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Abstract

Aim: Damage to the inferior alveolar nerve (IAN) during endodontic procedures is a rare 

complication. However, over-  instrumentation and over- filling during root canal treat-

ment can cause injury through direct trauma, pressure or neurotoxicity from intra- canal 

irrigants or root canal filling materials, particularly where the roots of mandibular molars 

or premolars are in close proximity to the IAN. This report describes the clinical presenta-

tion and management of a severe chemical injury to the right IAN following the endodontic 

treatment. We also provide practical considerations to help minimise such complications.

Methods: A 27- year- old female developed immediate onset numbness and tingling to 

the right mental region following endodontic treatment of tooth 47. Radiographic exam-

ination confirmed widespread extrusion of root canal sealer within the marrow spaces 

of the right mandibular body extending centrally within the mandibular canal and per-

forating the lingual cortex.

Results: Urgent surgical exploration and decompression of the right IAN were under-

taken, which revealed an avascular and fibrotic nerve with virtually no normal neuronal 

structure. There was evidence of foreign material both in contact with the epineurium 

and within the nerve trunk, much of which could not be eliminated. This severe chemi-

cal insult to the nerve resulted in irreversible anaesthesia in the right IAN distribution.

Conclusion: This case highlights the diligence that is required when performing root 

canal treatment in high- risk mandibular molar teeth, particularly in relation to con-

fining materials within the canal space, accurate canal measurements and comprehen-

sive radiographic evaluation both pre-  and post- operatively. Urgent specialist referral 

for the elimination of foreign material is essential to maximise the potential for nerve 

regeneration.

K E Y W O R D S
anaesthesia, endodontics, inferior alveolar nerve injury, neurotoxicity, oral surgery, paraesthesia

I N TRODUC TION

Although damage to the inferior alveolar nerve (IAN) during 
endodontic procedures is a rare complication, it can result in 

permanent anaesthesia, and debilitating neuropathic pain.1,2 
In cases where the roots of mandibular molars or premolars 
are in close proximity to the IAN, over- instrumentation and 
over- filling during endodontic treatment may result in nerve 
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injury via direct trauma, pressure or neurotoxicity from 
intra- canal irrigants or root canal filling materials.3– 5

All endodontic sealer materials exhibit some level of 
toxicity6 but small material extrusions are generally well 
tolerated by the periradicular tissues.7,8 However, extru-
sion of sealer materials into the mandibular canal may 
result in significant neurosensory deficit as a result of neu-
rotoxicity and compression.1 This can result in symptoms 
of paraesthesia, dysaesthesia, hyperaesthesia, hypoaesthe-
sia and anaesthesia in the region supplied by the IAN.1,2,9 
The prognosis is influenced by the time elapsed from nerve 
injury to elimination of the foreign material and nerve 
decompression.10

This report describes an extreme case of right IAN 
injury following root canal treatment of a mandibular 
right second molar (47). The clinical presentation and 
surgical management have been described in accordance 
with the Preferred Reporting Items for Case reports in 
Endodontics (2020) guidelines.11 We also provide prac-
tical considerations to help prevent and minimise such 
complications.

BACKGROU N D

Patient history

A 27- year- old female was referred to the Sheffield 
Trigeminal Nerve Injury clinic as a tertiary referral from 
a specialist Oral Surgeon in primary care. The patient's 
primary complaint was a history of persistent numbness 
and tingling to the right mental region which had devel-
oped immediately following endodontic treatment of tooth 
47, completed 2 months previously by her General Dental 
Practitioner. Approximately 6 weeks after completion of the 
endodontic treatment, the patient presented to the refer-
ring Oral Surgeon, who proceeded to extract tooth 47 due 
to symptoms of pain and infection. However, the numb-
ness had not diminished after extraction, and the patient 
reported recurrent biting and trauma of the lip, although 
there was no neuropathic pain. She was otherwise medi-
cally fit and well, did not take any routine medications and 
had no known drug allergies. She was a non- smoker and 
had a low alcohol intake.

Clinical examination

A full clinical assessment was undertaken at the nerve injury 
clinic. There was no facial asymmetry or cervical lymphad-
enopathy, and the temporomandibular joint was normal on 
examination. Neurosensory testing of the fifth cranial nerve 
revealed an inability to detect light touch (using a von Frey 
filament) and sharp pinprick testing (using a dental probe) 
to the right lower lip and chin, suggesting significant an-
aesthesia (Table  1). Two- point discrimination testing was 
conducted using a two- pronged instrument with blunt ends 
which allowed measurements between the two prongs to 
assess innervation density. Findings revealed significantly 
reduced tactility in the right mental region until the width 
between two distinct points was measured at 18 mm apart, 
in comparison to 2– 4 mm on the unaffected side. Intra- oral 
soft tissues were healthy, and the socket of tooth 47 appeared 
to have full mucosal healing. Sensation to the lingual nerve 
was normal and there were no other neurological deficits in 
sensory or motor function identified.

Radiographic investigations

Periapical radiographs provided by the referring Oral 
Surgeon demonstrated the presence of radiopaque mate-
rial at the root apices of the endodontically treated tooth 
47 (Figure 1, left) which can also be seen after extraction in 
the region of the mandibular canal (Figure 1, right). A cone- 
beam computed tomography scan (Figure  2) confirmed 
widespread extrusion of root canal filling material/sealer 
within the marrow spaces of the right mandibular body ex-
tending centrally within the mandibular canal and perforat-
ing the lingual cortex of the mandible. There was evidence 
of bony destruction and periosteal reaction in keeping with 
chronic infection.

Surgical decompression and exploration

Surgical exploration of the right IAN under general anaes-
thetic was urgently arranged and took place within 2 weeks of 
initial clinic attendance. Corticotomy of the buccal cortical 
plate was undertaken, and under an operating microscope, 

T A B L E  1  Outcome of neurosensory testing of the fifth cranial nerve at initial presentation to Sheffield trigeminal nerve injury clinic

Neurosensory test Site: Lower lip Detection and thresholds Site: Chin Detection and thresholds

Light touch Injured side 0% detection Injured side 0% detection

Unaffected side 100% detection Unaffected side 100% detection

Sharp pin- prick Injured side 0% detection Injured side 0% detection

Unaffected side 100% detection Unaffected side 100% detection

Two- point discrimination Injured side >14 mm Injured side >18 mm

Unaffected side 2– 4 mm Unaffected side 2– 4 mm
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the IAN canal was explored. The right IAN was avascular 
and fibrotic with virtually no normal neuronal structure re-
maining. A fibrous neuroma was present with evidence of 
foreign material not only in contact with the epineurium but 
also within the nerve trunk (Figures 3 and 4). As such, a sig-
nificant proportion of sealant could not be eliminated from 
within the neuronal structure. Necrotic tissue was gently de-
brided away from the nerve and sent for histopathological 
analysis. A sample of pus was taken from the apical aspect of 
the socket and sent for microbiological culture and sensitiv-
ity (MC&S).

The patient was admitted for an overnight stay in the hos-
pital and received post- operative doses of intravenous dexa-
methasone and co- amoxiclav. There was minimal swelling 
and bruising at the site of surgery 1 day postoperatively 
and the pain was controlled. The patient was discharged 
with a 5- day course of 625 mg oral co- amoxiclav, 1  g oral 
paracetamol, 400 mg oral ibuprofen and 60 mg oral codeine 
phosphate.

F I G U R E  1  Periapical radiographs showing apical radiolucency with superimposed radiopaque sealer material extruded through apices of 
endodontically treated tooth 47 (left) and present in socket 47 and after extraction (right)

F I G U R E  2  Cone beam computed tomography demonstrating remnants of radiopaque sealer material from the previous endodontically treated and 
extracted tooth 47, with associated radiolucency indicative of chronic infection

F I G U R E  3  Intraoperative clinical photo demonstrating suppuration 
(blue arrow) in the socket of tooth 47
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Outcome

MC&S did not identify the growth of any organisms. 
Histological examination of the specimen demonstrated fi-
brotic nerve tissue with prominent inflammation and depo-
sition of exogenous material within bony fragments of woven 
and reactive bone. Although the patient was unable to attend 
a formal follow- up after the procedure, a post- operative tel-
ephone call suggested no improvement in symptoms of an-
aesthesia in the right mental region. As a significant amount 
of the endodontic sealer material could not be eliminated 
from within the neuronal structure, it would not be expected 
for the nerve to recover long- term.

DISCUSSION

Iatrogenic damage to the IAN secondary to endodontic 
treatment is rare. However, damage to the nerve can occur 
as a result of mechanical, thermal, or chemical trauma from 
overextension and/or overfilling of the root canals in man-
dibular molar teeth.5,12 The incidence of this complication is 
influenced by various factors including the root canal con-
figuration, trajectory of the IAN with respect to the apices, 
technique- related parameters and the choice of root canal 
filing system or sealer cement used.13

Successful endodontic outcomes are achieved by thor-
ough chemo- mechanical debridement and obturation of the 
canal space. Commonly used endodontic medicaments have 
strong alkalinity (sodium hypochlorite pH 11– 12, calcium 
hydroxide pH 10– 14) that have the potential to cause cellular 
necrosis of tissues that are in direct contact.14 Experimental 
animal studies have shown evidence of Wallerian degenera-
tion, which is the interruption of nerve cell bodies that leads 
to cell death when calcium hydroxide has been expressed 
into the mandibular canal.14 One study has shown greater 
material extrusion with bioceramic sealers in comparison to 
resin- based sealers (p < 0.05) with no significant difference 
in post- operative pain between the two materials (p > 0.05) 
following endodontic treatment of single- rooted maxillary 
teeth.15 With the increasing potential for use of single cone 
obturation techniques with bioceramic sealers that involve 

increased sealer volume, there is a greater concern for the 
risk of material extrusion.

To reduce the incidence of IAN injury, clinicians 
must ensure that important precautions are undertaken. 
Preoperative imaging should allow assessment of the prox-
imity of the apices with the mandibular canal borders in ad-
dition to other features that increase risks, such as immature 
root apices and complex root canal configuration. This is 
especially the case when treating mandibular second mo-
lars as they pose an increased risk of injury to the IAN. One 
study demonstrated that more than 50% of mandibular sec-
ond molars (n = 272) had an intimate relationship between 
the roots and mandibular canal.16 Cone- beam CT imaging 
assists greatly in evaluating the three- dimensional position 
of the mandibular canal to allow planning and delivery of 
medicaments in close proximity.17

Irrigants and obturation materials should be confined 
within the prepared canal space through the use of ac-
curate root canal measurements, and an awareness that 
the toxicity of intra- canal medicaments is highest when 
newly placed. Careful consideration should be given to 
the selection of a sealant with the least neurotoxic effect. 
Experimental models have shown eugenol to be a highly 
neurotoxic material18,19 and zinc oxide eugenol and AH26 
have also been shown to display neurotoxic effects.10 The 
application of intra- canal dressings using syringes or rotary 
paste fillers should also be avoided to minimise the risk 
of material displacement beyond the apices into the man-
dibular canal area.10 Finally, a post- operative radiograph 
showing at least 2- 3 mm of the periapical region should be 
undertaken to assess the quality of the root canal filling and 
to identify signs of material extrusion that warrant urgent 
specialist referral.20

There are several mechanisms in which IAN injury can 
occur following endodontic treatment, these being: (1) 
mechanical trauma caused by over- instrumentation into 
the canal; (2) compression of the canal from the extruded 
material during condensation; (3) chemical neurotoxicity 
caused by penetration of intracanal irrigants and/or sealer 
into the nerve. In this case, the root- filling was not seem-
ingly overextended, and mechanical trauma caused by 
over- instrumentation has not been shown to damage the 

F I G U R E  4  Intraoperative clinical photos showing widespread fibrosis and necrotic nerve tissue in the apical region of extracted tooth 47 (left) and 
evidence of foreign material on the external surface and within the nerve epineurium (right)
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nerve to this extent. It is also unlikely that intra- canal ir-
rigants have penetrated the canal, given the absence of ex-
treme patient for the patient. It is therefore most likely that 
the anaesthesia and paraesthesia were caused by degener-
ation of the nerve due to compression from the extruded 
sealer material, in addition to chemical neurotoxicity from 
the material used.

Irreversible nerve damage can be minimised by early 
nerve decompression and debridement of the foreign ma-
terial.21– 24 Although the prognosis for anaesthesia and 
paraesthesia following endodontic treatment is poorer if 
the extruded material cannot be eliminated entirely from 
the mandibular canal.10 In this case, the time elapse from 
nerve injury to surgical decompression was almost 8 weeks, 
significantly reducing the prognosis for nerve recovery. 
Surgical management is less effective in cases of nerve in-
jury in which there is widespread material overfill and time 
delays, emphasising the importance of urgent referral to a 
surgeon skilled in microsurgery and trigeminal nerve re-
pairs.25 Furthermore, it is recommended that steroid ther-
apy is prescribed (step down 5- day course of Prednisone 
Oral 50– 40– 30– 20– 10 mg) at the earliest identification of a 
traumatic IAN injury.26 This is supported by various exper-
imental studies which have shown steroids play an import-
ant role in reducing neuroinflammation, which can lead to 
accelerated functional recovery of nerves after trauma.27,28 
In severe cases, such as the one described, further treatment 
may involve a nerve graft.29

CONCLUSION

Whilst the prevalence of IAN injuries secondary to endo-
dontics is low, with only a limited number of published case 
reports, it is important for clinicians to be able to recognise 
which teeth pose a greater risk and how to expedite manage-
ment should such a complication arise. This case highlights 
the diligence that is required when performing root canal 
treatment, especially in cases where root apices have an inti-
mate relationship with the mandibular canal. Radiographic 
imaging is essential to identify high- risk cases, provide accu-
rate root canal measurements and verify the quality of root 
fillings. In cases where material extrusion is observed, we 
recommend urgent referral to an oral surgeon to expedite 
surgical decompression with consideration for early steroid 
therapy. This will help to maximise the potential for nerve 
regeneration and optimise patient outcomes.
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