber-optic illumination and magnification to evaluate
for the presence of root fractures or radicular defects,
such as perforations or resorptions. The application of
methylene blue dye to the root surfaces may enhance
visualization of otherwise nonvisible root defects. It is
extremely important that the root surfaces be con-
stantly bathed with either normal saline or Hanks
Balanced Salt Solution during the time the tooth is out
of its socket. Intentional replantation is best done as a
team effort with each member of the team trained and
skilled in their specific function.

4. If no root fractures are evident and the prognosis for
replantation appears positive, any root defects
should be repaired with an appropriate material. If
root end resection is indicated, it should be done
with a plain fissure bur in a high-speed handpiece
under constant irrigation. Two to three millimeters
of root-end should be resected. A small class I root-
end preparation should be done with either a bur or
an ultrasonic tip extending at least 3 mm into the
root and an appropriate root-end filling placed.

5. Following repair of any root defects and/or root-end
resection and root-end filling, the extraction socket
should be irrigated with normal saline and gently suc-
tioned to remove any blood clot that may have
formed. The tooth is then carefully returned to its
socket. Reinsertion of the tooth into the socket may
be difficult at times, especially if there is a critical path
of insertion. Care must also be taken that the tooth is
returned to the socket in its proper orientation.

6. After the tooth has been inserted into the socket, a
rolled gauze sponge should be placed on the occlusal
aspect of the tooth and the patient instructed to bite
down so that the interocclusal force will seat the
tooth into its socket. The patient should be instruct-
ed to maintain interocclusal pressure for approxi-
mately 5 minutes.

7. In most cases, posterior teeth are well retained in
their sockets and stabilization is usually not
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required. If excessive mobility is evident, splinting is
suggested. The recommended splinting type and
length of time are the same as those for replantation
following traumatic avulsion and are discussed in
chapter 15, “Endodontic Considerations in Dental
Trauma.” In the case of a posterior tooth, stabiliza-
tion may be achieved by placing a figure-8 suture
over the occlusal surface of the tooth. The suture
may be secured on the occlusal surface of the tooth
by placing a shallow groove on the buccal-lingual
aspect of the crown (Figure 12-70). Stabilization
may also be achieved by the use of a flexible wire
with acid etching and bonding with composite resin
to an adjacent tooth (Figure 12-71).

8. The patient should be seen 7 to 14 days following
intentional replantation surgery to remove any stabi-
lization that was placed and to evaluate tooth mobili-
ty. Postsurgical evaluation is recommended at 2, 6,
and 12 months following surgery (Figure 12-72).

Intentional replantation is not a completely pre-
dictable procedure. Under favorable conditions, how-
ever, some authors have reported success rates in excess
of 20 years.262–268

IMPLANT SURGERY

Two types of endosteal implants fall under the purview
of endodontics: endodontic implants and osseointe-
grated implants, also called endosseous implants.92

This is not to say that every dentist, or endodontist for
that matter, should be placing endosteal implants,
especially when the supporting alveolar bone is com-
promised. Only those who are specially trained and
have extensive experience in periradicular and peri-
odontal surgery should be involved in implant place-

Figure 12-70 Stabilization of the replanted tooth has been
achieved by placing a suture over the occlusal surface.
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ment. Jansen has stated that many practitioners have
found implant procedures to be too difficult, the learn-
ing curve long, and office support staff unsure of their
role in the procedure. Restorative dentists who place
implants do so only on the average of two to three a
year. This is insufficient to acquire the necessary diag-
nostic and treatment skills to perform successful
implant procedures.269

Endodontic Implants

It makes great sense that, if a rigid implant can safely
extend beyond the apex of the tooth into sound bone,
and by so doing stabilize a tooth with weakened sup-
port, the patient is well served and perhaps has avoided
replacement for some time. Such is the reasoning
behind the concept of the endodontic implant, many of

Figure 12-71 Stabilization of the replanted tooth has been
achieved by bonding a flexible wire to the adjacent tooth with com-
posite resin.

Figure 12-72 A, Patient reported pain to pressure 1 year following root canal therapy, post and crown. Extraction/replantation chosen due
to proximity of mandibular canal. B, Radiograph 4 years following extraction/replantation procedure with intermediate restorative materi-
al (IRM) for root-end fillings. Patient is asymptomatic. C, Patient presented with pain and localized intraoral swelling, root canal therapy and
crown 20 years. D, Three years following extraction/replantation procedure. Silver point removed and root canal space filled with gutta per-
cha and sealer through retrograde approach.
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which have proven quite successful (Figure 12-73). On
the other hand, when too high a failure rate of
endodontic implants developed, the profession backed
off from their use. Weine and Frank, however, retro-
spectively “revisited” their endodontic implant cases
placed over a 10-year period. While admitting to “many
which did fail,” they “noted some remarkable long-
term successes with the technique.”270 Their recom-
mendation was that endodontic implants not be dis-
carded totally but used only in carefully selected cases.

Orlay may have been among the first to use and advo-
cate endodontic implants.271 Frank is credited, however,
with standardizing the technique, developing the proper
instruments, and matching implants.272, 273 Frank and
Abrams were also able to show that a properly placed
endodontic implant was accepted by the periradicular
tissue and that a narrow “collar” of healthy fibrous con-
nective tissue, much like a circular periodontal ligament,
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surrounded the metal implant and separated it from the
alveolar bone274 (Figure 12-74).

Placing endodontic implants is a technique-sensi-
tive procedure. A perfectly round preparation must be
reamed through the root apex and into the alveolar
bone. Failure to accomplish this task results in leakage
around the implant–dentin interface and eventual fail-
ure of the implant (Figure 12-75). Another critical area
is structural weakening of the walls of the root as a
result of dentin removal in an attempt to create a
round apical orifice. This structural weakness may
result in root fracture either at the time of implant
placement or as a result of functional stresses on the
tooth. It is also important that the periodontal condi-
tion that has led to the periradicular bone loss has
been stabilized before endodontic implant placement.
If not, the case will fail as a result of continued pro-
gression of the periodontal disease.

Figure 12-73 Indications for endodontic implants.
A, Stabilizing periodontally weakened bridge abut-
ment. B, Considerable restorative effort to replace
tooth, and adjacent teeth would be poor abutments. C,
Implant in hard-to-restore incisor. Periodontal condi-
tion must be treated and controlled. Reproduced with
permission from Frank AL. Dent Clin North Am
1967;Nov:675.
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Root-Form Osseointegrated Implants

Osseointegration is defined as “the direct structural
and functional connection between ordered, living
bone and the surface of a load-carrying implant.” 275

Biomechanical as well as bacterial factors have long
been recognized to play a substantial role in osseointe-
gration maintenance.276,277 Since Brånemark first
introduced osseointegration, many alterations and
enhancements of his original protocol have been pub-
lished. In the earlier years, most attention was directed
toward successful surgical placement of an implant
body, with minimal regard to the implant restoration.
Preexisting bone volume was allowed to direct and
guide implant position. This treatment philosophy
resulted in restorative difficulties and created biome-
chanical concerns as well as hygienic compromise.

Prosthetically directed implant placement involves
preplanning the implant restoration before implant
placement. This concept emphasizes the importance of
a team approach in the overall care of the dental
implant patient. This shift from site-directed to pros-
thetically directed implant placement has been facili-
tated by the success of current bone regenerative tech-
niques using bone-grafting materials and guided tissue
membranes.

Immediate Implant Placement. Of the recent
advancements in implant surgery, the most applicable to
the practice of endodontics is immediate implant place-
ment (Figure 12-76). Implant placement immediately
following tooth extraction offers several advantages over

Figure 12-74 A, Low-power photomicrograph of transverse section through subapical region of endodontic implant. Dark material at top
(arrow) is excess sealer. B, Higher power reveals connective tissue circular “ligament” configuration, without inflammation. Dark specks are
excess sealer being scavenged and resorbed. Reproduced with permission from Frank AL. J Am Dent Assoc 1969;78:520.

Figure 12-75 A, Portal of exit at a site not exactly at tip of root. B,
Pear-shaped preparation is developed by large, stiff instruments.
Endodontic implant only partially seals apical preparation leading
to microleakage and failure. Reproduced with permission from
Weine FS and Frank AL.270



the conventional protocol: (1) the incorporation of two
procedures into one appointment, (2) the expediency of
total treatment time, and (3) the minimization of
osseous collapse as well as resorption and maintenance
of soft-tissue architecture. Immediate implant place-
ment, however, is not a universally applicable procedure.
The presenting clinical situations may vary significantly.
According to Gelb, the variables that may affect the
regenerative protocol include the following:
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1. Severity of the initial infection
2. Location of the root relative to the alveolus
3. Residual bone buccolingually and coronal apically
4. Vascularity of residual bone
5. Density of residual bone
6. Quality of cancellous marrow spaces
7. Availability of bony walls to contain the bone-graft

material
8. Volume of bone regeneration necessary

Figure 12-76 A, Implant being placed immediately following
extraction of tooth No. 28 due to vertical root fracture. B,
Radiograph to confirm proper implant placement. C, Implant in
position with transfer element in place. D, Implant with transfer
element removed. E, Provisional restoration in place demonstrat-
ing reduced occlusal height and good emergence profile. (Courtesy
of Dr. Guillermo Bernal.)
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9. Soft tissue available for closure
10. Experience of the operator278

Gelb also stated, “Despite these challenges, immedi-
ate implant surgery has been reported to have high pre-
dictability, which compares favorably to outcome
reported in intact sites.”278 In a study by Rosenquist
and associates, 109 titanium threaded implants were
placed immediately following extraction in 51 patients
and evaluated over a mean observation time of 30
months. They reported a 92% survival rate for
implants that replaced teeth extracted for periodontal
reasons and a 96% survival rate for implants that
replaced teeth that were extracted for other reasons
including endodontic treatment failure, root fracture,
and extensive caries.279

Appropriate clinical situations for immediate
implant placement should have adequate bone apical
to the extraction socket and/or adequate bone buccol-
ingually to secure initial stability of the implant. The
apical dimension of bone should be a minimum of 3 to
4 mm in height and the buccolingual bone must be
evaluated on the basis of both quality and quantity. The
presence of a localized infection does not generally pre-
clude immediate implant placement. Tooth removal
and débridement of the area is usually sufficient to
control the infection. Immediate implant placement is
contraindicated in the posterior mandible when insuf-
ficient buccolingual bone exists for initial implant sta-
bility and apical extension of the implant beyond the
floor of the socket will result in damage to the
mandibular nerve.278

Extraction and Curettement Procedure. The
tooth should be extracted with as little trauma as pos-
sible. It is extremely important to retain the cortical
bone buccal and lingual to the extraction socket. In the
case of multirooted teeth, it may be advantageous to
section the crown and roots so that the roots may be
individually extracted. This may save trauma to a thin
cortical plate. All soft tissue should be removed from
the bony crypt with curettes until a solid bone founda-
tion is achieved.

Implant Placement. After tooth extraction and
thorough débridement of the area, the major consider-
ations for implant placement should be the specific
functional and esthetic needs of the case. The drilling
sequence may be altered from that of implant place-
ment in an intact site as tapping and countersinking
may not be necessary. The implant apex should be sta-
bilized in at least 3 to 4 mm of bone and the implant
head should be positioned to conform to either the
central fossa, in posterior teeth, or the cingulum, in

anterior teeth, for screw-retained prosthesis. For
cement-retained anterior prostheses, the implant head
should be placed in line with the incisal edges of the
adjacent teeth. For cement-retained posterior prosthe-
ses, the implant head should be placed slightly buccal
to the central fossa of the planned restoration.
Placement of the implant approximately 3 mm apical
to the cementoenamel junction of the adjacent teeth
will ensure the maximum flexibility in the emergence
profile of the restoration.278

Bone Graft and Membrane Placement. Preserving
and/or regenerating buccal or labial bone are important
to support soft-tissue dimensions and to give the
appearance of a root eminence. The use of bone-grafting
materials and membranes, resorbable and nonre-
sorbable, may be used to promote bone growth around
the implant and to preserve or restore labial dimensions.
Demineralized freeze-dried bone allograft is a common-
ly used bone-graft material for this purpose.278

The bone-graft material is hydrated with sterile
saline and packed into the void. Bone-graft material
and a membrane are both used when there is a signifi-
cant defect or when narrowing of the labial dimension
is of major concern. When the bony walls of the defect
are well defined and both cortical and cancellous
anatomy are good, placement of bone-graft material
alone is usually sufficient.278

Soft-Tissue Closure and Supportive Therapy.
Primary closure is the closure of choice whenever possi-
ble. Care should be taken to maintain and preserve the
soft tissue during incision and tooth extraction. The soft
tissue should be repositioned as close as possible to its
original position. When primary closure is not possible,
the site should be covered with a nonresorbable mem-
brane. Nonresorbable membranes serve as a scaffold for
soft-tissue growth and migration resulting in closure
over time. An alternative to placement of a nonre-
sorbable membrane when primary closure is not possi-
ble is the use of a connective-tissue graft.278

Supportive therapy following immediate implant
placement should include a bactericidal broad-spec-
trum antibiotic such as amoxicillin, cephalexin
(Keflex), or clindamycin for a period of 7 to 14 days.
Nonsteroidal anti-inflammatory drugs have been
shown to be effective in promoting healing following
implant placement.278 Chlorhexidine oral rinses
should be used routinely following implant-placement
surgery. When primary closure is not possible and a
connective-tissue graft is not done, débridement of the
surgical area should be done with a cotton swab soaked
in chlorhexidine. The patient should be instructed to
continue this regimen twice daily until closure has been



achieved. Gelb recommends that the sutures remain in
place for 2 weeks and those cases that contain a mem-
brane be monitored every 2 weeks until the membrane
is removed.278

It is important to emphasize that, although implant
surgery is within the scope of endodontics, it is a very
technique-sensitive procedure that requires a relatively
long learning curve. It is recommended that the dental
practitioner participate in advanced training programs
and gain considerable knowledge and experience in
diagnosis, treatment planning, and placement of
osseointegrated implants before implementing their
use in clinical practice.

MICROSURGERY

For years, many dental practitioners have benefited
from the use of vision-enhancement devices, such as
loupes, surgical telescopes, and head-mounted surgical
fiber-optic lamps (Figure 12-77). It is generally accepted
that the better the visual access to the operating field, the
higher the quality of treatment that can be accomplished.

Perhaps one of the most important recent develop-
ments in surgical endodontics has been the introduction
of the surgical operating microscope (Figure 12-78).
Otologists were the first medical specialists to introduce
the operating microscope in the early 1940s. Slowly, the
use of the operating microscope was introduced to the
fields of ophthalmology, neurosurgery, urology, and other
medical fields. Pioneers in the use of the operating micro-
scope in surgical endodontics have been Buchanan,280

Carr,281,282 Rubinstein,283,284 Pecora and Adreana,285
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Ruddle,286 Selden,287 Bellizzi and Loushine,288 Reuben
and Apotheker,289 and others.

Surgical telescopes usually magnify in the range of
×2.5 to ×6.0, whereas the surgical operating microscope
has a range of magnification of up to ×40. The obvious
question is “How much magnification is enough?” As
the level of magnification increases, the field of vision
and the depth of field (focal depth) decrease, as does
the aperture of the microscope, therefore limiting the
amount of light that reaches the surgeon’s eyes. This
makes use of magnification in excess of ×30 very
impractical. The slightest movement of the patient or
of the operating microscope will result in the loss of
visual field or focus. This can be very frustrating and
result in the time-consuming need to readjust the
microscope.

Magnifications in the range of ×2.5 to ×8.0 are rec-
ommended for orientation to the surgical field and to
provide a wide field of view and a good depth of field.
Midrange magnifications in the ×10 to ×16 are best for
performing procedures such as root-end resections and
root-end preparations. Higher range magnification in
the area of ×18 to ×30 should be reserved for observing
and evaluating fine detail.

Rubinstein has identified several advantages of the
surgical operating microscope.290 They include

1. Visualizing the surgical field.
2. Evaluating the surgical technique.
3. Reducing the number of radiographs needed.
4. Expanding patient education through video use.

Figure 12-77 Operator using a fiber-
optic headlamp system and ×2.5 surgical
telescopes.
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5. Providing reports to referring dentists and insurance
companies.

6. Creating documentation for legal purposes.

The most significant of these advantages is the
enhanced ability to visualize the surgical field and to
evaluate the surgical technique (Figures 12-79 to 12-
82). Incomplete root-end resection and failure to iden-
tify and properly include an interconnecting isthmus
between multiple canals in a single root during root-
end preparation have been stated as among the major
causes of failure in endodontic surgery 82,121 (Figure
12-83; also see Figure 12-33). The use of good illumi-
nation and magnification will aid the surgeon in reduc-
ing these factors and should result in an increased suc-
cess rate for endodontic surgery. It must be pointed out
that the use of the surgical operating microscope
requires a relatively long learning curve and, therefore,
it is recommended that the endodontic surgeon partic-
ipate in advanced training programs and gain consid-
erable experience in surgical microscopy before imple-
menting its use in clinical practice.

An important question that must be addressed is
“Does the use of a surgical operating microscope really
make a difference in the long-term outcome of endodon-
tic surgery?” A recent report of a prospective study
involving endodontic surgery performed under the sur-
gical operating microscope and using ultrasonic root-end
preparation techniques with Super EBA as the root-end
filling material showed an overall success rate of
96.8%.291 This report consisted of 94 root-end surgery

Figure 12-78 Operator using a surgical
operating microscope with a 35 mm
camera attached.

Figure 12-79 Final root-end fillings with Super EBA. A, ×8 origi-
nal magnification. B, ×26 original magnification.

A

B
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Figure 12-80 A, Beveled surface of the root of a maxillary lateral
incisor following root-end resection (×16 original magnification).
B, Root-end preparation following use of ultrasonic tips. Note use
of microsurgical mirror (×16 original magnification).

A

B

Figure 12-81 A, Finished root-end filling of a maxillary canine
after use of a 30 fluted finishing bur (×16 original magnification).
B, Mineral trioxide aggregate (MTA) root filling (×26 original mag-
nification).

A

B

Figure 12-82 A, One-half millimeter blunt Blue Micro Tip mounted in a Stropko Irrigator on a triflow syringe. B, Blue Micro Tip drying
the root-end preparation of a maxillary lateral incisor (×20 original magnification).

A B
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cases (31 molars, 31 premolars, 32 anterior teeth) treated
by a single clinician. The evaluation period was 14
months. A case was considered successful when the lam-
ina dura was restored or the case had healed by scar for-
mation. Very strict case-selection criteria were used when
selecting cases to be included in this study. It also must be
emphasized that this study had no control group. The
authors attribute the healing success primarily to the use
of microsurgical techniques. They do state, however, that
because of the short postsurgical evaluation time, their
optimism regarding the outcomes of this study is tem-
pered by the realization that cases sometimes fail follow-
ing a preliminary healing phase. At the present time,
there are no long-term (> 5 years) studies evaluating the
outcomes of endodontic microsurgery procedures. Time
will be the judge!
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