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Abstract

Orofacial neuropathic pain is initiated by extraction
of teeth or nerve injury from trauma in the trigeminal
nerve that innervates the facial area, In the experi-
ment, orofacial neuropathic pain usually occurred
following injury of peripheral trigeminal nerve in-
cluding infra-orbital nerve, inferior alveolar nerve, or
mental nerve, In addition, pathology from trigeminal
nerve root or ganglion is involved in orofacial
neuropathic pain, This study introduced various
animal models that help us study the underlying
mechanisms of development or maintenance of
orofacial neuropathic pain, One of the most typical
symptoms of orofacial neuropathic pain is hyper-
sensitivity to the innocuous mechanical stimuli, Our
study presents a novel method to evaluate mecha-
nical allodynia in rats with orofacial neuropathic
pain, Recently, accumulate evidence support
participation of central glial cells in the develop-

ment or maintenance of orofacial neuropathic pain,
Signaling molecules in glial cells also play an
important role in neuropathic pain in the orofacial
area,
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Fig. 1. lllustration of various animal models for orofacial
neuropathic pain. (A) Branches of the trigeminal nerve;
infraorbital nerve, inferior alveolar nerve, mental nerve. (B)
ION-CCI model. Infraorbital nerve was exposed and se-
parated from adhering tissue and two ligatures were made
around it. Arrow indicates infraorbital nerve.
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Fig. 2. Time course in the ipsilateral and contralateral air-
puff thresholds following ION-CCI in the rat. *p<0.05, sham-
vs. ION-CCl-treated group. Original date presented in Lim et
al (2007).
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Fig. 3.
neuropathic pain. The dental implant was placed in the alveolar socket after extraction of
lower second molar tooth (A). The inferior alveolar canal was penetrated by incorrect
placement of dental implant (B).
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Images showing the animal model for malpositioned dental implant-induced
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Fig. 4. Time course analysis of the changes in air-puff thresholds following incorrectly placed dental implants
in rats. Treatment with mal-positioned dental implants produced significant mechanical allodynia in both

ipsilateral (A) and contralateral sides (B).
Original date presented in Han et al.(2010).

*p<0.05, malpositioned dental implant (MDI) vs. sham group.
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Fig. 5. lllustration of a trigeminal neuralgia animal model
produced by compression of the trigeminal ganglion.
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Fig. 6. Change in the a amount of pressure following appli-
cation of air-puff (A) and von Frey filament (B). Both show-
ed proportionate relationship between the amount of pres-
sure and intensity of stimulation.
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Fig. 7. Typical responses of a neuron to air-puff or Von Frey stimulation. The neuron
(WDR) responded to brush (A), von Frey filament (B), air-puff (C), and pinch (D) sti-
mulation. Neuronal firings increased by air puff and von Frey filament stimulation (E).



112 Hanyang Medical Reviews Vol 31, No, 2, 2011

%

5 ¥h-8-5h= wide dynamic range neuron (WDR) 2] ut
S 2o F9t}. 8ok F7]1A=3 von Frey filament
A=8 o wf ABA T G5 A=59 A7|7F S7HE
Z71sk et o] g A3 A7} = von Frey filamento}
3712 A717F STV RS AR AR &) AA
S 37T 0E FFARE ABARY BFS F7HE

S

AL BolFn, o7t 3712452 71 ul b4
9522 72 B @] B oferd ey
PAATEZS Wik Atk A2 2

ox
o
rr

=

off fN mZ fo v rif @ 4y mu o (T e
N

717 ol ol kgt W o2 oI IAM WA et
5o Wt e 7AH F4RR %(mechamcal
hyperalgesia)¢] 7} 20| @7H5A @2 o 9§
A5kl b= A eh3-& B F AT Uehl o] B7} o}
Edbdolct aga otohd uR o L= A=E Tleto] W B
| A=FEZ (cold allodynia)S 718t WL acetone g
5o st 22 Hojmg o A v o] A7} 7}
Soll 7FstAl HaL o] wj vpehh= 50| acetoneo] A8
5 FAU A2 AFE S48t B ol
o s 2 AN 9B S SAs o R
A=, obd g Follx WA= G A=l ¥h-E-6hs
9] H7}= Laser (LVI 810-30, LVI Technology)-& ©]-8-3tH
Aeleir 24T & Aok ¥ Laserd otebw 291014 3]
FREE 10 cm Ho{Z RelM 90° A= 245 thy A
FEEo] €22 sl IYkSARH(withdrawal laten-

y)e 543,

I

o

3. MZHE ST LM ABOotwA =S| Het

FHZ A= Aot w27} FFABA AN AT 55
o AT HE 2ol v A E JFFS PHE] Hste] 118
=L otk Aot uA = FF2 A ANA B A73A
X AtolollA] glxste] NBAE] FA, JFTH, A4
& BT dEA glrk. AF7HA G Aokl
X T 55l #oste AEE T 7 EAlst=d 1 BA
e E71E 7471 8 Boko] Holal Al E (astrocytes) 2 H] Al

o} A Z (microglia)7} QIth. WMol A T S7] & Yy 2
Aol F# FadZ(vascular end foot)o] RAE A &
3o o 7 BEH AR Lo 7 YAEZL ulsic), thof
g 98 A= oja] Z43tE WolmA EE So|& A9

L

A AJ7§/‘l§£(neuron)ﬂr 01%7‘ 5

FU

rkﬂ A2

de
T8 AT%E %‘“‘fﬂt‘r %}* 3}
ro-inflammatory cytokine2] ]
A=, rﬂl 3 E’él% ol A| o} A Hol| A A7
= 5o HAA F ﬁ}b}?l 31713} (central sensiti-
zation)2 =T 3 A7 £4-L obr| A7 *e“’é%
EoA 2AJstE Holu M £} vlAolu A EE HAT
om oju A E YR ZEE FUANA TF AEE B4 Z@}
A ot

A YollA e Agste B2 F el MAPK
(Mitogen-activated protein kinases)& 3714 #3802 1}

LR
A
7} 2

ok J}N ) ﬂll

TolZt}, 0|52 extracellular signal-regulated protein
kinase (ERK), p38 MAPK, Z12] 1 c-Jun N-terminal kinase
(NK)2 T-A%w, ERKE 714 WA 8old Ao g 27] o
TolAe FAREE $4, 3 2e|a AbE o #ofgitia &
HARAT, A2 AFN ABAZ 7FaA AN T F s
zr gt} a1 ek ? P38 MAPK S} JNKE pro-inflammatory
cytokine 51| g} A E 2E# 20 o) A, M E
3 JNK‘—‘* ol ak3} o0 24 mitochondriat} & otol| 238}
WA GAHeE A Hofdtha dejA 3l
17dobal Al Z ol A of MAPK= A7 &4
| 24317} 51“1 HZ ATFAIME NG T
the $7180] B& A7l s By
€] L5 spinal nerve ligation (SNL)-& 4=3J 3} T}
o] u o} LA Z A ERK, p38 MAPKo] 243451 2
2590 W, Mol A oA & pINKe] B3} H
gHolahgirt.” w3k H47 W 2 ERK, p38 MAPK, 12|
JNK AAAE 247t Fshd SNLoj| 98] 2 == 7|7
FeATFEZol Foa aste AL Busdr
2|3 ofohd G Aol ot 4A178& AFsto] TAst
EANGHF 55 N E 25 A5 2 FU3 MEK A4
2l PD98059¢} p38 MAPK 7191 SB203580& Fofal#
7IAA FlASETE refstAl BAIZTHFig. 8). ol
g AP A FFABAY AAotuMEA EAet=
MAPK pathway —t— oot 7919 AT T £¥st
T frallA=e] A=A T AHg3tchs 2 AAl
3 &0, whEA, *J%‘Ohﬂliﬂ AT T S

=
&'\:l

b SLrlr
°
oo
r)- _l

=2

Woox oo T

=2

¥
H ooy

2
=

M0 o rr

rlot
Fr dgo R oM Hj!

rl

H4£H>IEMIO—1>__YL01
[111{e3

Az



-~ Vehicle + ION-CCI

—/\~ 1 ug PD98059 + ION-CCI

—A— 10 ug PD98059 + ION-CCI

-@- 10 png PD98059 + Naive or Sham group

00— 0 0 0
* #
*#
i *#
= 1 1 1 1 1 1 1 £
Pre 0 1 2 3 4 5 6 24
Time (hours)

IS
S

w
=3

Air-puff Thresholds (psi)

0

Animal Models for Orofacial Neuropathic Pain 113

—O- Vehicle + ION-CCI

~/\~ 1 pg SB203589 + ION-CCI

A 10 pg SB203589 + ION-CCI

-@— 10 ng SB203589 + Naive or Sham group

101090006 06— 0 0 o

b=y

[72]

=

"’30_ *#

£ S

<

n

Q 20t

=

)

g

o 10r

£

<
ot _, . L L . L L A
Pre 0 1 2 3 4 5 6 24

Time (hours)

Fig. 8. The effects of an intracisternal injection of PD98059, a MEK inhibitor (A) and SB203580, a p38 MAPK
inhibitor (B) on ION-CCl-induced mechanical allodynia in the orofacial area. P<0.05, the vehicle- vs. chemicals-
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