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Apical surgery is a technique developed for the surgical treatment of apical lesions of pulpal origin, some authors speak of surgical

endodontics or endodontic surgery.

The surgical protocol consists of the surgical approach of the periapical region, tissue debridement and removal of granulation or

cystic tissue and then proceed to the resection of the root apex and finish by filling the apex with a material ensuring apical hermetic-

ity, we speak of retrograde filling.

This technique has seen a lot of improvement especially with a new generation of materials such as MTA (Mineral trioxide aggre-

gate) and bioceramics as well as the advent of piezosurgery and the operating microscope In this paper, we will focus on the defini-

tion, indications, contraindications as well as the principle and the surgical protocol.
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Introduction

Apical surgery is a technique developed for the surgical treat-
ment of apical lesions of pulpal origin, some authors speak of sur-

gical endodontics or endodontic surgery.

The surgical protocol consists of the surgical approach of the
periapical region, tissue debridement and removal of granulation
or cystic tissue and then proceed to the resection of the root apex
and finish by filling the apex with a material ensuring apical her-

meticity, we speak of retrograde filling [26].

This protocol is currently well codified with a success rate that
has been significantly improved by the evolution of root end filling
materials such as Mineral trioxide aggregate (MTA) and the use of
piezo surgery. The success rate has increased from at least 60% to
currently 90% [3,40]. However, apical surgery is not considered as
an alternative to conventional root canal treatment, which should

always be considered as the first-line treatment.

Periapical pathology [1-20]

Periapical pathologies are of endodontic origin in a large major-
ity of cases, where pulpal necrosis will provoke a passage of the
bacterial flora to the periapical space which will trigger a cascade
of immunopathological reactions favored by a rich periapical vas-

cularization as opposed to the pulpal space.

The apical lesions go through different phases from a slightly
symptomatic primary inflammation to a more important clinical
manifestation with a consequent bone resorption. Studies have
shown that the periapical immune response involves different
non-specific and specific immunological mechanisms to contain
and neutralize pathogens orchestrated by numerous chemical me-
diators such as: neuropeptides, fibrinolytic agents, kinins, comple-
ment, kallikrein, mast cells and specific mediators such as immuno-

globulins, B and T lymphocytes, macrophages.

According to stages, Physiopathological, clinical and histological
characteristics, Morse in 1977 [1] propose a classification of peri-

apical pathologies:
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Figure 1: Table of Morse code classification of periapical pathologies 1977.

Indications and contraindications of apical surgery [3,16,26] e Instrumental fracture

The indications e  Failure of endodontic treatment or retreatment
Anatomical factors e  Root canal perforation.
e  Unfavorable endodontic anatomy
Other factors
e  Areainaccessible to endodontic instruments
e  External root resorptions e  Time savings
e  Uncompleted apical development. e  Crowned tooth with satisfactory aesthetic and functional re-
sults.

Iatrogenic factors

e  Non-absorbable apical filling materials
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Figure 2: Clinical case of apical lesion on A: 24 with a false stump.
B: 24 crowned. C: 14 crowned with lack of root canal treatment. D

and E: cases of 21 necrosis evolving towards an apical lesion.

Strategic factors

The case of indication for extraction and implantation, apical
surgery is performed for bone regeneration before the dental im-

plant.

Counter-indications

Absolute counter-indications:
e  Reduced periodontal support with mobility.

e Field: presence of certain diseases: valvular heart disease,
patient under radiotherapy.

Relative counter-indications

Anatomical factors: the posterior upper and lower premolar
molar sectors due to the presence of the maxillary sinus and alveo-

lar canal and the chin foramen.

Decision criteria
According to the framework of indications and contraindica-

tions, the clinical approach is based on:

e  The medical history for an evaluation of the general state of
health and to rule out possible disease.
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e  The clinical examination will be directed towards the history
of the disease, the evaluation of the pain, the presence of facial
swelling, a filling of the vestibule, presence of fixed restora-
tion, evaluation of the periodontium.

e  The radiographic examination: the long cone x ray examina-
tion is the first intention examination which will give us in-
formation on the periapical space, off-center incidences will
be taken to explore the endodontic anatomy, panoramic views
will be prescribed to have a global vision of the arches and also
if an apical image is greater than 5 mm.

e  Useful for net exploration of the periapex, a cone beam in these

cases will be indicated for a complete lesion assessment [6].

Lieblich in 2002 [28] established a decision tree of apical lesion

cases based on clinical and radiological data.

Figure 3: Showing the decision algorithm according to Lieblich in
2002 [28].

The principles of apical surgery [27,28]
Apical surgery is based on the following principles:

e  The preservation of the tooth and the periodontium
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Apical hermeticity.
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Trimming the apical region e  The gingival biotype

Resection of the apex e The presence of marginal restoration

e Thelocation and degree of extension of the lesion

The surgical protocol e  The number of teeth involved in apical surgery
General principles: e  The presence and depth of periodontal pockets
e Access to the periapical zone e  The height of the attached gingiva
e The respect of the periodontal tissues by an adequate inci- e  Frenal and ligamentous insertions

The flap design [3,13,14]
The selection criteria

The apical surgery has the particularity of using at the same ¢ The absence of postoperative recession

sion tracing in order to avoid postoperative recessions. .
J P p e  The vestibule depth

Root apex resection o . .
e The proximity of anatomical structures such as: nerves, si-

Curettage and apical cleanining nuses....

Retrograde filling with material to ensure apical hermeticity e  The amount of bone surrounding the surgical site

e The aesthetic value of the operated site

e  The vascularization of the flap

time the principles of endodontics (Sanitation, root canal trimming e The absence of papillary retraction

and hermetic filling) and the principles of surgery: incision, flap,

e  Easyreplacement.

sutures ... the surgical approach is different in each case and meets

several criteria, in addition, authors such as Grandé [13] and Von  Flap design classification

Arx [3] have worked mainly on this subject and have determined

several clinical and radiological criteria for the choice of the flap

Grande has published a literature review of the different flaps

used in apical surgery: see figure 4 [13].

design:

Figure 4
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Figure 5: Decision logarithm of flap design selection in apical

surgery according to Grande [13].

According to the criteria mentioned above, it can be said that for
apical surgery we prefer the intrasulcular flaps, the submarginal
scalloped flap and the papilla base flap, which cover the major indi-

cations and with a good benefit-risk ratio.

Osteotomy

This surgical step consists of creating a bone flap to access the
root apex, except in certain cases where the lesion to blow the cor-
tical in this case the enucleation and curettage of the cavity is un-

dertaken first.

The osteotomy should meet certain criteria for the success of

the case and therefore its long-term stability:

e  The osteotomy should be as minimally invasive as possible

to allow rapid healing.

e It mustallow sufficient visual access to the root apex.

e  Maintain a bone bridge at the bottom to prevent post-opera-

tive bone collapse.

The use of adapted instrumentation: Either using a steel ball
burr mounted on a handpiece under abundant saline irrigation or

better still using a piezotome.

The advantages of piezosurgery (Figure 6):

e  Less surgical trauma, moreover recovery of the bone and its
replacement to optimize bone regeneration.
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e Do notdamage the soft tissues especially in certain anatomi-
cal areas such as the premolar region in the presence of the
mental foramen.

e [tprovides a clear operating field.
e [t cuts without generating an increase in temperature.

e [tcan be used in different stages of apical surgery.

Figure 6: Apicoectomy of maxillary anterior teeth through a
piezoelectric bony-window osteotomy: two case reports introduc-
ing a new technique to preserve cortical bone [24] Viola Hirsch
Meetu R. Kohli, Syngcuk Kim.

Another important element during this phase of the osteotomy
is the location of the osteotomy site, which must correspond to
the root apex. The preoperative long cone x ray measurement or
at best on a cone beam will give us information on the trepanning
point, it is recommended to use a rotating micro-instrument (Fig-
ure 7) with decreasing diameter until the apex is reached. Howev-
er, the advent of technology has made it possible to design a digital
surgical guide (Figure 8) or even navigation systems (Figure 9) to
precisely reach the surgical target and also the use of the operating

microscope (Figure 10).

Will undoubtedly improve visibility and intraoperative surgical

exploration.

The apical resection

Its objective is: To eliminate the canal delta at 3 mm because
studies on the anatomy of the root apex (Morfis 1994 and Estrela
Carlos 2016 [30] have shown that the canal branches are in the
last 3 millimeters. And the position of the foramen according to the
Carlos Estrela study is central in 48.95% for the maxilla and 42%
for the mandible (Figure 11) [16].
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Figure 10: Photos showing the performance of cystic surgery
with apical apical resection under an operating microscope.
Figure 7: Drawing showing access with a steel ball cutter accord-

ing to the Brush technique described by T Von Arx.

Figure 11: Reduction (in %) of the frequency of apical ramifica-
tions and lateral canals according to the resected apical portion
(according to Kim and Kratchman, 2006) [16].

Figure 8: Photos showing the location of the apex using a surgical

guide [8].

Figure 12: [9] 3D Reconstruction of a cone-beam examination of

the apical region showing the situation of the apical foramina: A:
Figure 9: Photo showing the location made by a navigation sys-

tem [29].

Upper central incisor. B: First superior premolar. C: 1st superior

molar.
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Figure 13: [9] 3D reconstruction of a cone-beam examination of
the apical region showing the situation of the apical foramina: A:

Lower central incisor. B: Lower first premolars. C: 1st lower molar.

To create a cutting surface allowing retrograde preparation of

the root apex.

The instrumentation
The resection is performed either with a rotary instrument
(steel fissure burr or surgical zekrya), ultrasonic, piezoelectric or

an Erbium or CO, laser.

Several studies [2,5,31] have tried to compare these different

instruments:
e  The burs: Used at reduced speed produces a regular and

smoother surface with less debris and the resection time is

relatively short.
e Piezoelectric and ultrasonic inserts: The surface has grooves.

e  The laser: Reduces the patient’s discomfort (vibrations), re-
duces the risk of contamination and damage to adjacent tis-

sues, the surface is smoother.

However, the laser eliminates more dentine and can alter the
morphology of the dentine which interferes with cell attachment
and therefore decreases cell repair. Furthermore, the lack of tac-
tile effect of the laser could possibly be responsible for iatrogenic

trauma.
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In conclusion, there is no scientific evidence for the superiority
of one instrument over the other, the use of fissure and zekrya burs

at low speed remains a reliable benchmark for apical resection.

Figure 14: Uses of piezoelectric inserts in apical surgery [2].

Figure 15: Photos showing the study of the apical cutting surface
with a zekrya burr and Erbium Yag, Nd YAG lasers [33].

Scanning electron micrographs. A Zekrya bur, apical surface,
50; B, Zekrya bur - direct Nd:YAG, apical surface, 50; C, Er:YAG la-
ser, apical surface, 50; D, Er:YAG laser - direct Nd:YAG, apical sur
face, 50; E, Zekrya bur - direct Nd:YAG, oral surface, ‘75; F, Zekrya
bur - direct Nd:YAG, oral surface, 500 euros; G, Er:YAG laser - di-
rect Nd:YAG, oral surface, 75; H, Er:YAG laser - direct Nd:YAG, oral
surface, 500; I, Zekrya bur - indirect Nd:YAG, palatal surface, ‘75;
], Zekrya bur - indirect Nd:YAG, palatal surface, 500; K, Er:YAG la-
ser - indirect Nd:YAG, palatal surface, ‘77; L, Er:YAG laser - indirect
Nd:YAG, palatal surface.
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Resection angle

Current endodontic surgery is a minimally invasive surgery us-
ing piezosurgery, micro instrumentation and visual aids such as the
operating microscope. This was also valid for the angle of resection
of the apex which was previously about 45° to allow good access
for retrograde filling. Currently the authors recommend a section

of the apex at 0°.

Thomas Vo Arx published in 2015 [34] (Figure 15) and (Figure
16) a prospective study to evaluate the influence of the cutting
angle on the outcome of apical surgery, the nature of the tooth con-
cerned by the surgery, the depth of the surgical site and the level of
retrograde filling. He concluded That:

e The majority (62.9%) of treated roots had a shallow resec-
tion angle <20°.

e  (Cases with a shallow resection angle had a higher cure rate
than cases with an acute resection angle, but the difference

was not statistically significant.

e No linear dependence of the resection angle and surgical
depth has been observed.

e  Particularly in the mandibular molars, the length of the ob-
turated root was considered short in 29.2%, especially in the
area of the isthmus of the mesial roots.

Figure 16: Illustration showing the measurements made by
Thomas Von Arx in 2015 for the evaluation of the apical section
angle [34]. a: Measurement of angles in relation to the major axis
of the tooth. b: The levels of retrograde obturation in relation to a
reference line: 1 insufficient depth 2 the depth limit is at the same
level as the reference line 3 the depth is adequate. c: Measurement

of the vestibular palatal depth of the surgical site.

After the apex resection, the operator must ensure good hae-
mostasis to improve visibility and prepare the apex for retrograde
obturation, local haemostasis means will be used such as: com-
pression with biogas, hydrogen peroxide or also bone wax.in ad-

dition, another means is recommended for good visibility of the
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apical anatomy and to detect possible root cracks and to locate
the boundary between the apical foramen and the dentinal wall is

methylene blue applied with a brush.

Retrograde filling
Retrograde preparation

Conventional preparation with rotary instruments poses sev-
eral problems for the operator:

e Difficult access

e Preparation along a parallel axis is very difficult to achieve,
which increases the risk of root perforation

However, the use of ultrasonic instruments has several advantages:

e The adapted shape of the inserts allows easy and precise ac-
cess

e  Better preservation of the dentin substance with the preser-
vation of root morphology

Retrograde filling
Several materials have been described in the scientific literature
[15-39] to achieve Retrograde filling and should meet a number of

criteria:
e  Biocompatibility
e  Bioactivity: Stimulates cementogenesis
e  No mutation
e Dimensional stability over time
e Notsoluble

e Easyand ergonomic preparation

While amalgam and Egenol restorative materiel (IRM) have giv-
en satisfactory results, Mineral trioxide aggregate (MTA) remains
the material of choice: Developed at Loma Linda University in
California, USA Several randomised clinical trials and prospective
studies with a follow-up of 1 to 10 years (von Arx 2019 [43]) have
shown a high success rate in the use of MTA as a Retrograde filling

material but no significant difference with other materials.

At present, another material has been described as bioceram-
ics: First published by Damascus in 2011, Composed of zirconium
oxide, calcium silicates, tantalum oxide, calcium phosphate as well

as fillers and thickening agents.
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Bone regeneration in apical surgery (Figure 19) [35-37]

Some authors (Thomas VON ARX2018, Vivek Chaturvedy 2012
and others) have proposed the use of bone regeneration tech-
niques in clinical cases, in particular bone filling with a bone sub-
stitute, the use of platelet concentrates or amelar matrix in order to

optimise and guide bone regeneration of the apico-marginal bone
deficit caused by apical surgery, in particular in the presence of a
granuloma or a large cyst, where a postoperative bone defect is
inevitable. However, further studies with a high level of evidence

should be undertaken to draw conclusions on the process.

Figure 17: 1-year, 5-year, 10-year x ray control of the treatment
with the von Arx 2019 MTA [43].

It is produced by Brasseler, Savannah, Georgia, USA.

Studies have shown positive results such as biocompatibil-
ity, impermeability and dimensional stability (von Arx 2020 [12])

however additional studies with a 5-year and 10-year follow-up

are needed.
Figure 19: Photos showing bone regeneration by bone substi-
tute after apical surgery and x-ray control at 6 months: Vivek
Chaturvedy, Shefali Chaturvedy 2018 [37].
Figure 18: X-ray control after 1 year of retrograde bioceramic fill- Figure 20: Photos showing the use of an amelar matrix for the
ing cases according to Von Arx 2020 [12]. A: Radiography before. treatment of an apico marginal defect apical surgery: Thomas Von
B: Postoperative check-up J0. C: x-ray control after 1 year. Arx 2018 [38].
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Clinical cases

The upper premolar region

Apical surgery on the first upper left premolar.

Figure 21

Presence of a fixed restoration that is stable over time and re-

spects aesthetic and functional criteria.

Presence of a radio clear image in periapical with episodes of

infection.

The apical surgery was undertaken by an intrasulcular flap
from 22 to 26.

Curettage of the lesion and preparation and retrograde obtura-
tion with MTA.

Case of apical surgery on the first upper right premolar.

Figure 22: Incision on the mucogingival line without releasing

incision.
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The lower incisor region

Figure 23: Case of an apical granuloma treated by apical surgery
and MTA : mineral trioxide aggregate obturation on 31 with bone
regeneration in a case of localised aggressive periodontitis, an
intrasulcular flap was made for access to the apical area and also

for scaling this sector.

Case of the upper incisor sector

Figure 24: Case of presence of an apical lesion on 22 treated by

apical resection and curettage with a retrograde filling by MTA.
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Figure 25: Case of apical surgery (curettage + apical resection
+ retrograde MTA : mineral trioxide aggregate obturation) with
bone regeneration and use of a platelet concentrate (PRF) on the

upper incisal sector from 13 to 23.all under general anesthesia.

Case of the upper molar sector

Figure 26: Case of an apical lesion on 26 treated by curettage and
apical resection, access was through a trapezoidal vestibular flap
and intrasulcular flap in the palate, and the control radiograph at

1 year shows the stability of the case.
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Case of the lower molar sector

Figure 27: Case of an apical lesion on a 46 treated by curettage

and apical resection and bone regeneration.

Conclusion

Apical surgery is currently a well codified technique, the use of
new technology including 3D radiographic exploration, visual aids
as well as the new generation of biomaterials for Root end sealing

makes it possible to have a stable result over time.
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