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Embracing Endodontic Surgery

Embracing Endodontic Surgery

Etiology, Diagnosis & Treatment Options
Flap design
Bony access, curettage & biopsy
Hemostasis
Root-end management
Root-end resection
Root-end cavity preparation
Root-end filling materials

Membranes & Guided Tissue Regeneration
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When endodontic retreatments keep disappointing
you, there’s nothing you can do but accept it

Endodontic Outcome According to CC
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Problems where a surgical approach is needed
2013 (JOE)

Vertical Root Fractures & Dentinal Defects Testori & al 1993, Tamse & al 1999, Tawil et al 2015
Intraradicular infection
Inadequate root canal treatment (Separated instruments, perforations, ledges, zips, strips,
cements, etc) Gorni & al 2004, Ray & al 1995, Tronstad & al 2000
Infection remaining in inaccessible areas in the apical portion of the root (canal
aberrations, bifurcations, isthmuses, lateral canals, etc) Nair 2004, Nair & al 2005

Extraradicular problems

J. McIntyre

Extraradicular infection Sundquvist & al 1980, Tronstad & al 1987, Sunde & al 2003, Ricucci & al 2008
11 months

Preop

True radicular cysts Nair & al 1993, Simon 1998
Tumors Simon 1998
Foreign body reactions Nair & al 1990, Nair 1998, Ricucci & al 1998
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2015 (JOE)

2016 (JOE)
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Modern microsurgical techniques
VS
Old traditional techniques
Apicoectomy: Resection of the apical part of the root
2013 (JOE)

The change of biofilm bacteria from sensitive to
resistant against disinfecting agents occurs over time.
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Periapical Microsurgery: Resection of the apical part of the
root, inspection for any potential fracture, ultrasonic root-end
preparation and the placement of a root-end filling
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2006 (JOE)
2010 (JOE)

Significant difference in success after 2 years

✓ Meta-Analysis
✓ Microsurgery

Modern microsurgical techniques: 91.1%

✓ Traditional

1966-2009

had a 94% success

surgery had a 59% success

Traditional techniques: 44.2%
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Red flags to keep in mind

Herbal “Natural” Supplements & Anticoagulant Activity

Immunocompromised Patients: Uncontrolled diabetes, renal insufficiency, etc
Marending et al 2005, Fouad 2003

Avoid surgery if INR exceeds 3.5 due to blood thinners (Aspirin, Plavix, Coumadin)
If decision to stop Aspirin: needs 10 days
Herman 1997

Smoking can decrease healing
Levin et al 2005

Hypertension and coronary artery disease can decrease healing
Wang CH 2011

Bisphosphonates
Karna H et al 2018, Soutome S et al 2018
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Radiography
Periapical radiographs:
We ideally need one straight and one angled beam projection
The two angles are needed to allow for parallax localization of the
different parts of the roots and canal systems
Panoramic radiography:
Indicated in cases with extensive apical lesions

Presurgical case planning to determine the exact
location of root apices and to evaluate the proximity of
adjacent vital anatomical structures
Identification of root canal system anomalies

Cone-Beam-Computed Tomography:

Assessment of endodontic treatment complications

Indicated in cases with complex anatomy surrounding vital structures
like the Inferior Alveolar Nerve and the Mental Foramen

Complex Diagnosis
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What guides our treatment choices?

• Patient Considerations

Treatment Options

• Tooth Considerations
• Clinicians Considerations
• Financial Considerations
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Tooth Consideration: No = Sx

Tooth Consideration: No = Sx

✓ Existing Restorative Quality: Leakage?

✓ Existing Restorative Quality: Leakage?

✓ Existing Endodontic Quality: Missed Canal?

✓ Existing Endodontic Quality: Missed Canal?
✓ Tooth and Jaw Anatomy: Paresthesia Risk?
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Tooth Consideration: No = Sx
✓ Existing Restorative Quality: Leakage?
✓ Existing Endodontic Quality: Missed Canal?
✓

“We might as well retreat attitude”

Tooth and Jaw Anatomy: Paresthesia Risk?

✓ Periodontal Conditions: Ready for the fairy?
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2011

2011
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JOE 2018

1980
Majority of patients with VRF may not present symptoms
•47 teeth retreated VS 48 conventional old surgery
techniques
•Follow up median of 10.1 years
•Survival rate 76% for both groups ➻ Retreat outcome =
Old surgery techniques

2001

•Vertical root fractures were significantly more frequent in
the Retreatment group with posts

Average 4.5 years from root canal treatment until occurrence of VRF
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JOE 2018

Retreating could
damage teeth

•Retreated teeth are associated with
more dentinal defects (p < 0.001)
•Odds ratio was 6.9 (95% confidence
interval)
•Multivariate regression model showed no
significance for: age, gender, tooth location
& treatment

Endodontic Microsurgery is the most cost-effective
Kim & Solomon 2010, JOE
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Intentional replantation
For molars with fused roots
Lower second molars: thick buccal bone & IAN proximity

Alternative Surgical Treatment Options 1:
Intentional replantation

Do not touch the wall of the socket after removing the tooth
Keep the tooth bathed in Hank’s balanced physiologic solution (Save-A- Tooth)
Do the root-end preparation & filling while tooth is in the physiologic solution
Inspect the tooth for cracks under the microscope
Splinting is rarely needed
Avoid premature occlusal interferences and remove from occlusion
Premedication can be done with Chlorhexidine rinse and anti-inflammatory medication

Niemczyk SP 2001, Kratchman S. 1997
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Physics Forceps (GoldenDent)
Periotomes, Separators & Physics Forceps (GoldenDent)
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Physics Forceps (GoldenDent)

Previously treated with symptomatic apical periodontitis

Lower second molar
The root canal was retreated and the symptoms persisted
Intentional replantation was elected

Initial root canal therapy

Retreat

Kirakozova A
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Follow up
Patient’s symptoms subsided after 1 week

Polishing the IRM retro-filling

Post-op

16 month follow up

Kirakozova A

Kirakozova A
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Autotransplantation

Autotransplantation of teeth have been widely used in orthodontics for cases with severe
impactions, congenital aplasia & early loss of permanent teeth (Third molar to decayed first molar)

Alternative Surgical Treatment Options 2:
Autotransplantation

For young patients that are still undergoing growth: autotransplantation is recommended
since an ankylosed implant will not follow their oral growth
Root formation 1/3 to 2/3 (Apical foramen >1mm) are ideal for revascularisation conditions
Mature roots (Apical foramen <1mm) will require RCT

Tsukiboshi M.

Kling et al 1986, Johnson et al 1985, Laureys et al 2001, Andreasen et al 1995, Jang et al 2016
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Autotransplantation

14 year old boy with extensive decay
on his upper first molar
Autotransplantation was elected

An atraumatic extraction Kvint et al 2010, Sugai T et al 2010
Keep the tooth bathed in Hank’s balanced physiologic solution (Save-A- Tooth)
Contour the transplantation receiving site & keep a 4 wall bony socket
Avoid premature occlusal interferences
1-3 weeks of splinting for stabilization Jang et al 2016
Premedication: Chlorhexidine rinse & anti-inflammatory medication
Success: 68% to 96% Sugai T et al 2010, Reich PP. 2008, Jang et al 2016

Yamauchi N
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Extraction of the decayed 1st molar

The tooth was resected to help in keeping the Buccal plate

Removal of Donor

3rd molar in HBSS

Distal releasing incision
Yamauchi N

Yamauchi N
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Measurement of Donor

Try-in of Donor

The tooth is measured
in order to prepare the
receiving site

Splint stabilization

Immature open apices
>1mm

Tooth try-in
&
Socket alteration

Final placement

Yamauchi N

Yamauchi N
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Post-op

3 month follow up

Occlusion
checked & adjusted
EPT (-), Cold (+/-), Palpation (-), Percussion (-), Probing <4mm

Yamauchi N
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Yamauchi N
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6 months follow up

Embracing Endodontic Surgery

1 year follow up

Etiology, Diagnosis & Treatment Options
Flap design
Bony access, curettage & biopsy
Hemostasis
Root-end management
Root-end resection
Root-end cavity preparation
Root-end filling materials

Membranes & Guided Tissue Regeneration
EPT (+), Cold (+), Palpation (-), Percussion (-), Probing <4mm
Yamauchi N
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Soft tissue management

Soft tissue
management
Periodontal

anatomy
Velvart et al.
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stratum spinosum. The cells of the spinous layer are
largest in size and form the thickest layer of all epithelial
cells. Closer to the surface, the cells become flattened
(stratum granulosum), whereas in the most superficial
layer (stratum corneum) the cells are flat and closely
aligned, often without nuclei.
The oral epithelium also contains Langerhans cells,
also known as dendritic cells; they are mostly located in
the stratum spinosum. These cells play an important
role during the inflammation process as they bind and
process antigens to the local lymph nodes and present
them to macrophages and lymphocytes (17). Generally
speaking, the oral epithelium, which is between 0.2 and
0.3 mm in thickness, has a largely protective function
(18).
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Fig. 1. Anatomy of a healthy gingival situation. IP,
interdental papilla; CMG, cervical marginal gingiva
with free marginal gingiva; AG, attached gingiva; MGJ,
mucogingival junction; AM, alveolar mucosa.

The distance from the crown inter-proximal contact to the bone crest
aging 0.97 mm, and a connective tissue attachment of
is critical in determining the papilla hight after
surgery
1.07 mm or in sum approximately 2 mm; this dimen-

IP: Interdental
papilla
Fig. 1. Anatomy
of a healthy
gingival situation. IP,
CMG: Cervical
interdental papilla;
CMG,marginal
cervicalgingiva
marginal gingiva
AG: Attached gingiva
with free marginal
AG, junction
attached gingiva; MGJ,
MGJ: gingiva;
Mucogingival
mucogingival junction;
AM,mucosa
alveolar mucosa.
AM: Alveoloar

Fig. 2. Schematic
drawing epithelium
of gingival histology; SE,
SE: Sulcular
sulcular epithelium; JE, junctional epithelium; OE, oral
JE: Junctional epithelium
epithelium; PL, periodontal ligament; AB, alveolar bone;
OE: tissue.
Oral epithelium
CT, connective

PL: Periodontal ligament
AB: Aleveolar Bone
CT: Connective tissue
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Gingival epithelium
The gingival epithelium can be divided into three
different types based on their location and composition
(14) (Fig. 2). The oral epithelium extends from the
mucogingival junction to the tip of the gingival crest.
The sulcular epithelium is located between the gingival
crest and the most coronal portion of the junctional
epithelium. The junctional epithelium extends from
the base of the gingival sulcus to a level approximately
2 mm coronal from the alveolar bony crest. In a healthy
situation without attachment loss, the junctional
epithelium reaches the cemento-enamel junction. The
junctional epithelium is closely adapted to the tooth
surface to fulfill sealing and attachment functions.

Biology of the gingiva

The gingiva is one of four components of the periodontium, which further comprises of periodontal ligament, alveolar bone, and cementum. Each of these
structures is distinct in its location and tissue architecture, but they function together as a single unit. One
component in a certain periodontal compartment can
influence the status of the adjacent structures. Consequently, pathological changes and injuries in one area of
the periodontium will have a marked effect on the
repair or regeneration of the adjacent periodontal
structures.
Anatomically, the extension of the gingiva reaches
from the papilla to the mucogingival junction, where it
joins the alveolar mucosa. It attaches to the cementum
of the teeth and to the alveolar process (11, 14). The
gingiva is divided into three areas, namely free marginal
gingiva, papilla, and attached gingiva (Fig. 1). Histologically, gingiva consists of superficial epithelial
structures covering underlining connective tissue.
The attachment of the gingival tissues to the tooth
comprises of junctional epithelium attachment, aver-
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Junctional epithelium

Fig. 3. Histology of the gingival epithelium/connective
tissue interface. SB, stratum basale; SS stratum spinosum,
SG, stratum granulosum; SC, stratum corneum. Note the
marked extensions and depressions forming the rete
ridges (courtesy Dr J. Gutmann).

separates the epithelium from the subjacent connective
tissue. These rather small cells multiply continuously
and as they mature into keratinizing cells, they form the

sion is called the biologic width.
The papilla displays two peaks connected with a

concave depression termed col. A papilla contains both
5 mm from the contact point to bone will have 100%
papilla
non-keratinized
sulcularfilling
and col epithelium as well as
keratinized oral epithelium (14–16). The col area
papilla filling
The sulcular epithelium makes up the lining of a 6 mm from the contact point to bone will have 56%
consists of a squamous stratified non-keratinized
gingival sulcus. A healthy sulcus extends to a depth of
epithelium.
0.5 mm. The sulcular epithelium is structurally similar 7 mm from the contact point to bone will have 27% papilla filling

Oral sulcular epithelium

to the oral epithelium. The epithelial/connective tissue
interface in the sulcus area forms rete pegs, which
become elongated when inflammation is present. In
contrast to the junctional epithelium, the sulcular
epithelium is less permeable and not extensively
infiltrated by polymorphonuclear leukocytes. It has
mostly protective functions.

Velvart 2005,
aging 0.97 mm, and a connective tissue attachment
of Endod Topics
1.07 mm or in sum approximately 2 mm; this dimension is called the biologic width.
The papilla displays two peaks connected with a
concave depression termed col. A papilla contains both
non-keratinized sulcular and col epithelium as well as
keratinized oral epithelium (14–16). The col area
consists of a squamous stratified non-keratinized
epithelium.
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as well as conservation and achievement of ‘white’ and
‘pink’ esthetics, in particular, in the more visible
anterior jaw (11). ‘White esthetics’ refers to natural
crown structures, or tooth-colored restorations of
teeth with suitable materials. With restorative modalities, it is possible to obtain results, that come very
close to the natural look of teeth (12). Likewise, ‘pink
esthetics’ refers to soft tissues and underlying bone,
which are equally important for an optimal esthetic
result.
Journal of Perio 1992
Management of the periodontium with suitable
surgical and reconstructive techniques followed by
long-term maintenance of the results are a great
challenge in modern dentistry. The objective of
preserving the dentition is no longer acceptable without consideration of esthetic consequences for all
involved dento-alveolar structures (13).
The present article will address the tissue flap design
and the manipulation used to gain access to the
underlining bone covering the roots, which are to be
treated surgically. Emphasis will be placed on the
considerations of classical and modern soft tissue
treatment modalities in order to fulfill the current
functional and esthetic requirements.

The junctional epithelium is distinctly different from
sulcular and oral epithelium in both its origin and
structure. In its most apical portion, the junctional
epithelium forms but few cell layers. The thickness of
the junctional epithelium increases gradually to 15–30
layers at the border to the sulcular epithelium. The cells
of the stratum basale multiply rapidly and the
reproduced cells tend to align themselves parallel
to the long axis of the tooth and exfoliate into
the gingival sulcus. The interface between the junctional epithelium and connective tissue is almost
straight. Migrating polymorphonuclear leukocytes are
present throughout the junctional epithelium. This
migration process increases considerably during the
development of an inflammatory process. In addition
to polymorphonuclear
leukocytes,
Velvart
et al.T lymphocytes are
then present (19).

Gingival epithelium
The gingival epithelium can be divided into three
different types based on their location and composition
(14) (Fig. 2). The oral epithelium extends from the
mucogingival junction to the tip of the gingival crest.
The sulcular epithelium is located between the gingival
crest and the most coronal portion of the junctional
epithelium. The junctional epithelium extends from
the base of the gingival sulcus to a level approximately
2 mm coronal from the alveolar bony crest. In a healthy
situation without attachment loss, the junctional
epithelium reaches the cemento-enamel junction. The
junctional epithelium is closely adapted to the tooth
surface to fulfill sealing and attachment functions.

Oral gingival epithelium
The oral epithelium is a stratified squamous keratinized
epithelium, and four different cell layers can be
identified (Fig. 3). The cells of the stratum basale lie
in close contact with the basement membrane, which
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Journal of Perio 1980

JOE 2011

Fig. 4. Schematic diagram of a cross-section of the
interdental papilla. L, lingual; B, buccal, red area
junctional epithelium; AB, alveolar bone; DGF,
dentogingival fibers; TSF, transseptal fibers; DPF,
dentoperiosteal fibers; AGF, alveolargingival fibers
(courtesy Dr J. Gutmann).

Fig. 5. Schematic drawing of gingival blood vessels.
Reprinted with permission from (77).

The vascular supply runs parallel to the tooth

Oral gingival epithelium
The oral epithelium is a stratified squamous keratinized
epithelium, and four different cell layers can be
as well as conservation and achievement of ‘white’ and
‘pink’
esthetics,
identified (Fig. 3). The cells of the stratum
basale
liein particular, in the more visible
anterior jaw (11). ‘White esthetics’ refers to natural
in close contact with the basement membrane,
which or tooth-colored restorations of
crown structures,

Soft tissue management

teeth with suitable materials. With restorative modPeriodontal
parameters occur
alities, it is possible to obtain results, that come very
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over 1close
year
after
surgery
esthetics’ refers
to soft tissues and underlying bone,
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which are equally important for an optimal esthetic
result.
Management of the periodontium with suitable
surgical and reconstructive techniques followed by
long-term maintenance of the results are a great
challenge in modern dentistry. The objective of
preserving the dentition is no longer acceptable without consideration of esthetic consequences for all
involved dento-alveolar structures (13).
The present article will address the tissue flap design
and the manipulation used to gain access to the
underlining bone covering the roots, which are to be
treated surgically. Emphasis will be placed on the
considerations of classical and modern soft tissue
treatment modalities in order to fulfill the current
functional and esthetic requirements.
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Fig. 1. Anatomy of a healthy gingival situation. IP,
interdental papilla; CMG, cervical marginal gingiva
with free marginal gingiva; AG, attached gingiva; MGJ,
mucogingival junction; AM, alveolar mucosa.

aging 0.97 mm, and a connective tissue attachment of
1.07 mm or in sum approximately 2 mm; this dimension is called the biologic width.
The papilla displays two peaks connected with a
concave depression termed col. A papilla contains both
non-keratinized sulcular and col epithelium as well as
keratinized oral epithelium (14–16). The col area
consists of a squamous stratified non-keratinized

Vertical incisions are made parallel to the tooth
Vertical incisions are made in concave areas (not on a bony eminence)

lymphocytes, and fibroblasts. Numerous studies indicate that lymphocytes exert a significant cytotoxic
effect on gingival fibroblasts either through the release
of soluble mediators or via direct cell-to-cell contact
(29). However, should the balance between bacteria
and host defense shift unfavorably, uncontrolled tissue
destruction can take place and the inflammation may
expand deeper into the periodontal ligament and
alveolar bone, resulting in attachment loss in conjunction with apical migration of the junctional epithelium.

Gutmann 1991

54
2 Endo SX 90min - April 24, 2019

Anatomy

Fig. 6. Dental radiograph of a first mandibular molar
with a radiolucent lesion on the distal root. The mental
foramen is not visible.

The gingival tissue reaches from the papilla to the
mucogingival junction, where it joins the alveolar
mucosa (11, 14). The height of the gingiva from the
mucogingival junction to the gingival margin is highest

gradually changes its appearance toward the characteristics of the epithelial cuff (epithelial attachment). The
width of the col between the buccal and lingual papilla

Velvart et al.
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diagram (B), reprinted with permission from (3). (C)
Clinical example of a correctly placed incision.

Sharpen your Periosteal Elevators

Velvart et al.
general agreement that the same basic principles apply
are
to endodontic surgical interventions (37, 69).
The choice of flap designs should allow the maintenance of optimal and sufficient blood supply to all
parts of the mobilized and nonmobilized portions of
the soft tissues (37, 39, 55, 56, 69). This implies
specifically that vertical releasing incisions should run
vertical, parallel to the long axis of the teeth and
supraperiosteal blood vessels in the gingiva and
mucosa. Paramedian releasing incisions are recommended to minimize the risk of recession (39). The
initial portion of the vertical incision should be placed
perpendicular to the marginal course of the gingiva
toward the mid section of the papilla and gradually
turning the incision parallel to the tooth axis (Fig. 25).
Adequate micro-configuration of the gingival margins
will minimize any potential recession of the tissues.
Postoperative results are also influenced by the
amount of tissue shrinkage. With prolonged duration
of the surgical procedure, there is a risk of drying out of
the tissues, especially when a high degree of hemostasis
has been achieved. The tissues must be kept moist at all
time to help avoid shrinkage and dehydration (70).
This can be particularly problematic in submarginal flap
design, resulting in difficult flap re-approximation, with
more tension on the tissues. Minimal tension during reapproximation and after suturing is important to avoid
impairment of the circulation in the wound margins
(56). Shrinkage of the reflected tissue with wound
dehiscence will ultimately lead to increased scar
formation.
Tissue trauma such as stretching, tearing, or distortion should be avoided through appropriate magnification and careful manipulation with microsurgical
instruments (71, 72). The elevation process following
the incision is aimed at undermined elevation of the
periosteum. In order to enhance regeneration of the
bone and periodontal ligament over the resected root
surface, certain cells have to be prevented from
repopulating the bony defect (73). When the integrity
of the periosteum has been maintained, it will serve as a
barrier against the connective tissue cells, so that these
cells cannot invade the bone cavity during the healing
process and prevent a complete bone fill. Scaling of root
attached tissue and tissue tags on the cortical bone
should be avoided to allow rapid reattachment and
protection against bone resorption (37, 55, 74). After
reflecting the mucogingival tissues, a retractor must be
placed securely on sound bone to prevent compression
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to endodontic surgical interventions (37, 69).
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has been achieved. The tissues must be kept moist at all
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more tension on the tissues. Minimal tension during reapproximation and after suturing is important to avoid
impairment of the circulation in the wound margins
(56). Shrinkage of the reflected tissue with wound
dehiscence will ultimately lead to increased scar
formation.
Tissue trauma such as stretching, tearing, or distortion should be avoided through appropriate magnification and careful manipulation with microsurgical
instruments (71, 72). The elevation process following
the incision is aimed at undermined elevation of the
periosteum. In order to enhance regeneration of the
bone and periodontal ligament over the resected root
surface, certain cells have to be prevented from
repopulating the bony defect (73). When the integrity
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Vertical incisions
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Fig. 25. Vertical releasing incisions. (A) Incorrect
straight vertical incisionCorrect
creates compromised tissue area
with insufficient blood supply, which will eventually
necrose. (A) dashed line indicates the desired incision
course. Reprinted with permission from (7). (B) Correct
placement of the releasing incision perpendicular to the
marginal contour of the gingiva shown in a schematic
diagram (B), reprinted with permission from (3). (C)
Clinical example of a correctly placed incision.

Velvart 2005, Endod Topics
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Always make sure the retractor is against bone,
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Mini flaps need to be guided
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Fig. 25. Vertical
releasingmay
incisions.
(A) Incorrect
a groove
be placed
in the cortical bone to provide
straight
vertical damage.
incision creates compromised tissue area and the cols were less concave.
causing distinct
asupply,
positive
secure
stop for the retractor
with
insufficient
bloodsqueezed
which the
will
eventually
(arrow).
Note the tissue
under
instrument
not fill the embrasure as completely as before excision,
necrose.
(A) dashed placement
line indicates
desired
incision
Fig. 26. Traumatic
of the
tissue
retractors
height. The regenerated papillae appeared flatter, did
course. Reprinted with permission from (7). (B) Correct
placement of the releasing incision perpendicular to the papillae did not regenerate to their original shape and
marginal contour of the gingiva shown in a schematic posterior area of each student. From 32 specimens, 22
diagram (B), reprinted with permission from (3). (C) students: one from the anterior and one from the
Clinical example of a correctly placed incision.
Holmes (33) excised interdental papillae in 16 dental

Velvart 2005,
Endod
Topics
following microsurgical
treatment
in endodontic
surStudies have highlighted the healing of the papilla
loss.
the buccal papilla is often difficult and may lead to tissue
In narrow interproximal areas, complete dissection of
from the lingual papilla in the area of the col (Fig. 27).
Ideally, a sulcular incision should dissect the buccal
papilla is mobilized and becomes part of the flap (76).
is a full-thickness marginal flap. In this flap design, the
The most frequently used flap in periradicular surgery
periodontal reconstructive surgery (11).
interdental papillae is one of the greatest challenges in
reasons. Complete and predictable restoration of lost
is critical for aesthetic, functional, and phonetic
integrity of the papilla during dental treatment is that it
ment (75). Another important reason to respect the
cementum, and alveolar bone from the oral environbiological barrier that protects periodontal ligament,
reality, the role of the papilla is more complex: it is a
have the sole function of deflecting food debris. In
between two adjacent teeth. It was long considered to
The interdental papilla is the portion of the gingiva
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the microsurgical techniques used.
after 1 and 3 months and more importantly in spite of
results in considerable retraction of the papilla height
These results indicate that the traditional sulcular flap
compared with the 1-month value (0.2 ! 0.3 mm).
10 sites, while in three sites the loss had diminished
(1.1 ! 0.8 mm). At 3 months retractions increased in
between baseline and the 1-month recall
and 3 months. Major loss of the papilla height occurred
sites exhibited a significant loss of the papilla height at 1
again periodontally
healthy situations.
Moiseiwitsch
1995 All experimental
study analyzed the recession of the interdental papilla in
tive levels at any time. Subsequently, a quantitative
phase. None of the 17 sites remained at the preoperapapillary height increased gradually in the initial healing
of the papilla was investigated (81). The reduction in
papillae after sulcular flaps with complete mobilization
recession of the gingiva. Preliminarily, shrinkage of the
challenging situation – with the goal of preventing a
outcome in healthy periodontal tissues – a most
geries (64, 77–80). Specific emphasis was placed on the

blade. Reprinted with permission from (3).
Fig. 27. Dissection of the papilla using a microsurgical

Papilla preservation and protection

Triangular flap

Recommended for posterior flaps
positioned (3).
with a small round bur in which the retractor can be
tissue slipping under the retractor, a fine groove is made
and delayed healing. As a practical measure to avoid
trauma from retraction may cause increased swelling
or crushing of the soft tissue (Fig. 26). Excessive

Soft tissue management

A triangular flap consists of a sulcular incision that ideally extends
two teeth distal from the releasing vertical incision

Practical Lessons in Endodontic Surgery
Arens, Torabinejad, Chivian, Rubinstein
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Rectangular flap

Submarginal flap

Recommended for anterior flaps with thick biotype
and with less then 5mm papilla height

For thin biotype & >5mm of papilla height to bone
Scar risk: Not recommended when gingival display

A rectangular flap consists of two vertical releasing incisions
connected by a horizontal sulcular incision
Always think symmetry in anterior flap designs in order to maximize the aesthetics balance

A submarginal incision consists of two vertical incisions connected by a
scalloped horizontal incision within the attached gingiva

Papilla base incision P. Velvart

Soft tissue management

Practical Lessons in Endodontic Surgery
connective tissue without meeting resistance
a level
Flap
design
Arens, to
Torabinejad,
Chivian,
Rubinstein

incision using a microsurgical
blade (BB
369, Aesculap,
Practical
Lessons
in Endodontic Surgery
Tuttlingen, Germany). The Arens,
2.5 mm Torabinejad,
wide blade with
a
Chivian,
Rubinstein
round configuration at the tip has cutting edges on both
sides and all around the tip. The papilla base incision
required two different incisions at the base of the papilla.
1 The first shallow incision severed the epithelium and
connective tissue to the depth of 1.5 mm from the surface
of the gingiva. The incision was placed at the level of the
lower third of the papilla in a slight curved line going
from one side of the papilla to the other (Fig. 1). The
incision started and ended in a 90 degree angle between
the border of the tooth and the gingiva (see lines in
Fig. 1).
2 The scalpel was then placed to the base of the
previously created shallow incision at the base of the
papilla and subsequently inclined apically, almost
parallel to the long axis of the tooth, aiming at the crestal
bone margin. With this second incision a split thickness
flap was prepared in the apical third of the base of the
papilla. The incision ended at the crestal bone level,
where the periosteum was separated from the bone
(Fig. 2). From there on the preparation continued in a full
Figure 2 Schematic drawing of the longitudinal section
thickness muco periosteal flap (Fig. 3). Buccally over the
through the interdental papilla. *marks the initial shallow
tooth the vertical incision and papilla base incision were
incision through the epithelium and connective tissue to the
joined by an intrasulcular incision. The scalpel was
depth of 1.5 mm. **demonstrates the second incision directed to
moved within the sulcus, dissecting the gingiva to the
Anterior
flaps with thin biotype, tall skinny
papillae
& gingival
display
the crestal
bone. The scalpel
blade is inserted
into the base of the
crestal bone. The sulcular incision reached from the
first incision and directed nearly parallel to the long axis of the
Needs
wide
releasing incision
to theastart
of thepapilla
papilla basebase
incision,to be done predictably

where a stop is encountered, which can be either bone
When designing a tissue flap, various modes of incision
or deeper collagen fibers in the connective tissue. This
can be selected, including horizontal, sulcular, subresults in an overestimation of the ‘true’ depth of
marginal, and vertical releasing incisions. The tissue
pocket. Another reason for potential overestimation of
flap in its entirety can be a full-thickness or a
pocket depth is the presence of tissue swelling. Therecombination of a full- and a split-thickness flap.
fore, bleeding on probing has to be assessed in the
Consequently, a number of flap designs exist and are
evaluation process. The degree of inflammation is
discussed in the literature, including specific rules and
correlated to the amount of bleeding. As the inflamrecommendations (3, 50–53). The variety of flap
matory process is mainly plaque induced, attempts
designs reflects a number of variables to be considered.
should be made to reduce the inflammatory process
While many designs have been suggested over the
presurgically. This can be achieved through increased
and improved plaque control prior to the surgery.
Plaque reduction includes professional measures by a
Soft tissue management
dental hygienist and meticulous oral hygiene by the
In general,
connective tissue without meeting resistance to a levelpatient.
Flap
designit may be advisable to prescribe a
where a stop is encountered, which can be either bone0.2% chlorhexidine rinse twice daily 1 week before and
When designing a tissue flap, various modes of incision
or deeper collagen fibers in the connective tissue. This2 weeks after the surgery. Chlorhexidine reduces
can be selected, including horizontal, sulcular, subresults in an overestimation of the ‘true’ depth ofplaque growth significantly (44, 45), reduces postmarginal, and vertical releasing incisions. The tissue
pocket. Another reason for potential overestimation ofoperative discomfort, and promotes healing (46, 47).
flap in its entirety can be a full-thickness or a
pocket depth is the presence of tissue swelling. There-Moreover, rinsing with chlorhexidine markedly reduces
combination of a full- and a split-thickness flap.
fore, bleeding on probing has to be assessed in thethe bacterial load and contamination of the operative
Consequently, a number of flap designs exist and are
evaluation process. The degree of inflammation isarea, operator and staff (48).
discussed in the literature, including specific rules and
correlated to the amount of bleeding. As the inflamTherecommendations
presence, type, and
restorations
(3, quality
50–53). ofThe
variety ofwith
flap
matory process is mainly plaque induced, attempts
special
reference
the position
of the
designs
reflectsto
a number
of variables
to berestoration
considered.
should be made to reduce the inflammatory process
Determining
the
width ofand
theare
attached gingival and incision location
While
manygingiva
designsmust
have be
been
suggested
over
the
margin
to the
determined
presurgically. This can be achieved through increased
critical
to
the
esthetic
outcome
of
the
surgical
and improved plaque control prior to the surgery.
Manipulations on soft tissues in areas with
Plaque reduction includes professional measures by procedure.
a
dental hygienist and meticulous oral hygiene by therestoration margins placed subgingivally for esthetic
can lead to exposure of these margins because
patient. In general, it may be advisable to prescribe reasons
a
0.2% chlorhexidine rinse twice daily 1 week before andof recession following the surgery (Fig. 13). How to
2 weeks after the surgery. Chlorhexidine reducesaddress this problem will be discussed extensively at a
plaque growth significantly (44, 45), reduces post-later point in this article.
operative discomfort, and promotes healing (46, 47). The determination of the attached gingival width is
Moreover, rinsing with chlorhexidine markedly reducesanother important aspect in making the proper
the bacterial load and contamination of the operative
treatment plan with regard to the flap design. When a
area, operator and staff (48).
submarginal incision is considered, a minimum of
The presence, type, and quality of restorations with
2 mm of attached gingiva is necessary to maintain a
special reference to the position of the restoration
margin to the gingiva must be determined and arestable position of the gingival margin (49). When a
critical to the esthetic outcome of the surgicalsubmarginal incision has been made, the marginal
procedure. Manipulations on soft tissues in areas withgingiva in the cervical area is supplied with blood from
restoration margins placed subgingivally for estheticcrestal vessels and to a minor extent from the periodFig. 14. Determination of the width of the attached
Incisionblood
at the
Middle
in the attached gingiva
reasons can lead to exposure of these margins becauseontal ligament (34). Insufficient
supply
com- point
gingiva. (A) Measurement of the probing depth. The
of recession following the surgery (Fig. 13). How topromises the survival1mm
of the unreflected
and canon each
is ideallytissue
needed
the
line the free gingiva.
gingivalside
tissueof
over
the incision
probe represents
address this problem will be discussed extensively at lead
a
Probing depth is designated by arrows. (B) Arrows mark
to necrosis and the potential for a deleterious
later point in this article.
the mucogingival line. The distance between the tip of the
esthetic result. Clinically, the width of attached gingiva
probe (representing the probing depth) and the
The determination of the attached gingival width iscan be determined by subtracting the probing depth
mucogingival junction is the width of the attached
another important aspect in making the proper
from the distance between the gingival margin and the
The dashed line represents the location for a
treatment plan with regard to the flap design. When a
Velvart 2005,gingiva.
Endod Topics
mucogingival junction (Fig. 14).
proper placement of a submarginal incision.
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Papilla base incision

Submarginal flap

submarginal incision is considered, a minimum of
2 mm of attached gingiva is necessary to maintain a
stable position of the gingival margin (49). When a
submarginal incision has been made, the marginal
gingiva in the cervical area is supplied with blood from
crestal vessels and to a minor extent from the periodontal ligament (34). Insufficient blood supply compromises the survival of the unreflected tissue and can
lead to necrosis and the potential for a deleterious
esthetic result. Clinically, the width of attached gingiva
can be determined by subtracting the probing depth
from the distance between the gingival margin and the
mucogingival junction (Fig. 14).

tooth. The second incision will prepare a split thickness flap
reaching from the first incision to the crestal bone level.

Papilla base incision P. Velvart

incision using a microsurgical blade (BB 369, Aesculap,
Tuttlingen, Germany). The 2.5 mm wide blade with a
round configuration at the tip has cutting edges on both
sides and all around the tip. The papilla base incision
required two different incisions at the base of the papilla.
1 The first shallow incision severed the epithelium and
connective tissue to the depth of 1.5 mm from the surface
of the gingiva. The incision was placed at the level of the
lower third of the papilla in a slight curved line going
from one side of the papilla to the other (Fig. 1). The
incision started and ended in a 90 degree angle between
the border of the tooth and the gingiva (see lines in
Fig. 1).
2 The scalpel was then placed to the base of the
previously created shallow incision at the base of the
papilla and subsequently inclined apically, almost
parallel to the long axis of the tooth, aiming at the crestal
bone margin. With this second incision a split thickness
flap was prepared in the apical third of the base of the
papilla. The incision ended at the crestal bone level,
where the periosteum was separated from the bone
(Fig. 2). From there on the preparation continued in a full
periosteal
3). Buccally
over the
Figure 1 Papilla thickness
base flapmuco
consisting
of flap
two(Fig.
releasing
incisions
tooth the vertical incision and papilla base incision were
and the papilla base incision. The papilla base incision is placed
joined by an intrasulcular incision. The scalpel was
in the lower thirdmoved
of thewithin
interdental
papilla.
The incision
starts
the sulcus,
dissecting
the gingiva
to the
and ends at a 90 degree
angleThe
(seesulcular
lines) toincision
the gingival
margin,
crestal bone.
reached
from the
releasing
to theof
start
the papilla base incision,
resulting in a curved
lineincision
at the base
theofpapilla.

Velvart

or from one papilla to the next papilla. The flap was
mobilized and retracted, during the root-end resection
and filling.
The flap closure was initiated from the releasing incisions. For the vertical incisions 6/0 (Supramid, B. Braun,
Neuhausen, Switzerland) interrupted polyamide sutures
were used. The papilla base incision was sutured with
two or three polypropylene 7/0 (Prolene, Ethicon, Norderstedt, Germany) interrupted sutures depending on
the width of the papilla. Great care was taken in passive
reapproximation and perfect adaptation of the wound
margins without tension to the sutures (Fig. 4a). The
flap was compressed for 1 min at the conclusion of the
surgery. Patients were instructed to apply a cold compress to the face for 10 min every 30 min for the rest of
the day
and were
prescribed
NSAID
(Ponstan, Parke Davis,
Figure
2 Schematic
drawing
of the longitudinal
section
through
the interdental papilla.
*marks
initial shallow
Baar, Switzerland),
250
mgthethree
times per day for 48 h.
incision through the epithelium and connective tissue to the
Following
this, patients
only
analgesics
depth
of 1.5 mm. **demonstrates
the second
incisiontook
directedthe
to
2002the
crestalrequired.
bone. The scalpel
blade is inserted
the base of the
when
Patients
wereinto
instructed
to refrain from
first incision and directed nearly parallel to the long axis of the
mechanical oral hygiene in the operated area and rinse
tooth. The second incision will prepare a split thickness flap
reaching from the first incision to the crestal bone level.
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Fig. 14. Determination of the width of the attached
gingiva. (A) Measurement of the probing depth. The
gingival tissue over the probe represents the free gingiva.
Probing depth is designated by arrows. (B) Arrows mark
the mucogingival line. The distance between the tip of the
probe (representing the probing depth) and the
mucogingival junction is the width of the attached
gingiva. The dashed line represents the location for a
proper placement of a submarginal incision.

87

Figure 1 Papilla base flap consisting of two releasing incisions
and the papilla base incision. The papilla base incision is placed
in the lower third of the interdental papilla. The incision starts
and ends at a 90 degree angle (see lines) to the gingival margin,
resulting in a curved line at the base of the papilla.
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International Endodontic Journal, 35, 453–460, 2002
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Summary of flap designs

Papilla base incision flap
Healing patterns
Papilla base incision P. Velvart

or from one papilla to the next papilla. The
flapBlackwell
was
© 2002
Science Ltd
mobilized and retracted, during the root-end resection
and filling.
The flap closure was initiated from the releasing incisions. For the vertical incisions 6/0 (Supramid, B. Braun,
Neuhausen, Switzerland) interrupted polyamide sutures
were used. The papilla base incision was sutured with
two or three polypropylene 7/0 (Prolene, Ethicon, Norderstedt, Germany) interrupted sutures depending on
the width of the papilla. Great care was taken in passive
reapproximation and perfect adaptation of the wound
margins without tension to the sutures (Fig. 4a). The
flap was compressed for 1 min at the conclusion of the
surgery. Patients were instructed to apply a cold compress to the face for 10 min every 30 min for the rest of
the day and were prescribed NSAID (Ponstan, Parke Davis,
Baar, Switzerland), 250 mg three times per day for 48 h.
Following this, patients only took the analgesics
when required. Patients were instructed to refrain from
mechanical oral hygiene in the operated area and rinse

Triangular flap
For posterior teeth

P.P.Velvart
Velvart Papilla
Papillabase
baseincision
incision

Rectangular flap
For anterior teeth
With thick gingival biotype
Less then 5mm papilla height

For thin gingival biotype or thin tall papilla
Submarginal flap
post-op

1 month

Figure
Incompletehealing.
healing.Clearly
Clearlydetectable
detectableincision
incision
Figure
5 5Incomplete
wound.
Post
surgery;(b)
(b)healing
healingatat11month.
month.
wound.
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Post
surgery;
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surgery;
1 1before

immediately
postoperatively;
Figure 6 Partially
complete
healing. There are areas in which
2 2immediately
postoperatively;

5days
daysafter
aftersuture
sutureremoval;
removal; and
3 3can
atat
33
toto5still
the incision
be
detected,
where as inand
other parts the
4 at a recall appointment 1 month postoperatively.
4 at a recall appointment
1 month(b)
postoperatively.
healing is undetectable.
(a) Post
healing
at 1 month.
Great care was
takensurgery;
to maintain
the
same angulation
Great care was taken to maintain the same angulation
and magnification of the photographs. The photographs
and magnification of the photographs. The photographs
were digitized in a slide scanner (LS 2000, Nikon Corpowere digitized in a slide scanner (LS 2000, Nikon Corporation, Japan), imported as TIFF files into the Photoshop
ration, Japan), imported as TIFF files into the Photoshop
igure 3 Clinical photograph after complete reflection of the
6.0 (Adobe Systems Incorporated, USA) and the pictures
re 3 Clinical photograph after complete reflection of the
6.0 (Adobe Systems Incorporated, USA) and the pictures
apilla base flap. Note the elevated split thickness flap from the
enlarged to 3× magnification. The images were compared
lla base flap. Note the elevated split thickness flap from the
ncision to the crestal bone level. Apical to the crestal bone area
enlarged to 3× magnification. The images were compared
for increase of the space between the papilla and contact
ion to the crestal bone level. Apical to the crestal bone area
he full thickness flap exposes the bone over the roots.
for increase of the space between the papilla and contact
area as a sign of loss of height. The change of the position
ull thickness flap exposes the bone over the roots.
area as a sign of loss of height. The change of the position
of the most coronal point of the papilla was determined by
ofmeasuring
the most coronal
point of
the papilla
was determined
the distance
between
a reproducible
point by
on
measuring
the papilla
distance
a reproducible
on
the tooth and
tipbetween
using a perio
probe. The point
precision
the
and papilla tipreading
using a perio
probe.
The precision
oftooth
the measurement
was an
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to
of0.5
themm.
measurement
reading
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to
Wound healing
complications,
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0.5
mm. Wound
healingwound
complications,
suchand
as excessive
swelling,
infections,
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necrosis,

post-op

1 week

1 month

Figure 8 Tissue irritation at suture removal. (a) Post surgery;

(b) before suture removal; (c) healing at 1 month.

four sites with visible defects (grade 1), seven sites with
partially detectable incision defect (grade 2) and nine
sites with perfect healing (grade 3).

For anterior teeth without gingival display
Need at least 2mm of attached gingiva
For bridge

Papilla base incision flap
For anterior teeth with gingival display
For anterior teeth with less then 2mm of attached gingiva

Velvart 2002

Discussion
It is of utmost importance to preserve epithelial and
65
connective tissue attachment at its original level and
traumatize the attachment apparatus as little as possible
during the incision in order to obtain rapid healing
through primary intention. This can be obtained by:
1 complete and sharp incision of the tissues;
2 avoiding crushing of the tissues;
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Embracing Endodontic Surgery

Working length determination and bone window

Etiology, Diagnosis & Treatment Options
Flap design
Bony access, curettage & biopsy
Hemostasis
Root-end management
Root-end resection
Root-end cavity preparation
Root-end filling materials

Membranes & Guided Tissue Regeneration
Practical Lessons in Endodontic Surgery
Arens, Torabinejad, Chivian, Rubinstein
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Bone Window & Root Location

68

CBCT Guided Techniques

Palatal & Lingual roots are
more mesial then they appear

! This is due to the mesial surgical approach
angle & the patient’s head position
! Bevel the osteotomy towards the mesial to
facilitate the location
! Consider extending the B root resection to
facilitate the L/P root location

So-Yeon Ahn et al 2018
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CBCT Guided Techniques: P root of 2nd molar

C. Michelle Giacomino et al 2018
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Lesion removal

Practical Lessons in Endodontic Surgery
Arens, Torabinejad, Chivian, Rubinstein
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types of radicular cyst – true cysts that were completely
enclosed in an epithelial lining, and bay cysts, later
renamed pocket cysts by Nair et al. (69), where the
epithelium lined cavity was open to the root canal. Nair
et al. (69) analyzed 256 periradicular lesions obtained
in toto with extracted teeth, using a meticulous stepserial section technique. They reported the incidence of
true cysts as 9%. They concluded that true cysts are unikely to resolve following non-surgical root canal treatment or retreatment, whereas pocket cysts should
resolve if the inflammatory mediators within the canal
system are eliminated and the system satisfactorily sealed
Nair (56) has also reported foreign body reactions to
gutta-percha, sealer, paper points and a variety of
different materials such as vegetables, presumably
orced into the canal and extruded through the apical
oramina of teeth with severely damaged or carious
coronal tissue and exposed pulp chambers, or during a
period of open drainage with no coronal seal to the
access cavity. Under these circumstances, if all microorganisms and their by-products have been eliminated
rom the root canal system and an effective apical and
ateral seal is present, apical curettage alone, including
removal of the foreign body material contained within,
should be sufficient to promote healing.
Because of the inability to predictably removal of all
microbes and their by-products or to seal the canal
system completely (70, 71), periradicular periodontitis
may well persist following curettage unless the source
of the infection is addressed by root resection and rootend filling. Although the surgeon may suspect extraoral
nfection within the soft tissue lesion, anticipate that
the lesion may be a true cyst, or confirm the presence of
oreign material within its confines, the exact nature of
these conditions cannot be determined clinically. A final
diagnosis would have to await a pathologist’s histologic
biopsy of the lesion. Thus there is general agreement
that curettage alone is not adequate and must be
accompanied by root resection and the root-end filling
procedure.

#34/35 Jaquette scaler (Hu-Friedy, Chicago, IL, USA)
(39, 40) (Fig. 10). The soft tissue lesion is undermined
by placing a sharp bone curette or large excavator at the
junction of the bony crypt and the lesion itself, with the
‘spoon’ portion of the instrument positioned so the
convex surface of the spoon faces the soft tissue. The
instrument is advanced lingually and laterally, dissecting the lesion away from the walls of the crypt (Fig. 11).
Once the lesion has been released from these surfaces,
the curette is turned so the concave surface is in contact
with the soft tissue at its lingual border. With care, the
soft tissue may be released from the lingual bony wall,
without piercing or fragmenting the tissue. It is
generally more difficult to dissect the lesion from the
root surface, to which it is firmly attached. The bone
curette is no longer appropriate and the periodontal
curettes should be employed to scrape the tissue away
from the root – this is most difficult lingually where the
operator cannot see except with the aid of micromirrors. The loose lesion is grasped with a pair of tissue
forceps and eased buccally to aid viewing the areas
where it is still attached and facilitate the last stages of
the curettage, usually performed by the sharp Jaquette
scaler (Hu-Friedy) in the lingual aspects of the bony
cavity and on the lingual surface of the root. The
complete soft tissue lesion may then be removed from
the bony cavity. It should be placed immediately into a
vial containing 10% neutral-buffered formalin, sealed
and sent for histologic examination. Frequently, the
root tip needs to be resected the required 3 mm before
access is available to remove the remaining soft tissue
adhering to the lingual root surface. Nevertheless, an
attempt should always be made to remove the soft
tissue lesion in one piece as it far more difficult to

Biopsy

Lesion removal

Technique of curettage

This is one area of the surgical procedure that has not
changed over the past decade. Typical instrumentation
would include a sharp bone curette – a Lucas 86 is a
popular choice – and perhaps a sharpened endodontic
excavator for smaller bony crypts, a suitably curved
periodontal curette such as a Columbia #13/14 and a

Is the apical lesion harmless?
Fig. 10. Instrumentation for curettage. (A) Lucas 86
bone curette. (B) 34/35 Jaquette scaler. (C) Colombia
13/14 periodontal curette.
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Embracing Endodontic Surgery

American Association of Endodontists
indication for a biopsy
Adequate amount of tissue removed from surgical site
Pathosis inconsistent with endodontic disease
Medical history indicates the merits of biopsy
At no time should a surgeon remove tissue and accept the responsibility
of its diagnosis based on its appearance, color, or consistency

- Lin & al 1996, Walton 1998, Maeda & al 2004
VS

+ Bhaskar 1966, Seltzer 1967,

Stockdale 1988, Spatafore 1990, Nobuhara 1993 Tyler Koivisto et al 2012, Kuc 2000, Peters 2003

Etiology, Diagnosis & Treatment Options
Flap design
Bony access, curettage & biopsy
Hemostasis
Root-end management
Root-end resection
Root-end cavity preparation
Root-end filling materials

Membranes & Guided Tissue Regeneration
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Secondary Hemostasis
Primary Hemostasis

Local vasoconstriction
Racemic epinephrine: Available in several sizes containing 1.6 to 2.2 mg of racemic epi
Epinephrine-saturated gauze: with 1:1000 or 1:10000 epi

Local vasoconstriction
Local anesthetics: The local and superficial surgical area should be
supplemented with a 1:50000 epinephrine (5 minutes pre-incision)

Adjunctive coagulants
Agglutinates: 15-25% Aluminium Chloride in a injectable paste or gel
Agglutinates: Ferric sulfate, effective but needs to be completely removed after the surgery
Surgicel: Cellulose that develops acid products & causes an artificial clot (absorbed in 1-2 weeks)

High-volume micro-suction

Gelfoam: Water-soluble porous sponge (absorbed in 4-6 weeks)
Avitene: Bovine collagen which initiate the thrombi-aggregation and clot formation (absorbable)

Digital pressure with cotton pellets or gauze

Collaplug and Collacote: Effective but data is not clear on its long term effects
Physical barriers
Calcium Sulfate: Physical barrier from sterilized Plaster of Paris, it’s resorbed by the body
Bone wax: Beeswax is hard to remove and it’s non-absorbable by the body
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Aluminium Chloride

Racemic Epinephrine: Racellet

15% aluminum chloride
Paste which is rinsed after 1-2 minutes

Vickers, Baumgartner & Marshall 2002
"No change in cardiovascular effects when using either of these agents
Hong, Baumgartner & Marshall 2004
"CollaCote collagen sponges saturated with 2.25% racemic epinephrine provide excellent
hemostasis with no evident changes in blood pressure or pulse rate

Menéndez-Nieto I. et al 2016
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Aluminium Chloride
15% aluminum chloride

Aluminium Chloride paste & gel

Rinsed after 1-2 minutes

Inject 2 minutes then rinse

Better outcome for the aluminum chloride group when
compared to the impregnated epinephrine group
Menéndez-Nieto I. et al 2016
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Ferric Sulfate
To use when there’s a small local bleeding point

Aluminum Chloride ➻ Water Based

Lemon & Jeansone 1993

"When curetted & irrigated, it did not cause persistent inflammation
"Significant adverse effects on osseous healing was noted when ferric

VS

sulfate solution was left in situ

Ferric Sulfate ➻ Oil Based
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JOE 2009
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Etiology, Diagnosis & Treatment Options
Flap design
Bony access, curettage & biopsy
Hemostasis
Root-end management
Root-end resection
Root-end cavity preparation
Root-end filling materials

Membranes & Guided Tissue Regeneration
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If you refer endodontic surgical treatment, who do you refer your surgery to?

• 91% of respondents are performing surgery
(89.6% modern techniques)
• 33% state their endodontic residency training
was inadequate
• 48% acquired additional training
• Anterior maxilla is the most common site

• Most common difficulty is access and
visualization

86

Result of Indirect Vision

Old failed apicoectomies cases that were redone with modern
Periapical Microsurgery techniques showed a 93% success after 2 years

2011, JOE

2011, JOE
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Bringing Alpha in Periapical Microsurgery
Indirect

Indirect Vision in Periapical Microsurgery

Direct
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Bringing Alpha in Periapical Microsurgery
Indirect

Bringing Alpha in Periapical Microsurgery

Direct

Indirect

Direct
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Root-End resection & inspection
In High Definition ➙ Direct Vision & Illumination

Root-End resection & inspection
In High Definition ➙ Direct Vision & Illumination

Microscope Articulation
Operator & Patient Position
Bevel
Clinical Execution

Microscope Articulation - Direct vision like an oral surgeon
Operator & Patient Position
Bevel
Clinical Execution
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Light
Bowers D.J. et al 2010
•Manual dexterity test was done without magnification, 2.5X dental loupes & 8X microscope
•A significant increase in accuracy was demonstrated with each level of magnification
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Cheek Retractors

Root-End resection & inspection
In High Definition ➙ Direct Vision
Microscope Articulation
Operator & Patient Position
Bevel
Clinical Execution

OptraGate Lip and Cheek Retractor
Ivoclar Vivadent
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Direct Vision Working Positions
During the Apical Management

Access is improved when teeth are occluding
Lower posteriors: have patient bite in slight protrusion to
improve access

Anesthesia & Flap in normal position
Quadrant 1 and 4
Patient head tilted away from you
Quadrant 2 and 3 have the hardest access:
For anterior teeth: Patient head tilted toward you
For posterior teeth, patient lie on their side facing you
Lower Anteriors
Patient needs to lift their chin up

99

Direct Vision
The Apex
needs to be
Toward
your Core

100

Quad 1
Upper Post
2-8

DDS

Instruments

Quad 2
Upper Post
12-15

DDS

DDS
Instruments

Patient
tilts
head

101

Quad 2
Upper Ant
9-11

Assistant

Patient
tilts
head

Assistant

Instruments

Patient
can be
on their
the
side

Assistant
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DDS
Instruments

DDS

Quad 3 & 4
Lower Ant
22-27

Quad 4
Lower Post
28-31

Quad 3
Lower Post
18-21

Instruments

Patient
tilts
head

Patient
can be
on their
the
side

Assistant

Instruments

Assistant

Instruments

DDS

Assistant

Instruments

DDS

Assistant

Patient
tilts
head
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DDS
Patient
tilts
chin up

Assistant

Patient
lies on
their
the
side
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Root-End resection & inspection
In High Definition ➙ Direct Vision

Getting Direct Vision for
Dentinal Defects Assessment & Management
The Bevel Misconception

Microscope Articulation
Operator & Patient Position
Bevel
Clinical Execution
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Ultrasonic preps seal the system
3mm = sealed

3mm

Root-End resection & inspection
In High Definition ➙ Direct Vision
Microscope Articulation
Operator & Patient Position
Bevel
Clinical Execution

Ultrasonic Root-End Preparations
Y = 3mm
X+Y > 3mm
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3mm root-end resection

Root-end resection
Cutting VS Shaving ➙ Why not both…?

Canal ramifications and deltas are located in the
apical area of the root

Pathways of the pulp
Pathways of the pulp

De Deus 1975, reprint 1997
Seltzer et al 1966

Practical Lessons in Endodontic Surgery
Arens, Torabinejad, Chivian, Rubinstein

Practical Lessons in Endodontic Surgery
Arens, Torabinejad, Chivian, Rubinstein
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Double Bevel Technique

Getting Direct Vision

Start with a 30 deg bevel and visualize the whole root
Use methylene blue to confirm the circumferential PDL
Adjust the bevel as much as practical to keep direct vision
Ensure 3mm removal from the lingual wall
Ready for root-end inspection & management
H. Walia & L. Payne

Practical Lessons in Endodontic Surgery
Arens, Torabinejad, Chivian, Rubinstein
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Crown-Root Ratio?

Getting Direct Vision

post op

Apical
2014 JOE

pre op

Fulcrum location plays important role
Apical 3mm loss VS Cervical 3mm loss
2 year follow up

Cervical
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Getting Direct Vision

115

Root-end resection

116

Root-end resection

Surgical Bone Piezo - Not effective for root resection & polishing
Offer selective cutting for hard bone tissues without causing damage to soft tissue

169L

Endo-Z for Polishing

LINDEMANN
161.31.16

Use new surgical length carbide burs to avoid
excessive heat generation (Calderwood 1964)
Diamond burs are inefficient at cutting bone and create
excessive heat (Lobene 1963)
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Inspection of the resected root

“The detection method that provides the most information, and easily and graphically
represents where a crack is present.” AAE 2008

Transillumination

Magnification, illumination and methylene blue staining
Identification of un-negotiated canals & isthmuses is the first and most
important step after root-end resection

“To cause light to pass through (a body part) for medical examination” Merriam-Webster 2019

Dentinal defects and cracks at the cut root surface decrease the outcome

Von Arx et al 2011, Tawil et al 2015
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E. Arnarsdottir 2019
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Why should we use transilluminators?

Transilluminators: How do they work?

Dentin refractive index = 1.55

Crack refractive index = 1.00

https://phet.colorado.edu/sims/html/bending-light/latest/bending-light_en.html

Pettit N et al, 2019 AAE Research Abstract
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LED Transillumination

LED Transillumination

Incident Ray
Dentin (n=1.5)

θ

Reflection

θ

Air (n=1)

Refraction

E. Arnarsdottir 2019

E. Arnarsdottir 2019
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LED Transillumination

LED Transillumination
Reflection

Countless transilluminators are commercially available

44°

Incident Ray

E. Arnarsdottir 2019

E. Arnarsdottir 2019

125

126
2 Endo SX 90min - April 24, 2019

Most Popular Dental Specific Transilluminators

Transilluminators
Light Output
Device

Tip
Mean
Standard
Diameter Output
Deviation
(mm)
(lux)

Q-Optics
Microscopic
Diagnostic Probe

0.97

4874

47.4

Microlux
Transilluminator

3.06

10333

126.8

Q-Optics
Diagnostic Probe
HDP-02

1.58

13712

103.6

Q-Optics
Diagnostic Probe
HDP

4.76

68200

397.9

Pettit N, Phillips C, Walter R, Tawil P, 2018
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Transilluminators Light Output

Methylene Blue
Ensure complete resection of the root
Visualize the isthmuses
Investigate for any potential fracture

Q-Optics
Diagnostic Probe
HDP-02

Arnarsdottir et al 2019 AAE Research Abstract
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Inspection of the resected root

Fig. 12. (A) Maxillary antrum perforated after root resection MB root of the maxilla
(Methylene blue staining). (B) Sutured cotton pledget placed in fistula. (C) Pledget removed
(D) Periapical radiograph of the same case – note MB root apex not apparently in close pro
(E) Post-root-end filling view. (F) One-year follow-up indicating healing, despite the temp

radicular cysts, any soft tissue lesion removed during
the surgical procedure should be submitted for biopsy.
However, this view was challenged by Walton (75) who
argued that, provided an accurate diagnosis was made

Von Arx et al 2011

before surgery was initiated,
should be known and that ro
unnecessary and only unde
odontogenic origin was susp

Periapical Microsurgery: Root-End Inspection
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Root Resections : Missed Canals

Root Resections : Isthmuses

Von Arx et al 2010
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Root Resections : Isthmuses

134

Root Resections : Isthmuses

Von Arx et al 2010

Kim S. et al 2016
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Root Resections : Isthmuses

Root Resections : Dentinal Defects

Von Arx et al 2010
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Root Resections : Dentinal Defects

Significant superior clinical outcome for intact roots when compared with roots with dentinal
Intact roots: 97.3% complete healing at 3 years
Dentinal defect roots: 31.5% complete healing at 3 years

Tawil et al 2015

Tawil P.Z. et al 2015
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Proper Inspection = Predictable Outcome

What’s causing dentinal defects?

Tawil P.Z. et al 2015
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Managing
Dentinal Defects & Fractures
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Access & Resection ➙ Smooth 1 plane

Polish and remove defect ➙ Smooth 1 plane
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Final Inspection

Rinse

147
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1 year follow up

3 year follow up

Post-op
1 year follow up

149

5 year follow up

150
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Embracing Endodontic Surgery
Etiology, Diagnosis & Treatment Options
Flap design
Bony access, curettage & biopsy
Hemostasis
Root-end management

Root-end cavity preparation
The advantages that ultrasonic tips offer over burs

"Deeper root-end preparation
"Parallel walls in the axis of the root
"More retention
"Less bevel is needed
"Smaller bony crypt

Root-end resection
Root-end cavity preparation
Root-end filling materials

Membranes & Guided Tissue Regeneration
Mehlahaff & al 1997, Wuchenich & al 1994
Arens et al, Practical Lessons in Endodontic Surgery
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2016 JOE
• Ultrasonic root-end preparations are safe to use on intact roots
Ultrasonic root-end preparations are safe to use on intact roots.

• Preexisting dentinal defects can be propagated by ultrasonic root-end
preparations and special root-end management should be implemented

Preexisting dentinal defects can be propagated by ultrasonic root-end preparations.
Through the use of LED, dentinal defects can be detected, special root-end management can be
implemented, & more predictable outcomes may be achieved.

Tawil P.Z. 2016 JOE
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Root-end cavity preparation
Take Home Message

154

Iatrogenic Deviations & Perforations
Right Tip & Zoom Out

• The root inspection should be done before root-end preparation
• Dentinal defects should be shaved off before doing your root-end preparation
• Always use light pressure
• When treating teeth with thin roots:
‣ Use smaller tips with lower setting
‣ Use diamond coated ultrasonic tips
Practical Lessons in Endodontic Surgery
Arens, Torabinejad, Chivian, Rubinstein
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Surgical Ultrasonic Tips
0.75mm

Surgical Ultrasonic Tips
For skinny roots
1 mm

Dentsply ProUltra Surg1
0.75mm
Helse
P1T – SURGICAL THIN
0.5mm

KIS Tips
0.5mm
AS3D 3mm tip

AS6D 6mm tip

Acteon
P14D
0.5mm

AS9D 9mm tip
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Lower Second Premolar
Previously Treated Pulp with Acute Apical Abscess

Zoom out
See the whole root
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Periapical Microsurgery: Root-End preparation

161

162
2 Endo SX 90min - April 24, 2019

Embracing Endodontic Surgery
Etiology, Diagnosis & Treatment Options
Flap design
Bony access, curettage & biopsy
Hemostasis
Root-end management

Root-end fillings
Needs to be biocompatible and needs to offer a good apical seal
(in order to cut off the nutrients from the anaerobe bacterias)

MTA & Silicate Based Cement Family
Zinc oxide (SuperEBA / IRM)
Resins (Retroplast, Gersitore)

Root-end resection
Root-end cavity preparation
Root-end filling materials

Amalgam

Membranes & Guided Tissue Regeneration
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MTA carriers
MAP system

Silicate Based Cement Family

MTA cements

Cost effective when in air tight re-usable containers instead of packs
Easy to mix, similar to wet sand on the beach
Easiest to place if used with proper carrier (MAP system or Dovgan)
ProRoot MTA working time: 3-5 hours
MTA Angelus working time: 10-15 minutes
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Silicate Based Cement Family

Mixable Putty
BioDentine, NeoMTA Plus, MTA Repair HP

“Active Bio-Silicate Technology” ➙ Silicate cement family
Made out of Calcium Silicate (like MTA), Calcium
Carbonate, Calcium Oxide, Iron Oxide and Zirconium oxide
Staining Issues: Replaced Bismuth Oxide with Tantalum
Oxide (NeoMTA Plus) or Zirconium Oxide (Biodentine)
Plasticiser: Propylene Glycol or Methylcellulose?
Manual mixing on a pad gets the desired consistency
Setting time: 10-15 minutes
Periapical Microsurgery: Root-end filling
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J. Camilleri 2015
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Silicate Based Cement Family

Pre-Mixed Putty
BioCeramic

“BioCeramic” material part of the silicate cement family
Made out of calcium silicate (like MTA), zirconium oxide, tantalum
oxide, calcium phosphate and filler agents
Staining Issues: Replaced Bismuth Oxide with Zirconium Oxide
Plasticiser: Propylene Glycol or Methylcellulose?

Total: 69-90%…

Putty in a jar or in an injectable syringe
Setting time: 4h or 20 minutes
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Original MTA Cements
Clinical Outcome Studies
Shown to be biocompatible to local tissue

The return of the prodigal son?
4.5 years
MTA

Tawil P.Z. et al 2015
✓3 year follow up with 97% success for MTA & IRM
Von Arx Thomas & al 2014
"1 year follow up with 90% success for MTA

7 years
IRM

Healed MTA

Tawil P.Z. et al 2009
✓Dog study ➙ PDL regeneration for both MTA & IRM
Chong and Pitt Ford 2003
"2 year follow up with 92% success for MTA
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Zinc oxide: SuperEBA & IRM
You like a putty like material…?

Resins

Cost effective materials but needs a dry field
SuperEBA is hard to mix, but once properly
mixed it handles well
To avoid your instrument from sticking to these
materials: Dip the tip of your condenser in the
powder or in saline

A dome/concave preparation is used
Cases with long metal posts
Bonding ➙ moisture sensitive
Retroplast showed positive clinical outcomes
Geristore showed conflicting results
Rud J, Rud V 1997: 4 year follow up with 92% success for Retroplast
Tawil P.Z. et al 2009: Geristore had worst results in histology vs IRM & MTA
Von Arx et al 2010: 79.5% success for Retrolast vs 91% success for MTA
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Amalgam
Resins
Clinical outcome studies

Rud J, Rud V 1997
" 4 year follow up with 92% success for Retroplast
Von Arx et al 2010
✓ 1 year follow up showed 79.5% success for Retrolast
✓ 1 year follow up showed 91% success for MTA
Tawil P.Z. et al 2009
✓ Dog study: Geristore had worst results in histology
when compared to IRM & MTA

Problems:

Failed
Geristore

It initially leaks due to the metal primary shrinkage
Produces corrosive by-products
Risk of mercury contamination
Moisture sensitive
May cause tissue tattooing
Scattered particles are not absorbable by the body
Galvanic effect when in contact with metal posts
Dorn and Gartner 1990
"10 year follow up showed a significant higher failure rate for amalgam
"Success: 75% for amalgam, 95% for Super EBA

175

176

Embracing Endodontic Surgery
Membranes and Guided Tissue Regeneration

Etiology, Diagnosis & Treatment Options
Flap design
Bony access, curettage & biopsy
Hemostasis
Root-end management
Root-end resection
Root-end cavity preparation
Root-end filling materials

Membranes & Guided Tissue Regeneration

Biologically, a blood clot is the best space filler. Without a blood clot tissue healing is
impaired (like a dry socket in an extraction model)
Bone grafts need to allow the blood/angiogenic-factors to penetrate & promote periapical
wound healing
Grafting techniques are based on cell differentiation-proliferation and inductionconduction
We still lack ideal controlled clinical trials with a high level of evidence concerning
specific membrane barriers & specific bone grafts in periapical surgery

Lin et al 2010 (Review / JOE)

177

Types of bone defects

178

Grafting Materials: Bone Graft

Bio-Oss: Xenograft, Geistlich Biomaterials
Puros: Allograft, Zimmer Dental
Calcium Sulfate: Mixed with bone graft for big
lesions (⬇cost & ⬆handling)
Collagen: Offers supports for membrane &
space for blood clot

Von Arx T & Al-Saeed M 2011
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Grafting Materials: Bone Graft Alternative
Calcium Sulfate

Bone Fillers
Name

Material

Type

IBBM particulate

Bio-Oss

Gen-ox

Osteogen

PerioGlas

Surgiplaster
Capset

Studies

Non-Resorbable
Osteoconductive filler

Inorganic Bovine Bone Mineral
Bovine-derived

Stassen et al. 1994 Taschieri et al. 2007
Taschieri et al. 2008 Dietrich et al. 2003
Britain et al. 2005

Lyophilized bone matrix
Bovine-derived

Osteoconductive and
osteoinductive filler

Bernabé et al. 2010

Non-ceramic hydroxyapatite

Tobon et al. 2002

Synthetic

Resorbable
Osteoconductive filler

Glass particles

Resorbable

Calcium phospho silicate
Synthetic

Osteostimulative and
osteoconductive filler

CS particulate

Osteoconductive filler

Calcium Sulfate

Pantchev et al. 2009
Pecora et al. 2001
Murashima et al. 2002
Yoshikawa et al. 2002

Murashima et al 2002, Euiseong K. et al 2008, Lin et al 2010, Shilpa Budhiraja et al 2012,
Horowitz RA et al 2012, Tawil P.Z. et al 2015, Ahmet S et al 2016
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Membranes

Grafting Materials: Resorbable Bio-active membranes

Resorbable bio-active membranes:

Name

Material

Gore-Tex

ePTFE-membrane
Expanded Polytetra- FluoroEthylene
Synthetic

Bio-Gide: Xenogenic, Geistlich Biomaterials
Dynamatrix: Xenogenic, Keystone Dental

Guidor

Vicryl

Non-Resorbable

Resorbable
Bilayer membrane

Collagen type I & III
Porcine-derived

BioXlude: Allogenic, Snoasis Medical

Clinical Studies

Pecora et al.1995
Tobon et al. 2002
Taschieri et al. 2007

Collagen-membrane
Bio-Gide

Type

Taschieri et al. 2008
Dietrich et al. 2003
Britain et al. 2005

PLA-membrane (polylactide),
Synthetic
Polyglactin 910-membrane
90% glycolide & 10% L- lactide

Resorbable

Garrett et al. 2002

Resorbable

Marin et al. 2006

Resorbable

Kim et al. 2008

Synthetic
CollaTape

Collagen tape
Collagen type I
Bovine- derived
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Growth Factors

Material

Type

Non-Clinical Studies

hOP-1 (known as BMP-7)
Human Osteogenic Protein
Carrier: collagen matrix

TGF-beta superfamily
Osteostimulative

Maguire et al. 1998

rhBMP-2
Recombinant human Bone
Morphogenetic Protein
Carrier: collagen matrix

TGF-beta superfamily
Osteostimulative

Bergenholtz et al. 2006

•The majority of studies have shown no benefit for
healing
•The use of a radio-opaque bone filler/substitute
may even compound the radiographic
interpretation of periapical healing
•Currently, the use of RT for lesions <10 mm is not
warranted

Von Arx T & Al-Saeed M 2011
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Pre-op

Folllow-up

•The use of grafting for treatment of tunnel lesions
in apical surgery is beneficial to avoid scar tissue
healing
•All reviewed studies demonstrated a better
outcome in term of avoiding scar tissue healing
• 4D volumetric analysis of healing: minimal regression of the buccal cortical plate.
• Average was: 25mm3 of bone loss spread over an area of regression of approximately
200mm2 with a minor 0.25mm of B-L cortical linear plate regression.
• Supports the prior literature that grafting is unnecessary in cases with cervical bone
D. Crossen, P. Tawil, T. Morelli, D. Tyndall 2018

Von Arx T & Al-Saeed M 2011
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The osseous excisional wound:
The osteoclastic / osteoblastic activity is not observed within the excisional wound site
The periosteum & the endosteum (endosteal tissue) play a major role in osseous
excisional wound healing
The endosteum is the thin layer of connective tissue which lines the surface of the bone
tissue that forms the medullary cavity

What is “scar tissue healing”?

Harrison & Jurosky 1992 (part 3)
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The osseous excisional wound:

Scar tissue healing
Often observed around upper lateral incisors due to the thin “dip” in bone anatomy

“Through and through lesions” have a complete loss of the periosteum & endosteum
Faster epithelial cells (gingival tissue) moves in prior to the slower bone healing response
The bone slowly returns, except for an area in the center of the lesion which can have persisting
fibrous tissue: the “scar tissue”

Time decreasing rarefaction with an irregular outline extending angularly into the
periodontal space
Further healing may include the forming of a lamina dura around the apex,
separating the rarefaction from the tooth

Persisting fibrous
tissue: Scar tissue

Molven et al 1996
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Scar tissue healing patterns

Pattern 1
A widened periodontal space around the root end and a small
defect in the bone just above the resected surface

Scar tissue healing patterns

Pattern 2
A rarefaction with irregular outline and in contact with the root end

Molven et al 1996

Molven et al 1996
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Scar tissue healing patterns

Why is scar tissue healing important to us?
Dentomaxillofacial Radiology 2017

73 teeth were included
Three observers assessed CBCT & PA radiographs as “successful” or “unsuccessful”
Surgical endodontics was offered to all non-healed cases with biopsy for histopathology
Pattern 3
A defect surrounded by compact bone at a distance from the root end

A correct diagnosis was obtained in 58% with CBCT & 63% with PA radiographs

Molven et al 1996
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Membranes and Guided Tissue Regeneration
Are they needed for periapical surgery?
Conclusion
•Risk of epithelial down-growth along the denuded
root surface following apical surgery carrying a risk
of gingival recession with esthetic concern.
•Animal studies have shown that healing of teeth with
apico-marginal lesions benefit from grafting
•Clinical studies show benefit for grafting these
cases, but all the studies lacked controls.

✓Not required for a classic endo lesion with buccal
bone is present
✓Will help healing to decrease scar tissue formation
in through & through lesions (tunnel lesions)
✓Recommended in cases with apicomarginal bony
defects

Skoglund & Persson 1985; Von Arx T & Al-Saeed M 2011
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Nyman et al 1979, Garrett et al 2002, Lin et al 2010, Crossen et al 2018
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Clinical Cases

Given the marginal bone loss, a graft is recommended

Resorbable membranes are not as stable as non-resorbable with pins
but they will avoid a second surgical procedure
The membrane should be extended to cover 3 mm of the proximal
bone of the crypt and it has to be fixed in place through small
tacks in the bone (pins are ideal for big defects)
The membrane cannot be contaminated by the oral environment;
keep it 3mm within the cervical extent of the flap
For wide lesions, bone graft material will act as a mechanical
substructure to supports the membrane and the overlying soft tissues
Lin et al 2010 (Review / JOE)
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Platelet-Rich Fibrin
Membrane Graft

1 Year
Dhiman et al 2015 JOE

K. Andersen 2016
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Preop

1 year
MTA
Root-End
Filling

Calcium
Sulfate

Doxycycline

K. Andersen 2016
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MTA

1 year

Calcium
Sulfate

1 year

1 Year

Clean surface
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Embracing Endodontic Surgery

Lower First Molar
Previously Treated Pulp with SAP

Etiology, Diagnosis & Treatment Options
Flap design
Bony access, curettage & biopsy
Hemostasis
Root-end management
Root-end resection
Root-end cavity preparation
Root-end filling materials

Membranes & Guided Tissue Regeneration
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Mesial

206

Distal
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211

Postop

6 months

212

“Advance, and never halt,
for advancing is perfection”

3 years

Kahlil Gibran

PZT@UNC.edu
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