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stract

Paresthesia is a neurosensitivity disorder caused by injury to the neural tissue. It is
characterized by a burning or twinging sensation or by partial loss of local sensitivity.
Paresthesia related to endodontic treatment can occur because of extravasation of
filling material or the intracanal dressing, as a consequence of periapical surgery
or because of periapical infection. A literature review of paresthesia in endodon-
tics was undertaken, with a view to identifying and discussing the most commonly
affected nerves, the diagnostic process and the treatment options. Among reported
cases, the most commonly affected nerves were those passing through the jaw: the
inferior alveolar nerve, the mental nerve and the lingual nerve. To diagnose pares-
thesia, the endodontist must carry out a complete medical history, panoramic and
periapical radiography, and (in some cases) computed tomography, as well as mech-
anoceptive and nociceptive tests. To date, no specific treatment for endodontic-
related paresthesia has been described in the literature, since the problem may be
related to a variety of causes.

aresthesia is a neurosensitivity

disturbance caused by a lesion in

the neural tissue, characterized
by a sensation of burning, numbness
or twinging or by partial loss of sensi-
tivity. It is important to distinguish
paresthesia from dysesthesia and
anesthesia. Dysesthesia is an unpleas-
ant abnormal sensation, whether
evoked.

spontaneous or Special
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cases of dysesthesia include hyper-
algesia and allodynia. Dysesthesia is
always unpleasant, whereas pares-
thesia is typically not. In practical
terms, paresthesia refers to abnormal
sensations in general and hence may
include cases of dysesthesia, but the
reverse is not true. Anesthesia refers
to a sensory loss caused by a depressor
drug or neural dysfunction.!

Endodontic-related paresthesia
must be investigated carefully because
of the intimate anatomic relationship
between the root apex and certain
nerve bundles, especially in the jaw. In
addition, if the condition is severe, an
irreversible neural lesion may result.
The aim of the present study was to
review the literature on paresthesia
as an endodontic complication and to
discuss the causes, the diagnostic pro-
cess, the most affected nerves and the
treatment options.

Paresthesia as an Endodontic
Complication

The nerves most affected by par-
esthesia related to endodontic therapy
are the inferior alveolar nerve (IAN)
and the mental nerve.” However,

the prevalence and incidence of par-
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esthesia related to specific
endodontic problems and
particular teeth are still
unknown. In a retrospec-
tive study’ examining cases
of paresthesia related to
treatment of mandibular
premolars, the incidence
was 0.96% (8/832). Yet

Figure 1: Periapical radiograph of asecond many cases of paresthesia

mandibular molar showing the close rela-
tionship between root tips and mandibular

canal.

can go unnoticed by the
endodontist and are there-
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fore not reported.

Although few studies
have examined the relationship between pares-
thesia and endodontic infection, both of these
problems have been observed mainly in teeth with
large-diameter periradicular lesions (Fig. 1)."*°
This type of neural injury may originate from
compression mechanisms but can also be brought
about by inflammatory mediators derived from
injured tissue, as well as bacterial products present
in the periradicular lesions.® In particular, inflam-
matory mediators such as interleukin 1, tumour
necrosis factor and nitric oxide have neurotoxic
activity, and bacterial endotoxins such as lipopoly-
saccharide can harm the neural tissue.”

With regard to endodontic treatment as a cause
of paresthesia, Rowe® suggested that the nerve can
be damaged directly during root canal therapy
through over-instrumentation (Fig. 1). However,
Rowe also argued that mechanical damage to the
nerve caused by an endodontic instrument can
be repaired during the healing process and that
this form of paresthesia is generally temporary. ®
The possibility of paresthesia due to extrusion of
microorganisms should be considered, given the
potential for biological aggression, although this
mechanism has not been explored in the literature.

Cytotoxicity and mechanical pressure pro-
duced by leakage of sealers into areas close to
the mandibular canal are other potential mecha-
nisms for nerve injury related to endodontic pro-
cedures, with the IAN and mental nerve being
most affected. The materials most commonly asso-
ciated with these complications are those con-
taining paraformaldehyde.’

For this systematic review, the PubMed data-
base was searched, using the keyword combination
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“endodontic AND paresthesia,” for all case reports
of paresthesia associated with endodontic com-
plications published over the past 10 years (from
January 2002 until December 2012). A total of 40
cases were identified (Table 1). Some important
cases published earlier than the defined period of
the search are also discussed in the following text.

Few cases of paresthesia related to endodontic
complications involving innervation of the upper
arch have been reported in the literature. Orr?**
described 2 patients with paresthesia of the max-
illary nerve caused by extravasation of N2 paste
(Indrag-Agsa, Bologne, Italy). Orr emphasized
that the composition of N2 paste includes para-
formaldehyde, which is extremely caustic. Reeh
and Messer** described paresthesia that occurred
during retreatment of a maxillary central incisor;
in this case, perforation of the apex led to extrava-
sation of sodium hypochlorite (NaOCl) into the
periradicular tissues. The consequences of this
incident were immediate pain and swelling, for-
mation of a sinus tract and paresthesia in the lower
orbital and nasal regions. Pelka and Petschelt®
presented another case of paresthesia caused by
extravasation of NaOCl, which was inadvertently
injected beyond the apical foramen of the upper
left lateral incisor, producing paresthesia of the
left facial and infraorbital nerves. During the per-
formance of in vitro studies, Schwarze and col-
leagues® observed that sealers/pastes containing
paraformaldehyde, such as Endomethasone
(Specialités Septodont, Saint-Maur, France) and
N2, are more cytotoxic and mutagenic than sealers
containing calcium hydroxide.

Excessive root canal preparation often causes
enlargement of the apical foramen and loss of con-
striction, which favours extravasation of irriga-
tion products or filling material beyond the apex,
which in turn may cause neural injury of chemical
or mechanical origin. The diameter of bone lesions
of endodontic origin may also influence the occur-
rence of paresthesia, especially when associated
with the premolars and lower molars.”

Anatomic Relationship between the
Inferior Alveolar Nerve and Dental Apex

Tilotta-Yasukawa and colleagues' determined
the proximity of the apex of the premolars and
molars in relation to the mandibular canal, as well
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Table 1. Case reports of paresthesia associated with endodontic complications
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Reference
Yaltirik et al. (2002)°

Clinical manifestations

Paresthesia and swelling
affecting one side of mandible

No. of cases

Probable causes mentioned by authors

Extravasation of cement containing
paraformaldehyde (endomethasone)

Gallas-Torreira et al. Pain affecting one side of 2 Extravasation of gutta-percha
(2003) mandible; numbness of lip
Tilotta-Yasukawa et al. Paresthesia of IAN 2 Extravasation of intracanal dressing: calcium
(2003)" hydroxide (first case) and paraformaldehyde
(second case)
Knowles et al. (2003)3 Paresthesia of mandibular area, 8 Endodontic infection
especially lower lip*
Scolozzi et al. (2004)™ Paresthesia of IAN 4 Extravasation of Grossman cement
Zmener (2004)" Paresthesia of mental nerve 1 Adhesive resin restoration placed in direct
contact with the pulp
Vasilakis and Vasilakis Pain, paresthesia and swelling in 1 Extravasation of endodontic paste (type not
(2004)" region of mandibular canine and specified)
premolar
Poveda et al. (2006)" Paresthesia and anesthesia of 1 Extravasation of cement containing
mental nerve paraformaldehyde (endomethasone)
Pogrel (2007)' Paresthesia or pain 13 Neurotoxicity of endodontic filling materials

Ozkan et al. (2008)4

Paresthesia of mental nerve

Periradicular lesion

Von Ohle and ElAyouti
(2010)”7

Paresthesia and hyperesthesia of
mental nerve

Periradicular inflammation

Gonzalez-Martin et al.
(2010)'®

Paresthesia of IAN

Extravasation of AH Plus cement

Gambarini et al. (2011)"

Paresthesia of IAN

Root canal filling material inside the
mandibular canal

Marques and Gomes
(2011)%

Numbness of lip and chin;
tingling sensation in gingiva

Broken instrument causing compressive
phenomenon within mandibular canal

Ahonen and Tjaderhane
(2011)°

Paresthesia of lower lip

Periradicular lesion

Lépez-Lopez et al.
(2012)2

Pain and paresthesia of IAN and
mental nerve

Extravasation of AH Plus cement

IAN = inferior alveolar nerve.

as the relationship between the IAN and its cor-
responding artery, with the goal of understanding
how endodontic filling material spreads through
the bone to penetrate the mandibular canal. They
observed that the distance between the dental apex
and the mandibular canal was more variable (and
generally greater) for the first molar than for the
second and third molars (1-4 mm vs. less than 1
mm [35 cases in 40 mandibles examined]). The
authors concluded that, in the posterior region,
the mandibular bone is not very dense and has a
greater amount of trabecular bone. Notably, the
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inferior alveolar artery itself may be related to
the occurrence of paresthesia, since it can act as a
route for dissemination of materials, microorgan-
isms and irrigating solutions to the neural tissue.
Littner and colleagues®® examined 22 mandi-
bles and found that the top margin of the mandib-
ular canal was located 3.5 to 5.4 mm below the apex
of the first and second molars. The apices of the
third molars were very close to the alveolar nerve.
Denio and colleagues® showed that the apexes
of the second molars were located an average
of 3.7 mm from the mandibular canal, with the
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Figure 2: Schematic representation of the
various causes of paresthesia due to endo-
dontic problems. From the second premolar
to the third molar, typical causes are extru-
sion or diffusion of intracanal medications,
periradicular surgery, overfilling and over-
instrumentation (beyond the apex), and

apical periodontitis.

Figure 3: a) Jaw showing bone in the
molar region. b) Higher magnification of
the alveolar bone in the third molar region,
notable for the presence of numerous vacu-
oles. ¢) Jaw illustrating the possibility of
bacteria or endodontic materials or prod-
ucts diffusing through the vacuole to reach

Figure 4: Overfilling of sealer bordering the
cortex of the mandibular canal.

the inferior alveolar nerve (shown in red).
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mesial root apex of the first molars being located
an average of 6.9 mm beyond. Other authors have
confirmed the symmetry of the mandibular hemi-
arcs, with respect to distance between the dental
apex and the mandibular canal.?®%

The presence of numerous vacuoles in the
mandibular bone in the molar region facilitates
the spread of irrigation products and filling mate-
rial toward the inferior alveolar neurovascular set
(Fig. 2).* This diffusion is facilitated by the pres-
ence of periradicular infection, which weakens
the bone barrier between the apex and the neuro-
vascular bundle. In addition, a mandibular canal
surrounded by dense cortical bone is not always
present. In most cases, the neurovascular bundle
follows a path through cancellous bone, without a
protective structure, which makes the mandibular
canal more vulnerable to various mechanical or

chemical elements originating from the root canal

Diagnosis of Facial Paresthesia

Diagnosis of paresthesia or neural anesthesia is
based on a complete medical history, with assess-
ment from the onset of symptoms.® Reactions of
the affected area to thermal stimuli, mechanical
action, and electrical or chemical tests also con-
tribute to the diagnosis, although these responses
are subjective. Periapical radiographs are essential
to establishing the relationship between the dental

apex and certain nerve endings, especially in the
mandible (Fig. 3).

De Beukelaer and colleagues® reported the
use of sensitivity tests to detect the extent and
severity of paresthesia. Mechanical, thermal and
taste tests were carried out at regular intervals,
revealing the progress of treatment. According to
these authors, clinical examination of patients
who report a lesion of the lingual nerve should
begin with observation of nerve function, specifi-
cally pronunciation and swallowing. Palpation of
the sensitized region should also be performed.

Two types of clinical neurosensitivity testing
can be performed, according to the specific recep-
tors that are stimulated through skin contact:
mechanoceptive and nociceptive. Mechanoceptive
testing is based on a light static touch and the
directional brush stroke test, whereas nociceptive
testing is based on observation of thermal sen-
sation experienced when specific groups of sen-
sory nerve fibres are stimulated, in addition to the
touch sensation evoked by sharp instruments.

Paresthesia caused by filling beyond the apex
and subsequent compression of the inferior alve-
olar neurovascular set has been described in the
literature.'”'? However, given that the majority of
endodontic materials have some chemical action
in cases of extravasation, it is difficult to deter-
mine whether the nature of the effect on the nerve
is mechanical, through compression of the struc-
ture, or chemical, caused by cytotoxicity of the
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Table 2: Indications and contraindications for microsurgery to treat facial paresthesia (adapted from Zuniga and Labanca)®?

Indications
Observation or transection of the suspected nerve

‘ Contraindications
Central neuropathic pain

No remission of paresthesia after 3 months

Evidence of improvement in paresthesia

Pain caused by formation of neuroma

Neuropraxia

Pain caused by foreign body or deformity of the canal

Acceptable paresthesia (determined by the patient)

Progressive decreasing sensation or increasing sensory pain

Metabolic neuropathy

filling material. Figure 4 illustrates a case of over-
filling beyond the apex in which the sealer was
deposited bordering the cortex of the mandibular
canal. Depending on the cytotoxicity of the sealer,
paresthesia may be a complication in such a case.
To minimize the risk of this occurrence, a more
thorough prior assessment of the initial radio-
graph is indicated for analysis of the anatomic
relationship.””

Cone-beam computed tomography has been an
important additional resource in the prevention,
diagnosis and treatment of paresthesia of end-
odontic origin. The ability to preview images with
sections up to 1 mm thick, in 3 dimensions, allows
detailed study of the relationship of the dental
apexes and bone lesions with neural structures.*

Treatment of Facial Paresthesia

Because paresthesia related to endodontic
problems has a wide variety of causes, no single
protocol can be used to treat every case. The treat-
ment options for paresthesia are described below
according to the causative situation.

With regard to the treatment of paresthesia
caused by overfilling of endodontic sealers or drug
pastes, some studies have shown a high success
rate, with the return of normal sensation in the
affected area once the material has been surgically
removed.”'®!> However, the time elapsed since
the original incident, the type of overfilling, and
the extent and location of the endodontic mate-
rial extruded can all influence the success of such
therapy.”

Reported cases of paresthesia caused by infec-
tion and inflammation have been resolved by end-
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Medical compromise

Older age

Very long interval since occurrence of initial trauma

odontic treatment, periapical surgery, antibiotic
therapy or extraction, whereas paresthesia caused
by local anesthesia or overinstrumentation typi-
cally resolves in a few days without any treat-
ment. Cases of prolonged or permanent pares-
thesia are usually caused by laceration of the nerve
fibres, prolonged pressure or extrusion of toxic
endodontic materials; in these cases, removal of
the causative factor is required.’

Surgery involving cortical removal followed
by apical resection is the most common tech-
nique for removing apically extruded endodontic
sealers and pastes. Sagittal split osteotomy is also
an option when the alveolar nerve is affected, espe-
cially if this nerve is compressed in the region of
the second and third molars.'

For decompression of the IAN, favourable
results have been achieved by first carrying out
sagittal mandibulectomy for better visualiza-
tion of the mandibular canal and then removing
extraneous materials, with or without a root-end
resection. Microneurosurgical techniques, which
involve the use of microinstruments and magni-
fying equipment, can be used to restore the func-
tion of certain sensory or motor nerves innerva-
tions.* The indications and contraindications for
microneurosurgery are listed in Table 2.

Pogrel® suggested exploratory surgery imme-
diately after diagnosis of trauma in the neural
tissue, since observations from a radiographic
exam and other diagnostic techniques cannot
be used to define the extent of damage to the
nerve. This author suggested that the waiting time
for intervention is controversial and that repairs
carried out soon after the injury are more suc-
cessful than those that are delayed; however, it
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was also noted that some interventions performed
12 months after the trauma had been successful.

Although some authors prefer more radical
treatment for cases of paresthesia, it is worth
remembering that in cases of extravasation, the
cytotoxicity of sealers tends to decline with time.!?

The application of low-power lasers has also
been proposed for treatment of paresthesia. This
technique can accelerate the repair of traumatized
biological tissues by promoting new vasculariza-
tion, which is important for neural regeneration.*

According to Schultze-Mosgau and Reich,* the
likelihood of spontaneous recovery from pares-
thesia over a period of 3 to 6 months is too long.
These authors suggested that vitamin B complex
be prescribed to promote the development of the
myelin sheath of nerves.

Prevention of Facial Paresthesia

The following precautions are suggested to pre-
vent paresthesia associated with endodontic prob-
lems: perform a thorough radiographic examina-
tion, verifying the proximity of the radicular apexes
and/or periapical lesions to the nerve structures;
maintain appropriate working length, avoiding
over-instrumentation and excessive dilatation of
the apical foramen; irrigate with chlorhexidine in
cases of a very broad or incompletely formed apex;
and administer B vitamins immediately if extru-
sion of filling material or solution is discovered
close to the nerve.

In general, paresthesia occurs soon after end-
odontic therapy; therefore, it is recommended that
the endodontist follow up with patients to inquire
about symptoms within the first 24 hours after the
appointment. This practice may allow early iden-
tification of paresthesia, thus facilitating effective
treatment.

Conclusions

The nerves most affected by paresthesia are
those located in the jaw, specifically the IAN and
the mental nerve. To diagnose paresthesia, the
endodontist should perform anamnesis, noci-
ceptive and mechanoceptive tests on the affected
region, periapical and panoramic radiography,
and, in some cases, cone-beam CT. The choice
of treatment modality should take into consider-

jcdae

ation factors such as the cause of the paresthesia,
the extent of the injury, the time elapsed since the
onset of symptoms and the patient’s responses to
systemic administration of medications. To pre-
vent paresthesia, the endodontist should be aware
of the proximity of the apexes of the teeth to the
nerve structures before initiating intracanal pro-
cedures. ®
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