
 Journal of Orofacial Pain 333

Aims: To describe the cause, clinical signs, and symptoms of patients 
presenting to a tertiary care center with iatrogenic lesions to the 
mandibular branches of the trigeminal nerve. Methods: Pain history, 
pain scores using the visual analog scale, and mechanosensory 
testing results were recorded from 93 patients with iatrogenic 
lingual nerve injuries (LNI) and 90 patients with iatrogenic inferior 
alveolar nerve injuries (IANI). Results were analyzed using the SPSS 
statistical software. Chi-square tests were applied for nonparametric 
testing of frequencies, where P ≤ .05 indicated statistical significance. 
Appropriate correlations were also carried out between certain data 
sets. Results: Significantly more females were referred than males 
(P < .05). Overall, third molar surgery (TMS) caused 73% of LNI, 
followed by local anesthesia (LA) (17%). More diverse procedures 
caused IANI, including TMS (60%), LA (19%), implants (18%), 
and endodontics (8%). Approximately 70% of patients presented 
with neuropathic pain coincident with anesthesia and/or paresthesia. 
Neuropathy was demonstrable in all patients with varying degrees of 
loss of mechanosensory function, paresthesia, dysesthesia, allodynia, 
and hyperalgesia. Functionally, IANI and LNI patients mostly had 
problems with speech and eating, where speech was affected amongst 
significantly more patients with LNI (P < .001). Sleep, brushing 
teeth, and drinking were significantly more problematic for IANI 
patients (P < .05, P < .001, and P < .0001, respectively). Conclusion: 
Neuropathic pain, as well as anesthesia, frequently occurs following 
iatrogenic trigeminal nerve injury similar to other posttraumatic 
sensory nerve injuries. This must be acknowledged by clinicians as 
a relatively common problem and informed consent appropriately 
formulated for patients at risk of trigeminal nerve injuries in relation 
to dentistry requires revision. J OrOfac Pain 2011;25:333–344
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iatrogenic injuries to the third division of the trigeminal nerve 
remain a common and complex clinical problem of significant 
research interest.1,2 The exact incidence of painful trigeminal per-

manent sensory dysfunction is unclear due to the lack of clarity of 
working diagnostic criteria for trigeminal postsurgical or posttrau-
matic nerve injuries.3 an approximate estimation, however, states that 
up to 5% of the patient population is affected with chronic pain, of 
which approximately 35% of these patients suffer from neuropathic 
pain (nP).4 nP is characterized by a variety of sensory symptoms that 
differ significantly from those of other chronic pain states. Such symp-
toms of nP may include paresthesia (such as tingling and formica-
tion); ongoing burning pain; spontaneous shooting, electric shock-like 
pain; and evoked pain in the form of hyperalgesia and/or allodynia to 
thermal and possibly mechanical stimuli, which  almost always occurs 
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within a specific area (apart from trigeminal neural-
gia). Patients with nP also report maximum pain lev-
els within the region that are often coextensive with 
the area of sensory deficit. 

Persistent pain after endodontics was found to 
occur in 3% to 13% of patients5–7 while surgical 
endodontics resulted in chronic nP in 5% of pa-
tients.8 Significant factors associated with persistent 
postendodontic pain included prolonged preopera-
tive pain, female gender, and previous chronic pain 
symptoms.7 in 135 patients with inferior alveolar 
nerve injuries (ianis) caused by dental treatment or 
malignancy, 22% presented with dysesthesia, which 
was significantly associated with the female gender.9 
in another study of 449 patients with trigeminal 
nerve injuries caused by dental treatment, pares-
thesia was the most prevalent neurogenic symptom 
(53.5%), but more incapacitating symptoms such as 
dysesthesia (17.1%) and allodynia (4.5%) account-
ed for a lot of suffering.1 

Patients with trigeminal nerve injuries often com-
plain that their symptoms of nP interfere signifi-
cantly with daily function, such as speaking, eating, 
drinking, kissing, facial expression, make-up appli-
cation, and shaving, since most social interactions 
involve this nerve. These interferences result in de-
creased quality of life and may ultimately lead to 
significant psychological problems.10 These patients 
are often frustrated subsequent to surgery and this 
may result in increased complaints, litigation, and 
malpractice suits, as well as great embarrassment to 
the practitioner who caused the damage.1,9

While the presence of each of the characteristics 
described above aid in the diagnosis of nP, they are 
not universally present in nP or absolutely diagnos-
tic of nP. any sensory deficit towards noxious and 
thermal stimuli indicates damage to small-diameter 
afferent fibers or to central nociceptive pathways. 
Quantitative sensory thermal assessment objec-
tively and specifically measures the activity of these 
small-diameter afferent fibers or pathways by test-
ing the patients’ thresholds to cold and heat pain.11 
additional conventional mechanical tests, including 
two-point discrimination (TPD), light touch (LT), 
pin prick, and sharp-blunt discrimination (SBD) 
tests,12–14 may also be carried out to assess their ac-
tivity; however, these tests are subjective and, due to 
the variability in methodology and reporting, are of 
limited value for interstudy comparisons. 

The results of any subjective (psychophysical) 
clinical test will depend on good communication 
between the patient and the clinician; ultimately, 
the outcome of the assessment will relate to the pa-
tient’s perceived experience and their interpretation 
of how to report it. The results also bear little clinical  

significance in relation to pain and functionality. 
Objective assessment may exclude the higher cogni-
tive responses of the patient, relating accurately to 
neurophysiologic events but omitting the patient’s 
perceived effects. recently, several investigators have 
recommended the use of the patient’s report alone,15,16 
in combination with subjective and objective neu-
rosensory tests17,18 or utilizing quality of life (Oral 
Health impact Profile [OHiP]) questionnaires19 
for a more holistic approach for the assessment of 
patients with trigeminal nerve injury. Such assess-
ments should be carried out over a period of time 
after the injury in order to provide accurate moni-
toring of sensory and functional recovery ideally  
with criteria for intervention where necessary. 

The aims of this study were to describe the cause, 
clinical signs, and symptoms of patients presenting 
to a tertiary care center with iatrogenic lesions to 
the mandibular branches of the trigeminal nerve. 

Materials and Methods

Subjects 

a total of 254 patients with trigeminal nerve injuries 
were consulted over 3 years at the Dental institute in 
King’s college Hospital, London. Within this cohort 
of patients, 38 patients presented with trigeminal 
neuropathy caused by neurological disease, malig-
nancy, multiple sclerosis, sickle cell disease, known 
alcoholism, injury caused by nondental trauma, or-
thognathic surgery, diabetes, HiV, postherpetic neu-
ralgia, stroke, and chemotherapy. The etiology and 
functional status of the remaining 183 injuries to 
lingual (50.8%) or inferior alveolar nerves (49.2%) 
were evaluated and management documented in 
this report. all data presented in this report were 
part of routine clinical examination of patients with 
trigeminal nerve injuries at the authors' clinics.

Assessment 

all patients were seen and assessed by a single clini-
cian (Tr) who initially obtained a detailed history 
that included the date and mode of injury and the 
patients’ self-assessment of neurosensory function in 
terms of reduced function (hypoesthesia, anesthesia), 
and neurogenic discomfort (paresthesia, dysesthesia, 
allodynia, dysgeusia, ageusia, etc). The related inter-
ference with daily function was explored on a task 
basis. Psychological effects were also specifically iden-
tified, the details of which are described elsewhere.20

a series of standardized tests of neurosensory 
functions1 was undertaken on all patients by the 
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same observer (Tr) based on recommendations by 
robinson et al21 and previously used methods.14 
Examinations took place in a quiet room with the 
patients at ease, and they were urged to concentrate 
on the neurosensory test. Key factors assessed were 
size and extent of the neuropathic area, subjective 
function (Sf), mechanosensory function, functional 
problems, and pain profiling.22

The percentage neuropathic area (percentage of ex-
traoral and intraoral dermatome) within the mandibu-
lar (V3) division of the trigeminal nerve was mapped 
by running closed forceps gently over the surface from 
unaffected area to the injured zone, mapping points 
when the patient acknowledged a change in sensation. 
a neuropathic area of 100% within the extraoral der-
matome indicated that the whole mandibular nerve 
extraoral skin area of the injured side was affected. 
Likewise, a neuropathic area of 100% within the 
intraoral mucosa indicated that the whole intraoral  
mucosa area of the injured side was affected. 

The patients were then requested to assess their over-
all level of mechanosensory function of the affected 
nerve by using a Sf scale ranging from 0 to 10 [0 = no  
perception of touch and 10 = normal perception].14 if 
patients had hypersensitivity and possibly mechani-
cal and/or thermal allodynia, they rated this on a fur-
ther scale from 10 to 20. all assessments/ratings were 
based on a comparison with the uninjured side. 

Specific mechanosensory tests were then carried 
out to further assess neurosensory qualities, such 
as LT, pin prick, SBD, moving-point discrimination 
(MPD), and TPD. all tests, apart from the MPD, were 
repeated five times. Pain was assessed at rest and af-
ter mechanical and cold stimulation by using a visual 
analog scale (VaS), where 0 was no pain and 10 was 
worst pain imaginable. The mechanical and cold stim-
uli were evoked by gently touching the neuropathic 
area with a dental probe and a piece of cotton wool 
sprayed with ethyl chloride (Ec), respectively. all 
tests were limited to the V3 division of the trigeminal 
nerve; V1 and V2 divisions were not tested.

Patients with Lni were examined for the presence 
of a traumatic neuroma. an unpleasant, radiating 
sensation in the injured side of the tongue induced 
by digital pressure to the region of suspected injury 
at the medial aspect of the mandibular ramus was 
interpreted as caused by a traumatic neuroma. a 
further test carried out amongst only Lni patients 
included counting the fungiform papillae within the 
anterior two-thirds of the tongue. The injured side 
was compared with the contralateral uninjured side.

following the assessment procedure, patients 
were informed of the diagnosis, the degree of injury,  
the likely cause, and permanency of the injury, fol-
lowed by a discussion of the possible strategies to 

manage their symptoms. Patients were seen on more 
than one occasion and were informed at each con-
sultation of how their symptoms may relate to cur-
rent understanding and explanations for nP (eg, 
cold allodynia). 

Statistical Analyses 

all data were analyzed using the SPSS statistical pro-
gram (SPSS, iBM). chi-square tests were applied for 
nonparametric testing of frequencies. Student t tests 
for the comparison of means were carried out where 
appropriate. The value of P ≤ .05 was chosen as the 
level of statistical significance. appropriate correla-
tions were also carried out between certain data sets. 

Results

Demographics

This study involved a total of 183 patients, of whom 
50.8% presented with Lni and 49.2% with iani. Pa-
tients were referred from all parts of the United Kingdom.  
Specialist practitioners in secondary care trusts referred  
50% and 32% of Lni and iani patients, respec-
tively. General dental practitioners referred 40% of 
Lni and 51% of iani patients. ages of the patients 
ranged from 20 to 64 years, with a mean age of 38.4 
among the Lni patients. iani patients presented 
with a mean age 43.8 years (range 22 to 85 years).  
Significantly more females suffered from injured nerves 
(63% of Lni patients, P = .01; 61% of iani patients, 
P = .003), but there was no significant difference in 
the severity of symptoms between females and males.

The majority of ianis and Lnis (60% and 73%, 
respectively) were caused by third molar surgery 
(TMS) and local anesthesia (La) (fig 1). a more di-
verse range of procedures, including implant place-
ment and endodontic treatment caused ianis. Larger 
intraoral neuropathic areas (80%) were observed in 
those patients who received TMS under general anes-
thesia (Ga) (P < .01). Time from injury to examina-
tion followed a skewed distribution with an arithmetic 
mean of 17 months (standard deviation [SD] 42.2;  
median = 6 months; range 0.25 to 360 months). in-
juries were regarded as being permanent if the pa-
tient had symptoms for more than 6 months. Many 
of the Lni and iani patients had permanent injuries 
(63.4% and 54.8%, respectively) and females were 
more likely to suffer from permanent nerve injury  
(P < .001). Temporary injury was indicated in 12.9% 
and 5.4% of the Lni and iani cases, respectively, as 
their symptoms were resolving significantly or had re-
solved at their consultation appointment. 
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Both iani and Lni patients reported moderate 
to severe pain at rest and at its worst. Mechanical 
allodynia was indicated when VaS scores increased 
immensely upon mechanical stimulation of the 
tongue and gingivae. iani patients suffered from 
a slightly larger intraoral mean neuropathic area 
of 57.7% compared to 47.9% of the lingual der-
matome amongst the Lni patients (P > .05), and 
their mean Sf value of 8.0 was larger than the mean 
score (5.0) of the Lni patients (P > .05, Table 1). 
Sf values greater than 10 indicated that more iani 
patients suffered from hypersensitivity and possibly  

hyperalgesia/allodynia, particularly on the affected 
gingivae. The size of the extraoral and intraoral neu-
ropathic area significantly correlated with the gender 
of only the iani patients, where females had the 
larger areas (P < .001 and P = .01, respectively).

Subjective Signs and Symptoms

approximately 70% of all patients presented with 
nP, despite the additional presence of anesthesia and/
or paresthesia, as summarized in fig 2. a significant-
ly greater percentage of female patients in general 
complained of evoked and spontaneous pain, pares-
thesia, and anesthesia (P < .05). reports of evoked 
pain by iani and Lni patients seemed to be greater 
if their nerve injury was more than 4 or 6 months 
duration. conversely, reports of spontaneous pares-
thesia amongst the Lni patients significantly reduced 
if they had their symptoms for more than 6 months. 
The duration of the injury did not significantly affect 
the incidence of spontaneous pain. Patients who had 
their TMS carried out under La were significantly 
more likely to complain of evoked pain, evoked and 
spontaneous paresthesia, and anesthesia in compari-
son to those patients who had their TMS carried out 
under Ga. age of the iani and Lni patients did not 
correlate significantly with symptoms, neuropathic 
area, or permanency of the injury. 

The majority of patients suffered from pain-
ful altered sensation (dysesthesia), followed by 
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Fig 1  cause of the iani and Lni. TMS caused the most cases of iani and Lni. This was followed by La. ianis were 
also caused by implants, endodontics, and apicoectomies. a small number of ianis and Lnis were caused by pathological 
excisions and other procedures. 

Table 1   Summary of the Neuropathic Area Affected and 
Subjective Function (SF) of the LNI and  
IANI patients.

Neuropathic 
area (%)

SF

Minimum Maximum

IANI

Intraoral 57.7 (4–100) 2.0 (0–4) 8.0 (1–18)

Extraoral 55.5 (0.8–100) 4.3 (0–18) 7.6 (1–20)

LNI

Lingual 47.9 (2–100) 3.0 (0–8) 5 (0–12)

Lingual  
gingivae

43.8 (6–100) 3.0 (0–8) 5 (0–12)

Hypersensitivity to touch indicated by SF values greater than 10, as 
a value of 10 indicated normal perception. A SF value of less than 
10 indicates diminished SF, and 0 indicates no SF.
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 anesthesia, and spontaneous/evoked paresthesia 
(fig 3). The most commonly reported character of 
paresthesia was pins-and-needles (fig 4). Other al-
tered sensations included burning, swollen and fizz-
ing sensations, formication, and cotton-wool–type 
feeling in the mouth. iani patients tended to suffer 
more from evoked pain, allodynia (P < .001), and 
hyperalgesia (P < .05) than spontaneous pain (fig 
5). Similar proportions 0 of iani and Lni patients 
had problems with evoked pain, but significantly 
more Lni patients suffered from spontaneous pain  
(P < .05).

Patients with iani suffered mostly from extraoral 
and intraoral mechanical allodynia, followed by 
cold allodynia (fig 6). a lower percentage of Lni 

patients complained of mechanical (P < .001) and 
cold allodynia intraorally, and only Lni patients 
demonstrated intraoral heat allodynia, taste allo-
dynia, and allodynia to spice. Other tastants that 
provoked symptoms amongst the Lni patients in-
cluded salty food, red wine, ginger, mint, citrus fla-
vor, and fizzy drinks/flavors. Despite the presence 
of taste allodynia among 5% of Lni patients, the 
number of fungiform papillae on the injured side 
of the tongue decreased in comparison to the con-
tralateral, uninjured side. fungiform papillae num-
bers had significantly reduced in the injured side of 
the tongue in comparison to the opposite uninjured 
side among 38% of Lni patients. 

Paresthesia
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Fig 2  Summary diagrams showing the incidence of paresthesia, anesthesia, and pain amongst the (a) iani and (b) Lni 
patients. The largest majority of iani and Lni patients had a mixture of pain, paresthesia, and anesthesia. More iani 
patients experienced pain alone. Paresthesia alone or with pain, and anesthesia alone or with pain were experienced by 
more Lni patients. 

100
90
80
70
60
50
40
30
20
10
0

Evoked Spontaneous
Anesthesia DysesthesiaParesthesia

Pa
tie

nt
s 

(%
)

Altered sensation

IANI

LNI

Fig 3  incidence of altered sensation amongst the 
iani and Lni patients. iani and Lni patients 
mostly complained of dysesthesia, followed by 
anesthesia and paresthesia (P > .05). Evoked par-
esthesia was only seen amongst the iani patients. 
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Fig 4  Presentation descriptors of altered sensation for (a) iani and (b) Lni patients. Most patients had complaints of 
pins-and-needles. The next key complaint was burning. Both iani and Lni patients had complaints of fizzing and swollen 
sensations.
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Fig 5 (left)  Types of pain experienced by iani 
and Lni patients. although similar numbers of 
iani and Lni patients experienced evoked pain, 
a significantly larger proportion of Lni patients 
experienced spontaneous pain (P < .05). Signifi-
cantly more iani patients experienced allodynia 
(P < .001) and hyper algesia (P < .05).

Fig 6 (below)  incidence and types of allodynia 
experienced by the iani and Lni patients. Key 
types of allodynia experienced by the patients 
were mechanical, cold, and heat. a small percent-
age of Lni patients also experienced allodynia to 
spice and taste. a significantly larger percentage 
of iani patients experienced intraoral mechanical 
allodynia (P < .001).
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Sensory Impairment 

iani and Lni patients suffered significantly 
from reduced mechanosensory function (fig 7). 
 Significantly more patients with Lni had no LT 
perception and no SBD in comparison to the pa-
tients with iani (P < .05). Significantly greater  
proportions of iani patients with hypersensitivity 
to cold and touch, as indicated by elevated respons-
es to cold, Ec, TPD, and SBD (P < .05, fig 7) corre-
lated positively with increased incidence of cold and  
mechanical allodynia amongst iani patients.

iani and Lni patients reported moderate to se-
vere pain at rest and at its worst. an unpleasant, radi-
ating sensation in the injured side of the tongue upon 
palpating the region of suspected injury at the medial 
aspect of the mandibular ramus suggested the pres-
ence of a traumatic neuroma in 19% of Lni patients. 

Functionality

a significantly greater percentage of Lni patients 
had problems with speech in comparison to iani 
patients (P < .001; fig 8). Similar numbers of pa-
tients, however, complained of problems with eating. 
Significantly more patients with iani had problems 
with brushing teeth (P < .001), drinking (P < .0001), 

confidence (P < .001), and sleep (P < .05). Kissing 
was affected in equal percentages of iani and Lni 
patients. Other problems experienced by patients 
with iani included interference with make-up ap-
plication, shaving, and pronunciation. a very small 
number of patients also had problems with work.

Discussion

iatrogenic trigeminal nerve injury in relation to 
dentistry remains a significant research interest to 
clinicians.1,2 The present study describes the signs 
and symptoms experienced by patients with post-
traumatic iani and Lni. 

Cause of Injury

results of this study add to the previous reports that 
injury to the third division of the trigeminal nerve 
may occur due to a variety of different dental treat-
ments including TMS,12 implant treatment,23,24 den-
tal La injections,25 and endodontic treatment.26 The 
range of causes of Lni and iani exist most likely 
because of the location of these nerves. The Ln 
sits in soft tissue and is more likely to be prone to 
compression mechanical type injuries, particularly  
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Fig 7  Mechanosensory results for iani and Lni patients (*P < .05 when iani and Lni patients were compared for each 
type of mechanosensory test). a greater percentage of iani patients had elevated responses to TPD, SBD, cold, and Ec 
than the Lni patients, who showed decreased sensitivity to the mechanosensory tests. Significantly more Lni patients had 
no response to LT and SBD (P < .05).
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related to TMS involving lingual access. The ian 
sits in a bony canal making it more likely to be ex-
posed to mechanical or hemorrhagic compression 
and chemical endodontic injuries. 

in accordance with previous reports, it was not sur-
prising that TMS caused the highest incidence of Lnis 
and ianis.1,2,27 The significantly larger neuropathic 
areas (80%) caused by TMS carried out under Ga 
in comparison to TMS carried out under La may re-
flect the increased difficulty of the surgical procedures 
being selected for Ga.28 The ian neuropathy related 
to TMS or ian block injections is usually temporary 
but can persist and become permanent.1 

La-related injury to the trigeminal nerve was 
the second most common cause of iani and Lni 
in this study at 19% and 17%, respectively. nerve 
injury due to La is complex. The nerve injury may 
be physical (needle, compression due to epineural or 
perineural hemorrhage) or chemical (hemorrhage or 
La contents). The problem with these injuries is that 
the nerve will remain grossly intact and therefore one 
cannot identify the injured region, making it inappro-
priate to carry out surgery. Therefore, the most suit-
able management indicated is for symptomatic pain 
relief.29 Several epidemiological reports have high-
lighted the increased incidence of persistent nerve 
injury related to ian blocks with the introduction of 

high La concentration, eg, Prilocaine and articaine, 
both at 4%.25,30 These injuries have been shown to be 
associated with a 34%31 and 70%29 incidence of nP, 
which is high when compared with other causes of 
peripheral nerve injury.

implants caused 18% of the ianis, most likely 
due to the close anatomical location of lower third 
molars to the ian.32,33 an iani may be avoided by 
carrying out a coronectomy, which is a procedure 
that involves removal of the crown of the wisdom 
tooth and leaving behind the roots.34,35 Unfortunate-
ly, where this procedure may have been appropriate, 
none of the patients seen in this study with TMS- 
related ian injury were offered a coronectomy 
procedure. This technique should also be routinely 
taught to future oral surgeons. in comparison to 
ianis, Lnis more likely occurred due to lingual ac-
cess surgery, which involves raising a lingual flap in 
addition to a buccal flap and carrying out specific 
lingual retraction to protect the Ln and improve 
visibility and access to the third molar region.36 
The authors hope that with formalized oral surgery 
training, this high-risk surgical approach for man-
dibular TMS will phase out. 

The small percentage of patients with ianis in 
this study (8%) support the idea that serious me-
chanical and chemical damage may also occur from  
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Fig 8  interference of symptoms with functionality of the iani and Lni patients. The majority of iani and Lni pa-
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endodontic procedures.26 any tooth requiring 
 endodontic therapy that is in close proximity to the 
ian canal should require special attention. if the ca-
nal is overprepared and the apex opened, chemical 
nerve injuries from irrigation of canal medicaments 
is possible as well as physical injury precipitated 
by overfilling using pressurized thermal filling tech-
niques.37 Postoperative root canal treatment reviews 
must be arranged on the day of completion and iden-
tification of any treatment product in the ian canal 
should be treated within 48 hours.26 

Referral of Patients and Persistence of Injury 

Most patients were seen within a year after the in-
jury, and injuries were more frequently regarded 
as being permanent. The majority of ianis caused 
by TMS were referred from general dental practi-
tioners who may have had inadequate specialist 
training in oral surgery and inexperience of TMS. 
TMS under Ga was more likely to result in iani 
with a larger neuropathic area, possibly because 
of increased complexity of the cases. Lni patients, 
however, were mainly referred from secondary care 
clinics. These results indicate that both general prac-
titioners and specialist oral surgeons need to take 
more care when carrying out such procedures.

 full recovery of nerve function following injury 
is less likely after a severe injury, when the patient is 
seen a long time after the injury, and when the injury 
is in close proximity to the cell body.38 faster referral 
of cases to specialist oral surgeons within 3 months 
after TMS injury, as well as management of implant- 
or endodontic-related injuries within 24 hours of 
the injury, may help maximize the resolution of neu-
ropathy by interrupting and possibly reversing the 
cascade of events that occur after nerve injury.19,39,40 
There will, however, be the unfortunate cases where 
the nerve injury caused by La, delayed referral of im-
plant, or endodontic injuries that cannot be treated 
surgically. These patients should be reassured about 
their condition, referred for counseling if required, 
and medically managed for the associated pain.

Patient Age and Gender

age ranges were similar to previous reports of patient 
cohort with iatrogenic nerve injury.1,2 Significantly 
more females had iani and Lni, showing similarities 
to previous studies.1,41 females may appear to be more 
at risk of iatrogenic trigeminal nerve injuries because 
they are more likely to visit the doctor in general than 
males and are more likely to seek advice regarding 
pain. Significantly greater numbers of female patients 
reporting evoked and spontaneous pain, paresthesia, 

and anesthesia support previous studies.7,41 These in-
creased reports of pain among females may be pos-
sibly due to their lower pain thresholds42 or related to 
their increased tendency to communicate their prob-
lems. reasons explaining why female patients with 
iani suffered from significantly greater areas of neu-
ropathy within the extraoral and intraoral dermato-
mes deserve further analysis. 

Neurosensory Assessment

Pain and Altered Sensation. a large proportion 
(70%) of patients with posttraumatic trigeminal 
nerve injury in the present study had nP with/
without additional neurogenic discomfort, such as 
anesthesia and/or paresthesia. in a previous report, 
only 10 patients (14%) presented without neuro-
genic discomfort in patients undergoing Ln repair.1 
However, 30% of Lni patients reported pain that 
was reduced to 26% after surgical intervention.43 
Several authors43,44 separated out these symptoms, 
implying that the patients only experience one or 
the other; however, this study illustrates that pain 
can occur in addition to anesthesia and paresthesia. 
These troublesome symptoms inevitably resulted 
in a severe reduction of their overall quality of life, 
and the functional difficulties and associated psy-
chological distress experienced by these patients are 
discussed in greater detail elsewhere.20

The majority of patients with ianis or Lnis in 
this study suffered from painful altered sensation 
(dysesthesia). The prevalence of spontaneous par-
esthesia amongst Lni patients was consistent with 
the previously stated incidence of 50% to 80%.45 
Only iani patients demonstrated spontaneous and 
evoked paresthesia. The most commonly reported 
character of paresthesia was pins-and-needles fol-
lowed by burning sensations in both groups. fizz-
ing and swollen sensations were also experienced 
by both groups. However, only the iani patients 
complained of “ants-crawling-across-the area”-type 
sensations, otherwise known as formication. itchi-
ness and prickling, dull sensations were also experi-
enced only by the iani patients. a Lni patient also 
reported a cotton-wool type sensation within the 
mouth. The variation in reported symptoms prob-
ably reflects the difficulty patients have in describ-
ing their sensations and association of them with 
specific factors. 

a greater number of iani and Lni patients re-
ported evoked pain if their nerve injury was more 
than 4 or 6 months in duration. However, the dura-
tion of the injury did not significantly affect the inci-
dence of spontaneous pain, which may indicate that 
these symptoms remain stable. Patients who had 
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their TMS carried out under La were significantly 
more likely to complain of evoked pain, evoked and 
spontaneous paresthesia, and anesthesia in com-
parison to those patients who had their TMS car-
ried out under Ga, indicating a possible role for the 
chemical within the La in the development of these 
symptoms. age of the iani and Lni patients did 
not correlate significantly with symptoms, neuro-
pathic area, or permanency of the injury. There was 
also a significant reduction in the number of Lni 
patients reporting spontaneous paresthesia if they 
had their symptoms for more than 6 months.

Both iani and Lni patients reported moderate 
to severe pain at rest and at its worst. Mechanical 
allodynia was indicated when VaS scores increased 
immensely upon mechanical stimulation of the 
tongue and gingivae. This indicated altered activity 
of the aβ-fibers normally involved in mechanical 
sensation. in addition to this, the presence of cold 
allodynia extraorally and intraorally, and heat al-
lodynia indicated altered activity of the smaller my-
elinated aδ- and unmyelinated c-fibers and/or their 
central pathways normally involved in thermal and 
pain perception.46

Long-term alteration of taste sensation following 
Lni has been previously reported.41 in this study, 
the authors considered that altered activity of the 
chorda tympani was manifested by “tastant allo-
dynia,” ie, pain elicited with specific flavors, despite 
the decreased number of fungiform papillae on the 
injured side of the tongue. This is the first study to 
report such a phenomenon in iatrogenic nerve inju-
ries, whereby such patients also reported significant 
problems with eating. a decrease in the number and 
quality of fungiform papillae following Ln section 
supports previous studies45,47,48 and possibly ex-
plains the lack of trophism to the fungiform papillae 
due to damage to the chorda tympani nerve. Tastant 
allodynia may be due to specific up-regulation in 
neural receptors that respond to these adjuvants, 
including transient receptor-potential Vanilloid 
(TrPV) receptors and sodium channels (nav1.7 and 
1.8), which have been shown to be up-regulated in 
other trigeminal pain conditions.49,50 

Peripheral nerve injuries are also known to cause 
increased neuroimmune interactions, such as micro-
glia within the spinal cord and brainstem and altered 
gene expression, that result in changes in the function 
of neurons. Such changes therefore result in disturbed 
sensory inflow to the central nervous system.51 in ad-
dition to these alterations, changes in functional to-
pography have been shown to occur within the cortex, 
and cortical gray matter is lost. alterations in recipro-
cal connections can also occur, in particular between 
the spinal cord, brainstem, and higher brain centers, 

which include an increase in descending facilitatory 
influences and a decrease in inhibitory influences.

Surgically induced injury resulting in chronic 
nP is now well-established, and the incidence is 
much higher than most surgeons anticipate. ap-
proximate estimated incidences of chronic nP af-
ter various procedures include 60% following leg 
amputation, 50% following a thoracotomy, 30% 
after breast surgery, from 10% to 20% after chol-
ecystectomy, and 10% to 15% after an inguinal 
herniorrhaphy.52–55 One would expect the incidence 
of postsurgical nP relating to dentistry to be simi-
lar to other surgical procedures, however, this study 
highlights that the incidence of pain, dysesthesia, 
and hyperesthesia in postsurgical trigeminal nerve 
injuries was high compared with other postsurgical 
nP incidences.53,54 a possible reason for such a high 
incidence of nP could be that most dental surgery 
is undertaken on an outpatient basis and patients 
are not kept in hospital, thus allowing better moni-
toring of postoperative persistent pain. The patient 
cohort was also self-selected, whereby patients had 
to persist or even demand referrals for their com-
plex and painful symptoms. it is likely that patients 
with anesthesia perhaps are not so debilitated, thus 
not seeking secondary or tertiary referrals. Patients 
with pain are more likely to have severe functional 
and psychological difficulties even without due con-
sideration to the additional damaging effects of the 
iatrogenic nature of the injury.

chronic postoperative pain is generally more 
likely to occur amongst patients with preoperative 
pain, psychological vulnerability, anxiety, depres-
sion, and/or neuroticism, if the patient is going to 
benefit from workers compensation, if a surgical ap-
proach with risk of nerve damage is carried out, if 
the surgery is repeated, upon the occurrence of mod-
erate or severe acute postoperative pain, and pos-
sibly if the patient is undergoing radiation therapy 
and/or neurotoxic chemotherapy.56

Mechanosensory Impairment. although there 
have been numerous studies evaluating trigeminal 
neurosensory disturbance due to oral surgery, there 
seems to be no consensus as to the ideal choice of 
methods with which to measure such impairments. 
While such methods should be precise enough to 
match the requirements of modern science, they 
should also be pragmatic enough to be used in an 
outpatient setting. Elevated responses to more than 
one of the tests carried out frequently correlated 
positively with an increased incidence of cold and 
mechanical allodynia amongst iani patients in the 
present study. Many patients also suffered signifi-
cantly from reduced mechanosensory function, such 
as LT, TPD, SBD, and MPD. a report by Hillerup and 
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Stoltze57 showed similar findings to this patient co-
hort, whereby patients showed decreased TPD of > 
20 mm on the injured side in comparison to 6.3 mm  
(SD 2.3) on the noninjured side. 

The presence of a traumatic neuroma was indi-
cated when an unpleasant, radiating sensation in the 
injured side of the tongue occurred upon palpating 
the region of suspected injury at the medial aspect 
of the mandibular ramus. a traumatic neuroma was 
suggested in 19% of Lni patients, which is less than 
a previous study57 that reported 53% of patients 
displayed this positive sign. This interestingly did 
not improve after reparative surgery. 

Recommendations

There is need for a consensus and standardization of 
iani and Lni assessment in order to identify injury, 
while also simultaneously differentiating temporary 
from permanent injuries in the early postoperative 
period in order to expedite the appropriate selection 
of candidates for appropriate interventions. The au-
thors recommend that a holistic approach would be 
beneficial to all clinicians and patients to recognize 
the incidence of pain, the related effect on function-
ality, and psychological implications.

it is imperative that for all patients undergoing 
procedures that place the trigeminal nerve at risk, 
surgical methods must be modified to minimize risk 
to the nerve and, if injury occurs, it must be recog-
nized early on and appropriately referred to a spe-
cialist. consent procedures should be instituted to 
ensure that patients are alerted to the possibility of 
chronic nP and be provided with realistic expecta-
tions as to the risks and consequences of trigeminal 
nerve injury. assessment of risk must be undertaken 
in order to appropriately advise the patient with re-
gard to alternative treatment plans and include this 
possibility in the consent forms.58 The information 
should be explicit with ensuring that the patient is 
aware that nerve injury may cause altered sensation 
(anesthesia, pain, and/or troublesome altered sensa-
tion) that may be intermittent or constant, tempo-
rary or permanent. The patient must also be warned 
that the neuropathic area may affect all or part of 
the ian dermatome, extra- and intraorally (whole 
of skin and vermilion of lip and chin on each side 
and all lower quadrant teeth and associated buccal 
gingivae), or Ln dermatome (whole side of tongue 
and lingual gingivae). 

Many authors recommend referral of injuries be-
fore 4 months59 but this may be too late for many 
peripheral sensory nerve injuries. More recently, the 
authors have recommended early removal of implants 
as a strategy to optimize neuropathy resolution.40  

it is now understood that after 3 months, permanent 
central and peripheral changes occur within the nerv-
ous system subsequent to injury that are unlikely to 
respond to surgical intervention.51 

Conclusions 

Pain as well as anesthesia and/or paresthesia may oc-
cur following posttraumatic trigeminal nerve injury, 
and the functional problems and psychological mor-
bidity are significant in this group. Based on these 
findings, the authors recommend the best practice for 
informed consent for patients at risk of iatrogenic 
nerve injury in relation to dental procedures.
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