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Abstract
Background: Nerve injury and an ensuing altered sensation following endodontic treatment is an infrequent and
severe complication, which may lead to longstanding disability and may have substantial adverse effects on the
patient’s quality of life. This review is aimed at providing the practitioner with the knowledge and useful means to
diagnose and manage nerve injury when performing endodontic treatments.
Conclusion: Vigorous preventive measures and a timely mannered management approach are the most proficient
measures to reduce the risk of endodontic treatment related nerve injuries and to prevent long-lasting impairment.
The diagnosis of a nerve injury requires a combination of a thorough anamnesis, a proper clinical evaluation, and
an adjunct radiographic evaluation when indicated. Early intervention by the prescription of anti-inflammatory
drugs may be beneficial. In certain persistent cases, modern endodontic surgery may enable a minimally invasive
and highly accurate surgical procedure, and with adequate case selection, may provide a predictable outcome and
allow the preservation of the tooth.
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Introduction
Altered sensation due to a nerve injury is an infrequent and
severe complication of endodontic treatments (Pogrel, 2017;
Escoda-Francoli et al., 2007; Grotz et al., 1998; Rosen, 2014;
Rosen et al., 2016). Practically all endodontic procedures,
such as local anesthesia administration (Garisto et al., 2010),
root canal preparation and irrigation (Guivarc'h et al., 2017),
root canal filling (Rosen et al., 2016), and surgical endodontic
treatments (Kim & Kratchman, 2006; Moiseiwitsch, 1995;
Alves et al., 2014), that are performed in the vicinity of trigeminal nerve branches may trigger nerve injury (Rosen et
al., 2016; Yatsuhashi et al., 2003). Many non-endodonticrelated entities such as infectious diseases, trauma, tumors,
or idiopathic diseases have also been suggested as possible
origins of altered sensation of trigeminal nerve branches
(Divya et al., 2010), and should be regarded as a differential
diagnosis for endodontic treatment related nerve injury
(Rosen, 2014; Gallas-Torreira et al., 2003; Givol et al., 2011;
Pogrel, 2007; Tilotta-Yasukawa et al., 2006).
Inferior alveolar and mental nerve injuries have been
frequently reported in second mandibular molars and
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mandibular premolars (Tsesis et al., 2014; Chong et al.,
2017), but also in other mandibular teeth (Rosen et al.,
2017). Nerve injuries were also often reported following
local anesthetic administration for endodontic treatment
purposes (Pogrel, 2017; Rosen, 2014; Garisto et al., 2010;
Pogrel et al., 2011).
The risk of nerve injury during endodontic treatments is
a matter of huge concern, and some diagnostic (Bornstein
et al., 2011; Kamburoglu et al., 2009; Kim et al., 2010;
Kovisto et al., 2011; Simonton et al., 2009) and treatment
approaches (Kim & Kratchman, 2006; Moiseiwitsch, 1995)
have been suggested in order to avoid nerve injury during
endodontic treatments (Rosen, 2014; Kim & Kratchman,
2006). Nevertheless, the existing literature evaluating the
prevalence and the clinical manifestation of endodontic
treatment related nerve injuries is insufficient, thus our
understanding of its clinical and medico-legal aspects is
limited (Pogrel, 2017; Rosen, 2014; Kim & Kratchman,
2006; Givol et al., 2011; Pogrel, 2007).
This manuscript will review the diagnosis and management of endodontic-related nerve injuries, and aims to
provide the practitioner with the knowledge and useful
means to diagnose and manage nerve injury when performing endodontic treatments.
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Mechanical nerve injuries during endodontic treatment
may be classified, based on the time course and the potential sensory recovery into: Neuropraxia (cases in which
there is a brief altered sensation); Axonotmesis (partial
damage to the nerve fibers that may fully recover within 2–
12 months); and Neurotmesis (a nerve that has been entirely cut, with poor prognosis for recovery) (Rosen, 2014;
Juodzbalys et al., 2011; Seddon, 1942).
The clinical manifestations of endodontic treatment related nerve injuries may vary, and include a mixture of
both subjective complaints of the patient and objective
neurological signs. To simplify the clinical classification,
most cases may be categorized as Anesthesia (insensitivity
to stimulations), Paresthesia (a sensation such as burning
or partial numbness), or Hyperesthesia (increased sensitivity to stimulation). These altered sensations are dynamic
and may often change along time following the injury
(Escoda-Francoli et al., 2007; Rosen, 2014; Garisto et al.,
2010; Gallas-Torreira et al., 2003; Givol et al., 2011; Pogrel,
2007; Seddon, 1942), potentially affecting the lips, teeth,
gingiva, tongue, or the adjacent mucosa and skin (Rosen,
2014; Hillerup & Jensen, 2006).
Several possible risk factors for nerve injury related to endodontic treatments have been reported, including the tooth
location (Rosen, 2014; Rosen et al., 2016; Tilotta-Yasukawa et
al., 2006; Pogrel et al., 2011) and the patient’s gender (Bjorndal & Reit, 2008; Givol et al., 2010; Givol et al., 2002). Acknowledging the possible risk factors for nerve injury may be
beneficial for prevention and diagnosis of such injuries
(Pogrel, 2017; Rosen, 2014; Pogrel et al., 2011).
Furthermore, since most routine endodontic procedures
may lead to nerve injury during the treatment (Pogrel,
2017; Rosen, 2014; Kim & Kratchman, 2006; Moiseiwitsch,
1995), the application of preventative measures before and
during the treatment (Rosen, 2014; Pogrel et al., 2011) is
the most efficient way to avoid this complication. However,
when this severe complication occurs, an accurate and
timely mannered diagnosis is important for enabling efficient management, and for improving the prospects for recovery (Grotz et al., 1998; Rosen, 2014; Garisto et al., 2010;
Yatsuhashi et al., 2003; Gallas-Torreira et al., 2003; Pogrel,
2007; Givol et al., 2010; Givol et al., 2002; Chaushu et al.,
2002; Scolozzi et al., 2004; Seddon et al., 1943).
Diagnosis of endodontic treatment-related nerve injury

The clinical manifestation may vary depending on the
specific injury mechanism. Generally, the diagnosis of a
nerve injury requires a combination of a thorough
anamnesis, a proper clinical evaluation, and an adjunct
radiographic evaluation when indicated. Periapical radiography is the principal radiographic modality used for
endodontic diagnosis, treatment planning, and for the
management of endodontic complications (Rosen, 2014;
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Pogrel et al., 2011). In certain cases, periapical radiography alone may be clinically limited for the diagnosis
and management of a suspected nerve injury, by the fact
that the information is rendered in just two dimensions
(Rosen, 2014; Kim & Kratchman, 2006; Moiseiwitsch,
1995; Pogrel et al., 2011; Bornstein et al., 2011; Kim et
al., 2010; Kovisto et al., 2011). For example the diagnosis
of potential anatomical abnormalities such as mandibular accessory canals may require the use of computed
tomography scans, such as cone-beam computed tomography (CBCT), in order to enable the visualization of the
area of interest in three dimensions (Rosen, 2014; Pogrel
et al., 2011; Patel, 2009), and in order to enable the planning of a more adequate treatment approach (Rosen,
2014; Rosen et al., 2017; Rosen et al., 2017). However,
the decision whether to use CBCT scan should be justified on an individual basis (Rosen et al., 2017; Rosen et
al., 2015).
Since most of the endodontic procedures are performed under local anesthesia (Rosen, 2014; Pogrel et
al., 2011), the symptoms of nerve injuries will usually be
evident only following the treatment, when the local
anesthesia effect wears out. Nevertheless, when a nerve
injury occurs during the treatment, early intervention is
important (Rosen et al., 2016). Thus, following the treatment, the practitioner needs to be ready to detect any
possible signs of altered sensation (Givol et al., 2011;
Pogrel, 2007; Juodzbalys et al., 2011; Givol et al., 2010).
Early symptoms that may suggest a possible nerve injury
include neurosensory alterations, such as paresthesia or
acute pain during or following the treatment (Froes et al.,
2009). If a nerve injury is suspected, a timely mannered
management approach is advised in order to define the
exact sensory disturbance; quantify the sensory disturbance;
determine management needs; and monitor recovery
(Grotz et al., 1998; Rosen, 2014; Yatsuhashi et al., 2003;
Pogrel, 2007; Juodzbalys et al., 2011; Seddon, 1942; Scolozzi
et al., 2004; Seddon et al., 1943).
First, the clinician should perform a neurosensory evaluation to ascertain whether the patient indeed experiences
altered sensation signs, and document the findings (Rosen,
2014; Givol et al., 2011; Pogrel, 2007; Juodzbalys et al.,
2011; Givol et al., 2010), as a baseline for a rigorous
follow-up (Rosen, 2014; Pogrel et al., 2011).
Neurosensory impairment is a complex scenario with
diverse manifestations (Pogrel, 2017; Rosen, 2014; Pogrel
et al., 2011). Sometimes the clinical manifestation of the
nerve injury, such as persistent and long-lasting pain, may
be confused with other post-operative symptoms (Rosen,
2014; Gallas-Torreira et al., 2003; Pogrel et al., 2011;
Juodzbalys et al., 2011; Polycarpou et al., 2005; Campbell
et al., 1990; Cruccu et al., 2010; Fagade & Wastell, 1990;
Meyer & Bagheri, 2011; Poort et al., 2009). Thus, the practitioner is required to pay his attention to this etiologic
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alternative, especially in cases with persistent symptoms
following apparently successful endodontic treatments
(Rosen, 2014; Gallas-Torreira et al., 2003; Juodzbalys et al.,
2011; Polycarpou et al., 2005; Campbell et al., 1990;
Cruccu et al., 2010; Fagade & Wastell, 1990; Meyer &
Bagheri, 2011; Poort et al., 2009).
The methods used for neurosensory function evaluation
differ significantly, extending between basic patient questioning and complex examinations (Kim et al., 2015). However, the fundamental marker of a sensory malfunction is
the patient’s own subjective complaints (Yatsuhashi et al.,
2003; Pogrel, 2007; Juodzbalys et al., 2011; Bennett et al.,
1987; Bennett & Jannetta, 1980). Presently, there is no
agreement as to the ideal techniques to assess nerve injury
following endodontic treatment. Nevertheless, it is advised
that the diagnostic process would be based on clinical sensory testing and complementary objective sensory tests
(Pogrel, 2017; Rosen, 2014; Pogrel et al., 2011).
The nature and extent of the neurosensory damage are
evaluated using a set of designated clinical tests, each of
them aimed to assess specific neural functions (Rosen,
2014; Ghali & Epker, 1989). The clinical evaluation should
start by determining the boundaries of the affected area
(Rosen, 2014; Meyer & Bagheri, 2011). Once the affected
area boundaries are determined, the next goal is to define
the exact nature and severity of the neurosensory impairment (Rosen, 2014; Meyer & Bagheri, 2011). In order to
increase the objectivity of the evaluations, all tests should
be performed by comparing the affected side to the
contra-lateral non-involved side, while the patient’s eyes
are closed, and by using visual analog scale (VAS)-based
questions (Rosen, 2014; Pogrel et al., 2011).
The clinical neurosensory testing may be divided into
two types: mechanoceptive and nociceptive (Boada et al.,
2015), based on the specific stimulated receptors being
evaluated (Rosen, 2014; Juodzbalys et al., 2011; Ghali &
Epker, 1989; Boada et al., 2015). Mechanoceptive testing
includes clinical tests such as the ‘Static light touch’ test
or the “Two-point discrimination” test (Ghali & Epker,
1989). Nociceptive testing includes clinical tests such as
the “Thermal discrimination” test (Rosen, 2014; Ghali &
Epker, 1989).
Figure 1a–f presents a few clinical evaluation methods
of a suspected inferior alveolar nerve injury following an
endodontic treatment.
Objective sensory tests (Kim et al., 2015; Agbaje et al.,
2015) are aimed to avoid a possible bias from the subjectivity of the clinical sensory testing (Rosen, 2014;
Fagade & Wastell, 1990; Bennett et al., 1987; Bennett &
Jannetta, 1980; Agbaje et al., 2015; Barker et al., 1987).
“Trigeminal Evoked Potentials (TEP)” and “Quantitative
sensory testing (QST)” (Kim et al., 2015) are examples of
objective and non-invasive methods to measure peripheral neural function (Kim et al., 2015; Zhao et al., 2017),
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that may be used as an adjunct in the diagnostic process
following trigeminal nerve injuries (Rosen, 2014; Fagade &
Wastell, 1990; Bennett et al., 1987; Bennett & Jannetta,
1980; Barker et al., 1987).
These evaluation methods may require professional
expertise that is beyond the dental practitioner’s clinical
capacity (Pogrel, 2007; Chaushu et al., 2002; Fagade &
Wastell, 1990; Bennett et al., 1987; Bennett & Jannetta,
1980; Barker et al., 1987). However, the practitioner needs
to be sensitive to the possibility of nerve injury following
the endodontic treatment, and should recognize the possible risk factors and clinical manifestations (Pogrel, 2017;
Rosen, 2014; Ghali & Epker, 1989). First and foremost, the
practitioner should be able to determine the suspicion of
altered sensation, and refer the patient to a specialist if required (Bagheri & Meyer, 2014), thus enabling a better
clinical and medico-legal management (Rosen, 2014; Givol
et al., 2011; Givol et al., 2010; Ghali & Epker, 1989).
Management of endodontic-treatment related nerve
injury

Long-lasting altered sensation as a result of nerve injury
during the endodontic treatment may have substantial adverse effects on the patient’s quality of life (Pogrel, 2017;
Wojtkiewicz et al., 2015). In addition, the iatrogenic origin
of these injuries further increases the adverse psychological consequences of these injuries (Pogrel et al., 2011).
Therefore, the patient needs emotional support including
the receipt of accurate information regarding their state,
to align their expectations from the possible treatments
and expected prognosis (Rosen, 2014; Scolozzi et al., 2004;
Wojtkiewicz et al., 2015).
Several non-surgical and surgical modalities have been
recommended for the management of endodontic-related
nerve injuries, depending on the specific injury mechanism
(Pogrel, 2017; Lampert et al., 2016). However, these modalities are mostly based on case reports and small case-series
studies (Rosen et al., 2016). Yet, the collective knowledge
from the currently available evidence is that the nerve damage may increase with time (Pogrel, 2017; Rosen et al.,
2016). Therefore, in case a nerve injury is suspected, a
timely mannered clinical approach is advised in order to
minimize long term damage (Rosen, 2014; Rosen et al.,
2016; Scolozzi et al., 2004; Shavit & Juodzbalys, 2014).
Injury of a peripheral nerve may lead to edema and inflammation (Dubovy et al., 2013). Thus, early administration of anti-inflammatory drugs, such as corticosteroids or
nonsteroidal anti-inflammatory drugs (NSAIDs) (Rosen,
2014; Pogrel et al., 2011) may be beneficial, even as a preventive approach in the absence of a definitive diagnosis.
Consequently, anti-inflammatory drugs were suggested as
the primary therapeutic non-invasive management approach (Rosen, 2014; Pogrel, 2007; Juodzbalys et al., 2011;
Froes et al., 2009).
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Fig. 1 clinical evaluation methods of a suspected inferior alveolar nerve injury following an endodontic treatment. (Adopted with permission
from: Rosen E. Nerve Injury During Endodontic Surgical Procedures. In: Tsesis I, editor. Complications in Endodontic Surgery: Springer-Verlag Berlin
Heidelberg; 2014). a Determining the boundaries of the affected area: an explorer is applied with repeated contact points beginning from the
outlying non-affected area, toward the internal affected area (arrow). The point in which the patient denotes a change of sensation is registered
as the boundary of the affected area; b Two-point discrimination: measuring the gap at which the patient is able of distinguishing two contact
points, with a growing distance between the tweezers arms; c Static light touch: the patient response is assessed while a device holding
increasingly firmer monofilaments is applied until the monofilament curves; d Brush directional stroke: the patient is asked to verify the direction
of the stroke while applying brush strokes of a monofilament (arrows); e Pin prick test using a needle to assess the response: sharp, dull or no
sensation; f Thermal discrimination: the patient response is assessed while applying a cotton-tipped applicator sprayed with a topical anesthetic
skin refrigerant, or deprived of spray as control

Further non-invasive management modalities that
were suggested for cases of persistent peripheral nerve
injuries include the use of anti-depressants (Park et al.,
2010), cryotherapy—the application of cold for therapeutic purposes (Osunde et al., 2011)—physiologic therapies such as trans-cutaneous electric nerve stimulation
(Cotter, 1983; Singla et al., 2011) and low-level laser
therapy (Rosen, 2014; Leung et al., 2012).
Certain persistent cases that are not responsive to noninvasive treatments may be referred to neurosurgical procedures (Byun et al., 2016). When such a surgical procedure
is indicated, it may be more effective if performed before
the setup of a wallerian degeneration (a process in which
the axon distal to a site of injury degenerates) about
3 months following the injury (Rosen, 2014; Pogrel, 2007;
Juodzbalys et al., 2011; Leung et al., 2012).
Several surgical techniques were suggested in order to
treat certain nerve injuries including “external neurolysis”
(Joshi & Rood, 2002), the use of grafts to channel the
nerve defect, or direct suturing (Rosen, 2014; Pogrel,
2007; Juodzbalys et al., 2011; Leung et al., 2012). However,
the indications and clinical effectiveness of these surgical
techniques appear to be variable and poorly documented,
mainly in case reports and retrospective studies. In
addition, complete recovery of the normal sensation following these surgical procedures is not certain (Rosen,
2014; Leung et al., 2012). It should also be taken into

consideration that in many of the cases the altered sensation originally occurred as a result of trauma during the
endodontic treatment, and an additional corrective surgical procedure may introduce an additional trauma and
inflammation, thus adversely affecting the patient’s state
(Rosen, 2014; Leung et al., 2012).
Recently (Rosen et al., 2017) it was suggested that modern endodontic surgery that uses magnification and illumination devices to enable a minimally invasive and
highly accurate surgical procedure (Taschieri et al., 2010;
Tsesis et al., 2009; Tsesis et al., 2013), may be beneficial for
patients with certain nerve injuries following endodontic
treatment (Tsesis et al., 2014; Rosen et al., 2017). A recent
study reported on a case of extruded endodontic materials
with ensuing altered sensation, where modern endodontic
surgery enabled the removal of the irritating extruded
endodontic materials, proper root-end management, the
elimination of the altered sensation and the preservation
of the natural tooth (Rosen et al., 2017). Another recent
study (Tsesis et al., 2014) reported on a case of altered
sensation following endodontic treatment of a second
mandibular molar that was successfully treated by
intentional replantation. It is a relatively conservative
procedure, that includes the intentional extraction of a
tooth and its re-placement into the alveolar socket after
performing a proper root-end management and obturation (Tsesis et al., 2014). With adequate case selection,
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that met the inclusion criteria were assessed. Most of the
articles were case reports reporting on a total of 84 patients. It was reported that 91% of the patients had fully or
partially recovered over time. However, in most of the
cases that occurred in lower molars, when the root canal
obturation was done using paraformaldehyde-containing
sealer, or in cases in which an immediate intervention was
not performed following the occurrence of the nerve injury, the patients did not fully recover (Rosen et al., 2016).
Therefore, from the currently available endodontic
(Rosen et al., 2016) and maxillofacial surgery literature
(Shavit & Juodzbalys, 2014), it appears that many of the
patients, especially those with a fairly low extent of injury
and who received an appropriate early intervention treatment (Shavit & Juodzbalys, 2014), did tend to recover with
time (Rosen, 2014; Rosen et al., 2016; Pogrel et al., 2011;
Shavit & Juodzbalys, 2014). However, some of the patients
may suffer from long-term or even permanent disability,

these procedures may provide a predictable outcome and
allow the preservation of the tooth (Tsesis et al., 2014;
Rosen et al., 2017).
Figure 2 presents an algorithm for the diagnosis and
management of suspected nerve injury following an endodontic treatment.
The long-term prognosis of altered sensation following
endodontic treatments is not yet fully elucidated (Pogrel,
2017), but it is believed to be related to the type and extent
of injury, and to the timing and nature of the therapeutic
intervention (Rosen, 2014; Pogrel, 2007; Pogrel et al., 2011;
Juodzbalys et al., 2011; Seddon, 1942; Leung et al., 2012).
Recently (Rosen et al., 2016), a comprehensive systematic review of the literature was performed to identify and
assess studies that reported on altered sensation following
extrusion of root canal filling materials during endodontic
treatments, in order to assess possible factors that may
affect the prognosis of such cases. Eventually, 28 articles

Endodontic Procedure

Early
intervention5

Early

Non- routine sequel1

Routineintervention
sequel 5

Suspected altered
sensation2

Routine post-operative
sequel

Routine post-operative
management

Early
intervention5

Clinical
evaluation3

Definitive diagnosis4

Adequate management
and monitoring

Non-Routine sequel1

Non-definitive
diagnosis4

Routine post-operative
sequel

Early
intervention5

Referral to
further evaluation

Fig. 2 Diagnosis and management of suspected nerve injury following an endodontic treatment. (Adopted with permission from: Rosen E. Nerve
Injury During Endodontic Surgical Procedures. In: Tsesis I, editor. Complications in Endodontic Surgery: Springer-Verlag Berlin Heidelberg; 2014). (1)
Non-routine sequel: any event that is not part of the routine and/or expected sequel during or following the endodontic procedure. (2) Suspected
altered sensation: any event that occurred during or following the endodontic procedure, was reported by the patient, or is suspected based on
clinical and/or radiographic evaluation, which may suggest the presence of altered sensation following the endodontic procedure. (3) Clinical
evaluation: evaluation performed to determine the presence, nature, and extent of the sensory disturbance. (4) Definitive/non-definitive diagnosis:
the practitioner is able/unable (respectively) to determine the presence, nature, and extent of the suspected altered sensation; OR is able/unable
(respectively) to determine the required treatment and/or to monitor recovery. (5) Early intervention: an intervention performed even prior to a
definitive diagnosis, aimed at preventing permanent nerve damage and enabling a better clinical and medico-legal response
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with significant medical and medico-legal consequences
(Givol et al., 2011; Givol et al., 2010) and substantial negative effects on their quality of life (Pogrel, 2017; Rosen,
2014; Pogrel, 2007; Pogrel et al., 2011; Juodzbalys et al.,
2011; Seddon, 1942; Leung et al., 2012). Pogrel et al.
(Pogrel et al., 2011) reported that among patients who
suffered from long-term altered sensation following trigeminal nerve injury, many reported on eating disorders
(43%), speech difficulties (38%), depression (37%), relationship effects (14%), and adverse effects on employment
(13%) (Pogrel et al., 2011).

Conclusions
Vigorous preventive measures and a timely mannered
management approach are the most proficient measures
to reduce the risk of endodontic-treatment related nerve
injuries and to prevent long-lasting impairment.
The diagnosis of a nerve injury requires a combination
of a thorough anamnesis, a proper clinical evaluation
and an adjunct radiographic evaluation when indicated.
The nature and severity of the neurosensory damage are
evaluated using a set of designated subjective and objective evaluations.
When a nerve injury is suspected, early intervention
by the prescription of anti-inflammatory drugs may be
beneficial. Certain persistent cases may be treated surgically. Modern endodontic surgery may enable a minimally invasive and highly accurate surgical procedure, and
with adequate case selection may provide a predictable
outcome and allow the preservation of the tooth.
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