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Abstract

	 Calcium silicate-based root canal sealers (CSS) have transformed root canal treatment with their excellent properties. 

However, the risk of extrusion into the inferior alveolar canal (IAC) may lead to nerve injuries and significant morbidity. Multiple 

factors contribute to extrusion, including anatomical variability, over-aggressive canal preparation, and the high flowability of CSS. 

Both non-surgical and surgical management strategies are discussed. Non-surgical interventions, including those that employ 

corticosteroids, B vitamins, and analgesics, show promise in reducing inflammation and supporting nerve recovery. In contrast, 

surgical techniques, including material removal and nerve decompression, are reserved for severe cases. Early diagnosis through 

advanced imaging, such as cone-beam computed tomography (CBCT), is crucial for effective intervention. Clinicians should 

conduct thorough preoperative assessments and refine obturation methods to minimize extrusion risks. Further research and the 

development of standardized guidelines are necessary to manage sealer extrusion into the IAC, which will enhance endodontic 

practice and minimize the risk of permanent nerve damage. 
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Introduction 
	 The mandibular or inferior alveolar canal (IAC) 

is located beneath the apex of the mandibular 

posterior teeth. The anatomical relationship of the 

IAC, containing the inferior alveolar nerve (IAN) and 

artery, to the root apices of mandibular posterior 

teeth is an essential concern in root canal treatment. 

During both surgical and nonsurgical procedures, 

including local anesthet ic ,  working length 

determination, mechanical instrumentation, root 

canal obturation, and apical surgery, IAN is at risk of 

damage due to its proximity. The results of the IAN 

injury are sensory disturbances, including anesthesia, 

paresthesia, and pain (1–3). This relationship has 

been studied using cone beam computed 

tomography (CBCT), which shows that the apices of 

mandibular second molars are often closer to IAC 

than those of first molars and premolars, with the 

distal root sometimes being the nearest (4). 

Anatomical knowledge and awareness of the IAC 

and apex relationship are essential in reducing the 

potential for iatrogenic nerve injury during 

endodontic treatment.

	 Root canal filling techniques have changed 

dramatically with the introduction of Calcium 

silicate-based root canal sealers (CSSs) (5). Unlike 

traditional root canal sealers, CSSs are hydrophilic, 

biocompatible, and exhibit high alkalinity during the 

setting process. Their superior flowability and slight 

expansion upon setting make them well-suited for 

use with the single-cone obturation technique (6). 

Even with the single-cone obturation technique, the 

efficacy of sealing and clinical outcomes remains 

comparable to those of traditional sealers using 

gutta-percha compacted obturation techniques  

(7–11). Furthermore, when CSS is used in combination 

with gutta-percha cones impregnated with 

bioceramic particles, a hermetic seal can be 

achieved, which may reinforce the prepared root as 

a positive consequence (12). In addition, if the 

clinician prefers, gutta-percha compression methods 

such as cold lateral compaction or warm vertical 

compaction can also still be used with CSS (13). 

However, a notable drawback of using warm vertical 

compaction with CSS is that it may interfere with the 

setting time and reduce flowability. Consequently,  

a new generation of CSS has been developed 

specifically for compatibility with warm obturation 

techniques—namely, TotalFill BC Sealer HiFlow and 

EndoSequence BC Sealer HiFlow (14,15).

	 The goal of root canal obturation is to ensure 

a tight seal, which resists fluid leakage from the 

coronal and apical areas and seals dentinal tubules. 

The filling technique was developed to fill the space 

within the root canal system as much as possible 

while considering the risk of materials extruding into 

periapical tissues (16). Root canal obturation 

techniques that deliver larger volumes of sealer 

with high flowability can increase the likelihood of 

material extrusion into the periapical tissues. The 

retrospective study found that when root canals 

were filled with iRoot SP using sealer-based 

techniques, the prevalence of apical extrusion was 

as high as 96% (17). It has come to the attention that 

such occurrences may result in irritation of periapical 

structures, alteration or loss of nerve sensation, 

delayed healing, and potentially compromised 

treatment outcomes. In particular, root canal 

treatment was performed in mandibular posterior 

teeth where the root apex is close to the IAC. There 

are reports of the extrusion of CSS into IAC with 

various consequences, such as transient or 
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permanent paresthesia, neuropathic pain, and 

sensory disturbances (18). Although the use of CSS 

has been around for almost two decades, few 

studies have examined the effects of CSS 

overextension beyond the root into IAC. This 

literature review aims to compile current knowledge 

regarding the impact, management, and treatment 

outcomes of cases involving CSS extrusion into IAC.

Relationship between mandibular teeth 

and IAC
	 The IAC is the pathway for the artery, vein, 

and nerve bundles to supply the structure of the 

mandible (19). The IAN is a division of the mandibular 

nerve, originating from the trigeminal nerve, which 

traverses the foramen ovale at the skull's base and 

then enters the mandible through the mandibular 

foramen. The usual pathway of IAC is located 

inferiorly and lingually in relation to the roots of the 

mandibular posterior teeth, particularly the molars 

and premolars (Figure 1). The distance from the 

distal root apex of the mandibular second molar to 

the IAC was found to vary based on age, gender, and 

even the side of the mandible (20).

	 The mandibular second molars have a closer 

and more frequent relationship with the IAC than 

the mandibular first molars (20). CBCT studies in 

various populations, including Egyptians, Emiratis, 

and the United Kingdom (UK), have consistently 

demonstrated this finding (Table 1). In the Egyptian 

study, the apices of mandibular second molars were 

significantly closer to the IAC, with mesial roots 

generally exhibiting a shorter distance than distal 

roots (20). An Emirati study found the distal root of 

the mandibular second molar to be the closest to 

the IAC, with a mean distance of 2.06 ± 1.83 mm (4). 

Furthermore, a UK-based study revealed that in 

over 50% of mandibular second molar roots, the 

distance to the IAC was ≤3 mm (21). 

	 The mandibular premolars generally have a 

greater distance from the IAC than the mandibular 

molars. In an Emirati subpopulation study, the mean 

distance between the root apex of the mandibular 

second premolar and the IAC was 4.02 ± 2.02 mm, 

more significant than the distances observed for the 

molar roots (4). Similarly, a study in central India 

reported a more significant average distance from 

the second premolar root apex to the IAC than the 

molars (22).

Figure 1	 Relationship between IAC and mandibular 

first and second molars with small sealer extrusions 

into IAC

Factors affecting the distance between 

mandibular root apices and the IAC
	 Age, gender, anatomy, and tooth type all 

significantly influence the distance between 

mandibular root apices and the IAC (20). Younger 

patients tend to exhibit shorter distances, likely due 

to ongoing bone development, while older 

individuals generally show increased separation 
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because of continued bone growth and possible 

inferior canal migration (4,23). Gender differences 

are evident, with male subjects typically having 

greater distances than females, probably attributable 

to overall larger mandibular dimensions in men (24). 

Additionally, inherent anatomical variability, 

including differences in root morphology, the course 

of the IAC, and side-specific variations in cortical 

bone thickness, further contributes to the range of 

distances observed among individuals, underscoring 

the need for individualized radiographic assessment 

before invasive dental treatments (25). The proximity 

of root apices to the IAC is a critical factor influencing 

the risk of sealer extrusion and subsequent nerve injury. 

Calcium silicate-based root canal sealers
Composition

	 CSS are characterized by their primary 

composition of calcium silicate-based materials, 

typically high concentrations of di- and tricalcium 

silicates (27). Additional compounds are introduced 

to modify the physico-chemical and biological 

Table 1	 Studies of distances between root apices of mandibular teeth and the IAC

Author/Year Population Teeth Mean distance 

(mm)

Oliveira et al., 2019 (26) Brazilian Left mandibular first premolar

Right mandibular first premolar

Left mandibular second premolar

Right mandibular second premolar

5.76 ± 2.35

5.87 ± 2.44

3.97 ± 2.34

4.15 ± 2.47

Alazemi et al., 2024 (4) Emirati Mandibular second premolar 4.02 ± 2.02

Hiremath et al., 2016 (22) Indian Mandibular second premolar 4.09 ± 2.58

Sharaan et al., 2022 (20) Egyptian Mandibular first molar 2.11 - 3.95

Alazemi et al., 2024 (4) Emirati Mandibular second molar 2.06 ± 1.83

Chong et al., 2015 (21) UK Mandibular second molar (distal root)

Mandibular second molar (mesial root)

2.70 ± 1.77

2.59 ± 1.38

characteristics of the substances. Common additives 

include radiopacifiers such as zirconium oxide and 

tantalite, facilitating radiograph visibility (28,29). 

Various thickening agents are also used to achieve 

the desired viscosity and handling properties. 

Different CSS consist of unique combinations of 

various components. For example, BioRoot Flow 

includes tricalcium silicate, calcium carbonate, 

zirconium oxide, propylene glycol, silica, and assorted 

polymers (27). TotalFill BC Sealer, iRoot SP, and 

EndoSequence BC Sealer include zirconium oxide, 

calcium silicates, calcium phosphate, and calcium 

hydroxide (29,30). AH Plus Bioceramic Sealer 

incorporates zirconium dioxide, tricalcium silicate, 

dimethyl sulfoxide, and lithium carbonate (27). 

Ceraseal and NeoSealer Flo utilize calcium silicates 

with radiopacifiers and potential additives like 

polyethylene glycol (31). Bio-C Sealer comprises 

calcium silicates, calcium aluminate, calcium oxide, 

zirconium oxide, and other inorganic components 

(32). Efforts continue to optimize CSS for better 

clinical performance.
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Setting reaction

	 The set t ing  o r  ha rden ing  o f  CSS  i s 

fundamentally a hydration-driven chemical process 

that occurs in the presence of moisture, which is 

typically sourced from the dentinal tubules and 

surrounding periapical tissues. This reaction primarily 

involves the hydration of the calcium silicate 

components, such as di- and tricalcium silicates, 

leading to the formation of a calcium silicate 

hydrate (CSH) gel and calcium hydroxide (Ca(OH)2) 

(30). The generation of calcium hydroxide contributes 

to the high alkalinity of these sealers, which plays a 

role in their antibacterial properties. Furthermore, 

the interact ion between the calc ium-r ich 

environment created by the hydrating sealer and 

the phosphate ions present in physiological fluids 

facilitates the precipitation of hydroxyapatite 

(Ca10(PO4)6(OH)2) at the interface of the sealer, which 

then bonds to the dentin wall (33).

Biological properties

	 CSS is gaining attention in endodontics due to 

its beneficial biological properties, which could 

improve treatment outcomes. CSS generally exhibits 

higher cell viability when compared to traditional 

epoxy resin-based sealers such as AH Plus (34). 

Studies show that BioRoot Flow and AH Plus 

Bioceramic Sealer have demonstrated significantly 

positive results in cytocompatibility assays with 

human periodontal ligament stem cells (hPDLSCs), 

unlike the less favorable outcomes seen with AH 

Plus (27). Similarly, EndoSequence BC Sealer 

formulations have shown comparable or superior 

biocompatibility (35). The interaction of CSS with 

hPDLSCs has been extensively studied due to the 

potential for sealer extrusion into the periodontal 

tissues. Studies consistently demonstrate that CSS 

exhibits adequate cytocompatibility, including cell 

metabolic activity, migration, and superior cell 

adhesion, compared to traditional sealers (36). 

However, several studies have reported no significant 

differences between CSS and AH Plus in terms of 

overall clinical outcomes (37–40).

	 CSS can in te ract  w i th  phys io log ica l  

fluids to induce hydroxyapatite formation.  

This biomineralization process improves the seal at 

the dentin-sealer interface and supports a suitable 

biological environment. Investigations have revealed 

that CSS stimulate the expression of genes associated 

with bone and cementum formation, including bone 

sialoprotein, cementum protein-1 (CEMP-1), and 

Cementum attachment protein (CAP) (27). 

	 CSS have immunomodulatory effects in 

addition to interacting with cells and tissues. Studies 

have indicated that CSS can significantly reduce the 

production of pro-inflammatory cytokines such as 

IL-6 and IL-8 by hPDLSCs compared to epoxy resin-

based sealers (27). This anti-inflammatory potential 

may help reduce post-operative inflammation and 

promote periapical healing.

	 The osteogenic and cementogenic potential 

of CSS is closely linked to their bioactivity. These 

materials can enhance the differentiation of stem 

cells towards osteoblasts and cementoblasts, which 

are critical cell types involved in hard tissue 

formation (41,42). 

	 Although CSS are generally regarded as 

biocompatible and capable of promoting tissue 

regeneration, their extrusion into periapical tissues 

may still lead to adverse biological responses. When 

extruded beyond the apical foramen, CSS can 

induce local inflammation, cytotoxic effects, and 

mechanical irritation of the surrounding tissues. In 

vivo studies (43) have demonstrated that CSS 
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implanted in soft tissue elicited an inflammatory 

response characterized by infiltration of inflammatory 

cel ls  and increased cytok ine product ion. 

Furthermore, González-Martín et al. (2010) reported 

clinical cases where overextension of CSS resulted 

in periapical tissue irritation and subsequent nerve 

dysfunction (42).

Factors related to the cause of CSS extrusion 
	 Sealer extrusion occurs when root canal 

sealer material is unintentionally pushed beyond 

the apical foramen of the root canal during a root 

canal obturation. It can occur due to a combination 

of factors related to anatomy, iatrogenic factors, 

delivery technique, and sealer properties. Few case 

reports of CSS extrusion into the IAC have been 

published (Table 2).

Anatomical Factors

	 Proximity of root apices to the IAC: The close 

relationship between the root tips of mandibular 

molars and the IAC increases the risk of sealer 

extrusion into the canal. The distance between the 

Table 2	 Reported Cases of CSS Extrusion into the IAC and associated neurological complications

Author/Year Age/

Gender

Tooth Sealer Symptoms Onset Outcome

Alves et al., 

2020 (46)

23 / F 47 MTA Fillapex - Permanent 

labiomandibular 

paresthesia

Immediate Persistent after  

1 year

Stanley et al., 

2023 (18)

27 / M 31 EndoSequence - Paresthesia Immediate Resolved by  

9 months

59 / F 30 EndoSequence - Paresthesia,  

- Dysesthesia, 

- Hyperalgesia

 Persistent at  

22 months

23 / F 31 EndoSequence - None N/A No symptoms

root apex and the IAC of the first molar can be 

varied. For the second molar, the distance is 

generally less than 1mm (47). The apices of the third 

molars are often very close to the alveolar nerve 

(5,48).

	 Mandibular bone dens i ty :  Numerous 

cancellous bone in the mandible, particularly in the 

molar region, facilitate the spread of irrigating 

solutions and materials towards the inferior alveolar 

neurovascular bundle (49). A trabecular bone with a 

lower density and numerous lacunae may facilitate 

the penetration of extruded materials (50,51).

	 Periradicular lesions: Large periradicular 

lesions may increase the risk of extrusion (17,52). 

Endodontic infection and inflammation can weaken 

the bone barrier and cause the diffusion of materials.

Iatrogenic Factors

	 Over instrumentation: Excessive root canal 

preparation can lead to enlargement of the apical 

foramen and loss of constriction, which facilitates 

the extravasation of irrigating products or filling 

material beyond the apex.
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	 Incorrect working length: Overextension of 

cleaning and shaping beyond the apical foramen 

can directly contribute to sealer extrusion.

Sealer Delivery Techniques

	 Use of lentulo spiral or thermomechanical 

compaction: These techniques can increase the risk 

of extruding materials (53).

	 Lack of clinician experience: The dentist's skill 

in handling the materials and techniques can impact 

the likelihood of extrusion (18).

	 Back pressure: Back pressure can develop 

when the delivery tip fits tightly in the canal or 

when excessive force is applied during sealer 

placement. This may increase the risk of apical 

extrusion into the IAC, particularly in teeth with root 

apices located close to the IAC (18).

	 Hydraul ic pressure:  Even the passive 

introduction of the sealer, such as cold hydraulic or 

single cone technique, can cause extrusion due to 

hydraulic pressure (54).

	 Excessive vertical pressure: Excessive pressure 

during the compaction of filling materials may 

contribute to extrusion.

	 Notably, Jaha (2024) reported that the single-

cone technique is associated with a significantly 

lower risk of sealer extrusion compared to warm 

vertical compaction (55).

Type of Sealer

	 The risk of extrusion varies among different 

types of sealers, with CSS exhibiting a higher 

incidence of extrusion compared to resin-based 

sealers, primarily due to their superior flowability 

(54). Zamparini et al. (2024) reported that premixed 

injectable bioceramic sealers exhibit higher 

flowability and lower viscosity compared to powder-

liquid formulations, facilitating easier placement but 

also increasing the potential risk of apical extrusion, 

particularly when warm obturation techniques are 

employed. In contrast, powder-liquid bioceramic 

sealers, due to their higher viscosity, allow for more 

controlled application and thereby reduce the 

likelihood of extrusion. Meta-analysis revealed a 

wide range of extrusion rates for premixed bioceramic 

sealers (11.8% to 59.8%) compared to controls 

(11.8% to 33.3%) (56).

Nerve response to calcium silicate 
materials
Physical pressure (mechanical injury)	

	 Extrusion of root canal filling material into the 

IAC can cause mechanical injury to the IAN through 

physical compression (44,57). The presence of 

extruded material within the canal can exert pressure 

on the nerve fibers, even without direct contact, 

leading to various neurosensory alterations (18).  

This mechanical compression may disrupt normal 

nerve conduction, manifesting as anesthesia  

(loss of sensation), hypoesthesia (reduced sensation), 

hyperesthesia (increased sensitivity), dysesthesia 

(unpleasant abnormal sensation), or paresthesia (2). 

The degree of damage depends on the amount of 

material extruded and the hydraulic or back pressure 

applied during obturation (58). In particular, when 

CSS spreads in a plasma-like pattern within the bone 

marrow or along the IAC, it can surround the 

neurovascular bundle and increase the likelihood of 

persistent symptoms (44,45).
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Chemical components (cytotoxicity and 

inflammatory response)

	 In addition to mechanical effects, CSS 

extrusion can lead to chemical injury of the IAN due 

to the cytotoxicity and inflammatory potential of its 

components. The high alkalinity, ion release, and 

bioactivity of calcium silicate materials can trigger an 

inflammatory response in the surrounding tissues. 

Silva et al. reported that although both epoxy resin-

based and CSS can elicit an initial inflammatory 

reaction, this response tends to resolve more 

rapidly with CSS, potentially resulting in a more 

favorable biological outcome in cases of extrusion 

(59). However, in vivo studies have shown that 

extruded CSS can st i l l  induce neurogenic 

inflammation by stimulating the release of 

neuropeptides, such as calcitonin gene-related 

peptide, from nociceptors (43). This process may 

contribute to symptoms like paresthesia and 

neuropathic pain. Additionally, nerve fiber sprouting 

and activation of peripheral C nociceptors have 

been implicated in cases of prolonged dysesthesia, 

heat hyperalgesia, and mechanical allodynia 

associated with CSS extrusion (18, 41).

Diagnosis
	 When CSS extruded into the IAC, early 

diagnosis, prompt recognition of symptoms, and 

radiographic confirmation could lead to more 

effective management. Clinical evaluation involves 

a thorough medical history, assessment of symptoms, 

and clinical neurosensory tests to assess the extent 

and severity of paresthesia. These tests can include 

mechanoceptive and nociceptive testing. Some 

patients may not experience any neurosensory 

deficits despite the extrusion of CSS into the IAC.

	 Radiographic evaluation involves periapical 

radiographs to determine the relationship between 

the root apex and nerve endings. However, 

conventional radiographs offer limited information. 

CBCT is recommended for a detailed three-

dimensional view of the tooth, root canal, and 

surrounding tissues, which helps to determine the 

location of extruded materials and their proximity to 

the IAN (25). The radiograph can sometimes present 

a "plasma-like spreading pattern," where the sealer 

extends along the IAC and surrounds the 

neurovascular bundle during the root canal 

obturation procedure (18).

Management	
	 Treatment approaches vary, ranging from non-

surgical to surgical intervention. The choice of 

treatment depends on factors such as the severity 

of symptoms, volume and the extent of extrusion, 

and the patient's preferences.

Non-Surgical Interventions:

	 •	 Monitoring and Follow-up: Regular 

follow-up visits are essential to monitor the patient's 

symptoms and the resorption of the extruded 

material. This may include mapping the area of 

neurosensory alteration and involve pinpointing the 

region of neurosensory alteration. This method is 

based on the assumption that the cytotoxicity of 

sealers diminishes over time, particularly in patients 

exhibiting minor or absent symptoms or when the 

extruded material is a CSS, which could have 

superior biocompatibility (18).

	 •	 Pharmacological Management: 

		  o Corticosteroids: These may be used to 

decrease periapical inflammation caused by the 

extruded material.                                                       
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			    Prednisone 40–60 mg/day orally for 

5–7 days, followed by gradual tapering to reduce 

periapical inflammation and nerve edema (60).

		  o B Vitamins: Supplements like vitamin B 

complex (thiamine, pyridoxine, and cyanocobalamin) 

are often used to promote nerve regeneration and 

the development of the myelin sheath. 

			    Vitamin B1 (Thiamine) 100 mg/day, 

Vitamin B6 (Pyridoxine) 100 mg/day.			 

			    Vitamin B12 (Cyanocobalamin) 500–

1000 mcg/day, Typically administered orally for 2–4 

weeks (46,61).

		  o Analgesics: Pain medication may be 

prescribed to manage any discomfort. 

			    Ibuprofen 400–600 mg every 6–8 

hours as needed for pain control.

			    Alternatively, Acetaminophen 500–

1000 mg every 6–8 hours may be used if NSAIDs are 

contraindicated (62).

		  o Pregabalin (GABA analogue): This can 

manage neuropathic pain associated with IAN injury. 

A case report showed the resolution of pain and 

paresthesia after non-surgical management, 

including prednisone and pregabalin. Another case 

also reported complete resolution of paraesthesia 

and pain with this combination therapy.

			    Starting dose 75 mg twice daily (150 

mg/day), titrated to 150–300 mg/day depending on 

patient tolerance and symptom control (58,63).

Outcomes of Non-Surgical Interventions:	

	 The outcomes of conservative management 

vary and can be broadly categorized as favorable or 

unfavorable. Favorable outcomes refer to cases 

where neurosensory symptoms fully resolve or no 

symptoms occur despite confirmed sealer extrusion. 

For instance, Stanley et al. (2023) reported a case of 

temporary paresthesia that completely resolved 

within nine months following non-surgical 

management (18). In contrast, unfavorable outcomes 

involve persistent symptoms such as paresthesia, 

dysesthesia, or mechanical allodynia. For example, 

Alves et al. (2020) documented a case of permanent 

labiomandibular paresthesia persisting at one-year 

follow-up after MTA-based sealer extrusion, despite 

corticosteroid and vitamin B therapy (46). Clinical 

outcomes can range from complete resolution of 

symptoms (pain, paresthesia, anesthesia) to 

persistent or unchanged deficits. Prognosis is 

influenced by several factors, including the type and 

volume of extruded material, the chemical 

properties of the sealer, the location and proximity 

of the extrusion to the nerve, and the duration of 

nerve involvement, with prolonged compression 

generally associated with poorer outcomes. 

Surgical Interventions:

	 Surgical interventions commonly used to 

manage extruded materials into the IAC include 

surgical removal, nerve decompression, and irrigation 

procedures with saline solution, as reported in 

several clinical studies (56,60). Surgical methods are 

sometimes necessary to fully recover sensation. 

However, surgical procedures can also increase the 

risk of additional nerve damage.  Surgical removal of 

extruded material is often recommended, especially 

when dealing with larger extrusions, neurotoxic 

materials, or persistent symptoms. The primary 

objective is completely removing the foreign body 

to rel ieve symptoms and prevent further 

complications. Nerve decompression involves 

releasing the IAN from compression by removing 

surrounding bone or restrictive tissues. 
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	 A range of techniques are used, such as 

lateral window opening, which allows access to the 

IAN via a lateral approach (Figure 2). Sagittal split 

osteotomy, a more invasive surgical procedure that 

is occasionally used to improve nerve access and 

decompression. Additionally, irrigation of the IAC is 

often performed intraoperatively to assist in 

thoroughly removing the extruded material and 

minimizing residual contamination (64,65).

Figure 2	 Lateral window opening approach for 

surgical access to the IAC.

Outcomes of Surgical Interventions:

	 Surgical interventions often result in notable 

improvements in neurosensory function, including 

reductions or resolution of paresthesia, anesthesia, 

dysesthesia, and associated pain. Early intervention 

typically yields a more favorable prognosis (61). 

Nevertheless, even after three weeks or longer, 

delayed surgery can still significantly improve 

sensory recovery (53). However, the extent of 

recovery varies among individuals, and while some 

patients experience dramatic or complete restoration 

of normal sensation, others may achieve only 

moderate to substantial improvements. Microsurgical 

techniques have demonstrated beneficial outcomes 

in addressing neurosensory deficits associated with 

endodontic treatments (66). Despite these positive 

findings, in cases of extensive or prolonged nerve 

damage, surgical outcomes become less predictable, 

and complete recovery might not always be 

attainable (65).

Factors influencing the selection of treatment 

options

	 Several factors influence the choice of 

treatment (Figure 3) in cases of material extrusion 

into the IAC. The severity of symptoms significantly 

guides the therapeutic approach, with mild 

symptoms often managed conservatively, whereas 

severe or persistent symptoms typically necessitate 

surgical intervention. Additionally, the amount and 

neurotoxicity of the extruded sealer play critical 

roles, as larger quantities of extruded materials, 

particularly those with high neurotoxicity, may 

require surgical removal (46,60,64). Ruparel et al. 

2014 demonstrated that AH Plus exhibited greater 

neurotoxicity by significantly increasing CGRP release, 

whereas EndoSequence BC Sealer showed minimal 

to no neurotoxic effect (68). The exact location of 

the extrusion, especially its proximity to the nerve 

or presence within the IAC, also strongly influences 

treatment decisions. The timing of intervention is 

crucial; early surgical intervention generally leads to 

better clinical outcomes, although delayed 

procedures can still yield considerable improvement 

(65). Some clinicians advocate for immediate surgical 

intervention for nerve injuries, as early repairs are 

thought to be more successful than delayed ones, 

but this is still controversial (49). Finally, patient 

preference is essential, as some individuals might 

initially favor conservative management (18).  

In contrast, others, upon being informed about the 

associated risks, benefits, and alternatives, might 

prefer immediate surgical intervention (53).
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Recovery patterns and Prognosis

	 The recovery duration from neurosensory 

alterations caused by sealer extrusion into the IAC 

varies, with some cases resolving quickly and others 

persisting for an extended period. These can be 

categorized into four groups.

	 Temporary paresthesia: This may be resolved 

spontaneously within a few months, and in some 

cases, it can be resolved even earlier. One report 

documented complete recovery within nine months 

following the extrusion of CSS, despite its favorable 

biocompatibility. Several factors may contribute to 

the development of paresthesia, including the 

injection technique, volume of extruded material, 

host inflammatory response, and anatomical 

variations (18). In contrast, another case involving AH 

Plus showed symptom improvement within a few 

days and complete resolution within one month. 

This favorable outcome was likely influenced by the 

relatively small volume of extruded material and 

early pharmacologic intervention with pregabalin 

and prednisone to manage neurogenic pain and 

paresthesia (58). 

Figure 3	 Factors influencing the selection of treatment options

	 Partial Resolution: Some patients may 

experience reduced symptoms but do not 

completely recover. In one case, a patient 

experienced decreased paresthesia intensity and a 

return of temperature sensation, but the affected 

area remained the same after 3 months. Another 

case of CSS reported that the "pins and needles" 

sensation persisted, though tenderness in the 

gingiva and mucosa resolved (18). One patient 

reported a gradual reduction in paresthesia over two 

weeks and a complete resolution within one month.

	 Permanent Paresthesia : Paresthesia is 

considered permanent when it lasts longer than 6 

months (47,69). Using CSS, one case  describes a 

patient experiencing paresthesia that persisted for 

one year with little change in the affected area and 

was considered permanent (46). Another case 

reported persistent paresthesia, hyperalgesia, and 

mechanical allodynia at 22 months (18). This can 

affect a patient's quality of life, such as eating, 

drinking, speaking, and making them uncomfortable.

	 No Neurosensory Alteration: Some patients 

experience no neurosensory deficits despite sealer 

extrusion into the IAC (18).
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Prevention

	 Thorough preoperat i ve  rad iog raph ic 

examinations, including panoramic radiographs and 

potentially CBCT when a close relationship is 

suspected, are essential to accurately assess the 

proximity of root apices, particularly those of 

mandibular molars and premolars, to the IAC 

(50,65). This assessment helps in identifying potential 

risks of IAN injury during endodontic procedures. To 

prevent material extrusion, it is crucial to establish 

the proper working length using both electronic 

apex locators and radiographic confirmation, 

ensuring that instrumentation remains within the 

confines of the root canal. Clinicians should avoid 

over-instrumentation with hand or engine-driven 

files beyond the apical foramen and prevent 

excessive widening of the apical foramen, as this can 

lead to the disappearance of apical constriction and 

facilitate the passage of materials beyond the apex. 

During the delivery of CSS or other filling materials, 

active pressure should be avoided (18). Techniques 

such as cold hydraulic or sealer-based obturation 

methods, including cold lateral compaction, are 

recommended as they have proven more effective 

in preventing overextension of dental filling materials 

than techniques like warm vertical compaction or 

using lentulo spirals. Clinicians must always be aware 

of the potential risks of mechanical and chemical 

injury to the IAN when the root apex is close to the 

IAC. The anatomy of IAN and its varying relationship 

with molar root apices, including direct contact, 

highlights the importance of accurate technique and 

thorough radiographic evaluation (Table 3).

Conclusions
	 The extrusion of CSS into the IAC poses a 

significant clinical challenge with unpredictable 

recovery outcomes.  Current management 

app roache s ,  r an g i n g  f r om con se r v a t i v e 

pharmacological interventions to invasive surgical 

procedures, demonstrate variable efficacy in 

addressing neurosensory complications. Despite 

advancements in endodontic techniques and 

material biocompatibility, the inconsistency of 

treatment results underscores the need to develop 

s t a n d a r d i z e d  m a n a g e m e n t  g u i d e l i n e s . 

Comprehensive protocols should consider factors 

such as anatomical variations, extent of extrusion, 

sealer properties, and timing of intervention. Such 

guidelines would facilitate more predictable 

outcomes and improve patient safety, ensuring 

clinicians have clear, evidence-based pathways to 

follow when managing CSS extrusion. Ultimately, 

prevention remains the most effective strategy for 

Table 3	 Prevention methods for sealers’ extrusion into the IAC. 

Procedure Prevention methods

Preoperative Assessment Panoramic radiographs and/or CBCT when root apex proximity is suspected

Working Length 

Determination

Use an electronic apex locator with radiographic confirmation

Mechanical instrumentation Avoid over-instrumentation beyond the apical foramen

Obturation Technique Prefer cold hydraulic, sealer-based, or cold lateral compaction

Sealer Delivery Avoid active pressure during CSS placement
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avoiding IAN injury in high-risk cases. Careful 

preoperative assessment of root canal anatomy and 

its proximity to the IAC, the use of advanced imaging 

such as CBCT, controlled sealer delivery without 

excessive pressure, and strict adherence to proper 

obturation techniques are critical measures to 

minimize the risk of extrusion. Emphasizing 

prevention not only reduces the likelihood of 

neurosensory complications but also mitigates the 

need for unpredictable and potentially invasive 

interventions.
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