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Aims: To field-test carefully designed criteria for pain following 
trigeminal nerve trauma. Methods: In order to characterize the clini-
cal phenotype, posttraumatic pain patients were studied and com-
pared with classical trigeminal neuralgia patients (CTN, defined 
according to the International Headache Society’s criteria). Based 
on etiology and features, trigeminal pain following trauma was 
defined as “peripheral painful traumatic trigeminal neuropathy” 
(PPTTN). Data were analyzed with t tests, ANOVA, chi-square, and 
regression analyses. Results: A total of 145 patients were included: 
91 with PPTTN and 54 with CTN. Findings indicated that PPTTN 
criteria are clinically applicable in the detection and characteriza-
tion of relevant cases. In contrast to accepted characteristics for 
PPTTN, the observed profile included both continuous and parox-
ysmal pain that was stabbing and/or burning. The quality, duration, 
and intensity were significantly different from the CTN patients  
(P < .05). PPTTN was consistently accompanied by trigeminal 
sensory abnormalities (96%) that were mostly allodynia, hyper- 
or hypoalgesia, and only 1% of the PPTTN cases had anesthesia. 
 Conclusion: Overall, the proposed PPTTN criteria have proven to 
be clinically useful. In view of these results, modified PPTTN diag-
nostic criteria are proposed for use in future research. J OROFAC PAIN 
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Injury to the trigeminal somatosensory system at peripheral nerve, 
ganglion, sensory root, or central structures can induce chron-
ic neuropathic pain1,2 and may follow major3,4 or even  minor 

 trauma.5

Unfortunately, neuropathic pain due to trigeminal nerve injury 
has been poorly defined. Various related terms exist in the literature, 
including deafferentation pain,6–8 phantom tooth pain,9,10 atypical 
odontalgia,11,12 anesthesia dolorosa,13–15 and persistent idiopathic 
facial pain (atypical facial pain).13,16,17 The occurrence of Complex 
Regional Pain Syndrome11 in the craniofacial region is unclear.18 The 
term “posttraumatic neuralgia” has also been suggested in an arti-
cle that employed advanced statistical processing and successfully 
clustered such patients based on clinical features.19 The above termi-
nologies have been critically reviewed.1,20

Criteria for posttraumatic trigeminal neuropathic pain have been 
suggested.21,22 Based on recent literature, these criteria were refined 
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and a grading of the certainty of neuropathic pain 
diagnosis was incorporated (Table 1).2,23 The aim 
of the present study was to field-test these carefully 
designed criteria for pain following trigeminal nerve 
injury. This article thus presents the results of field-
testing the proposed criteria for “peripheral pain-
ful traumatic trigeminal neuropathy” (PPTTN) in 
a craniofacial pain clinic. The term “neuropathy” is 
used in preference to neuropathic pain so as to allow 
the future inclusion of the clinically common non-
painful trigeminal neuropathy due to trauma (and 
other causes).

Materials and Methods

This was a prospective cohort study where the 
PPTTN patients were to be compared to classical 
trigeminal neuralgia (CTN) patients. Inclusion cri-
teria were comprised of a complaint of facial or 
head pain that was present for a minimum period 
of 3 months. The criteria for the first experimen-

tal group of patients were in accordance with the 
 International Headache Society’s (IHS)13 definition 
of classical trigeminal neuralgia (CTN; 13.1.1). 
Only CTN cases with no history of previous sur-
gery were included. The second experimental group 
had to meet inclusion criteria for PPTTN that the 
authors defined (see Table 1).

Exclusion criteria included: painless sensory 
deficits; anaesthesia dolorosa13 because it includes 
 occipital and trigeminal nerve injuries, both periph-
eral and central; persistent idiopathic facial pain 
(PIFP) due to the ambivalent nature of this entity; 
and burning mouth syndrome because it is unclear 
whether it is solely a neuropathy. By definition, 
all symptomatic trigeminal neuralgia cases were 
 excluded.

Patient History

A pain intake form routinely used for the authors’ 
research16,21 was employed to record all relevant 
 parameters (translated copy24). Patients were asked 

Table 1  PPTTN: Proposed Diagnostic Criteria

Diagnostic criteria Notes

A Spontaneous or touch-evoked (stimulus dependent) 
pain affecting one or more divisions of the trigeminal 
nerve that:
1.  Lasts from seconds to minutes.*
2.  Is constant (> 8 h/day, > 15 days/mo).

Pain is mostly unilateral and does not cross the midline.
*Paroxysmal pain patients may also have constant back-
ground pain. Present results show that attack duration is 
heterogenous and this needs reevaluation (see Discussion).

B Develops within 3 months of an identifiable traumatic 
event to the painful area* or relevant innervation.†

Continues for more than 3 months.

Trauma, surgery, invasive dental treatment. 
*Usually localized pain.
†Likely to cause dermatomal pain, may spread due to 
central mechanisms.

C At least one clinically evident neurologic dysfunction:
Positive sign
1. Hyperalgesia
2. Allodynia
3. Swelling or flushing
and/or:
Negative sign
1. Anesthesia
2. Hypoesthesia

Must be a constant feature and reproducible. Nonvital 
tooth is evidence of nerve damage.
Clinical examination may be suitable. If area is amenable, 
quantitative sensory testing may reveal changes.
Advanced neurophysiologic testing is not always avail-
able but certainly valuable (see D), eg, nerve conduction 
studies, electromyography, laser-evoked potentials, blink 
reflex, masseter inhibitory reflex.
Convincing data from C may be considered sufficient.

D Imaging or neurophysiology demonstrating a neuro-
logic lesion and its location

Imaging may often be historical, eg, zygomatic fractures 
affecting the infraorbital nerve that have been decom-
pressed, dental implants that impinged on nerve bundles 
but may have been removed. Root canal therapy is 
considered evidence of nerve damage. Neurophysiology 
(see above).

E Not attributed to another disorder Other causes are ruled out by history, physical examina-
tion, and special investigations if necessary.

Diagnostic 
level

Fulfills criteria A, B, and E
Fulfills criteria A, B, C or D, and E
Fulfills criteria A, B, C and D, and E

Possible NP
Probable NP
Definite NP

Definite PPTTN cases are defined as meeting criteria A, B, C and/or D, and E. Probable PPTTN lacks sufficient neurologic documentation as 
required in C and D. A total lack of such documentation in the presence of A, B and E (with or without D) would classify the patient as possible 
PPTTN (see reference 23). NP = neuropathic pain.
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to rate their characteristic (typical) pain intensity on 
a 10-cm visual analog scale (VAS). Pain quality was 
established by asking the patients to choose one or 
more of the following descriptive terms: electrical, 
stabbing, throbbing, pressure, burning, or any com-
bination of the five terms.16,21 Patients were asked 
to report pain duration representing that of a typi-
cal attack. The presence of autonomic signs such 
as tearing, redness, or swelling was noted. Patients 
were also asked whether the pain specifically woke 
them up from sleep.21 Additionally, gender, ethnic-
ity, medical status, and history of other therapeutic 
interventions were recorded.

Patients were allocated to three temporal patterns 
according to attack frequency and duration param-
eters often used in the headache literature: “daily” 
for patients with short and daily attacks of pain (> 
15 days/month) lasting less than 4 hours, “episodic” 
for patients with attacks of pain lasting less than 4 
hours but that occurred on ≤ 15 days monthly, and 
“continuous” in patients with daily constant pain 
(attacks ≥ 4 hours or continuous).25 Patients with 
primarily paroxysmal daily pain who also reported 
a constant background pain were coded as having 
concomitant “background pain.”

A trauma history was collected verbally and 
from relevant documentation (eg, dental or hospital 
 records, historical imaging).

Clinical Examination

The examination included a routine physical assess-
ment of the head and neck, the masticatory appa-
ratus (temporomandibular joints and masticatory/
neck muscles26), dental and periodontal tissues, and 
cranial nerves. The authors attempted to identify 
tactile trigger areas, ie, sites which when pressed 
caused onset of severe pain that spread beyond the 
area of stimulation. 

The following muscles were examined bilaterally: 
temporalis, masseter, medial pterygoid, sternocleid-
omastoid, trapezius, and the suboccipital (as one 
group). Muscle trigger points were included as part 
of the assessment of muscle involvement, not to be 
confused with the tactile trigger areas described for 
CTN and PPTTN. Tenderness to muscle palpation 
was graded as 0 (no pain), 1 (mild), 2 (moderate), 
and 3 (severe), and the individual scores summated 
as the total tenderness score (TTS), as described 
previously.21,27–31 Diagnostic imaging was requested  
routinely for CTN cases (brain and brainstem com-
puted tomography [CT] or magnetic resonance 
imaging/angiography) and for other diagnoses as 
needed. Additionally, areas adjacent to the nerve 
 injury were imaged (plain radiography, CT).

All patients were collected from the Orofacial 
Pain Clinic at the Faculty of Dentistry, Jerusalem, 
for a period of 3 years. The clinic is a secondary/ 
tertiary referral center. Following a primary intake 
(in Hebrew) by a resident, all patients were exam-
ined by both senior authors (RB, YS) who designed 
the original criteria20 together. The institutional 
 review board approved the study, and patients 
 consented to the use of their data.

Sensory Testing

Routine testing in affected and contralateral areas 
included the use of a sharp stimulus and a blunt 
stimulus. These were augmented by examining sen-
sitivity to moderate digital pressure and dynamic 
testing by rubbing the traumatized and/or painful 
areas. Based on these tests, areas were designated 
a “sensory signature” according to the definitions 
described by the International Association for the 
Study of Pain,32 as follows:

•	 Hypo/hyperalgesia: diminished/increased pain to 
a stimulus that is normally painful (eg, pinprick).

•	 Hypo/hyperesthesia: decreased/increased sensitiv-
ity to stimulation (eg, cotton wool, blunt instru-
ment, digital pressure).

•	 Allodynia: pain due to a stimulus that does not 
normally provoke pain (eg, cotton wool, blunt 
 instrument, digital pressure).

Teeth were tested by cold (ethyl chloride) 
 application if radiographs were inconclusive. Elec-
trical pulp testing was employed if the cold test 
was negative and the radiograph showed no root 
canal therapy.  In addition, patients with extraoral 
sensory signs (negative or positive, eg, hypoesthesia 
and hyperalgesia, respectively) routinely underwent 
quantitative sensory testing (QST) with transcuta-
neous electrical stimuli delivered by the Neurom-
eter Nervscan NS3000 device (Neurotron). The 
Neurometer delivers  calibrated electrical stimuli to 
 assess the thresholds of the sensory effects evoked 
by each of the three sensory fiber types (see  below). 
Patients with CTN with no sensory changes on 
clinical examination of the trigeminal nerve did 
not undergo routine QST. The stimuli were applied 
 bilaterally to the area affected and its contralateral 
equivalent. The skin was cleaned and electrode gel 
applied to the surface electrodes. Nonconductive 
adhesive strips held the electrodes (1-cm diameter 
gold- plated, Goldtrode, Neurotron) in close prox-
imity. Stimuli were delivered at 250 Hz to assess 
the sensory threshold  associated with A-δ fiber 
stimulation, and at 2,000 Hz and 5 Hz for A-β and 
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 C-fiber-evoked sensory threshold, respectively.33–35 
The subjects were instructed to release a control 
button upon the first sensation. Both operator 
and patients were blinded to the stimulus intensity 
 provided.

Statistical Methods

Data were analyzed with SPSS version 19 (IBM) 
with α set at .05 (two-tailed). Interactions between 
nominal variables were analyzed with a Pearson 
chi-square test (χ2). Differences between continuous 
variables were analyzed with a Student t test (T).

Neurometer results were converted to ratios 
(affected side/contralateral side) to account for 
between-patient variability, then analyzed with 
a one-group T for significance from the normal 
value  of 1. Repeated-measures analysis of variance 
was used to test for differences between readings 

 obtained for the three fiber groups. The relationship 
between the reported duration in pain attacks and 
disease duration was analyzed with a linear regres-
sion analysis. Within-group analyses were often per-
formed in the PPTTN group to analyze differences 
between dental and macrotrauma groups.

Results

A total of 145 patients were collected during the 
study period: 91 cases of PPTTN and 54 of CTN. 
The essential features of PPTTN and comparisons 
with those of CTN are summarized in Table 2. Mean 
onset age in PPTTN (48.60 ± 15.2 years) and CTN 
(58.61 ± 13.9 years) was significantly different; no 
differences were observed in onset age  between den-
tal (50.4 ± 14.8 years) and macrotrauma (43.5 ± 
15.6 years, T, P > .05) groups.

Table 2  Differences Between Patient Profiles in CTN and PPTTN

Parameter CTN (n = 54) PPTTN (n = 91) Statistics

Gender (M:F) 25:29 34:57 χ2, P > .05

Onset age (y ± SD) 58.61 ± 13.9 48.60 ± 15.2 T, P < .001

Location Unilateral (100%) dermatomal Bilateral (10%) injury related χ2, P > .05

Nerve branch  affected I = 2%, II = 30%, III = 48%,  
II & III = 20%

Injury related area*;
may be dermatomal†

χ2, P > .05

Intensity (mean VAS ± SD) 9.1 ± 1.1 7.7 ± 1.8 T, P < .001

Dental
7.6 ± 1.8

Macro
7.9 ± 1.6

T, P > .05

Temporal Daily (100%) Daily (47%)
‡Episodic (3%)
‡Continuous (50%)

χ2, P < .0001

Duration Homogenous 100% cases 
0.5–2.5 min

Heterogenous:
24% cases 1–4 min;
26% cases 10–180 min;
50% cases > 4 h

T, P < .0001

Common quality Electric (32%), electric + stab-
bing or pressure (30%)

Burning (13%), burning + 
stabbing or pressure (20%)
Stabbing (12%), stabbing + 
pressure or throbbing (6%)
Electric (11%)

χ2, P = .001

Background pain 33% 39% χ2, P > .05

Identifiable trigger 57% 5% χ2, P < .0001

Autonomic signs 21%
tearing

11%
redness/swelling

χ2, P > .05

Muscle pain (TTS ± SD) 0.4 ± 2.0 3.6 ± 6.3 T, P = .001

Wakens 29% 37% χs, P > .05

Sensory disturbance Rare (1 case; 1.8%) 96%

SD = standard deviation of mean value; I = ophthalmic branch; II = maxillary branch; III = mandibular branch (of trigemi-
nal nerve); min = minutes; h = hours; *in injuries involving peripheral fibers; †more usual in injuries to major branches of 
trigeminal nerve; ‡18 patients (39.1%) of the daily and episodic PPTTN patients reported a constant background pain.
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The initiating event in PPTTN was a dental pro-
cedure in 67 patients (16 dental implants, 11 root 
canal therapies, 21 surgical extractions, 15 surger-
ies [endodontic, exploratory], 4 maxillary sinus sur-
geries), and macrotrauma in 24 patients (19 road 
traffic accidents, 5 assaults). Of the 67 patients 
with dental trauma, 26 had undergone mandibular 
procedures with inferior alveolar and lingual nerve 
blocks. CTN cases all reported spontaneous onset. 

Results of Imaging

All patients with pain following dental implants 
underwent cone beam CT of the area in order to 
locate and grossly assess the extent of crush dam-
age. All implant cases showed varying degrees of 
impingement on the inferior alveolar nerve (crush) 
except for one, which showed total axotomy. All 
“sinus” cases were imaged with CT with no evi-
dence of damage. Postextraction, postoral surgery 
patients were imaged with panoramic or intraoral 
radiographs; 4 of the 21 surgical extraction cases 
were referred for CT to assess better the extent of 
damage. Ten of the remaining 17 surgical extraction 
cases also had clear damage that involved the infe-
rior alveolar nerve. No pathology was observed in 
the radiographs of patients with standard root canal 
therapy. In postsurgical endodontic cases, there was 
root apex amputation often accompanied by peri-
apical scar formation.

All macrotrauma patients had plain radiographs 
and/or CTs from the time of their injury showing 
involvement of nerve bundles.

Pain Location

CTN was, as expected, exclusively unilateral, but 
10% of patients with PPTTN reported bilateral 
pain (7% of the dental cases and 18% of the macro-
traumas, χ2, P > .05). 

CTN patients reported pain in trigeminal dermat-
omes (see Table 2) and none of these were exclu-
sively intraoral. The areas affected by PPTTN were 
dependent on the area of trauma: predominantly the 
mandible (n = 29, 31.9%), maxilla (n = 28, 29.6%), 
and exclusively intraoral (both maxilla and/or man-
dible, n = 18, 19.8%). 

Intensity and Temporal Pattern

Pain intensity was significantly higher in CTN 
 patients than in PPTTN patients (Table 2, T, t = –5.1, 
df = 143, P < .001). Within the PPTTN group, no 
differences were observed in VAS scores between the 
dental and macrotrauma (P > .05) groups.

Within the PPTTN group, temporal patterns were 
variable, from daily, through episodic, lasting min-
utes to hours to continuous pain (Table 2), while in 
CTN patients all patterns were daily (χ2, P < .001). 
A constant low-grade background pain was pre-
sent in 18 of the 46 PPTTN patients with daily or 
episodic pain (39.1%) and in 33.3% of the CTN 
 patients (χ2, P > .05).

Pain and Disease Duration

Reported pain duration in CTN patients was 
 homogenous (1.5 ± 0.6 minutes, range 0.5–2.5). 
The PPTTN group generally had longer pain dura-
tion (T, t = 6.4, df = 143, P < .0001, Table 2). Inter-
estingly, 22 PPTTN patients (24%) reported pain 
attacks of 4 minutes or less (range 0.5–4), and these 
were indistinguishable from CTN based on pain 
duration alone (T, P > .05). In 14 PPTTN patients 
(15%), pain duration was longer than 1 hour but 
shorter than 8 hours.

Disease duration in CTN patients was 38 ± 61 
months and in PPTTN patients was 31 ± 104 months 
(P > .05). For both PPTTN and CTN  patients, there 
was a significant (albeit weak) correlation between 
duration of pain attacks and time since initial onset 
(ie, disease duration, PPTTN: F = 6.9, df = 1, P = .01, 
r2 = .07, CTN: F = 5.4, df = 1, P = .03, r2 = .1).

Pain Quality

Quality of pain reported by PPTTN patients was 
burning, at times in combination with stabbing or 
pressure (Table 2). Stabbing pain was common, 
 often appearing in combination with other descrip-
tors (Table 2). Within the PPTTN group, there were 
no significant differences in quality descriptors 
 between pain induced by dental procedures or by 
macrotrauma (χ2, P > .05).

CTN was most commonly described as similar to 
an “electrical shock” type of pain, often accompa-
nied by stabbing or other pain quality. Burning-type 
pain was reported by nine CTN patients (16.7%), 
with no correlation with the presence of background 
pain (χ2, P > .05). The differences in pain quality 
 descriptors between PPTTN and CTN  patients were 
significant (χ2 = 47.2, df = 21, P = .001). 

Triggering/Trigger Areas

Trigger areas were identified in 57% (n = 31) of CTN 
patients. Trigger areas were identified in only 5.5%  
(n = 5) of PPTTN patients (χ2 = 48.9, df = 1, P < .001), 
but none of these had the typical features of CTN 
trigger points such as refractory period or latency.
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Muscle Pain

Comorbid muscle pain, reflected in the TTS, was 
significantly higher in PPTTN than in CTN patients 
(t = 3.5, df = 140, P = .001, Table 2).

Regional Autonomic Signs, Dizziness, and 
Awakening

Ten PPTTN patients (11%) reported (clinically veri-
fied) autonomic signs (AS) accompanying their pain. 
Five reported swelling, two reported redness, two 
both swelling and redness, and one tearing. Eleven 
CTN patients (21%) reported tearing (χ2, P > .05), 
but the single patient with CTN in the ophthalmic 
division of the trigeminal nerve was not among them. 

In the whole group, the presence of an AS was not 
related to the VAS scores (T, P > .05). Independent 
analysis of the CTN group revealed that tearing was 
significantly associated with the VAS scores (with 
tearing VAS = 9.6 ± 0.6, without VAS = 8.9 ± 1.2,  
t = –3, df = 52, P = .006).

PPTTN patients were the only ones to com-
plain of dizziness (n = 13, 14.1%, χ2 = 8.5, df = 5,  
P = .004), but this was unrelated to whether pain 
had been induced by dental (n = 9, 13.4%) or macro-
trauma (n = 4, 16.7%). The presence of  dizziness 
was also not related to the TTS or the VAS reported 
by PPTTN patients.

Pain-related awakening from sleep was reported 
by 50 of the 145 patients (34.5%) and this was not 
statistically different between the groups (Table 2). 
In general, patients with pain-related awakenings 
suffered significantly more severe pain (VAS 8.8 ± 
1.4) than those who did not (7.9 ± 1.8, T: t = –3.2, 
df = 143, P = .002). Similarly, the TTS was signifi-
cantly higher in patients reporting sleep-related 
awakenings (3.7 ± 6.9) than in those who did not 
(1.7 ± 4.2, T: P = .04).

Sensory Testing

Clinical (Qualitative Testing). Hypoalgesia was 
most prominent, occurring alone in 28 PPTTN 
 patients (30.8%) or with allodynia in 21 PPTTN 
patients (23.1%). Hyperalgesia was found in 7 
PPTTN patients (7.7%) accompanied by allodynia 
in a further 9 PPTTN patients (9.9%). Allodynia 
alone was detected in 22 PPTTN patients (24.2%). 
In the PPTTN group, 4 patients (4.4%) had no 
detectable sensory dysfunction in spite of a clear 
connection with a traumatic event and pain in the 
traumatized region.

Only one case of CTN showed clinical hypo-
algesia on the affected side. This was confirmed by 

QST. Specifically, magnetic resonance imaging ruled 
out secondary (symptomatic) CTN. 

QST. Only PPTTN cases were included in this 
analysis. QST results from 24 PPTTN cases were 
analyzed. Ratios obtained from PPTTN patients for 
A–β (2.3 ± 1.7), A–δ (2.6 ± 2.3) and C-fiber (2.6 
± 1.8)-evoked sensory thresholds were significantly 
higher than the expected “1” (T: t = 3.8, P = .001: t 
= 3.6, P = .002: t = 4.2, P < .001 respectively, df = 24 
for all). Repeated-measures analysis did not reveal 
any significant differences between the fiber types, 
with (F = 2.1, df = 1, P = .16) or without  trauma 
type as a between-subject factor (F = 1.8, df = 2,  
P = .18).

Discussion

This article presents the results of a thorough charac-
terization of patients with craniofacial pain second-
ary to trauma. The comparative group was patients 
with CTN, a well-documented neuropathy whose 
pathophysiology probably involves the dorsal root 
entry zone (DREZ). The suspected pathophysiology 
consists of pressure from an aberrant vessel on the 
DREZ resulting in demyelination, dismyelination, 
and axonal damage.36 In many ways, the histopa-
thology is similar to that seen in certain traumatic 
neuropathies, although the latter are certainly more 
varied and dependent on the degree of damage.37 

Thus, the study included a peripherally based pain 
(PPTTN) versus a centrally based pain (CTN), the 
latter having a well-characterized clinical profile, 
and thus making it a suitable comparator. 

The profile of the CTN cohort was in line with the 
published literature.20 In contrast, the clinical profile 
of the PPTTN group was that of a moderate, stab-
bing, and/or burning pain in the receptive field of the 
traumatized nerve, and was usually unilateral. The 
injured nerve’s dermatome was often  involved with 
pain and clear sensory disturbance. The  majority 
of PPTTN patients reported pain that was present 
on most days; however, about one-fourth reported 
short attacks rather than continuous pain. Hence, 
the PPTTN pain profile was generally significantly 
different from that of the CTN group. However, 
there was phenotyical overlap; burning pain was 
clearly more prevalent in PPTTN patients, although 
it has also been observed in CTN in this and other 
reports38 and pain duration in a minority of PPTTN 
cases closely resembled that of CTN cases. This 
 observation warrants modification of the originally  
proposed criteria for PPTTN, and refinements, 
particularly to criteria A and B, are presented in 
 Table 3. Pain in PPTTN  patients was accompanied  
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by comorbid regional myalgia and dizziness but 
rarely  with regional AS. The mixed pain phenotype 
of neuropathic and muscular pain has been previ-
ously  described4 and needs to be accounted for in 
 diagnosis and therapy.

Classically, PPTTN is described as continuous 
pain.39,40 In the current patient population, PPTTN 
could be daily with attacks of short-lasting pain or 
continuous with or without superimposed attacks 
of sharp pain. These superimposed attacks were 
mostly spontaneous, but a small number of patients 
reported mechanical triggers. However, the mean 
paroxysms of pain are significantly longer than 
those in CTN. It is important to stress that some 
PPTTN attacks lasted < 4 minutes; thus pain dura-
tion, as a single measure, may not distinguish CTN 
from some PPTTN cases. Furthermore, cases were 
found with intermediate pain duration, a group the 
authors had not been expecting; thus the relevant 
criteria A1 and A2 should be modified. The question 
is where to set the cutoff points? From the present 
results, the heterogeneity is so large that A1 and 
A2 should probably be united under one criterion, 
namely pain that may be paroxysmal, long-lasting, 
or even constant. Further research is clearly needed. 
In both CTN and PPTTN patients, pain duration 

was positively (but weakly) correlated to disease 
duration; in other words, the longer the pain is pre-
sent, the longer the pain attacks become. The sig-
nificance of this finding is unclear but may reflect 
the effects of increased nerve damage from a neuro-
vascular contact in CTN cases, continued deteriora-
tion of damaged nerves in PPTTN cases, and/or the 
establishment of central sensitization. The finding is 
therefore interesting but needs further investigation 
in larger studies.

The “sensory signature” for PPTTN was typically 
either allodynia or hypoalgesia, but a combination 
of these was also observed. QST suggested damage 
to all fiber types (Aβ, Aδ, C), with no significant dif-
ference between them. Thick myelinated Aβ fibers 
are more susceptible to damage, particularly crush 
injuries (see reference 3), but there was no evidence 
of this in the current study. A larger sample and 
multimodal testing may reveal differences in future 
studies; however, a further problem is that the inju-
ries were not uniform. Four patients did not meet 
the “sensory criteria” as defined in Table 1 (C), and 
cannot be considered “definite” neuropathic pain.23 
Seven oral surgical cases had no clear radiographic 
evidence of nerve damage, making them “probable” 
neuropathic pain.

Table 3  PPTTN: Modified Diagnostic Criteria

Diagnostic criteria Notes

A Spontaneous or touch-evoked (stimulus dependent) 
pain predominantly affecting the receptive field of one 
or more divisions of the trigeminal nerve.
*Duration ranges widely from episodic (minutes to 
days) and may also be constant.

Pain tends to spread with time and is mostly unilateral 
without crossing the midline.
Paroxysmal pain patients may also have constant back-
ground pain.
Time pattern may change over the course of the disease.

B Develops within 3 months of an identifiable traumatic 
event to the painful area* or relevant innervation.†

Continues for more than 3 months.

C At least one clinically evident neurologic dysfunction:
Positive sign
1. Hyperalgesia
2.Allodynia
3. Swelling or flushing
and/or: negative sign
1. Anesthesia
2. Hypoesthesia

As in Table 1

D Imaging or neurophysiology demonstrating a neuro-
logic lesion and its location

E Not attributed to another disorder

Diagnostic 
level

Fulfills criteria A, B, and E
Fulfills criteria A, B, C or D, and E
Fulfills criteria A, B, C and D, and E

Possible NP
Probable NP
Definite NP

Based on the present results, Table 1 has been modified and a refined set of diagnostic criteria presented for testing in further studies. As in Table 
1, definite PPTTN cases are defined as meeting criteria A, B, C and/or D, and E. Probable PPTTN lacks sufficient neurologic documentation as 
required in C and D. A total lack of such documentation in the presence of A, B, and E (with or without D) would classify such a patient as possible 
PPTTN.
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It is not unusual that criteria fail to accurately 
 include all cases. The present study’s criteria defined 
seven probable and 80 definite PPTTN patients, 
 totaling 96% of the patients.  Some would argue 
that a tooth with a root canal filling is insufficient 
evidence of nerve injury. However, in the authors’ 
view, the presence of a root canal filling is clear evi-
dence of axotomy at the tooth apex and, therefore, 
nerve damage. The lack of a response to the applica-
tion of cold to a tooth due to denervation by root 
canal therapy supports this and is comparable to 
the numbness often felt in body structures  following 
nerve injury.

The definition of clinical entities is a complex 
 exercise. Recently, a descriptive approach that has 
the benefit of descriptive, literal accuracy has been 
advocated and employed in the redefinition of atypi-
cal odontalgia.41 The approach is based on ontology 
principles and has advantages and disadvantages, 
a discussion of which is beyond the scope of this 
 paper.

Some patients develop chronic pain following 
negligible nerve trauma such as root canal therapy 
or following considerable injury to nerve bundles, 
such as orthognathic surgery42 or fractures of the 
 facial skeleton.3,5 Following injury to trigeminal 
nerve branches, chronic pain develops in about 3% 
to 5% of patients.3,42 This compares with about 
5% to 17% in other body regions.43,44 Periph-
eral branches of the trigeminal nerve can be dam-
aged during many dental procedures and surgical 
 interventions. Damage to sensory nerves can result 
in sensory changes (positive or negative), pain, or 
a combination of the two.45 Although transient or 
permanent sensory dysfunction is common and has 
been widely documented following implant sur-
gery46–48 and third molar extractions,49,50 there are 
few reported neuropathic pain cases.51,52 The inci-
dence of nonpainful traumatic trigeminal neuropa-
thy may be even higher as some patients may not 
attend for therapy if the defect is minor. Chronic 
neuropathic pain occurs in 3% to 13% of cases fol-
lowing conventional root canal therapy5,9,53–55 and in 
5% of patients following surgical root canal ther-
apy.56 Although beyond the scope of this paper, a 
recent review45 has examined preventative and ther-
apeutic strategies for iatrogenic nerve injuries; since 
67 (74%) of the PPTTN cases in the present study 
were dentally induced, a conservative and informed 
approach may have a significant impact.

It is likely that direct dental trauma was the 
primary  cause in the PPTTN group. It cannot be 
ruled out that nerve insult due to a local anesthetic 
or needle injury induced or augmented the pain, 
particularly in mandibular blocks.57,58 Moreover, 

it has been the authors’ experience that patients 
with PPTTN often “evolve” from other primary 
pain syndromes, such as misdiagnosed CTN59–61 
and cluster headache,62–64 that have been invasively 
treated, leading to repeated nerve injury and neuro-
pathic pain.

Additional Considerations

The CTN group included cases with lacrimation, 
not usually associated with CTN. Patients with 
CTN and lacrimation have been described in which 
all branches of the trigeminal nerve are involved.65–67 

These may be suspicious of short-lasting neuralgi-
form headache attacks with conjunctival injection 
and tearing (SUNCT). However, SUNCT is peri-
orbital; in the present cases, all showed involvement 
of the maxillary/mandibular branches, suggesting 
they were CTN cases with lacrimation.

Pain-related awakening in CTN is also an atypi-
cal sign. However, recent reports68,69 have suggested 
that pain-related awakening in CTN may be more 
common than previously thought. Background pain 
in CTN is also a common finding.20

In line with the literature, the present CTN cases 
showed a peak incidence at 50 to 60 years of age.70,71 
CTN may occur earlier but may indicate pathology; 
in patients under the age of 29 years, the prevalence 
of intracranial tumor or multiple sclerosis is high  
(≈ 100%) and decreases with increasing age.72

Strengths and Limitations

In summary, the criteria employed in this study were 
clinically applicable and significantly assisted us in 
characterizing patients with traumatic neuropathic 
pain. However, in view of the present results, these 
have been modified (see Table 3). Additionally, the 
term “peripheral painful traumatic trigeminal neu-
ropathy” is flexible and will allow for the future 
definitions of peripheral nonpainful and central 
(painful or nonpainful) trigeminal neuropathies. 
Future multicenter research will allow testing and 
further refinement of these criteria, enabling reliable 
and comparable research on prevention strategies 
and treatment outcomes.45

The findings in this study of sensory changes were 
based on clinical and QST data. Although such data 
are largely efficacious,2,73,74 it is clear that advanced 
neurophysiologic testing (eg, of brainstem reflexes) 
is superior.75–79

No psychosocial questionnaires were used in the 
patients; these may be helpful in revealing different 
patient profiles.

© 2012 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART OF MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



Benoliel et al

Journal of Orofacial Pain 57

Acknowledgments

The Israel Centre for the Study of Pain supported this research. 
Thanks to Prof J. Zakrzewska and Dr D. Ettlin for stimulating 
discussions on the article’s subject matter.

References

 1. Tal M, Devor M. Anatomy and neurophysiology of orofa-
cial pain. In: Sharav Y, Benoliel R (eds). Orofacial Pain and 
Headache. Edinburgh: Mosby Elsevier, 2008:19–44.

 2. Haanpaa M, Attal N, Backonja M, et al. NeuPSIG guidelines 
on neuropathic pain assessment. Pain 2011;152:14–27.

 3. Benoliel R, Birenboim R, Regev E, Eliav E. Neurosensory 
changes in the infraorbital nerve following zygomatic frac-
tures. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
2005;99:657–665.

 4. Benoliel R, Eliav E, Elishoov H, Sharav Y. Diagnosis and 
treatment of persistent pain after trauma to the head and 
neck. J Oral Maxillofac Surg 1994;52:1138–1147.

 5. Polycarpou N, Ng YL, Canavan D, Moles DR, Gulabivala 
K. Prevalence of persistent pain after endodontic treatment 
and factors affecting its occurrence in cases with complete 
radiographic healing. Int Endod J 2005;38:169–178.

 6. Graff-Radford SB, Solberg WK. Atypical odontalgia. J Cra-
niomandib Disord 1992;6:260–265.

 7. Marbach JJ. Phantom tooth pain: Deafferentation pain. Pa 
Dent J (Harrisb) 1984;51:32–33.

 8. Marbach JJ. Is phantom tooth pain a deafferentation (neu-
ropathic) syndrome? Part I: Evidence derived from patho-
physiology and treatment. Oral Surg Oral Med Oral Pathol 
1993;75:95–105.

 9. Marbach JJ, Hulbrock J, Hohn C, Segal AG. Incidence of 
phantom tooth pain: An atypical facial neuralgia. Oral Surg 
Oral Med Oral Pathol 1982;53:190–193.

10. Marbach JJ, Raphael KG. Phantom tooth pain: A new look 
at an old dilemma. Pain Med 2000;1:68–77.

11. Merskey H, Bogduk N. Classification of Chronic Pain: De-
scriptions of Chronic Pain Syndromes and Definition of 
Pain Terms. Seattle: IASP, 1994.

12. Zagury JG, Eliav E, Heir GM, et al. Prolonged gingival cold 
allodynia: A novel finding in patients with atypical odon-
talgia. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
2011;111:312–319.

13. Olesen J, Bousser M-G, Diener HC, et al. The internation-
al classification of headache disorders, ed 2. Cephalalgia 
2004;24(suppl 1):24–150.

14. Raslan AM, Nasseri M, Bahgat D, Abdu E, Burchiel KJ. 
Motor cortex stimulation for trigeminal neuropathic or 
deafferentation pain: An institutional case series experience. 
Stereotact Funct Neurosurg 2011;89:83–88.

15. Watson CP, Stinson JN, Dostrovsky JO, Hawkins C, Rutka 
J, Forrest C. Nerve resection and re-location may relieve 
causalgia: A case report. Pain 2007;132:211–217.

16. Benoliel R, Birman N, Eliav E, Sharav Y. The International 
Classification of Headache Disorders: Accurate diagnosis of 
orofacial pain? Cephalalgia 2008;28:752–762.

17. Jaaskelainen SK, Forssell H, Tenovuo O. Electrophysiologi-
cal testing of the trigeminofacial system: Aid in the diagno-
sis of atypical facial pain. Pain 1999;80:191–200.

18. Melis M, Zawawi K, al-Badawi E, Lobo Lobo S, Mehta N. 
Complex regional pain syndrome in the head and neck: A 
review of the literature. J Orofac Pain 2002;16:93–104.

19. Woda A, Tubert-Jeannin S, Bouhassira D, et al. To-
wards a new taxonomy of idiopathic orofacial pain. Pain 
2005;116:396–406.

20. Benoliel R, Heir G, Eliav E. Neuropathic orofacial pain. In: 
Sharav Y, Benoliel R (eds). Orofacial Pain and Headache. 
Edinburgh: Mosby Elsevier, 2008:255–294.

21. Benoliel R, Eliav E, Sharav Y. Self-reports of pain-related 
awakenings in persistent orofacial pain patients. J Orofac 
Pain 2009;23:330–338.

22. Graff-Radford SB. Temporomandibular disorders and 
headache. In: Goadsby PJ, Silberstein SD, Dodick D (eds). 
Chronic Daily Headaches for Clinicians. Hamilton: BC 
Decker, 2005:199–207.

23. Treede RD, Jensen TS, Campbell JN, et al. Neuropathic 
pain: Redefinition and a grading system for clinical and re-
search purposes. Neurology 2008;70:1630–1635.

24. Sharav Y, Benoliel R. The diagnostic process. In: Sharav Y, 
Benoliel R (eds). Orofacial Pain and Headache. Edinburgh: 
Mosby Elsevier, 2008:1–17.

25. Benoliel R, Eliav E, Sharav Y. Classification of chronic 
orofacial pain: Applicability of chronic headache crite-
ria. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
2010;110:729–737.

26. Wolfe F, Smythe HA, Yunus MB, et al. The American Col-
lege of Rheumatology 1990 criteria for the classification of 
fibromyalgia. Report of the multicenter criteria committee. 
Arthritis Rheum 1990;33:160–172.

27. Fumal A, Schoenen J. Chronic tension-type headache. In: 
Goadsby PJ, Silberstein SD, Dodick D (eds). Chronic Daily 
Headache. Hamilton: BC Decker, 2005:57–64.

28. Jensen K, Tuxen C, Olesen J. Pericranial muscle tenderness 
and pressure-pain threshold in the temporal region during 
common migraine. Pain 1988;35:65–70.

29. Jensen R, Rasmussen BK, Pedersen B, Olesen J. Muscle ten-
derness and pressure pain thresholds in headache. A popu-
lation study. Pain 1993;52:193–199.

30. Langemark M, Olesen J. Pericranial tenderness in ten-
sion headache: A blind, controlled study. Cephalalgia 
1987;7:249–255.

31. Benoliel R, Sharav Y. Tender muscles and masticatory myo-
fascial pain diagnosis: How many or how much? J Orofac 
Pain 2009;23:300–301.

32. International Association for the Study of Pain. Pain Termi-
nology. Seattle: IASP, 1994.

33. Katims JJ, Long DM, Ng LK. Transcutaneous nerve stimu-
lation. Frequency and waveform specificity in humans. Appl 
Neurophysiol 1986:86–91.

34. Katims JJ, Naviasky EH, Ng LK, Rendell M, Bleecker ML. 
New screening device for assessment of peripheral neuropa-
thy. J Occup Med 1986:1219–1221.

35. Boas RA. Nerve blocks in the diagnosis of low back pain. 
Neurosurg Clin N Am 1991;2:807–816.

36. Devor M, Govrin-Lippmann R, Rappaport ZH. Mecha-
nism of trigeminal neuralgia: An ultrastructural analysis of 
trigeminal root specimens obtained during microvascular 
decompression surgery. J Neurosurg 2002;96:532–543.

37. Jaaskelainen S. Traumatic nerve injury: Diagnosis, recovery, 
and risk factors for neuropathic pain. In: Castro-Lopes J 
(ed). Current Topics in Pain: 12th World Congress on Pain. 
Seattle: IASP, 2009:1–20.

38. Bahgat D, Ray DK, Raslan AM, McCartney S, Burchiel 
KJ. Trigeminal neuralgia in young adults. J Neurosurg 
2011;114:1306–1311.

39. de Leeuw R (ed). Orofacial Pain: Guidelines for Assessment, 
Classification, and Management. Chicago: Quintessence, 
2008.

© 2012 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART OF MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



58 Volume 26, Number 1, 2012

Benoliel et al

40. Okeson J. Bell’s Orofacial Pains, ed 5. Chicago: Quintes-
sence, 1995.

41. Nixdorf DR, Drangsholt MT, Ettlin DA, et al. Classifying oro-
facial pains: A new proposal of taxonomy based on ontology. 
J Oral Rehabilitation 2011 Aug 18 [epub ahead of print].

42. Jaaskelainen SK, Teerijoki-Oksa T, Virtanen A, Tenovuo O, 
Forssell H. Sensory regeneration following intraoperatively 
verified trigeminal nerve injury. Neurology 2004;62:1951–
1957.

43. Beniczky S, Tajti J, Timea Varga E, Vecsei L. Evidence-based 
pharmacological treatment of neuropathic pain syndromes. 
J Neural Transm 2005;112:735–749.

44. Macrae WA. Chronic pain after surgery. Br J Anaesth 
2001;87:88–98.

45. Renton T. Prevention of iatrogenic inferior alveolar nerve 
injuries in relation to dental procedures. Dent Update 
2010;37:350–360.

46. Gregg JM. Neuropathic complications of mandibular im-
plant surgery: Review and case presentations. Ann R Aus-
tralas Coll Dent Surg 2000;15:176–180.

47. Cheung LK, Lo J. The long-term clinical morbidity of man-
dibular step osteotomy. Int J Adult Orthodon Orthognath 
Surg 2002;17:283–290.

48. Walton JN. Altered sensation associated with implants in 
the anterior mandible: A prospective study. J Prosthet Dent 
2000;83:443–449.

49. Barron RP, Benoliel R, Zeltser R, Eliav E, Nahlieli O, 
Gracely RH. Effect of dexamethasone and dipyrone on lin-
gual and inferior alveolar nerve hypersensitivity following 
third molar extractions: Preliminary report. J Orofac Pain 
2004;18:62–68.

50. Eliav E, Gracely RH. Sensory changes in the territory of the 
lingual and inferior alveolar nerves following lower third 
molar extraction. Pain 1998;77:191–199.

51. Berge TI. Incidence of chronic neuropathic pain subsequent 
to surgical removal of impacted third molars. Acta Odontol 
Scand 2002;60:108–112.

52. Valmaseda-Castellon E, Berini-Aytes L, Gay-Escoda C. Lin-
gual nerve damage after third lower molar surgical extrac-
tion. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
2000;90:567–573.

53. Lobb WK, Zakariasen KL, McGrath PJ. Endodontic treat-
ment outcomes: Do patients perceive problems? J Am Dent 
Assoc 1996;127:597–600.

54. Nixdorf DR, Moana-Filho EJ, Law AS, McGuire LA, Hodg-
es JS, John MT. Frequency of persistent tooth pain after 
root canal therapy: A systematic review and meta-analysis. 
J Endod 2010;36:224–230.

55. Klasser GD, Kugelmann AM, Villines D, Bradford JR. The 
prevalence of persistent pain after nonsurgical root canal. 
Quintessence Int 2011;42:259–269.

56. Campbell RL, Parks KW, Dodds RN. Chronic facial pain 
associated with endodontic therapy. Oral Surg Oral Med 
Oral Pathol 1990;69:287–290.

57. Hillerup S, Jensen R. Nerve injury caused by mandibular 
block analgesia. Int J Oral Maxillofac Surg 2006;35:437–443.

58. Renton T, Adey-Viscuso D, Meechan JG, Yilmaz Z. Trigemi-
nal nerve injuries in relation to the local anaesthesia in man-
dibular injections. Br Dent J 2010;209:e15.

59. de Siqueira SR, Nobrega JC, Valle LB, Teixeira MJ, de 
Siqueira JT. Idiopathic trigeminal neuralgia: Clinical aspects 
and dental procedures. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod 2004;98:311–315.

60. Rasmussen P. Facial pain. II. A prospective survey of 1052 
patients with a view of: Character of the attacks, onset, 
course, and character of pain. Acta Neurochir (Wien) 
1990;107:121–128.

61. Taha JM, Tew JM Jr, Buncher CR. A prospective 15-year 
follow up of 154 consecutive patients with trigeminal neu-
ralgia treated by percutaneous stereotactic radiofrequency 
thermal rhizotomy. J Neurosurg 1995;83:989–993.

62. Benoliel R, Elishoov H, Sharav Y. Orofacial pain with vas-
cular-type features. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod 1997;84:506–512.

63. Bahra A, Goadsby PJ. Diagnostic delays and mis-management 
in cluster headache. Acta Neurol Scand 2004;109:175–179.

64. van Vliet JA, Eekers PJ, Haan J, Ferrari MD. Features in-
volved in the diagnostic delay of cluster headache. J Neurol 
Neurosurg Psychiatry 2003;74:1123–1125.

65. Sjaastad O, Pareja JA, Zukerman E, Jansen J, Kruszewski P. 
Trigeminal neuralgia. Clinical manifestations of first divi-
sion involvement. Headache 1997;37:346–357.

66. Pareja JA, Baron M, Gili P, et al. Objective assessment of 
autonomic signs during triggered first division trigeminal 
neuralgia. Cephalalgia 2002;22:251–255.

67. Benoliel R, Sharav Y. Trigeminal neuralgia with lacrimation 
or SUNCT syndrome? Cephalalgia 1998;18:85–90.

68. Benoliel R, Eliav E, Sharav Y. Self-reports of pain-related 
awakenings in persistent orofacial pain patients. J Orofac 
Pain 2009;23:330–338.

69. Devor M, Wood I, Sharav Y, Zakrzewska JM. Trigeminal 
neuralgia during sleep. Pain Pract 2008;8:263–268.

70. Katusic S, Beard CM, Bergstralh E, Kurland LT. Incidence 
and clinical features of trigeminal neuralgia, Rochester, 
Minnesota, 1945–1984. Ann Neurol 1990;27:89–95.

71. Zakrzewska JM. Trigeminal neuralgia. Clin Evid 
2003:1490–1498.

72. Yang J, Simonson TM, Ruprecht A, Meng D, Vincent SD, 
Yuh WT. Magnetic resonance imaging used to assess pa-
tients with trigeminal neuralgia. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod 1996;81:343–350.

73. Svensson P, Baad-Hansen L, Pigg M, et al. Guidelines and 
recommendations for assessment of somatosensory func-
tion in oro-facial pain conditions: A taskforce report. J Oral 
Rehabil 2011;38:366–394.

74. Eliav E, Gracely RH, Nahlieli O, Benoliel R. Quantitative 
sensory testing in trigeminal nerve damage assessment. J 
Orofac Pain 2004;18:339–344.

75. Jaaskelainen SK, Teerijoki-Oksa T, Forssell H. Neuro-
physiologic and quantitative sensory testing in the diag-
nosis of trigeminal neuropathy and neuropathic pain. Pain 
2005;117:349–357.

76. Jaaskelainen SK, Peltola JK, Lehtinen R. The mental nerve 
blink reflex in the diagnosis of lesions of the inferior alveo-
lar nerve following orthognathic surgery of the mandible. 
Br J Oral Maxillofac Surg 1996;34:87–95.

77. Jaaskelainen SK, Peltola JK. Clinical application of the blink 
reflex with stimulation of the mental nerve in lesions of the 
inferior alveolar nerve. Neurology 1994;44:2356–2361.

78. Jaaskelainen SK. Clinical neurophysiology and quantitative 
sensory testing in the investigation of orofacial pain and 
sensory function. J Orofac Pain 2004;18:85–107.

79. Jaaskelainen SK. The utility of clinical neurophysiological 
and quantitative sensory testing for trigeminal neuropathy. 
J Orofac Pain 2004;18:355–359.

© 2012 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART OF MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 




