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Abstract
The most evident way for endodontic infection to occur is when the dental pulp is directly 

exposed to the oral cavity. The most frequent cause of pulp exposure is caries, however trauma 
or iatrogenic restorative therapies can also expose the pulp directly to microorganisms. The 
oral bacteria from carious sores, saliva, or plaque that has accumulated on the exposed surface 
come into direct touch with the exposed pulp tissue. Exposed pulps almost always experience 
inflammation, necrosis, and infection. Although the amount of time between pulp exposure and 
canal wide infection is uncertain, the process is typically gradual.
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INTRODUCTION

Endodontic infection occurs when the pulp 
becomes necrotic (as a result of caries, trauma, 

periodontal disease, or invasive surgical treatments) 
or when the pulp is removed for treatment in root 
canals that lack host defenses.

Only teeth with radiographic signs of apical 
periodontitis� had� bacteria� identi�ed� in� their� root�
canals, proving that the illness is caused by an 

infectious agent. Almost 90% of the isolates were 
anaerobic bacteria. The results of Sundqvist’s 
investigation also showed that apical periodontitis 
lesions cannot be caused by or continue to exist 
in the presence of necrotic pulp tissue or stagnant 
tissue��uid�in�the�root�canal.1,2

Endodontic�infections�can�be�classi�ed�according�
to their anatomical location (intra radicular or 
extra radicular infection) and to how long it took 
micro-organisms to reach the root canal (primary, 
secondary, or persistent infection). Usually, primary 
and secondary/persistent endodontic infections 
are located intra-radicularly, and may originate 
in extraradicular infections if left untreated or 
inadequately treated.

Similar to alterations in other connective tissues, 
the dental pulp’s disease development follows a 
similar pattern. The following stages are typically 
experienced by the tissue and disease: normal, 
in�ammation� (also� known� as� pulpitis),� necrosis,�
infection, and loss of pulp tissue (i.e., pulpless 
canals). Chronic illnesses may experience acute 
exacerbations� at� any� time,� and� in�ammatory�
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alterations might be brief, chronic, reversible, or 
irreversible.3,4

Root canal infection routes5,6

Dentinal Tubules: Whenever dentin is exposed.
Direct Pulp Exposure: Direct exposure of the 

dental pulp to the oral cavity is the most obvious 
route of endodontic infection.

Periodontal Disease: In either normal or diseased 
periodontal tissues, microorganisms in subgingival 
bio�lms� could� reach� the� pulp� through� dentinal�
tubules or lateral/furcal canals.

Anachoresis: Anachoresis is a process by which 
microorganisms are transported in the blood or 
lymph to an area of tissue damage, where they 
leave the vessel, enter the damaged tissue, and 
establish an infection.

Primary Intraradicular Infection: Micro 
organisms that initially invade and colonize the 
necrotic pulp tissue cause primary intra radicular 
infection.

Abscess versus Granuloma7-12

One of the most common pathological 
abnormalities with in alveolar bone are peripical 
abscesses. Recently, we discovered that the 
most prevalent distinct component in periapical 
abscesses was 17-octadecynoic acid (17-ODYA). The 
in�ammatory� tissue� found� in� apical� periodontitis�
lesions is often composed of lymphocytes, 
macrophages,� and� the� �broblasts� that� make� up�
the� periodontium.� Granulomas� are� in�ammatory�
lesions featuring these components. Granulomatous 
lesions may contain varying numbers of 
PMNs, mostly close to the apical foramen. It is 
important to remember that unlike lymphocytes, 
macrophages,� and��broblasts,� PMNs�do�not�have�
a long lifespan. About 95 percent of the total of 
periapical exudates contain detectable amounts 
of IL-8, pointing to IL-8’s crucial function in the 
acute stages of apical illness.7 Endodontic bacteria 
can� cause� by� pulp� �broblasts� and� osteoblasts� to�
produce IL-8.8 Leukotriene B4 (LTB4) is discovered 
to be produced when arachidonic acid undergoes 
lipoxygenase mediated oxidation. This process 
results in the attachment of polymorphonuclear 
leukocytes (PMNs) to endothelium walls, which 
draws macrophages to the area and causes severe 
damage to the host tissues.

Bacterial invasion13-19

It is very likely that bacteria will get within the 
ischemic necrotic pulp. Bacterial contamination 

can come from mechanically injured cervical root 
surfaces or blood clots that harbor bacteria in a 
severed PDL along the root surface (bacteria from 
dental plaque). The primary cause of incomplete 
revascularization is bacterial colonization of the 
ischemic pulp. It results in the development of a 
leukocyte zone that divides infected necrotic tissue 
from the apical connective tissue that is developing. 
Both the leukocyte zone and the necrotic pulp 
contain bacteria, but the neighboring connective 
tissue rarely does. In developing teeth, pulp 
necrosis is important because it may cause root 
growth to stop, leaving weak, brittle roots behind. 
The pulp will become necrotic and infected when 
bacteria get access to the coronal fragment in root 
fractures. This, in turn, causes an accumulation 
of� in�ammatory,� granulation� tissue� between� the�
coronal and apical fragments, which prevents the 
fractured root from healing.

Development of apical lesions4,5,20-26

Apical periodontitis, the body’s response to 
the microorganisms that emerge from the apical 
foramen, begins in the nearby periodontal ligament. 
This reaction, which is meant to contain and kill 
the bacteria, also harms the host locally by causing 
bone resorption. IL-1 and tumor necrosis factor 
(TNF), two cytokines secreted by the cells of the 
apical� in�ammatory� response,� can� stimulate� local�
osteoclastic bone resorption. TNF is a byproduct of 
activated T-lymphocytes, whereas IL-1 is mostly 
generated by activated macrophages. The main 
factors causing localized apical bone resorption 
are IL-1 and TNF. The signaling protein receptor 
activator of nuclear factor kappalig and (RANKL) is 
expressed on the surfaces of bone lining cells when 
these cytokines are present. This ligand interacts 
with the RANK receptor, which is located on the 
surface of nearby preosteoclasts and osteoclasts. 
As a result, preosteoclasts develop into mature 
osteoclasts and existing osteoclasts are activated, 
causing� them� to� show� ruf�ed� borders� and� start�
aggressively resorbing bone.

The ensuing local bone resorption is initially 
seen radiographically as a widening of the apical 
periodontal space; as this space steadily grows, it 
eventually manifests as an apical lesion, which is a 
radiolucent lesion in the apical bone.

Thus, apical bone resorption may be viewed as a 
negative side effect of the host’s defensive reaction. 
The local generation of cytokines causes resorption 
of the nearby bone as a result of the effective host 
response being activated to eliminate dangerous 
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germs.

Periapical (PA) Lesion6,27-31

Germs either directly or indirectly cause the 
PA lesions, which are periapical or periradicular 
barriers that limit the microorganisms and stop their 
spread into the surrounding tissues. Resorption 
of the bone is followed by the replacement of the 
bone by granulomatous tissue and a thick wall 
of polymorphonuclear leukocytes (PMN). Less 
frequently, an epithelial plug is present at the 
apical foramen to prevent pathogens from entering 
the extra radicular tissues. Only a few endodontic 
pathogens are able to pass through these barriers, 
but microbial byproducts and toxins can do so in 
order to start and establish periradicular pathosis. 
The most common clinical manifestations of these 
lesions are peripapillary radiolucencies. Dental 
granulomas, periradicular cysts, and radiolucent 
abscesses make up the majority of periradicular 
lesions.

The non-vital tooth5,6,32-37

It has been established that a non vital pulp 
facilitates bacterial invasion of dentinal tubules 
more quickly than a vital pulp. With a healthy pulp, 
the�outward��ow�of�dentinal��uid�and�the�contents�
of the tubules, such as odontoblast processes, 
collagen��brils,�and�the�sheath�like�lamina�limitans�
that lines the tubules, can potentially slow down 
bacterial invasion of the tubules. The functional 
or physiologic diameter of the tubules is only 
5% to 10% of the anatomic diameter shown by 
microscopy due to the presence of tubular contents. 
Dentin sclerosis beneath a carious lesion, tertiary 
dentin,�the�smear�layer,�and�intratubular��brinogen�
deposition all restrict dentin permeability and, as 
a result, limit or even prevent bacterial advance 
through the dentinal tubules to the pulp.

A root canal is required in cases with pulp 
necrosis, a clinical diagnostic category that 
denotes the death of the tooth pulp. The pulp is 
asymptomatic and unresponsive to pulp tests. 
Unless the canal is infected, pulp necrosis does 
not by itself result in apical periodontitis (pain 
to percussion or radiographic signs of osseous 
disintegration).� Because� of� calci�cation,� a� recent�
history of trauma, or just because the tooth is not 
reacting, some teeth may not respond to pulp 
testing. As previously mentioned, this is the reason 
why all testing must be comparative in nature 
(e.g. thermal testing on any teeth may not elicit a 
response by the patient).

A tooth with a necrotic pulp is considered to be 

nonvital. When a tooth does not respond to heat, 
electrical, or mechanical stimulation, pulp necrosis 
is suspected; however, the precise diagnosis is not 
made until the pulp chamber and the root canal 
have been examined and probed. As was mentioned 
above, even in teeth that clinically appear to be 
healthy, the necrotic pulp tissue and the root 
canal area are infected virtually always. An apical 
granuloma or cyst will eventually grow as a result 
of� in�ammation�caused�by�microorganisms�in�the�
tooth’s root canal over time. Therefore, treating a 
nonvital tooth always entails treating an infectious 
disease process.

If the pulp is completely necrotic, the 
predominantly anaerobic microbes have a safe 
haven because there are no defense cells if there is 
no vascularity.

Radiographic alterations from a necrotic 
pulp won’t appear until the cortical plate starts 
to� demineralize.� (Signi�cant� medullary� bone�
degradation may take place prior to the onset of 
radiographic symptoms).

A polymicrobial mixture with roughly equal 
amounts of gram-positive and gram-negative 
species, dominated by obligate anaerobes, causes 
primary root canal infection in untreated root 
canals.

Extraradicular infection7,38-47

Extraradicular infection typically develops from 
an intraradicular infection that has traveled through 
the apical foramen to the periradicular tissues. An 
acute apical abscess, in which there has been a 
signi�cant�bacterial�invasion�and�a�buildup�of�pus�
in the periapical region, is a typical instance of an 
extraradicular infection. Pus is produced as a result 
of microbial invasion of the periapical tissues, which 
de�nes� an� acute� apical� abscess.� Extraradicular�
infections� and� periapical� bio�lms� are� thought� to�
be potential causes of endodontic failure since they 
have mostly been linked to post-treatment apical 
periodontitis. Using 16S rRNA cloning, sequencing, 
and pyrosequencing, the microbial communities 
of� root� �lled� canals� with� post-treatment� apical�
periodontitis have been examined. In untreated 
teeth,� bacterial� intraradicular� bio�lms� are� the�
primary cause of apical periodontitis. The majority 
of� such� bio�lms� are� eliminated�during� a� primary�
root canal treatment by the chemomechanical 
action of tools and irrigants during the expansion 
and shaping of the main and minor channels.
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Management of Endodontic Infection22,27,48-56

Adequate debridement of the diseased root 
canal and drainage for both soft and hard tissue 
are essential to the effective therapy of infection 
of endodontic origin. Removing the pathogenic 
bacteria, their byproducts, and pulpal debris from 
the infected root canal system that produced the 
periapical pathosis and creating conditions that 
will help the lesion heal are the goals of treating 
infections of endodontic origin. The localized 
soft tissue swelling of endodontic origin should 
be incised and drained concurrently, along 
with� suf�cient� debridement� of� the� root� canal�
system. Studies have shown that when adequate 
local debridement, medication, and incision for 
drainage, if necessary, have been accomplished in 
cases with irreversible pulpitis, symptomatic apical 
periodontitis, or localized acute apical abscess, 
adjunctive antibiotics are ineffective in preventing 
or alleviating signs and symptoms.

Additionally, it is considered best practice to 
give patients with spreading infections primary or 
adjunctive antibiotic prescriptions along with local 
debridement and surgical drainage and to closely 
monitor their recovery since these prescriptions are 
made based on clinical judgment and may not be 
effective�or�suf�cient�for�adequate�treatment.33,57-64

A complicated regeneration process including 
bone, periodontal ligaments, and cementum is used 
to repair the periradicular tissues. Bone eventually 
�lls�in�the�area�of�mineral�loss,�and�the�radiographic�
density rises. If the cortical plate is punctured, 
healing starts with the external cortical plate’s 
regeneration and moves inside the lesion from the 
outside. Because the maxilla has a larger circulatory 
network than the mandible, maxillary lesions heal 
more quickly than mandibular lesions. Due to 
the proximity of the buccal and lingual plates in 
the front segments, anterior lesions of the maxilla 
and mandible heal more quickly than posterior 
lesions.65-73

It was also hypothesized that the infection 
could enter the periapical tissue through the pulp 
that had survived and the apical papilla, leading 
to� signi�cant� bone� resorption.� Additionally,� it�
may be feasible for periapical illness to develop 
even when the pulp is only partially necrotic and 
infected because the open apex allows for adequate 
connection between the pulp tissue and the 
periapical tissue.74-81

Adequate debridement of the diseased root 
canal and drainage for both soft and hard tissue 

are essential to the effective therapy of infection 
of endodontic origin. Removing the pathogenic 
bacteria, their by products, and pulpal debris from 
the infected root canal system that produced the 
periapical pathosis and creating conditions that 
will help the lesion heal are the goals of treating 
infections of endodontic origin. The localized 
soft tissue swelling of endodontic origin should 
be incised and drained concurrently, along 
with� suf�cient� debridement� of� the� root� canal�
system. Studies have shown that when adequate 
local debridement, medication, and incision for 
drainage, if necessary, have been accomplished in 
cases with irreversible pulpitis, symptomatic apical 
periodontitis, or localized acute apical abscess, 
adjunctive antibiotics are ineffective in preventing 
or alleviating signs and symptoms.82-84

Additionally, it is considered best practice to 
give patients with spreading infections primary or 
adjunctive antibiotic prescriptions along with local 
debridement and surgical drainage and to closely 
monitor their recovery since these prescriptions are 
made based on clinical judgment and may not be 
effective�or�suf�cient�for�adequate�treatment.85-89

Persistent apical periodontitis may be brought on 
by an endodontic root infection that persisted after 
therapy. In addition, excessive instrumentation 
and/or� over�lling�with� the� resulting� extrusion�of�
debris and material during root canal therapy may 
potentially�cause�in�ammation�to�continue.90-93

CONCLUSION

Different bacterial species appear to predominate 
at various stages of the infectious process during 
root canal infection, which is a dynamic process. 
Facultative bacteria predominate in the early stages 
of the pulpal infectious process. After a few days 
or weeks, the root canal loses oxygen due to pulp 
necrosis and facultative bacteria eating it. As a 
result, a low redox potential anaerobic environment 
forms, which is extremely favorable for the survival 
and expansion of obligate anaerobic bacteria. As a 
result, effective infection control is the prerequisite 
and basis for healing, where root canal preparation 
is a crucial step. Because different grades of root 
canal infection require varied disinfection schedules 
to aid tissue healing and assure the long term 
success rate of endodontic treatment, an accurate 
diagnosis of the grades of infected root canals is 
required before treatment.
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