creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 24011- 200000276327

o

(uy

3

X

W

Nro

0

N

A

—_ ol

B A N

T OF Ao
<t ol

=R
ol

NO—<T) oGl TR T oF MR

red

ias

Dl~a mﬁ

];A \m,._ _*O_l

R et = ™

oo R

g oF o o
o) Y

RWRNR Rroo BK AT <ROTOESST GFFo N IHAT
RO b NINTG RO WK T KOO BN KRR HOH

oF

X

o



Application of peripheral traumatic trigeminal
neuropathy criteria to patients with altered sensation
after trauma and outcome predictors affecting

permanent neuropathy
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I . Introduction

Nerve damage from variety of factors can cause chronic neuropathic
pain. Iatrogenic nerve damage, especially, can result in medico-legal
issues. In dentistry, the treatment itself is the surgical approach, and
can cause harm to the peripheral nerve, which in the orofacial area is
a portion of the trigeminal nerve. Dental treatments with reports of
nerve injury include the Caldwell-Luc intervention, orthognathic
mandibular advancement surgery, extrusion of root canal filling
material, administration of local anesthetic, and implant surgery, with

third molar extraction as the most frequent cause.'”

All these changes
can be transient or persistent depending on the degree of the the
nerve insult.”

Nerve damage can affect a single nerve or several nerves, and
result in sensory, motor, and/or autonomic deficits in the affected
region.m Damage to sensory nerves can result in anesthesia,
paraesthesia, pain, or a combination of the three. The resulting pain
could also create significant functional problems.4> Patients with
trigeminal nerve trauma often complain that the sensory disturbance
and/or pain interfere with daily function, decreasing quality of life and
potentially leading to significant psychosocial problems.s) The
significant disability associated with these nerve injuries may also
result in increasing numbers of medico-legal claims.”

According to the report of the Korea Consumer Agency, out of 302
cases seeking legal redress for dental treatment, 101 cases (33.4%)
were compensated and reimbursed. The number of cases of sensory
alteration was 34, 11.3% of all medico-legal claims. The average

amount of indemnity was 9,670,000 (KRW) in cases of lingual nerve
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injury (LNI), and 6,230,000 (KRW) in those of inferior alveolar nerve
injury (IANI). Especially, in cases of dental implant placement, the
indemnity was judged about 31,360,000(KRW).

Because of these high indemnities, and for the patients’ and
clinicians’ own well-being, clinicians should make particularly strong
efforts to prevent iatrogenic nerve damage. However, if patients
complain about altered sensation and/or pain after dental procedures,
these patients should be reassessed for their conditions, medically
managed for them when needed, and referred to orofacial pain or
oromaxillofacial surgical specialists for proper treatment. In addition,
orofacial pain or oromaxillofacial surgical specialists should diagnose
their conditions properly, and assess risk factors for chronic
neuropathy, to provide them with realistic outcome expectations.

Unfortunately, neuropathic pain due to trigeminal injury has been
poorly defined. There are no standards or physical examinations to
diagnose these conditions. In a recent article, diagnostic criteria for
“Peripheral Painful Traumatic Trigeminal Neuropathy (PPTTN)” were
proposed.” The authors tried to characterize the condition and
coordinate it with the International Headache Society (IHS) criteria. In
that study, clinical phenotypes were compared between PPTTN
patients and classical trigeminal neuralgia, and the study concluded
that PPTTN criteria could be clinically useful. However, the clinical
symptoms and pathophysiology of these two disorders are completely
different. In addition, applying these criteria in clinics would require
evaluation of the PPTTN criteria for both sensitivity and specificity.
The main target population would be patients with altered sensation

and/or pain, which is the typical symptom of PPTTN.
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To our knowledge, there have been no studies evaluating the
sensitivity and specificity of PPTTN criteria, and assessing the risk
factors of permanent nerve damage.

Consequently, the aims of this study were to evaluate the validity
and reliability of PPTTN criteria for patients with altered sensation
and/or pain by evaluating their sensitivity and specificity, and to

determine outcome predictors affecting permanent neuropathy.
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0. Materials and Methods

A. Subjects

This was a retrospective study of patients who complained of altered
sensation or pain following trigeminal nerve trauma, from 2010 to 2013,
who were visiting the Department of Oral Medicine, Chosun University,
Dental Hospital.

This study was not confined to patients with iatrogenic nerve damage.
Trigeminal neuropathic symptoms after fractures or traffic accidents could
also be subjects of insurance claims, so these cases were also included.

Patients with trigeminal neuropathy caused by systemic disease or local
inflammation were excluded in this study. In addition, studied population
was confined to the distribution of the trigeminal nerve third branch, i.e.,
symptoms affected to the first and second branches of the trigeminal
nerve were excluded.

This study was approved by the institutional review board of Chosun

University, Dental Hospital, 2013.
B. Methods

The patient histories and clinical examinations were documented
according to routine procedures for sensory alteration after trauma in the
Department of Oral Medicine, Chosun University, Dental Hospital.
Demographic data collected from each patient included age of onset and
gender. From consecutive records, patients for whom the symptoms
resolved in less than 3 months were designated the “transient group”. The
“persistent group” was comprised of patients whose symptoms continued

for more than 3 months after trauma, according to patient history or
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consecutive records. From the included population’s medical records,

variables were collected for comparison with those of the previous study.ﬁ)

1. Variables from patient history

Pain intensity was measured using a visual analogue scale (VAS),
where 0 was no pain and 10 was worst pain imaginable. To match
variables with the previous study,ﬁ) the quality of the pain was adjusted
by one doctor (Ryu JW) after reviewing the medical records, who chose
one or more of the following descriptive terms: electrical, stabbing,
throbbing, pressure, burning, or any combination of the five terms. This
was the same for the temporal patterns, adjusted according to attack
frequency and duration parameters: episodic, daily, and continuous.
Patients were asked to report the pain duration representing that of a
typical attack. The presence of autonomic signs such as tearing, redness,
or swelling was also recorded. Patients were asked about their quality of
sleep after the symptoms started. A trauma history was collected verbally
and from relevant documentation (e.g., third molar extraction, dental

implant, traffic accident, fracture of jaws, etc.).

2. Variables from clinical examination

The clinical examination included mechanosensory testing, and
radiographic examination, to assess the subjective symptoms of patients.
Mechanosensory testing of the affected and contralateral areas included
the use of pinprick stimuli (with a dental explorer) and blunt stimuli (with
cotton swabs). Except for patients with lingual nerve damage only (6
cases), all mechanosensory tests were given to the extraoral affected area.
During the test, patients were asked to rate of response to each stimulus

based on a scale of 0 to 100, such that 0 meant a complete sensory
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deficit to the given stimulus, while 100 meant the same intensity of
feeling as that of the contralateral area. When patients reported sensitivity
over 100 (hypersensitivity), they were asked to rate the feeling
numerically (>100). These tests were complemented by examining the
radiating sensation caused by each stimulus. For statistical analysis, the
scores of each stimulus were categorized into 4 degrees: very low (0-39),
low (40-79), normal (80-119) and high (120-). The mechanosensory tests
were repeated three times. Based on these tests, affected areas were
diagnosed as to “sensory signature” to match the diagnoses of the
previous study.ﬁ) In addition, patients who agreed to further evaluation
procedures for defining their symptoms underwent quantitative sensory
testing (QST) using transcutaneous electrical stimuli delivered by the
Neurometer Nervscan NS3000 device (Neurotron). The Neurometer QST
procedures were matched with another previous study that evaluated
neurosensory alteration in orthognathicsurgeries.” Stimuli were delivered at
250 Hz to assess the sensory threshold associated with A-8 fiber
stimulation, and at 2,000 Hz and 5 Hz for A-B and C fiber evoked
sensory thresholds, respectively. Subjects were instructed to release a
control button upon the first sensation. Both operator and patients were
blinded to the stimulus intensity provided. The scores obtained with each
stimulus were converted ratios, of the affected area to the contralateral
area.”

All patients underwent panoramic radiographic examination to evaluate
the nerve injury. Additional cone beam computed tomography (CBCT)
imaging was taken to patients who agreed to further evaluation in order

to locate and grossly assess the extent of nerve damage.

3. Application to PPTTN criteria

From medical records, symptoms related to trigeminal neuropathy were
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evaluated according to PPTTN criteria. Sensitivity and specificity, positive
predictive value (PPV), and negative predictive value (NPV) were
calculated on each items, and final diagnoses. Item B (duration) was
excluded, because the duration of the symptoms was the criterion by

which the studied population was grouped.

4. Determination of outcome predictors affecting

permanent neuropathy

To find out the statistical differences between the transient and
persistent groups, statistical analysis was performed via Pearson’s
chi-square test (x%). Differences between continuous variables (onset age
and pain intensity) were analyzed with Student’s ¢-test.

To explore possible contributing factors affecting the permanence of
nerve injury, the above variables with significant differences were
analyzed with multiple regression analysis.

Based on the results of the regression analysis, the variables with
significance were placed on the items according to their respective

PPTTN criteria. Sensitivity and specificity, PPV, and NPV were calculated

for each item, and for diagnoses of outcome predictors.

C. Statistical Analyses

Data were analyzed with SPSS version 18 for Windows (SPSS,
Chicago, Illinois, version 18.0).
Statistical significance was defined as p < 0.05, with a 95% confidence

interval.
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M. Results

In total, 111 patients were collected for the study, of whom 5.4%
presented with LNI (6 patients) and 94.6% with IANI (96 patients). The
transient group was comprised of 23 patients and the persistent group

was comprised of 88 patients.

A. Comparison of patient profiles between the

transient and persistent groups

The demographic features of each group are summarized in Table 1.
There were no differences in onset age or gender ratio between groups.
In evaluation of the location, the left side was affected in 50 cases

(45.05%), and the right side was in 48 cases (43.24%). Both sides

(mentum area) were affected in 13 cases (11.71%).

Table 1. Demographic findings in studied population

Group Onset age (y£SD) Gender(MS;F ratio)
Transient(n=23) 40.30+16.25 8:15
Persistent(n=88) 46.51+15.27 35:53

Total(n=111) 45.23+15.61 43:68

M:F ratio, male:female ratio.

Onset age was presented as mean yeartstandard deviation.

The distributions of initiating events causing altered sensation or pain

are summarized in Table 2, while the differences between patient profiles

in the transient and persistent groups are described in Table 3. Patients in

the transient group mostly reported the quality of pain to be pressure

(73.90%), while the persistent group mostly reported burning pain

(60.20%). Within groups, there were no significant differences in quality

descriptors (X% p > 0.05).
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Table 2. Distributions of initiating events affecting altered

sensation or pain

Causes Cases Percentages(%5)
Anesthesia 3 2.70
Mass excision 5 450
Endodontic treatment 9 3.11
Third molar extraction 25 22.92
Fracture of mandible 18 16.22
Orthognathic surgery 8 7.21
Incision and drainage 1 0.90
Implant placement 31 27.93
Operative/Periodontic treatment 5 450
Wound 6 541

Pain intensity showed no differences in VAS scores between groups.
The average (£ SD) scores of pain intensity were 5.09+ 1.98 and 5.48+
1.97 in the transient and persistent groups, respectively.

In evaluation of temporal patterns, most patients reported continuous
(87% and 90.90% in the transient and persistent groups, respectively) pain,
with no significant differences between groups.

For 35 patients, quality of sleep was reported as bad because of the
trauma. This variable was not statistically different between the groups.

In the radiographic imaging tests, there was a significant difference (p
< 0.05) in the panoramic view test. All patients underwent panoramic

radiographs, and 59 patients (53.15%) also underwent CBCT imaging of

the area. There were 14 positive signs of nerve damage using CBCT out

of 46 cases (30.43%), while in panoramic view there were no sign.
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Table 3. Differences between patient profiles in

persistent group

transient and

Parameter Transient(n=23) | Persistent(n=88) | Statistics
Intensity
5.09+1.98 5.48+1.97 T, p=0.399
(mean VAS+SD)
Daily=3(13.00%) | Daily=8(9.10%)
Temporal pattern Continuous=20 | Continuous=80 X% p=0.695
(87%) (90.90%)
o No=22(95.70%) | No=85(96.60%) 9
Autonomic signs x5, p=1.000
Yes=1(4.30%) Yes=3(3.40%)
No change= | No change=
Sleep quality 16(72.70%) 55(65.50%) x°, p=0.439
Bad=6(27.30%) | Bad=29(34.50%)
) No=15(65.296) No=47(53.40%) 9
Electric x5, p=0.310
Yes=8(34.80%) | Yes=41(46.60%6)
) No=15(65.296) No=58(65.90%) 9
Stabbing x5, p=0.950
Yes=8(34.80%) | Yes=30(34.109)
Quality ) No=23(100%) No=84(95.50%) )
) Throbbing x5, p=0.579
of Pain Yes=0(0%) Yes=4(4.50%)
No=6(26.10%) No=36(40.90%) 9
Pressure x5, p=0.192
Yes=17(73.90%) | Yes=52(59.10%)
) No=12(52.20%) | No=35(39.80%) 9
Burning x5, p=0.284
Yes=11(47.8%) | Yes=53(60.20%)
Panoramic view | Yes=9(30.40%) | Yes=56(63.60%6) X%, p=0.034"
result No=14(60.90%6) | No=32(36.40%)
SD, standard deviation of mean value; T, Student's t-test; X7,

Pearson’s chi-square test.

* p<0.05 (by Pearson’s chi-square test).

In the results of mechanosensory testing, most patients suffered from

reduced sensation compared to the contralateral area (Table 4). With blunt

mechanical stimulus from cotton swabs,

73.90%

of the transient and

60.90%6 of the persistent group reported reduced sensation. With pin

stimulus, 69.50% of the transient and 58.60% of the persistent group
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reported reduced sensation. Between groups, there was a statistically
significant difference in the result of the pinprick test (p < 0.05).
Radiating symptoms after blunt and pinprick stimuli were also
significantly different between groups.

Eleven patients in the transient and 67 patients in the persistent group
underwent the QST procedures with the Neurometer. The ratios of the
scores (affected area : contralateral area) in A-B, A-65, and C fibers were
all significantly higher than expected, but between the groups, there were

no differences.

Table 4. Differences between results of mechanosensory testing

In transient and persistent group

Parameter Transient(n=23) | Persistent(n=88) p-value
Very Very
Blunt low=11(47.80%) low=18(20.70%)
un
) Low=6(26.10%) Low=35(40.20%) p=0.074
stimulus
Normal=2(8.70%) | Normal=10(11.50%)
High=4(17.40%) High=24(27.60%)
Radiating

No=17(73.9%) No=29(33%) -
after blunt p=0.000
Yes=6(26.10%) Yes=59(67%)

) stimulus
Physical
Very
exam Very
low=23(26.40%)
) low=13(56.50%)
Pin Low=28(32.20%) .
) Low=3(13.00%) p=0.012
stimulus Normal=13(14.90)%
Normal=0(0.00%) )
High=7(30.40%) .
High=23(26.40%)
Radiating

. No=19(82.60%) No=38(43.20%) -
after pin p=0.0001

) Yes=4(17.40%) Yes=50(56.80%)
stimulus

x* p<0.05, ** p<0.01, *** p<0.001 (by Pearson’s chi-square test).
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Diagnoses of sensory signatures are described in Table 5. In the
transient group, hypoesthesia and hypoalgesia were the main features of
the sensory signature. In the persistent group, hypoesthesia, hypoalgesia,
and allodynia were the main features. Between groups, there was a

statistically significant difference in the allodynia signature (p < 0.01).

Table 5. Diagnoses of sensory signatures

Sensory signatures Transient Persistent p—value
No 7(30.40) 30(34.10)
Hypoalgesia 0.741
Yes 16(69.60) 58(65.90)
No 16(69.60) 64(72.70)
Hyperalgesia 0.763
Yes 7(30.40) 24(27.30)
No 4(17.40) 24(27.30)
Hypoesthesia 0.331
Yes 19(82.60) 64(72.70)
No 19(82.60) 64(72.70)
Hyperesthesia 0.331
Yes 4(17.40) 24(27.30)
No 16(69.60) 27(30.70) n
Allodynia 0.001
Yes 7(30.40) 61(69.30)

#% p<0.01 (by Pearson’s chi-square test).

B. Outcome predictors affecting persistent

neuropathic symptoms

Based on the chi-square and t¢-tests, the variables with significant
differences between groups were identified: panoramic view result, reduced
sensation, and radiation in the pinprick test, radiation in the blunt stimulus
test, and allodynia. Multiple regression analysis was then performed on
these variables (Table 6). The results revealed that the presence of a

neurologic lesion in the panoramic view result, reduced sensation in the
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pinprick test, and radiation in the pinprick test could affect the persistent

group, with Nagelkerke's R* calculated to be 0.607.

Table 6. Outcome predictors affecting persistent neuropathy

Nagelkerke
Parameters B Wald R? Exp(B)

Panoramic view result 1.449 77517 4.258
Normal or exaggerated
sensation in the pinprick -0.536 1.405 0.585
test
Reduced sensation in the .

o -2.018 5.778 0.607 0.133
pinprick test :
Radiating after blunt

] 1.749 1.273 5.751
stimulus
Radiating after pin .

] 1.917 5.606 6.798
stimulus
Allodynia -0.232 0.022 0.793

* p<0.05, ** p<0.01, *=x* p<0.001 (by the Wald test).

C. Sensitivity, specificity, PPV, and NPV for
PPTTN criteria

Table 7 showed estimates for sensitivity, specificity, PPV, and NPV for
the individual items of the PPTTN criteria (A, C to E) and final
diagnosis. Each item showed sensitivities ranging from a low of 20.72%
for “not attributed to another disorder” to a high of 36.36% for “imaging
or neurophysiologic sign”. Sensitivity of item C (clinical evident sign) was
not calculated because all patients showed at least one clinically evident
neurologic dysfunction. Specificities ranged from 79.28% for “at least one

clinical evident neurologic dysfunction” to 83.15% for “imaging or
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neurophysiology demonstrating a neurologic lesion and its location”.

Possible, probable, and definite PPTTN criteria were observed to have
sensitivities of 13.04, 13.04, and 39.13 % and specificities of 94.32, 94.32,
and 79.55 %, respectively. The PPVs for the PPTTN criteria A, and C to
E are 9.09 to 100%, and the NPVs are 0 to 94.32%.

In this study, application to criteria of PPTTN provided low sensitivity

and PPV, although specificity and NPV were relatively high.

Table 7. Sensitivity, specificity, PPV, NPV of individual criteria,
and final diagnoses of PPTTN criteria

Diagnostic criteria and

(criteria A, C and D, and E)

) ) Sensitivity | Specificity | PPV NPV
Diagnostic level
A. spontaneous or touch-evoked
pain predominantly affecting the
] ] 28.57 80.58 9.09 94.32
receptive field of one or more
divisions of the trigeminal nerve
C. at least one clinically evident
) ) - 79.28 0.00 | 100.00
neurologic dysfunction
D. imaging or neurophysiologic
demonstrating a neurologic 36.36 83.15 34.78 | 84.09
lesion and it location
E. not attributed to another
) 20.72 - 100.00 | 0.00
disorder
Possible PPTTN
o 13.04 94.32 3750 | 80.58
(criteria A and E)
Probable PPTTN
o 13.04 94.32 3750 | 80.58
(criteria A, C or D, and E)
Definite PPTTN
39.13 79.55 33.33 | 83.33

PPV, positive predictive value; NPV, negative predictive value; PPTTN,

Peripheral Painful Traumatic Trigeminal Neuropathy.
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D. Sensitivity, specificity, PPV, and NPV for

outcome predictors and diagnosis

Table 8 provides estimates for sensitivity, specificity, PPV, and NPV for
individual variables with significance, and for diagnoses of outcome
predictors.

Compared to the results of the PPTTN criteria, this empirical approach
with adjustment and in combination with outcome predictors resulted in a
profound increment in sensitivity, but also a small decrement in
specificity.

We generated an receiver operating characteristic (ROC) curve by
plotting the sensitivity of the screener total score against the value of one
minus the specificity.&

The items that had an area under the ROC curve (AUC) of more than
0.5 were touch(blunt) radiating, pinprick radiating, and allodynia. Once
adjusted and combined with outcome predictors, all variables showed
greater than 0.5 AUC except for panoramic view result + radiating after

pin stimulus.
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Table 8. Sensitivity, specificity, PPV, NPV of each outcome
predictor, and diagnoses of adjusted outcome predictors
redistributed according to the PPTTN criteria

Outcome predictor

o Sensitivity | Specificity | PPV | NPV
(matched to PPTTN criteria)

Reduced sensation in the

o 30.44 6591 18.92 | 78.38
pinprick test (C)
Radiating after pin stimulus (C) 82.61 56.82 33.33 | 92.59
Panoramic view result (D) 60.87 63.64 3044 | 86.15

Reduced sensation in the
pinprick test (C) 73.91 36.36 23.29 | 84.21

+ Panoramic view result (D)

Radiating after pin stimulus (C)
o 95.65 36.36 28.21 | 96.97
+ Panoramic view result (D)

Receptive field (A)
+ Panoramic view result (D)
Receptive field (A)
+ Reduced sensation in the 39.13 62.50 2143 | 79.71

pinprick test (C)
Receptive field (A)

+ Reduced sensation in the

60.87 60.23 28.57 | 85.48

o 69.57 39.77 23.19 | 83.33
pinprick test (C)

+ Panoramic view result (D)
PPV, positive predictive value; NPV, negative predictive value; PPTTN,

Peripheral Painful Traumatic Trigeminal Neuropathy.
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IV. Discussion

Recently, traumatic trigeminal neuropathy has been a significant
research interest for dentistry.>® It is a major, largely unrecognized
clinical problem, which is distressing for and reduces the quality of life of
patients.w)

Therefore, there is need for a consensus and standardization of
assessment of traumatic trigeminal neuropathy, while also simultaneously
differentiating temporary from permanent injuries caused in the early
traumatic event, in order to encourage patients to seek the appropriate
interventions. However, there has been no agreed diagnostic method or
test to unequivocally show the presence of neuropathic pain thus far.
Consequently, it is important for dentists to design the diagnostic criteria,
and the treatment protocols for these diagnoses.

In this study, enrolled patients were grouped according to duration of
symptoms, with the critical time set at 3 months. Defining the time at
which permanent nerve injury is diagnosed might be performed differently
by different authors. In most previous articles, injuries were regarded as
permanent if the patient had symptoms for more than 6 months, because
paresthesia was found to be temporary, and tended to subside within the
first 6 months.>'' ¥ Based on these studies, clinicians have a tendency to
instruct patients who show signs of nerve damage to wait at least six
months. However, full recovery of nerve function is less likely when the
patient is seen a long time after a severe injury.” Furthermore, proposing
the PPTTN criteria defined as PPTTN as having continued symptoms for
3 months. This was in line with a recent review article that posited that
after 3 months, permanent central and peripheral changes occur within the
nervous system subsequent to injury that are unlikely to respond to
surgical intervention.'®*¥ Furthermore, it is important to differentiate

neuropathic from non-neuropathic causes for the diagnosis and treatment
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of the conditions. A key feature of neuropathic pain is the combination of
sensory loss with paradoxical hypersensitivity. Damage to the afferent
transmission system causes partial or complete loss of input to the
nervous system, leading to negative sensory phenomena, such as loss of
touch or temperature or pressure sensations.” In contrast, inflammatory
pain heightens pain sensitivity in response to tissue injury and
inflammation, and it is also associated with hypersensitivity to normal
sensory inputs.w) Accordingly, symptoms that occurred for less than 3
months could originate from either inflammatory or neuropathic conditions.
Therefore, defining the time between transient and persistent neuropathy
as 3 months in this study seemed most appropriate.

In this study, most patients (84 out of 111, 75.67%) had neuropathic
pain, while only 17 patients had lowered or completely numb sensation
without pain. It is known that approximately 35% of chronic pain patients
suffer from neuropathic pain.5) Following the injury to trigeminal nerve
branches, chronic pain develops in about 3-5% of patients.6‘15) These
symptoms coupled with neuropathic pain could be especially troublesome
to patients, and result in a severe reduction of their overall quality of life.

The distributions of initiating events affecting altered sensation or pain
are summarized in Table 2. Injury to the trigeminal nerve may occur from
a variety of different dental treatments, including third molar extraction,m)
implant placement,'™™ dental local anesthetic injection,'” endodontic

2 . 21 . .
9" and orthognathic surgery.”’’ Non-iatrogenic causes such as

treatment,
skull fracture could also result in considerable nerve injury. In this study,
implant placement caused the highest incidence of trigeminal nerve injuries
(27.93%). In contrast, previous studies state that third molar extraction
caused the highest incidence of iatrogenic trigeminal nerve injuries,g‘ZZ)
which was the second most common cause in this study (22.52%). Local
anesthetic-related injury was only 2.70% of the incidence in this study.
The difference could be explained by the fact that neuropathy related to

third molar extraction or local anesthetic injection is usually temporary,zs)
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and thus patients do not seek secondary or tertiary referrals. Notably,
some patients develop chronic neuropathic pain following negligible nerve
trauma such as suturing of wounds, operative dental treatment, and
periodontic treatment.

In the comparison of patient profiles, the presence of a neurologic lesion
in the panoramic view result, reduced sensation and radiation in the
pinprick test, radiating sensation with the blunt stimulus, and allodynia
showed differences between the transient and persistent groups (Table. 6).
According to the result of the multiple regression analysis, the presence of
a neurologic lesion in panoramic view result and reduced sensation and
radiating symptoms in the pinprick test would be defining features of one
of the main clinical features of persistent neuropathy. Most patients with
delayed visits complained that their doctor had advised them to wait and
see, without any attempt to relieve their symptoms. Fast referral fast to a
specialist in orofacial pain or oral surgery may help maximize the
resolution of neuropathy, by interrupting and reversing the cascade of
traumatic events.>*” Many authors recommend the referral of injuries
before 4 months but this may be too late for many peripheral sensory

' since the first few months may determine the degree of

nerve ilrljuries,5
nerve healing.” This time would need to be very short, perhaps within 24
hours of the injury, in the cases of implant or endodontic-related
injury.®® Therefore, identifying risk factors affecting permanent
neuropathy would help clinicians to refer patients with neuropathic
symptoms at the best possible time.

The panoramic view could provide gross information on involvement of
inferior alveolar nerve injury (IANI), demonstrating the loss of the lamina
dura of the IAN canal, impingement of implant fixtures, and overfilling of
endodontic materials into the IAN canal. However, in the case of lingual
nerve injury (LNI), and sometimes of mental nerve injury (MNI), the
panoramic view does not provide proper information regarding nerve

damage. Conebeam CT (CBCT) scanning might be an alternative option,%)
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but several papers have reported the weakness of CBCT evaluation in
identifying the canal, resulting in poorer sensitivity and specificity.m‘%) In
this study, however, there were 14 positive signs of nerve damage in
CBCT, while there were 46 cases of no sign in the panoramic view.
Thus, using CBCT may not be a routine procedure to assess the extent
of nerve damage, but it could be necessary if the panoramic image fails
to detect signs of nerve damage.

If a nerve injury is suspected, the clinician should perform a basic
neurosensory examination of the neuropathic area and ascertain whether
or not the patient is experiencing pain, altered sensation, or numbness.” In
this study, reduced sensation in the pinprick test (hypoalgesia) was
statistically significantly more frequent in the persistent group than in the
transient group. Sensory loss is a universal response to nerve damage,w)
but hypoalgesia, in assessing sensory signature, was not predominant in
the persistent group. In the comparison about sensory signature, allodynia
showed statistically significance in the persistent group, compared to the
transient group (Table 5). After the nerve injury, reactive changes
centrally produce abnormal neural function. Allodynia (pain evoked by
innocuous stimuli), and hyperpathia (anexplosive, abnormal pain that
outlasts a stimulus) would indicate altered activity of peripheral nerves
and their central pathway.” Therefore, a combination of dull sensation,
allodynic and hyperpathic responses in a neurosensory examination could
serve as an outcome predictor for the likelihood of permanent neuropathy.
In this study, Nagelkerke's R, which represents the power of explanation
of the model,zg) was 0.607. As scores of Nagelkerke's R* above 0.5 would
indicate a strong association with the group.Bw Our value of 0.607 is
indicatative of a strong association with the persistent group. To our
knowledge, this is the first study to assess the difference in patient
profiles between the transient and persistent groups. Based on this study,
further investigations with larger study populations are warranted.

Application of PPTTN criteria in this study provided low sensitivity and
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PPV, but relatively high specificity and NPV. The result of this study
confirms that PPTTN criteria would be clinically applicable, but would not
yvet be a gold standard for evaluation of traumatic trigeminal neuropathy.
Therefore, we took an empirical approach using adjustment and
combinations with outcome predictor. Compared to the results of the
PPTTN criteria, this approach generated a profound increment in
sensitivity, but with a small decrement in specificity. However, all
variables adjusted and combined with outcome predictors except for
panoramic view result + radiating after pin stimulus showed more than
0.5 AUC. The area under the ROC curve (AUC) is a measure of the
correlation between the prediction of the screener and the gold standard
diagnosis. Because an AUC score above 0.5 represents low to moderate
accuracy (and high accuracy if above 0.9),3” our results indicated that
these features could improve PPTTN criteria in terms of sensitivity and
specificity. However, application of them to this study population produced
good specificity and low sensitivity. Therefore, these outcome predictors
could serve as a screening tool, but not as a diagnostic criteria. On the
other hand, the use of this screening tool might represent an important
step toward effective treatment and realistic expectations for patients.
Further study will be needed with larger sample, and multi-center design,
such as headache validation study.™

An 1deal model for studying the development of chronic traumatic
neuropathic pain, and establishing predictive factors for the condition,
would include preoperative and postoperative assessment of psychological
and neurophysiological factors, detailed intraoperative data on handling of
tissue and nerves, and detailed early and late postoperative pain data, as
well as a thorough clinical investigation to exclude other causes of the
chronic pain state.!” In this study, psychological evaluation was not

performed. Considering the risk factors for postsurgical pain, psychological

evaluation should be included in future studies.
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V. Conclusions

1. The presence of a neurologic lesion in panoramic view result and
reduced sensation and radiating symptoms in the pin prick test would be
defining features of one of the main clinical features of persistent
neuropathy. These features could serve as outcome predictors diagnosing

the permanent nerve injury in trigeminal nerve.

2. Application of PPTTN criteria in this study showed low sensitivity and
positive predictive value (PPV), but sensitivity and negative predictive
value (NPV) were relatively high. PPTTN criteria would be clinically
applicable, but they might not yet be a gold standard for evaluation of

traumatic trigeminal neupathy as it is.

3. Compared to the results of the PPTTN criteria, an empirical approach
using adjustment and combinations with outcome predictor generated a
profound increment in sensitivity, but with a small decrement in
specificity. Therefore, these outcome predictors could serve as a screening
tool, but not as a diagnostic criteria. Further study will be needed with

larger sample, and multi-center design
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