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Endodontic Periapical Lesion: An Overview on the Etiology, Diagnosis
and Current Treatment Modalities

Kasra KARAMIFAR, Afsoon TONDARI, Mohammad Ali SAGHIRI

Nonsurgical and surgical endodontic treatments have a high success rate in the treatment and prevention of
apical periodontitis when carried out according to standard and accepted clinical principles. Nevertheless,
endodontic periapical lesions remain in some cases, and further treatment should be considered when apical
periodontitis persists. Although several treatment modalities have been proposed for endodontically treated
teeth with persistent apical periodontitis, there is a need for less invasive methods with more predictable
outcomes. The advantages and shortcomings of existing approaches for the diagnosis and treatment of end-
odontic periradicular lesions are discussed in this review.
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HIGHLIGHTS

- Several methods have been proposed for treat-
ing apical periodontitis, such as root canal (re)
treatment, periradicular surgery, marsupializa-
tion, decompression, and enucleation.

INTRODUCTION

Root Canal Infection

The dental pulp is a sterile connec-
tive tissue protected by enamel,
dentin, and cementum. Significant
injury of the pulp chamber leads to
inflammation and may result in pulp
necrosis if left untreated. Possible
scenarios that can result in periapical
radiolucencies are commonly initiat-
ed either by trauma, caries, or tooth
wear (1). Microorganisms might col-
onize the pulp tissue after it loses its
blood supply as a consequence of
trauma, resulting in periradicular pa-
thosis. Pulp exposures can lead to pulp necrosis and periradicular pathosis (1). Microorganisms
and their products have a pivotal role in the initiation, progression, and establishment of perira-
dicular conditions (2, 3). With the progression of inflammation due to carious pulp exposure and
invasion of microorganisms, the most likely result would be pulp necrosis. Once root canal infec-
tion is established, and pulp necrosis occurs, neither host defense nor systemic antibiotic therapy
would be effective in restricting the infection due to the absence of local blood supply (4). It is
possible to prevent their spread successfully through non-surgical endodontic treatment. It has
been reported that the majority of endodontic bacteria are suspended in the fluids found within
the root canal(s) (5); however, bacterial aggregates and biofilms tend to adhere to the root canal
walls to form concentrated bacterial centers (6). Infections might spread into dentinal tubules and
root canal complexities. Root canal infections can be treated through professional intervention,
using endodontic procedures or extraction.

+ Cone-beam computed tomography, magnet-
ic resonance imaging, and echography show
promising results in the diagnosis of periradicu-
lar lesions.

« Treatment of true cysts has remained a matter of
debate, and the best possible way to treat them
is still unclear.

Microorganisms residing in the root canal play an essential role in the initiation and establishment
of periradicular lesions, which has been proved by studies performed on rats and monkeys (2, 3).
Considering the role of microorganisms in the presence of apical periodontitis, clinicians should
be aware that endodontic therapy is the management of infective disease.
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Teeth with inadequate root canal treatments and asymptom-
atic periapical (PA) lesions usually harbor obligate anaerobic
microorganisms; such teeth might even have sound coronal
restorations (7, 8). In this situation, the bacterial composition
is similar to the infected but previously untreated teeth (7,
8). Gram-positive and facultative anaerobic microorganisms
are predominant in the early stages of infection (9). Proper
retreatment of these cases results in success rates of 74-82%
(8, 10), comparable to those of primary non-surgical endodon-
tic treatments, i.e, 85-94% (11). Orthograde retreatments in
these cases might negate the need for periapical surgeries.

Periapical (PA) lesion

Periapical or periradicular lesions are barriers that restrict the
microorganisms and prevent their spread into the surround-
ing tissues; microorganisms induce the PA lesions, primarily or
secondarily (2, 3). The bone is resorbed, followed by substitu-
tion by a granulomatous tissue and a dense wall of polymor-
phonuclear leukocytes (PMN). Less commonly, there is an ep-
ithelial plug at the apical foramen to block the penetration of
microorganisms into the extra-radicular tissues (5). Only a lim-
ited number of endodontic pathogens can penetrate through
these barriers; however, microbial products and toxins are
capable of penetrating these barriers to initiate and establish
periradicular pathosis. Periapical radiolucencies are the most
frequent clinical signs of these lesions (5).

The majority of periapical lesions heal subsequent to metic-
ulous non-surgical endodontic treatments (12, 13). In order
to assess the healing potential, at least a 6 (14) to 12-month
(12) period after root canal treatment should be considered.
It has been reported that at the 6-month visit, only half of the
cases that eventually heal exhibit signs of healing (advanced
and complete healing), and at the 12-month interval, 88% of
these lesions exhibit signs of healing while complete healing
of the PA lesion might take up to four years in some cases
(12). It is advisable to follow such cases for at least 12 months
before considering them as abutments (15). However, post-
poning the placement of coronal restoration increases the
risk of tooth fracture. Remaining sound tooth structure and
occlusion play an important role in this regard. Placement of
a sound coronal restoration improves periapical healing (16),
and delayed placement of the final restoration might lead
to failure, negatively affecting the long-term survival of the
teeth, which should be considered in such cases (17). It must
be noted that the presence of a lesion in a radiograph should
not be the only reason for commencing retreatment in teeth
with proper root canal treatment. These teeth might remain in
a state of asymptomatic function (18) as the incidence of flare-
up is less than 6% in 20 years (18). Therefore, placement of a
sound coronal restoration immediately after the completion
of non-surgical endodontic treatment is highly recommended
even if a follow-up period is needed to place more complicat-
ed restorations such as crowns and bridges (19).

The majority of periradicular lesions can be categorized as
dental granulomas, periradicular cysts, or abscesses, which
are radiolucent (20). Condensing osteitis is another entity
caused by chronically inflamed pulp tissue with subsequent
chronic apical periodontitis with a distinct radiographic ap-
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pearance. The periradicular bone seems more radiopaque
than healthy bone with occasional PDL widening (21). Histo-
logical examinations can distinguish these entities, leading
to a definitive diagnosis of each category (22). The likelihood
of periradicular cyst is much higher in the presence of the
following conditions: (a) the periradicular lesion involving
one or more teeth with necrotic pulps; (b) the lesion is =200
mm?; (c) aspiration yielding a straw-colored fluid or drain-
age of such fluid through an access; and (d) the presence
of cholesterol crystals in the fluid. It has been reported that
100% of the cases were cysts with radiographic lesion sizes
of 2200 mm? (23). Furthermore, the incidence of cysts has
been reported to be 60-67% in lesions measuring 10-20
mm in diameter (24, 25). When considering the lesion vol-
ume, there is an 80% probability of a cyst if it measures >247
mm?3 and a 60% probability with root displacement and a vol-
ume <247 mm?3 (26). Cholesterol crystals, identifiable under
a microscope, are present in 29-43% of periradicular cysts
(27). These crystals are more common in periradicular cysts
compared to apical granulomas (22, 27). The treatment mo-
dalities for periapical lesions include non-surgical root canal
treatment, periapical surgery, or tooth extraction. If non-sur-
gical treatment is deemed ineffective or difficult, periapi-
cal surgery is the treatment of choice. True cysts are closed
pathologic entities that are separate from the apex and have
an intact epithelial lining and might have a cord of epitheli-
um that attaches them to the root apex (28, 29). They have
probably become an independent entity and will likely not
respond to non-surgical treatment (30). There are several
irritants such as intracanal irritants and cholesterol crystals
that continuously stimulate the basal stem cells of the cystic
epithelium in true apical cysts (31, 32), which cannot be re-
moved without surgery (28). Even a large periradicular lesion
might directly communicate with the root canal system (28)
and might heal favorably after non-surgical treatment with
optimal infection control (22, 33); nevertheless, the success
rate is lower than cases with smaller lesions (16) (Fig. 1).

Differential diagnosis of different types of endodontic-re-
lated PA lesions

The predominance and prevalence of inflammatory changes,
such as granulomas and periapical cysts induced by root canal
infection, have been assessed by examining periapical biopsy
specimens (34). Attempts to accurately assess the nature of
the periapical pathosis and diagnose the lesion have limited
success before performing surgery. Although several meth-
ods have been proposed, such as periapical radiographs (35),
contrast media (36), Papanicolaou smears (37), real-time ultra-
sound imaging (38), and albumin tests (25), these have proved
inaccurate. Although the postoperative histopathological ex-
amination has remained the standard for the evaluation of the
nature of the lesion (39-41), the use of other imaging systems,
such as cone beam computed tomography (CBCT) with high
specificity and excellent accuracy, can enhance the chance of
a more accurate preoperative diagnosis (26).

It is possible to differentiate a cyst from a granuloma by den-
sity, using a CT scan (40). A cyst screening method based on
specific CBCT radiologic criteria (Table 1) (42) was also pro-
posed as a preoperative screening tool with 90.8% specifici-
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True cyst Pocket cyst

Periapical surgery

Root canal (re)treatment

Figure 1. Periapical cysts are caused by the presence of infection in the
root canal space and can be categorized as true or pocket cysts (a). Per-
iradicular surgery might be needed for resolving the true cysts (b) while
most of the pocket cysts are resolved after root canal (re)treatment

without the need for surgical intervention (c)

TABLE 1. Diagnostic criteria for periapical cysts based on radiologic
features (42). Each feature can be seen alone or in combination
with others

Location Apex of the involved tooth
Periphery Well-defined corticated border
Shape Curved or circular

Radiolucent
Displacement and resorption
of the roots with a curved outline
Cortical plate perforation

Internal structure
Effect on surrounding structures

Effect on surrounding bone

ty and favorable sensitivity (58%) (26). A gray level correction
technique was also applied to assess treatment outcomes (43).

Granulomas are usually composed of solid soft tissue, while
cysts have a semi-solid, liquefied cystic area. Therefore, the
least dense area of the radiographic lesion should be mea-
sured to diagnose these lesions correctly. Measuring the gray
value makes it possible to differentiate soft tissues and fluid or
empty areas (43).
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A periapical abscess has features similar to periapical granu-
lomas and periapical cysts with a varying degree of periph-
eral cortication, which makes it difficult to distinguish them
from one another (43). Cortical erosion or perforation seen in
CBCT examinations and the presence of edema might provide
additional information in distinguishing abscesses; however,
the early stages of periapical abscesses often do not present
with these characteristics (44). Although histopathologic eval-
uation is the definitive method of differentiating between
the periapical radiolucencies of endodontic origin, it is rarely
carried out as these diseases often resolve with non-surgical
endodontic treatment; therefore, the differentiation between
a granuloma and a cyst is not always required. Treatment of all
these three lesions is either root canal (re)treatment, periradic-
ular surgery, or extraction, or a combination of them (44).

Several studies have focused on the etiology, pathogenesis,
and radiographic characteristics of scar tissue (45, 46). Fibrous
scar tissue has radiographic features similar to periapical gran-
ulomas and periapical cysts. Healing by fibrous scar tissue rath-
er than bone might occur, especially after endodontic surgery.
When a considerable portion of the cortical plates and bone
periosteum are destroyed, the fibrous tissue develops (47, 48)
with a round, punched-out appearance (49) and no form of
irritation in the area (49). It has a typical radiographic appear-
ance and needs no further treatment (49). Although scar tissue
can only be confirmed histopathologically, some radiographic
features might help in identifying them. Decreasing rarefac-
tion with an irregular outline extending angularly into the
periodontal space located asymmetrically with the root apex
with or without visible internal bone structures is suggestive
of scar tissue. Lamina dura might be present around the apex
and separate the rarefaction from the tooth (50).

The CBCT might be an accurate diagnostic tool for differenti-
ating a solid from a fluid-filled lesion or cavity. This technique
is the most accurate in the central area or at the tip of the root
(51). The whole radiolucency should be scanned appropriately
for the most lucent area to improve CBCT's accuracy, i.e., the
least dense area. If this area exhibits a negative grayscale val-
ue on the CBCT image, it indicates a semi-solid or fluid-filled
area, either the lumen of a bay or a true cyst (cavitated lesions)
(51). Although the grayscale values could be easily affected by
the field of view and spatial resolution selections, hard beam-
ing, scattering, and the number of projections (51), the CBCT
technique shows lower grayscale values, indicating a cavity
containing fluid and it does not reveal the epithelial lining. If
it yields a positive grayscale value, the lesion is an epitheliali-
zed granuloma or a granuloma, which might help the clinician
predict treatment outcome (51). The CBCT technique distin-
guishes between a solid lesion in the soft tissue from one with
soft tissue and an area with less density, i.e., a fluid-containing
cavity and a semi-solid substance in the lumen (39). CBCT is
moderately accurate in making a distinction between periapi-
cal cysts and granulomas, especially in apical lesions with a
minimum average diameter of 5 mm (52, 53). Periapical radio-
graphs are only 26-48% accurate in diagnosing a periapical le-
sion (54). CBCT is more accurate than PA radiographs in reveal-
ing periapical pathosis (55, 56). CBCT is more accurate than
PA radiographs in identifying apical periodontitis, especially
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when the lesions are >1.4 mm (55, 56). CBCT is a non-invasive
method for differentiating periapical cysts and granulomas
(39), and its ability to diagnose a cyst preoperatively is con-
vincing (52). For detailed diagnostic tasks, such as endodon-
tics or visualization of small bony structures, high-resolution
scans are necessary (57).

One of the drawbacks of CBCT is that it might yield false-pos-
itive results of PDL widening in somewhat healthy teeth, in-
dicating PA lesions (58); in addition, its use is controversial in
some situations due to concerns related to its higher radiation
dose to patients, long scanning time, and higher cost com-
pared to conventional radiographic techniques (59). Materials
with a high atomic number can affect the CBCT image qual-
ity. Inferior image quality and contrast can lead to a limited
interpretation of the 3D volumes (60). One study showed that
CBCT might not be a reliable diagnostic tool due to the wide
range of possibilities in the diagnosis of apical pathosis, such
as granulomas, granuloma-like lesions, cysts, cyst-like lesions,
and other lesions (61).

According to the American Association of Endodontists (AAE),
‘CBCT should only be used when the question for which imag-
ing is required cannot be answered adequately by lower-dose
conventional radiography or alternate imaging modalities’ (62).

Magnetic resonance imaging (MRI) is an imaging modality
with no radiation, which provides superb soft-tissue contrast.
The use of high field strength (63), unique coil systems (64,
65), and optimal sequence techniques (66) have resulted in
high-quality images, which has led to significant interest in
dental MRI. Not only has the MRI been used for characteriz-
ing periapical lesions (67), but also it might be a valid and re-
liable non-invasive tool in differentiating apical periodontitis,
periapical cysts/granulomas (68), and condensing osteitis (69).
X-ray-based methods have shortcomings and limited perfor-
mance in measuring the accurate lesion border. At the same
time, MRl as a non-invasive diagnostic tool in apical periodon-
titis (68), is more accurate in this regard and gives a better esti-
mation on the proximity of the lesion to nearby structures (70).
MRl is superior to CT techniques in diagnosing soft tissue-as-
sociated pathosis in the head and neck area (71, 72), and it
can be used for assessing the nature of periapical lesions (73).
However, this method has some limitations. It is required to
scan a longer time to have sufficient resolution (74). Visualiza-
tion of enamel and dentin is challenging as they have no MRI
signals. Imaging artifacts caused by metal restorations, mate-
rials with high atomic numbers, and patient movements affect
the image’s clarity (75). Artifacts related to the device might
occur (75).

Echography (ultrasonography), as a real-time ultrasound im-
aging technique, has many applications in medicine (76). It
relies on the reflection of ultrasound waves. The echographic
examination can be used to evaluate endodontic periradicular
lesions (77). Different tissues in the body with different acous-
tic properties reflect the ultrasound waves differently. Bone
exhibits total reflection; therefore, such a technique can only
be implemented through bony windows or in areas where
the architecture of bone has changed (76). Areas with differ-
ent tissue types exhibit ‘dishomogeneous echo! It has been
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suggested that echography is a reliable technique that can be
used as an adjunct to conventional radiography to diagnose
and follow periapical lesions (77). Furthermore, it can furnish
some information on the lesion size and its contents and vas-
cularization, which can be helpful for the differential diagnosis
of endodontic and other lesions affecting the maxillary bone
(77). The percentage accuracy of diagnosing periradicular le-
sions using ultrasonography was reported to be 95.2%, which
was higher than conventional radiography (47.6%) and digital
radiography (55.6%) (78). Ultrasonography is a valuable tool
for evaluating the nature of intra-osseous lesions in the jaws,
particularly for the differential diagnosis between periradicu-
lar cysts (echogenic in grayscale) and granulomas, which puts
it in a prime position to be considered as an additional imag-
ing technique in routine dentistry and maxillofacial surgery
(79). Although ultrasonography examination can help detect
apical periodontitis, cysts, apical granulomas, vascular lesions,
and malignancies, it is inconclusive in some cases, such as le-
sions containing mineralized tissue, such as an ossifying fibro-
ma or dentigerous cyst, which could also act as a barrier to
ultrasound waves passing through the tissue (79). The clinical
value of ultrasonography in detecting lesions in the bone has
been reported (79). It is noteworthy that ultrasonography is
unable to discriminate between true and pocket cysts (79).
The cortical plate requires to be eroded by the lesion to di-
agnose the intra-osseous lesions by ultrasound (79). (Table 2)

Root canal treatment

The goal of endodontic treatment is to clean, shape, and
seal the root canal system in three dimensions to eliminate
or prevent (re)infection (80). Endodontic failure means the
recurrence of clinical symptoms along with the presence of
a periapical radiolucency (81). The primary root canal treat-
ment yields predictable results and is a highly successful pro-
cedure (30, 82, 83) with a survival rate of 95% after a 4-year
follow-up (84). Some findings indicate a favorable outcome;
lack of pain, sinus tract, swelling, and other symptoms, with no
loss of function and the presence of normal periapical tissues,
which should be confirmed radiographically (85). However,
failure is possible after treatment due to different microbial
and non-microbial factors, such as extraradicular infections,
intraradicular infections, periodontal factors, and prosthetic
factors (32, 86, 87). Some systematic reviews have reported
14-16% failure rates for root canal treatment (82, 88). Re-
searchers have attributed the lack of healing to the persistence
of intraradicular infection(s) in uninstrumented root canals
and dentinal tubules plus the irregularities of the root canal
system (11, 30, 89, 90). Root canal treatment might fail when
the treatment does not conform to acceptable standards (8,
91). Many pathosis do not respond appropriately to root canal
treatment due to procedural errors, such as ledges, zipping,
and perforation, because they interfere with the removal of
intracanal infection(s) from uninstrumented areas (92). These
areas might harbor bacteria and necrotic tissues despite the
apparently radiographic adequacy of the root canal obtura-
tion (93, 94). A radiograph of a well-treated root canal does
not necessarily mean thorough cleanliness or obturation of
the root canal system (95). The bacteria residing in isthmuses,
ramifications, deltas, irregularities, and dentinal tubules might
not be affected by disinfection and cleaning during endodon-
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TABLE 2. Techniques available for diagnosing periradicular lesions

EUR Endod J 2020; 2: 54-67

Diagnostic tool Pros Cons Accuracy
Periapical radiograph Non invasive Non-differentiating 47.6-55.6%
Low radiation Not very accurate
Available
Histopathology Standard procedure for differentiating radicular cysts Needs surgery N/A
Accurate
CBCT Fast High radiation >60.9%
Accurate False positive results
Non invasive Long scanning time
MRI Accurate, valid and reliable Long scan time More accurate than CBCT
Non invasive Imaging artifacts
Radiation free Patient cooperation
Superb soft tissue contrast
Echography Non invasive Needs cortical bone perforation 95.2%
Real time image Inconclusive in some cases, such as
Easy lesions containing mineralised tissue
Reproducible

Information on the lesion size and its
contents and vascularization

tic procedures (96). Furthermore, these bacteria might contin-
ue to receive their supply of nutrients in the ramifications and
deltas after the treatment. The bacteria residing in dentinal tu-
bules and isthmuses might have significantly reduced access
to substrates and would be entombed due to the presence of
root canal filling materials that hamper the access of bacteria
to periradicular tissues (8, 9, 96). Unfortunately, some bacteria
survive for long periods because they receive nutrients from
residual tissues and necrotic cells. In cases where root canal
obturation does not result in an adequate seal, penetration
of tissue fluids provides substrates for the bacteria. When a
mix of microorganisms with pathogenic capabilities reach a
threshold count and gain access to the periradicular lesion,
they induce inflammation in the periradicular tissues (8, 9).
Failure of non-surgical endodontic treatment due to residual
microorganisms only occurs when they are pathogenic, reach
certain counts, and have access to the periradicular tissues to
cause or maintain periradicular disease (8, 9).

Some other important factors can lead to root canal treatment
failure, such as lack of coronal seal. An impervious coronal seal
is essential for successful outcomes; using rubber dam while
performing root canal treatment and restoration procedure,
placing orifice barriers, and ensuring no leakage under previ-
ous and new restorations are highly recommended for achiev-
ing higher success rates (88, 97). Prosthetic reasons are the
most common ones that lead to the extraction of endodon-
tically treated teeth (98); other causes include non-restorable
carious destruction and some endodontic related issues such
as vertical root fracture (87, 99). Endodontically treated teeth
in patients with periodontal disease are more than five times
more susceptible to developing apical periodontitis, which
may be due to higher permeability of the dentinal tubules to
periodontal pathogens (100). Even occlusal contacts during
working-side and protrusive movements can enhance the
chance of developing new periapical lesions or perpetuating
the older ones, which might be due to apical tissue inflam-
mation, higher likelihood of marginal leakage and loss of the
retentive stability of the cemented coronal restoration (101).

Antimicrobial endodontic therapy

Antimicrobial therapy in endodontics has been established on
the opinion that periradicular conditions are infectious entities.
Such therapies should be able to eliminate pathogenic microor-
ganisms; in this context, highly effective antimicrobial strategies
should be applied to achieve optimal outcomes (102, 103).

Several antimicrobial agents are used in endodontics, some of
which have some shortcomings. Sodium hypochlorite is one
of the most widely used root canal irrigation solutions with
strong dissolving effects on necrotic and vital tissues and with
a wide spectrum and nonspecific killing efficacy on microbes,
spores, and viruses (104, 105). Chlorhexidine can be used as a
root canal irrigant and intracanal medicament. However, it is
unable to dissolve necrotic tissue remnants (106), and it is less
effective on gram-negative than on gram-positive bacteria
(107). Calcium hydroxide (CH) is the most commonly used in-
ter-appointment dressing used for disinfecting the root canal
(108), and it is effective against gram-negative species. It can
perform its antibacterial effect by inactivating the membrane
transport mechanisms (109).

The concept lesion sterilization and tissue repair (LSTR)' thera-
py (103) uses a mixture of antibacterial agents in the root canal
space after instrumentation for disinfection and treatment of
dentinal, pulpal, and periradicular conditions. Metronidazole
has been administered as the first choice due to its broad bac-
tericidal spectrum against anaerobes (110) commonly found
in oral sites. Some bacteria in oral lesions have proved resis-
tant to metronidazole, necessitating mixing ciprofloxacin and
minocycline with metronidazole (111) to improve the effica-
cy of combating oral bacteria (102, 112). Some studies have
confirmed the efficacy of this combination in the treatment of
periradicular lesions and infected tooth structures (102, 112).
This method has been clinically effective in the disinfection of
immature teeth with apical periodontitis (112). It is incumbent
on dentists to exercise caution in administering local or sys-
temic antibacterial agents. Although the doses of these drugs
are small when administered locally, great care is necessary for
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patients who are sensitive to these chemical agents and anti-
biotics. Furthermore, the use of antibiotics should be limited
to particular situations as it can maintain and cause the spread
of antibiotic resistance genes within root canal biofilms (113).

Overinstrumentation, Apexum, and GentleWave

Drainage of cystic fluid can help in the conservative manage-
ment of large periapical lesions, and it is supported by his-
tologic findings (114). The overinstrumentation technique is
claimed to have clinical success in providing drainage through
the canal (22, 115). This technique is based on the assumption
that the periapical lesion can be a cyst. It has been suggested
that overinstrumentation to T mm beyond the apical foramen
develops an inflammatory reaction that can destroy the epi-
thelial lining of the cyst and convert it to a granuloma (116).
Also, overinstrumentation might allow and establish drainage
of the cystic fluid through the canal, which might induce de-
generation of the epithelial cells by strangulation (117). Fur-
ther clinical studies are required to understand the validity of
this procedure.

Apexum is a technique to remove or debulk periapical tissues,
by using a device to remove the chronically inflamed periapi-
cal tissues via a root canal access. First animal studies testing
this technique have yielded promising results in terms of its
safety and efficacy (118). It does not confine the non-surgical
endodontic treatment only to the elimination of the etiologic
agent (microorganisms) and then to rely on the host to heal
on itself (119). The removal of chronically inflamed periapical
tissues improves the healing process of the lesion (118, 120). A
study compared the healing process of the apexum technique
with that of the conventional root canal treatment. After three
months, 87% of the periapical lesions completely healed or
were in the advanced stages of healing; however, with the use
of the conventional treatment modality, only 22% of the cases
exhibited such a characteristic. After six months, 95% of the
lesions in the apexum group showed advanced or complete
healing, while the conventional root canal treatment gave
rise to such progress in about 39% of the cases. Therefore, the
apexum protocol results in faster healing and disappearance
of the PA lesion compared to the conventional root canal treat-
ment (120). This procedure does not remove the cyst lining, if
present, which can be a cause of late failure (121); therefore,
late failures might occur compared to endodontic surgery. A
lack of long-term follow-ups and randomized clinical trials ne-
cessitate the need for these studies to understand the effect of
this procedure on treatment outcomes.

It has been reported that the use of apexum resulted in no
swelling, and only a few cases experienced postoperative dis-
comfort or mild pain (9%) (120). No patient undergoing this
protocol reported any adverse outcomes; however, 31% of pa-
tients undergoing conventional root canal treatment reported
some discomfort or pain. It is of utmost importance to note
that during or after a conventional, open-flap, apical surgical
procedure, many patients experience pain, swelling, or both,
necessitating the use of analgesics after surgery. Moreover,
23% of the patients having undergone apical surgeries re-
ported working day losses due to these symptoms (122). This
method has a positive effect on the patient’s well-being, with
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very mild symptoms compared to conventional open-flap api-
cal surgeries and conventional root canal treatment (120).

The apexum technique is very different from the simple over-
instrumentation in conventional root canal treatment. Con-
trary to apexum (120), overinstrumentation results in tissue
traumas and might introduce bacteria or their products into a
tissue. Immunoglobulins might be directed against these an-
tigens (123, 124), resulting in acute inflammatory responses,
leading to edema and flare-up (119). The removal or s debulk-
ing of chronically inflamed periapical tissues gives rise to the
elimination of mechanisms that cause flare-ups (120). How-
ever, this technique has some shortcomings; there is a risk of
separation of the apexum beyond the apical foramen. Further-
more, there is a risk of over-enlargement of apical foramen,
which increases the chance of extrusion of obturation mate-
rials, interappointment medicaments, and irrigation solutions,
and injuring or damaging adjacent vital tissues, such as the
inferior alveolar nerve or perforating the maxillary sinus.

GentleWave (Sonendo, Laguna Hills, CA, USA) is used for irri-
gation of the canal and generates different physiochemical
mechanisms, including a broad spectrum of sound waves to
clean the root canal space (125). It has superior tissue disso-
lution ability through the generated mechanisms (126). It has
a greater ability to remove residual debris than conventional
methods (127), which can enhance the speed and rate of heal-
ing of apical periodontitis (128). However, it should be noted
that this technology is costly and is not available worldwide.

Non-surgical retreatment

Dentists should have thorough knowledge about the biolog-
ical factors that lead to the failure of endodontic treatments.
The persistence of intraradicular infection(s) is the prominent
cause of such failures; therefore, retreatment of failed cases
using standard protocols is of paramount importance before
considering surgery. The success rate of retreatment might ap-
proach almost two-thirds of the cases (10, 129). However, teeth
having undergone proper root canal treatment that exhibits
persistent apical periodontitis should be approached differ-
ently from the initial endodontic therapy in teeth with apical
periodontitis. Some principal factors that might give rise to the
persistence of apical radiolucencies in endodontically treated
teeth are persistent intraradicular infection(s) remaining in the
complex apical part of the root canal (93), extraradicular in-
fection(s) (130, 131), foreign body reactions due to extruded
obturating material or exogenous materials (132, 133), endog-
enous cholesterol crystals (89), true cysts (32, 134) and fibrous
scar tissues (134). Of all these factors, microorganisms remain-
ing in the root canal should be addressed by conventional or-
thograde retreatment; however, extraradicular lesions due to
the bacteria remaining in the complex root canal space, true
cysts, and foreign bodies are managed by periapical surgical
procedures. Cholesterol crystals can be numerous in chronic
periradicular lesions and are derived from the plasma lipids,
disintegrating host cells, including erythrocytes, lymphocytes,
plasma cells, and macrophages, in the periapical connective
tissue exhibiting inflammation (135). They can be the cause
of non-resolving chronic inflammation (28, 136). Unsuccessful
phagocytosis of cholesterol crystals by multinucleated giant
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cells results in the accumulation of these cells, leading to the
persistence of periradicular lesion (32, 136).

Foreign body reaction

Some cases might fail as a result of non-microbial intrinsic or
extrinsic factors. In these cases, foreign body reaction in the
periradicular tissues results in failure instead of microorgan-
isms (32). A study reported a lesion that was resistant to thera-
py; the lesion was removed surgically, and a diagnosis of peri-
radicular cyst was confirmed by light and electron microscopic
evaluations. No microorganism was detected; therefore, the
failure was attributed to a foreign body reaction against cho-
lesterol crystals detected in the connective tissue around
the cyst epithelial lining (32). Materials that might provoke a
foreign body reaction in the periapical tissues are usually ex-
ogenous and include talc-contaminated gutta-percha (132),
the cellulose in the paper points, cotton wool, and food items
derived from vegetables, resulting in persistent periradicular
lesions when they enter the periradicular tissues (28, 137). A
cause-and-effect relationship between the presence of end-
odontic sealer material and periapical lesions has been sug-
gested (138). Two studies reported a decrease in the success
rate of root canal treatment with overfilling (91, 139), while
other studies failed to find any correlation between the api-
cal extent of root canal obturation and treatment failure (90).
Also, based on previous reports, the toxicity of root canal filling
materials plays a vital role in this regard (140). However, most
of the materials, apart from the paraformaldehyde-containing
materials used for root canal obturation, are either biocompat-
ible or are cytotoxic only before setting (141). Therefore, cur-
rently available root canal filling materials are almost unable
to sustain periradicular inflammation in the absence of end-
odontic infections. This is further supported by the high suc-
cess rate of treatment in teeth without periradicular lesions,
even in the presence of overfilling (11, 90). However, the size
and surface characteristics of overfilling gutta-percha can alter
the type of tissue reaction to the material, with fine particles of
overfilling inducing impaired healing of PA lesions (142). The
accumulation of macrophages around gutta-percha might be
an essential factor in the impairment of healing of periapical
lesions when teeth are root-filled with excess material (142).
These are the only non-microbial factors causing periapical
lesions in endodontically treated teeth. To date, surgery has
been the only technique to eliminate these agents; therefore,
periapical surgery should be considered, particularly when the
conventional orthograde retreatment proves ineffective.

Periapical cyst

Periradicular cysts originate from the epithelial cell rests of
Malassez in the alveolus. These cells proliferate due to peri-
apical inflammation induced by the infection of the root canal
system. Periradicular cysts are more frequently encountered
in the anterior maxilla, which might be explained by traumas
and the presence of epithelial cells (143). A definitive diagno-
sis of periradicular cyst is reached only through histopatholog-
ic evaluation by serial cross-sectioning of the lesion specimen
(29); in fact, conventional radiographic techniques cannot be
applied for the definitive diagnosis of the cystic and non-cystic
periapical lesions (20, 144). There is no strong correlation be-
tween periapical radiograph findings, such as the presence of
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lamina dura, and histological diagnosis of a cyst which needs
serial sections (35). Two types of periradicular cysts have been
defined: true cysts, with cavities that are entirely enclosed by
an epithelial lining, and bay cysts or pocket cysts, with epithe-
lium-lined cavities which communicate with the root canals
(145). A study on 256 periapical lesions reported that 15%
were periapical cysts, 9% of which were true cysts, and 6%
were pocket cysts (29).

Contrary to true cysts that are self-sufficient due to their inde-
pendence from the irritants in the root canal system (28), peri-
apical pocket cysts and granulomas might heal after non-sur-
gical root canal treatment. In contrast, it is believed that a true
periapical cyst is less likely to heal after non-surgical root canal
treatment and might require periradicular surgery (146) (Fig.
1). For more than three years, follow-up studies have revealed
that approximately 13% of postoperative apical lesions were
true cysts (32, 134). The prevalence of cysts originating from
apical periodontitis lesions has been reported to be <20% (29,
145). Periradicular cysts’ growth rate is usually slow, centrifu-
gal, and infiltrative (147). They do not exhibit very large sizes,
and patients feel no pain, except when there is an episode of
acute inflammatory exacerbation. The lesions are usually dis-
covered during routine radiographic examinations. In the case
of exacerbation, the cysts enlarge, with some symptoms, in-
cluding swelling, mild sensitivity, tooth mobility, and displace-
ment. Pulp sensitivity test results are negative (146).

Morphological characteristics of the cyst cavity tend to render
the host defense ineffective. The persistent egress of microor-
ganisms and their by-products from inside the cystic lumen
might be responsible for the persistence of periradicular in-
flammation in properly treated root canal systems (148, 149).

Biofilm

The biofilm lifestyle provides a suitable shelter for mechanisms
to evade the host defense system. A biofilm is a microbial ag-
gregate adhering to an organic or inorganic substrate and is
surrounded by extracellular microbial products to form an in-
termicrobial matrix (150, 151). Microorganisms in the biofilm
are more resistant to antimicrobial agents and host defenses
than planktonic cells (150, 152). Examining teeth with failed
root canal treatment revealed bacterial biofilms next to the
apical foramen, with bacterial colonies within the periradicu-
lar granulomas (153). However, a low incidence (4%) of peri-
radicular biofilms has been reported in untreated teeth with
periradicular lesions (154). This might explain that the perira-
dicular biofilm might be responsible for only a low percentage
of failed cases. As periradicular biofilm and microorganisms
are hardly accessible through the root canal space, the surgi-
cal approach for eliminating these invaders seems inevitable.

Extraradicular infection

Several cultural and microscopic examinations confirmed the
occurrence of extraradicular infections in both treated and un-
treated root canals (153, 155). From a histologic point of view,
there exist two types of extraradicular infection:

1. Acute periapical abscess: This is a form of purulent inflam-
mation in the periapex in response to the egress of pathogenic
bacteria from the root canal. It depends on the intraradicular
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infection; therefore, the extraradicular infection should sub-
side following the (re)treatment of intraradicular infection as
well as the body response (156).

2. External root surface infection: Microorganisms such as
Actinomyces, Propionibacterium propionicum, and Bacte-
roides species (130, 131) are lodged in the periapical tissues
by adhering to the apical root surface as biofilms (157) or
within the inflammatory lesion body in the form of cohesive
colonies (13). Since the root canal treatment strategies are
within the root canal space, the microorganisms residing
in the periradicular space are not amenable to disinfection
procedures during non-surgical endodontic treatment (158,
159). They can overcome the defensive action of cells, mol-
ecules, and the complement system, and avoid elimination
by phagocytes, through immunosuppression, altering their
antigenic coats and induction of proteolysis of antibody mol-
ecules (153, 160). Seepage of periapical tissue fluids rich in
glycoproteins into the root canals is a source of substrates
for residual microorganisms so that they can proliferate and
reach sufficient counts to induce periradicular lesions (8,
161). Overinstrumentation should be considered as another
cause of failure, which displaces contaminated dentinal de-
bris into the periradicular spaces, resulting in extraradicular
inflammation and infections (133, 162). The debris can pro-
vide a shelter for microorganisms to be physically protected
against host defenses, survive in lesion area, and perpetuate
periradicular inflammation. This would eventually affect the
healing of the lesion (133).

Periapical surgery

Periapical surgery is an endodontic therapy through a surgical
flap which focuses on removing a portion of a root with ana-
tomical complexities and undebrided canal when a complete
seal cannot be achieved through orthograde non-surgical ap-
proach (163). It is undertaken to confine microorganisms in
the root canal(s) by sealing the root canal apically, eliminate
the most apical and more complicated part of the root ca-
nal, and remove the periapical lesion for further histological
evaluation. The aim is to optimize the conditions so that the
periapical tissue can heal, and the attachment apparatus can
regenerate (163, 164).

The rate of successful healing of periapical surgery has been
reported to range from 60% to 91% (165). Some factors might
affect the outcomes of periapical surgeries. Retrofilling is a sig-
nificant prognostic factor (164). The presence or absence of a
root-end filling material is an essential factor in the long-term
prognosis of surgical intervention. It is possible to increase the
success rate by 10-13%, using retrograde obturation (166, 167).

The size of the apical lesion is another factor; there is a sig-
nificantly higher healing rate in teeth with smaller (<5 mm)
preoperative lesions (168, 169). The quality of the previously
existing root fillings has its own impact. Teeth that have pre-
operative long/short root fillings exhibit higher healing rates
compared to teeth with adequate root canal obturation (168,
170). This might be due to the removal of the infection (the un-
filled portion of the root canal space) and irritation (extruded
root fillings and infected debris) causes (132, 170). Tooth loca-
tion can play its role as well. The maxillary lateral incisors have
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the highest healing rate by scar tissue formation (169, 171).
The maxillary premolars appear to exhibit poorer outcomes
compared to the anterior teeth (172). The posterior teeth have
more favorable outcomes compared to the anterior teeth, with
the mandibular incisors exhibiting the most unfavorable out-
comes (173). The amount of alveolar bone loss can affect the
outcome of surgery, too. Considerable loss of the bony plate
or marginal bone has a detrimental effect on the outcomes of
periapical surgeries (171, 174). Temporary restorations (167),
posts (170), and crowns (175) exert deleterious effects on the
outcomes of periradicular surgery.

It has been shown that the teeth undergoing conventional
retreatment before periapical surgical intervention exhibit
a 24% increase in success rate compared to the situation in
which only periapical surgery is carried out (169); if conven-
tional retreatment is undertaken just before the surgical pro-
cedure, the success rate can increase to as high as 90% (171,
176). According to some reports, surgical retreatments have
a higher failure rate (166, 177) compared to orthograde re-
treatment. Surgical retreatment has limited indications, such
as when the obstruction of the canal cannot be removed, or
the risk of damage to the crown or restoration is tremendous
and not feasible (85). Apical periodontitis lesions, which were
treated surgically, healed over 12 months, with healing prog-
ress and speed comparable to those treated with non-surgi-
cal retreatment modality (178), plus there was no significant
difference in healing rates in the long term. Periapical lesions
heal rapidly after apical surgeries; this is an indication that
the surgical removal of chronically inflamed periapical tis-
sues might result in the formation of a fresh blood clot, which
then organizes to form granulation tissue, paving the way
for rapid healing (179). However, apical surgery may imply a
higher risk of late failures (47, 178). Apart from periapical sur-
gery advantages such as faster healing process and speed,
it has its drawbacks; surgery affects the patient’s well-being,
with swelling, pain, and discomfort being expected (122).
Moreover, many anatomic locations and adjacent structures
can affect the feasibility of periapical surgery due to inacces-
sibility or the risk of damaging adjacent anatomic structures
(180). However, significant improvements have been made in
endodontic surgical procedures in recent years thanks to ad-
vances in techniques, equipment, and materials. The dental
operating microscope improves visibility, facilitating a bet-
ter understanding of the root canal anatomy, and enabling
the surgeon to perform better and more predictable apical
resections. Currently, ultrasonic retrotips allow a more con-
servative and precise root-end preparation. These advances
enable dental surgeons to attain more predictable surgical
outcomes with higher success rates (180, 181).

A summary of indications for surgical treatment is presented
here:

1. Orthograde retreatment is impossible for various reasons,
including fractured instruments, ledges, blockages, and
the inability to remove the root canal obturation material.

2. Orthograde retreatment has failed: Bacteria are residing
in areas, such as isthmuses, ramifications, deltas, irregular-
ities, and dentinal tubules, and might not be affected by
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endodontic disinfection procedures and might have sur-
vived the previous root canal (re)treatment (90, 182). The
history of previous treatments can help the clinician make
better decisions toward further treatment options.

3. Non-surgical retreatment is questionable or impractical,
such as in cases with an extensive coronal restoration that
should be sacrificed.

4. The patient might not accept the routine retreatment be-
cause of financial or time constraints.

5. A biopsy is necessary. For differential diagnosis of patho-
logical entities, a biopsy from the periapical area may be
needed. Some (non-)odontogenic lesions might mimic the
periapical radiolucencies of endodontic origin.

The patients should also participate in the decision-making
process. The clinician should help the patients make a sound
decision by providing the relevant information (183). The pa-
tients tend to opt for treatments that the clinicians recom-
mend (184). Effective communication between the patient
and the clinician before making a decision helps avoid mis-
understandings, disappointments, and litigation. However,
since the recommendations are usually subjective, there is
disagreement among dental practitioners over selecting the
best treatment modality (185, 186). This is very important
because the recommended and selected treatment modality
might be lengthy, difficult, and costly. Root canal treatment,
as well as retreatment, seems an appropriate and cost-effec-
tive way of preserving teeth; however, when it comes to api-
cal surgery after failed root canal retreatment implant might
be a better option (187). For example, surgery is advocated
when the patient refuses complex retreatment procedures.
However, the clinician should inform the patient of the pos-
sible unfavorable long-term prognosis/outcome of a surgi-
cal procedure alone without retreatment. When there is no
motivation for preserving a tooth, extraction followed by the
placement of an implant or preserving the gap for future im-
plant placement might be the treatment of choice; other val-
id alternatives are fixed and removable restorations as well
as maintaining the gap which should be discussed with the
patient.

There is considerable debate over the treatment of large peri-
apical cysts (188). The therapeutic options for these lesions
cover a wide range from conventional root canal treatment
plus the use of calcium hydroxide for a long time to different
surgical modalities. According to some endodontists, true
cysts can be managed successfully only through surgery (32),
while others believe that further treatment measures should
be considered (22). Endodontic treatment is not successful in
all cases. However, some of the radiolucencies might be heal-
ing lesions.

A surgical approach for treating periapical lesions might be a
wise approach for the treatment of large periapical cysts where
non-surgical treatment is deemed ineffective or burdensome.
A large periapical radiolucency, as a result of pulp necrosis due
to a persistent infection, might be believed to be refractory to
conventional root canal treatment and considered a cyst and
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requires endodontic surgery (144). However, marsupialization
or tube decompression might be proper and alternative treat-
ment modalities for large cysts (33).

It should be reiterated that although endodontic periapical
surgery offers favorable initial success, there is a chance of late
failure, which might be in part due to the type of retrograde
filling material, the method of retro-preparation, quality of
previous orthograde treatment, tooth type, position, and lo-
cation, and incomplete removal of the cyst lining (121, 189).

Surgical retrograde retreatment is another option for treating
teeth with postoperative apical periodontitis (190). It should
be noted when orthograde retreatment fails to provide pre-
dictable outcomes or cannot be performed. It has indications
and considerations similar to periapical surgery. The proce-
dure can be performed with ultrasonic tips or hand files to
clean and shape the remaining untreated part of the canal
(191, 192). Promising results have been reported by using this
technique (192, 193).

Marsupialization, decompression, and enucleation

The surgical treatment modalities for periradicular cysts in-
clude the enucleation of small lesions, marsupialization to
decompress large cysts, and a combination of these two mo-
dalities. Itis the clinician who decides to carry out surgery us-
ing a flap technique to enucleate the lesion or decompress it
(194, 195). Decompression aims to relieve the pressure with-
in a cyst, which helps it to grow. It is performed by making
a small opening in the cyst and leaving it open with a drain
(196, 197). Marsupialization aims at converting the cyst into
a pouch, which makes the lesion depressurized (198). Mar-
supialization and decompression decrease the size of the le-
sion to facilitate its removal, with lower risks of damaging the
teeth and adjacent anatomic structures (199). Enucleation is
advocated because marsupialization is associated with the
risk of residual cystic cells with malignant potential (200,
201). On the other hand, marsupialization is associated with
a lower risk of damage to the nasal cavity floor or the max-
illary sinuses and the need to subject the patient to general
anesthesia. Although the marsupialization and decompres-
sion techniques aim to decrease the lesion size without peri-
apical curettage (202, 203), they rely on patient compliance,
are relatively lengthy, and do not conform to the principles of
endodontic treatment, especially concerning the prevention
of bacterial contamination of the oral cavity. There is no data
on the percentage of periradicular cysts expected to heal us-
ing marsupialization and decompression techniques alone;
however, this option should be considered when large cystic
lesions are encountered (199). Furthermore, the decompres-
sion technique has been suggested in rarefaction areas adja-
cent to vital anatomic structures (199).

Decompression results in the drainage of periapical lesions so
that they can be enucleated. Different techniques and instru-
ments are used to drain and decompress large periapical le-
sions, ranging from placing a stainless steel tube into the root
canal exhibiting persistent apical exudation (202, 204), which
is non-surgical decompression, to placing polyvinyl or poly-
ethylene tubes through the alveolar mucosa covering the api-
cal lesion, which is surgical decompression (194). Nonetheless,
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various problems are associated with these techniques. Pa-
tients have to accept the responsibility for keeping the tubes
open. Occasionally the tubes are displaced, and the patients
have difficulty performing oral hygiene procedures in the area.
In addition, these surgical techniques give rise to pain, swell-
ing, and discomfort (202).

Aspiration decompression was proposed as another method
to deal with periapical lesions. In cases of uninfected apical
cysts, irrigation and aspiration might help the healing of the
lesions. This conservative method has several advantages,
such as reduced treatment time with a lower chance of iat-
rogenic problems and might eliminate the need for apical
surgery (33).

An active decompression technique with a vacuum system
has been introduced, which facilitates the drainage of the
apical inflammatory fluids through the root canal, without im-
pinging on the apical constriction (203). The vacuum system
provides a negative pressure felt by the patient, which might
alter the structure of the lesion. This vacuum system applies
negative pressure to large periapical lesions, rapidly removing
the periapical exudate through the root canal in teeth exhib-
iting immature apices, and is of advantage in the presence of
copious suppuration (203). Active non-surgical decompres-
sion is superior to other techniques because:

+ Patients feel less discomfort because no surgical flaps are
necessary.

- There is no communication between the root canal(s) and
the oral cavity, which helps control microorganisms.

« Thereis no need for patient cooperation, contrary to surgi-
cal decompression or marsupialization.

 ltisrelatively time-saving.

+ Itisa minimally invasive technique because it is carried out
through the root canal access without impinging on the
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anatomic structures, bone, or soft tissues. Moreover, the
technique gives rise to proper healing (203). (Table 3)

It should be noted that many periradicular lesions are not of
endodontic origin; therefore, an appropriate diagnosis is re-
quired before commencing any treatments.

CONCLUSION

Although histopathology is still the standard for the diagnosis
of PA lesions, technologies such as CBCT, MRI, and echography
show promising results in differentiating granulomas and cyst,
which can affect the treatment strategy. There are several new
treatment options available for eliminating periradicular lesions
or enhancing the healing process to save teeth with persistent
periapical lesions. Albeit several treatment modalities have
been proposed for these teeth which have failed endodontical-
ly, there is a need for less invasive methods with more predict-
able outcomes. It is highly recommended that with technolog-
ical advances, further minimally invasive approaches must be
considered for resolving the issue of persistent apical periodon-
titis and true cysts to reduce the burden for patients.
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TABLE 3. Positive and negative aspects of different treatment modalities

Treatment modality Pros

Cons Success rate

Root canal treatment (RCT) High success rate

Effective on IR infections
Antimicrobial endodontic therapy Effective on IR infections
Overinstrumentation Providing drainage

through the canal

Apexum Effective against
granulomas and cysts
GentleWave Superior tissue dissolution ability

Greater ability to remove
residual debris

Nonsurgical retreatment Effective against IR infection

Periapical Surgery Effective against ER infection

Marsupialization, decompression,
and enucleation

Management of large cyst

Not effective against ER infections 85-94%

These are used in combination
with other techniques

Chance of hypersensitivity

Risk of transporting the microorganisms

beyond the apical foramen
Needs access through
root canal space
Costly
Not available worldwide

Lower success rate compared with RCT 74-82%
Costly in case of any needs for
sacrificing previous restorations
Risk of damage to surrounding tissues 60-91%
Patient discomfort
Time consuming Not available

Need patient cooperation
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