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Fig 1. Effect of low-power laser irradiation on the action potential of a single
alveolar AJ-nerve fiber evoked by an electrical stimulation to the dental
pulp. A, Before irradiation ; B, Immediately after irradiation ;C, 5minutes

after irradiation ; D, 10 minutes after irradiation ; E, 20 minutes after irradia-

tion.



Table 1. Effect of low- power laser irradiation on the conduction velocity of a single
alveolar Ad-nerve fiber evoked by an electrical stimulation to the dental

pulp

Time+ Range(m/sec) Mean(m/sec) Ratio*

Before 4.54—8.91 6.68+ 2.07 1.00
Immediately after 4.67—5.45 5.06+0.55 1.01£0.04

5min 4.67—5.50 5.09+ 0.59 1.01+0.03

10 min 4.75—5.49 5.12+0.52 1.02+ 0.4

20 min 4.54—5.33 4.94+0.56 0.98+0.03
+ Following laser irradiation. (Mean+ SD.) .

* Calculated as a ratio of the experimental values to the values before irradiation.

Table 2. Effect of low - power laser irradiation on the action potential of a single alveolar
A% -nerve fiber evoked by an electrical stimulation to the dental pulp*

Time-+ Threshold Intensity Amplitude of Action Potential
Before 1.00 1.00
Immediately after 1.09+0.18 0.85+0.23
5 min 0.91+0.13 0.89+0.22
10 min 0.90+0.15 0.84+0.16
20 min 0.91+0.13 0.82+0.32
(Mean+ SD.)

* Fraction was calculated as a ratio of the experimental values to the values before

irradiation.
+Following laser irradiation.
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Fig 2. Effect of low-power laser irradiation applied to the tooth cavity on the
jaw opening reflex(EMG of the anterior digastric muscle) evoked by an
electrical stimulation to the dental pulp. A, Before irradiation ; B, Immedia-
tely after irradiation ; C, 5 minutes after irradiation ; D, 10 minutes after irra-
diation ; E, 20 minutes after irradiation; F, 40 minutes after irradiation ; G,
60 minutes after irradiation.

Table 3. Effect of low - power laser irradiation applied to the tooth cavity on the jaw
opening reflex evoked by an electrical stimulation to the dental pulp*

Time following Distal Threshold Amplitude
Irradiation Latency Intensity of EMG
Before 1.00 1.00 1.00
Immediately after 0.98+0.05 0.93+0.14 1.09+0.17
5 min 0.96+0.03 1.024+0.03 1.10+0.23
10 min 0.96+0.03 1.02+£0.02 1.00£0.21
20 min 0.97+0.04 1.04%£0.04 0.91+0.12
40 min 0.96+ 0.03 1.01+£0.07 0.82+0.04
60 min 0.96+0.04 1.06+0.09 0.75+0.01
(Mean+SD.)

* Fraction was calculated as a ratio of the experimental values to the values before
irradiation.
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Fig 3. Effect of low - power laser irradiation applied to the inferior alveolar nerve
on the jaw opening reflex evoked by an electrical stimulation to the dental
pulp. A, Before irradiation ; B, Immediately after irradiation ; C, 5 minutes
after irradiation ; D, 10 minutes after irradiation ; E, 20 minutes after irradia-
tion ; F, 40 minutes after irradiation ; G, 60 minutes after irradiation.

Table 4. Effect of low - power laser irradiation applied to the inferior alveolar nerve
on the jaw opening reflex evoked by an electrical stimulation to the dental

pulp*
Time following Distal Threshold Amplitude
Irradiation Latency Intensity of EMG
Before 1.00 1.00 1.00
Immediately after 1.00+0.02 1.01+0.11 1.304+0.45
5 min 1.04£0.06 1.00+0.10 1.12+0.30
10 min 1.03+ 0.06 1.00£0.11 1.05+ 0.46
20 min 1.03+0.05 0.96+ 0.06 1.03£ 0.62
40 min 1.04+0.05 0.99+0.11 1.90+ 0.60
60 min 1.02+0.05 0.99+0.11 1.034 0.50

(Mean+ SD.)
* Fraction was calculated as a ratio of the experimental values to the values before
irradiation.



1 A
volts b
1
n
-0.51 ; ‘,‘ A
3—, 'rﬂ\,; \;: - :
A j
e T Tyt 1 A L}
0 10 20 0
¥ D E < F 4 G
N ’
. Iy \ q ”
e - / '\/’\,—MM o [ ,'I ‘\I/\.‘M et fan / \,’I\,M
\ARY, 1INV Y : (VY
i \ i J 3 { v
3 Ty lﬁTr‘(:l T L 7 i ‘r‘A—rgl T TTT T T T T 1
0 0 10 20 0 10 20 0 10 20

Fig 4. Effect of low - power laser irradiation on the action potential of the inferior
alveolar nerve evoked by an electrical stimulation to the oral mucosa. A,
Before irradiation ; B, Immediately after irradiation ; C, 5 minutes after irra-
diation ; D, 10 minutes after irradiation ; E, 20 minutes after irradiation; F,
40 minutes after irradiation ; G, 60 minutes after irradiation.

Table 5. Effect of low - power laser irradiation on
the action potential of the inferior alveo-
lar nerve evoked by an electrical stimu-
lation to the dental pulp*

Time following Amplitude of

Irradiation Action Potential
Before 1.00
immediately after 1.18+£0.19
5min 1.16+ 0.08
10 min 1.37£0.19
20 min 0.87£0.11
40 min 0.94+£0.24
60 min 0.88+0.22
(Meanx SD.)

* Fraction was calculated as a ratio of the experi-

mental values to

the values hefore irradiation.
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Fig 5. Effect of low - power laser irradiation applied

to the receptive field of the oral mucosa on
the pain response evoked by a mechanical
stimulation to the oral mucosa. A, Before irra-
diation : average frequency was 84.87 for 5
sec; B, After irradiation: average frequency
was 73.49 for 5 sec.



Table 6. Effect of low - power laser irradiation on
the pain response evoked by a mechani-
cal stimulation to the oral mucosa*

Time following Action Potential

Irradiation Frequency
Before 1.00

Immediately after 0.70£0.37

5min 1.724£0.48

10 min 1.04+0.54

20 min 0.88+0.38

40 min 0.76+ 0.63

60 min 0.72£0.57

(Mean+ SD.)

* Fraction was calculated as a ratio of the experi-
mental values to the values before irradiation.

h
-

i

IR

i

dolAe 34 2 YA A Y FFHA w2} 2ol
AAT o= A= AAzAU=E AFE F e
44& 7HAa glen?, AR HolAe &4+
g we =AY FHEAR EE FERE
et glol? Az A gojA e o]
EAE TFAA o] staA s AT EC] Bl

ojFoA st}

gol A7t A A
FRde B 71X 7Hd o

AL EFE SNAGT s}—c
AA =T ded,

FolE AR GHYA, AAALEL B ]94
W, E4d A LxEF T IR
AGA F7150] YAl HIL PP,

T2AAE IS Fr2 AT AVAFIH
A A=2zd 3 FEHE A-a, B FE A
AR FEA=EES 8499 277 M
57 fEd 5N Ag2E FAse 13 T
29 54¢ I3 ¥waIE 59 43t
dofd & om® Tz FAUAR BB
AAAFE 7Hed 4A71% TS WAL E Y A
R g 2FHE I AT IO, T
golA o] F3 ety o] AW AP &FdE
WA 5 A 554 FEA G| TS To}
JEEAE 7H 5 A& Zoloh #olA9 F3
8 540l ABHRY %%’“3 L=

92

3l B3 2A Walker ¢ Akhanjee®E 1 #]oljA]
E£829 HFAA Y HFd 1mW, 632.5nm 9
A &9 He-Ne #lo]AE A vl AL &
HANE AL ojde] FEIIe AVAF

& A9 2gt7] Wi FsEy whgol A
AEEHAE W3aNZE £+ ddun FF3a,
Walker'® He-Ne #lo]|AE #xA Aoz
ZAIE 8 EAFE, AFAE 2 BANFAA 2
7 do] YAFHLE JAHE Aoz Ho} #o]
Aol o3 fE F3EFH wkgo] ABEEE
ASE F don AFGdE golA e 557 5
g3 AEHQ eg Yodls EHo) EAY
Vgl dvta 2EF vt 3ok, 2E]X Snyder-
Mackler 529 Q79X E He-Ne oA FAF
Al FEAZ M HZEI7F S8k 9 &
BEAAAE 5ol ZA3}AT King TP B
g AAldl He-Ne HolAE ZAEIFE o
VSR E = 43 $59A7 Forske 59
P3EHE JeBon, Mezawa T7E ILYold)
A 27 904nm 9] Ga- Al-As ¥HEA] o] E &
FAA] TN ¥ET AP enz FHolA
ZAPL A7 9] TR S HIAANE = doe A E
Bed. a2y o2 g golA JAFAFHY FHY
¢l Rugtes 2 WuS®e Walker®® Walker 9
Akhanjee®7} X HE-E U3y 93 4
ZzHoz A¥HY2Y &Y He-Ne #dolAE

A7 B85 o7 ¥IE FA XL,
McAuley ¢} Ysla®, Basford 5% ¥ Waylonis 5-°7-&
oy A3 FF 8, SHEY 84 =2 4
29 Aol AE&H HOANE YL | F
#HRAY AFH Agdiy R AFEFAE ¢l
Aot dtgen, Basford $P% TxZZAAFd
g 1mW 9} He-Ne 943 #lo]A 9] 2ALATRE
©] %73 7 (double blind test) ¥ ¥} AFEFAL
7] 2 FE7¢ 9o WEE RolX geui
B35 v gloh. E3 Klein 3 Eek® % Hansen
Thorge® % FArlA 97 904nm o] A&E H
o)A E TEXNR AHES 2 2 JFERIYS
BAA AHEF FEARY 484 gk &
Fagch. 2 AFME 93 904nm 9] Ga-As
A golAE 1ol Hoteks & TR T
ZAEAE W FAA AT 98 AFER
EEAY S} ol B2 ARV ¥ EA ARE

nl1o



¥ ohlg x&E FXzAAY AR YolxE
ZALE B FEF AT % ATt
Abel 310} #HolAE AR & ol W
FHE 2ol g JEMA G2 o] FolA A}
TEUNE 9GS FA YL Aoz H4EY 13
Fgolv AAThE-E H&8 FolAd RSAAS
ALHA FFAY DAY o] s wAR
AFEFAH7L =R gevtz & Jarvis 599
Asfst HMFgg Zo] Idu B £ Yot

AGHNF Xote] Ao HolHE A& 7
$-ol A= Matsumoto 5“3} HFEREHE2L ¥
O| A& A|otol] AL B FApoA g EHAI}
FEHAJTLL 3 A&Y HolAst Y4 BF
A& S/ A BAF Fhd) Jld P FFE
3wk ok 2y Wilder- Smith®E 3914 4+
ofdd #olA ZAME FH4EH 1 AP g3
e TR HNEE HolAw Huly ¢l
RAAA ABHA FAS LPHA Yol A=Y
g o] M zAL} HRIF A3 £ 8L FA BT
AE8gch 2 HPAME XoletEo A&E g o
AE ZANE o AZANS o Fo3e X5 AS-
ARAF] FEARSEE, AT E ¢ 85
A9 27] RF A 313 W3t JelgA] gol
A&d go|Art Kot AAANF Hao] ARE
Yehi A 28e BAF QY. 121 FERKS
< 23, YA FH A Fotd NS
9 Hotol #HolAE ZAMA AFHEol YA
AL B0 1#ATHY 4 == X5y A7 9
GEIGe] Wz A% FEAZY A6 719
i st e oA FFAAN Ropd B A
g ofF-d EHE JEhA E3lgenz
oA @] ATE R AR GFEA of
74 ¥sE £ 23 Fggn B £ 98 A
ot}

#lolAe] AW £33 oA McKen-
zie$t Carruth®= #HolAxe 3o wat 234
FH4she dolrt g AFHYgH F99 garia
olAE 224 100um ZE=7A], ZHYM 499
Nd:YAGHo|AE &il7tx golxnte e,
Z2AY F mm7HA F3AE F den sAFA
99 Nd:YAG #l°]4 %} He-Ne, 2 T
FolAT HigolAE 7 R AN & wa}
Fgo] tann HEIQPT. adn HRdge

.
&z

93

W3 600-1300nm Akele] Wl s F3(optical
window) o] EA I 3101« fowy Y 94 1,
064nm 9] Nd: YAG o1 A7t A4, €&, §¥) £
g7t glo) Aol uls) Aol FHAo] AT}
3 g uk glot B Ao A 288 33 904nm £
Ga-As #olA 9] Aotd EFHGo disfA d7E
e flth. 283 Kakami®e 7MA13A 2 23
o4 4999 33 400- 1060nm Aol oA o)
Fe B A Q) 93 FFHE Fol '3
7 439 FAx AU 4 g3 FFHe Fol
BonZ Aol F4 A3 F4HE Fo)
HEe TN A= B3 FHo] AR T 4o]
A Z2AYdA g 98 Bl & 5 Jdu F3F
k. old HolA i B A A ed
Ga-As #olAE FFo] 904nm 2A FolF =z 9
F3ge] hlME ¢ 5 gov Yot 20
9% F5Fe Ao 23 FAye adz & 4
AE Fojth. & AFPNAE #olAE Xoldold
FHd TAEG RABIEE B ol k=3F
A EAZ AF AT P BZE vk
golA7t ATERE /IAVNE A 23 T34
o] ST ZAME e whe} Aol glo} zolE
e S Aolth. 218y & AYoMe 8ok
ERELPIEEERNE-EL RIEEEREER
£49 2 doln2e) TAES WS Yeh)R
237 W&o Rochkind 5% BRug & o %
ARHAYe Rxoz Q7 IFL UAS Aoz
AZrE v ThoFg AL Y-S AN S A E Y ol
AAE dolA FAVE FE8NEd S HRR
oS vS B4 3 F= 2A7 8 Rolgn
AR,

AAxA e exaTo] #|A Halle 59 &
el AL g AARH ) 7AsA AL EE 0.
3°C 77 ALole AFAEEE o] W
371 ey 1.2°C FVHNZ Aol AABAE
&7t ZAasgoin giew, &8 HolA
ALA1 2] 2w Blo]l 310 Abramson 59& 93 628
nm ¢ 5% 71(gold vapor) # ol AE A 0.4-1.5
oC BtE9] 227} Z718t AL 31y Greathouse 5
Do 5% 904nm 9 Ga-Al A YoAE A
4oz ZAIRS o H3Y 2EE0.2-0.5°C TF
238 ZAsHon THIIGY. oY Rug
o] Hol B AHA ARE-g 3% 904nm



Ga-As HolAE ARG 4g& & Mg &
L3 E MR A Ut Ao ARHee
2 A % FHRAEY d¥L g ez
oA A,

glo] A EASISe] 9ol Matsumoto 5
oA A kel F X)obe) A Nd: YAG E+ Ga-Al-
As HolAE &AoA BT 1-43 NERASY
3, BREHT?LS BAA Folx ZAZSFE
EEFE fFAEE0 VAU & d¥dAMe
FTEAYES AN RBANMAGE ERE €
3t} 3] HEXAE £ gid. 2y 9
Axe FEAPAA G 28 FAA 3] ¥
EZAE 4 dode FE& ndd B A4
veld donte g wtERAAY YEhg § e
234 Y7 P8 Holrh

Greathouse $& Ao EAA 2 TAH 4
% 5o 34 904nm 9] Ga-Al 82 A o)A S
ARG oYU AR e 2 AL HE e 1d
A7 e FEARSEr HalsE A YA Nissan T
©& He-Ne #lo| A& JAFANA APz RAA
FEA79 €A F7HHAL Y Jarvis TE L
A& He-Ne #o|A7t §4¢ JF5aHE Y
B Y F5E& $3AgEs 2ad B
B &H 7128 2A 7] A3 EF4 A 33 632,
5nm 9] He-Ne #lo| A& Ztgtol] 2AMSH vl A-5s}
C-TAA ZZAARERANA ALRAo 2 BYHA
U 71& dAE AZ 8L M= A gokan o)
9 ARETe EF5HAE oA FAd o3
W3 E A gkvha Badte] YolAe AAd
Zgo] 4YFEY F7H g JIFPgL ¢ 4
Jom & F 7o AP oA vend AHE e
TR AEFTEIY QAN FAE & ey
W, 2 AP AP g A3 mYgole
QA AFAAZF e KA AFAHRH
Aol Bo] AHS-Ew v B F79 4¥FE
Hla] XA e AAE §F38717) Lol Aoz
AzrEo).

& 1A E o, HEY dolH RAF
T30 Zafde B1gde gA £ 71Ho)
#ARE FE S Ao E AP ALLF
374 904 nm €] Ga-As #l ol A& #3A A A=}
71AH ATl A dojue FENZ Ui
AFEINE AR G= Rez 44€. agxn

#olA e Azl U FAHAHL] Bl o] @
B3 YL ol H&Y go| AVt Aol g
%50 gl uhobgsWef glo] ATty 3 dl
oA NraAde A APFL HPd &
3 geme®, 2 2dE 4¥y Wy ¢ o)F
PdATY 943 PHe T3 4F oA A
B7Ved &4 §Foxe XNaiad @ olge 9
GaIe FEY F e 7Ad g 4539
A7t Agelor & Aoz A€,

v.Z2 B

AF 2.0-3.0kg9] iLY¥°lE sodium pentobarbital
(35mg/kg A F) 2 AAvtA 3 H9- 2N
FZ oolE HABE x2AZl F JolET- A
Eolg MFeAL 7184 AFE 4Yd9n, 5
FARAAL g AZNAFTH FHAYe] T84
NAAR AT g @Y AAMHE 4
Y71x £&& Fu)AsdA 2E3gY. 4 ¢
A AFA B3 FAZAZY @D V34
#9 AAFAEE AF717% 10ms ¢ 4=
2 AL FRAZEE 2N de AF7)%
€ 1msZ 3o FAA g {34 7]
AX A5 408 9§ AAR 5284 =
ol 7batgit. Xolol FAH A7, AR 47
2 TG A #olA RANKE Ga-As BHEA]
g o] A (33 904nm)E 1,000Hz, 2mW 2} W}z
6% AN F 15mW e d&92 3873 =A}
3t 2 FojA RAMAG AR R 2
AFF 5, 10, 20, 40, 608 AN NAFAE,
ol 2AE B KA 7AF AT g&
AZRE vwsld, &Y oA RS @
3 v O3 2 AES AU
1. #lo]A ZAA AR AN 712 A4 AS-

AR R FEAESEEE FF 6.68+2.07

m/ sec o1 o)A FAHE AS-NAMR

FERAZS RS JE%2 FX gk, A

ot 5499 AZvldx ARE YehhA

234

2. Aot 7R f3Q AR g Lot

€ dolEI SRR o)A AR ZAE
FEI QAAFZE B AR a)d 9
o] ¥M3l7} Nt



3.

10.

34 AT weaE TRPLS S ok
He dolA 2AE U39 BEAY 27] B
LEAN TPAS B A 9P FA
B,

i3 1

z 8

. Maiman, TH.: Stimulated optical radiation in

ruby. Nature 187:493-494, 1960.

. Fork, RL.: Laser stimulation of nerve cells in

Aplysia. Science 171 :907-908, 1971

. Kolari, PJ. : Penetration of unfocused laser light

into the skin. Arch. Dermatol. Res. 277 : 342 - 344,
1985.

. Passarella, 5., Casamassima, E., Quagliariello, E.,

Caretto, G. and Jirillo, E. : Quantitative analysis
of lymphocyte - salmonella interaction and effect
of lymphocyte irradiation by helium - neon laser.
Biochem. Biophys. Res. Commun. 130 : 546 - 552,
1985.

. Berns, MW, Aist, J,, Edwards, ], Strahs, K, Gir-

ton, J., McNeill, P., Rattner, J.B,, Kitzes, M., Ham-
mer - Wilson, M., Liaw, L.H,, Siemens, A, Koo-
nce, M, Peterson, S, Brenner, S, Burt, J., Walter,
R, Bryant, PJ., van Dyk, D., Coulombe, J,, Cahill,
T. and Berns, G.S.: Laser microsurgery in cell
and developmental biology. Science 213:505 -
513, 1981

. Ball, KA. : Laser Technology. Nurs. Clin. North

Am. 25:617-738, 1990.

Parrish, J.A. : Laser medicine : great possibilities,
guarded prognosis. Laser. Surg. Med. 10:1-3,
1990.

. Mckenzie, AL. and Carruth, J.A.S. : Lasers in su-

rgery and medicine. review article. Phys. Med.
Biol. 29:619-641, 1984.

mERRK, BENE, HURAS, #&# K
E= % RE4HE, 55—, fiE=5%, &
BB Laser in dental medicine. BEEZEHIR
BRX &k, 1986.

Parrish, J.A. and Walsh, J.T. : Potentials for prog-
ress in laser medicine. Yale J. Biol. Med. 58 : 535
- 545, 1985.

9%

11.

13.

14.

15.

16.

17.

18.

19.

20.

21,

Cummings, J.P.: The effect of low energy(He -
Ne) laser irradiation on healing dermal wounds
in an animal model. Phys. Ther. 65 : 737, R-279,
1985.

. Snyder - Mackler, L, Bork, C. and Fernandez,

J.: The effect of helium - neon laser on latency
of sensory nerve. Phys. Ther. 65:737, R-278,
1985.

McKibbin, L.S,, Cheng, R.S. and Paraschak, D.M.
: A preliminary study on the effects of a helium -
neon laser on nerve regeneration and collateral
nerve sprouting after denervation in rats. Laser.
Surg. Med. 5:185, Abstr. No. 154, 1985.
Rochkind, S., Vogler, I and Barr - Nea, L. : Spinal
cord response to laser treatment of injured peri-
pheral nerve. Spine 15:6-10, 1990.

Assia, E., Rosner, M., Belkin, M., Solomon, A.
and Schwartz, M. : Temporal parameters of low
energy laser irradiation for optimal delay of post -
traumatic degeneration of rat optic nerve. Brain
Res. 476:205-212, 1989.

Nissan, M,, Rochkind, S, Razon, N. and Bartal,
A :HeNe laser irradiation delivered transcuta-
neously : its effect on the sciatic nerve of rats.
Laser. Surg. Med. 6:435-438, 1986.

Mezawa, S., Iwata, K., Naito, K. and Kamokawa,
H.: The possible analgesic effect of soft - laser
irradiation on heat nociceptors in the cat tongue.
Arch. Oral Biol. 33:693-694, 1988.

Jarvis, D. Maclver, M.B. and Tanelian, D.L. : Ele-
ctrophysiologic recording and thermodynamic
modeling demonstrate that helium -neon laser
irradiation does not affect peripheral Ad-or C-
fiber nociceptors. Pain 43:235-242, 1990.
Walker, J.B.: Temporary suppression of clonus
in humans by brief photostimulation. Brain Res.
340:109-113, 1985,

Walker J.B. and Akhanjee, LK. : Laser - induced
somatosensory evoked potentials ; evidence of
photosensitivity in peripheral nerves. Brain Res.
344 : 281 - 285, 1985.

King, CE., Clelland, J.A., Knowles, CJ. and Jack-
son, JR.: Effect of helium - neon laser auriculo-



+25.

therapy on experimental pain threshold. Phys.
Ther. 70: 24 - 30, 1990.

Basford, J.R., Sheffield, C.G., Mair, S.D. and Itst-
rup, D.M. : Low - energy helium neon laser treat-
ment of thumb osteoarthritis. Arch. Phys. Med.

.Rehabil. 68:794-797, 1987.

Wu, W, Ponnudurai, R, Katz, ], Pott, CB,, Chil-
coat, R, Uncini, A, Rapoport, S, Wade, P. and
Mauro, A.: Failure to confirm report of light -
evoked response of peripheral nerve to low po-
wer helium - neon laser light stimulus. Brain Res.
401 : 407 - 408, 1987.

. Matsumoto, K., Funai, H.,, Shirasuka, T. and Wa-

kabayashi, H. : Effects of Nd : YAG - laser in trea-
tment of cervical hypersensitive dentin. Jpn. J.
Conserv. Dent. 28: 760 - 765, 1985.

Wilder - Smith, P.:The soft laser: therapeutic

_ tool or popular placebo? Oral Surg. 66:654-

26.

27.

28.

29

31

32.

658, 1988,

Hansen, HJ. and Thorge, U.: Low power laser
biostimulation of chronic oro - facial pain. a dou-
ble - blind placebo controlled cross-over study
in- 40 patients. Pain 43:169-179, 1990.
Brannstrom, M., Johnson, G. and Nordenvall, K -
J. : Transmission and control of dentinal pain :
resin impregnation for the desensitization of de-
ntin. JAD.A. 99:612-618, 1979.

Pashley, D.H. : Dentin permeability, dentin sensi-
tivity, and treatment through tubule occlusion.
J. Endo. 12: 465 -474, 1986.

Brannstrom, M. : The cause of postrestorative se-
nsitivity and its prevention. J. Endo. 12 : 475 - 481,
1986.

. Tarbet, W], Silverman, G, Fratarcangelo, P.A.
-and Kanapka, JA. : Home treatment for dentinal

hypersensitivity : a comparative study. J.AD.A.
105 : 227 - 230, 1982. .

Hirvonen, T.J., Narhi, M.V.O. and Hakumaki, M.
OX.: The excitability of dog pulp nerves in rela-
tion to the condition of dentine surface. J. Endo.
10:294 - 298, 1984.

Kim, S.: Hypersensitive teeth : desensitization of
pulpal sensory nerves. JEndo. 12:482-485, 19

37.

41.

42.

86.

. Ignelzi, R]J. and Nyquist, JK. : Direct effect of

electrical stimulation on peripheral nerve evoked
activity : implications in pain relief. J. Neurosurg,
45:159- 165, 1976.

. Albrecht, D.G., DeValois, RL. and Thorell, LG.:

Modulation of spasticity : prolonged suppression
of a spinal reflex by electrical stimulation. Scie-
nce 216:203 - 205, 1982.

- Snyder - Mackler, L., Barry, AJJ,, Perkins, AL and

Soucek, M.D. : Effects of helium - neon laser irra-
diation on skin resistance and pain in patients
with trigger points in the neck or back. Phys.
Ther. 69 :336-341, 1989.

. McAuley, R. and Ysla, R. : Soft laser : a treatment

for osteoarthritis of the knee 7 Arch. Phys. Med.
Rehabil. 66 :553 -554, 1985.

Waylonis, G.W., Wilke, S., O'Toole, D., Waylonis,
DA. and Waylonis, D.B.: Chronic myofascial
pain : management by low - output helium - neon
laser therapy. Arch. Phys. Med. Rehabil. 69 : 1017
- 1020, 1988.

. Basford, JR., Daube, JR., Hallman, H.O., Millard,

T.L. and Moyer, SK :Does low-intensity he-
lium - neon laser irradiation alter sensory nerve
active potentials or distal latencies 7 Laser. Surg.
Med. 10:35-39, 1990.

. Klein, RG. and Eek, B.C.:Low-energy laser

treatment and exercise for chronic low back
pain : double - blind controlled trial: Arch. Phys.
Med. Rehabil. 71:34-37, 1990.

Matsumoto, K., Funai, H, Wakabayashi, H. and
Oyama, T : Study on the treatment of hypersen-
sitive dentin by GaAlAs laser diode. Jpn. J. Con-
serv. Dent. 28:766- 771, 1985.

Matsumoto, K., Tomonari, H. and Wakabayashi,
H. : Study on the treatment of hypersensitive de-
ntin by laser. Jpn. J. Conserv. Dent. 28: 1366 -
1371, 1985.

HREH, BTFEKR BREEAHE, Al B,
Tesrrme, BFFIE, S8R, RESE, &
B —  fFEORBRIEDEBICERL /-
EHAL -4 -OBRHEE. BRERE 73:



47.

49.

485-492, 1989.

. Anderson, RR. and Parrish, J.A.: The optics of

human skin. J. Invest, Dermatol. 77 : 13- 19, 1981.
el L -4 LHFE.V-Y JomE
NOHREM & Z DEHE. Quintessence book,
159 - 165, 1988.

. Kakami, K,, Yoshida, K. and Fukaya, M. : Clinical

application of Nd : YAG laser in oral field (2) -
use of low power Nd : YAG laser. # FLEH 73:
1107 - 1117, 1989.

. Rochkind, S., Nissan, M., Barr-Nea, L., Razon,

N.,, Schwartz, M. and Bartal, A. : Response of pe-
ripheral nerve to He-Ne laser : expéerimental
studies. Laser. Surg. Med. 7:441-443, 1987,
Rochkind, S., Nissan, M., Lubart, R., Avram, J.
and Bartal, A.: The in - vivo - nerve response to
direct low - energy - laser irradiation. Acta Neu-
rochir(Wien). 94 :74-77, 1988.

. Halle, J.S, Scoville, CR. and Greathouse, D.G.:

Ultrasound’s effect on the conduction latency
of the superficial radial nerve in man. Phys. Ther.
61:345- 350, 1981

Abramson, AL, Levy, A.S. and Hirschfield, L.S.:
The pathologic and thermal effects of gold vapor
laser photodynamic therapy on the larynx. Arch.
Otolarygol. Head Neck Surg. 116 : 687 - 691, 1990.

. Greathouse, D.G., Currier, D.P. and Gilmore, RL.

: Effects of clinical infrared laser on superficial

51.

52.

53.

55.

56.

57.

radial nerve conduction. Phys. Ther. 65:1184 -
1187, 1985.

Basford, JR.:Low-energy laser treatment of
pain and wounds : hype, hope, or hokum ? Mayo.
Clin. Proc. 61:671-675, 1986.

Beasley, W.L. and Holland, GR. : A quantitative
analysis of the innervation of the pulp of the
cat’s canine tooth. J. Comp. Neuro. 178 : 487 - 494,
1978.

Matsumoto, K., Wakabayashi, H., Funato, A. and
Shirasuga, T.: Pathohistologic findings of dental
pulp irradiated by GaAlAs laser diode. Jpn. J.
Conserv. Dent. 28 :1361 - 1365, 1985.

HEY, 943 AEY AV AR =
Zx) o vX = G B A7 WEAH
H1E8HA 14(1) : 109- 120, 1989.

Apfelberg, D.B., Mittelman, H. and Chadi, B.:
Carcinogenic potential of in vitro carbon dioxide
laser exposure of fibroblast. Obstet. Gynecol. 61 :
493 - 496, 1983.

Apfelberg, DB, Chadi, B, Maser, MR. and Lash,
H. : Study of carcinogenic effects of in vitro argon
laser -exposure of fibroblasts. Plast. Reconstr.
Surg. 71:92-97, 1983.

Castro, D., Stuart, A., Benvenuti, D., Dwyer, RM.
and Lesavoy, MLA. ; A new method of dosimetry -
a study of comparative laser - induced tissue da-
mage. Ann. Plast. Surg, 9:221-226, 1982.



—ABSTRACT -

EFFECT OF LOW-POWER LASER IRRADIATION ON PAIN RESPONSE

Sung-Kyo Kim, D.D.S., M.S.D., Soo-Han Yoon, D.D.S., M.S.D., Ph.D.
Jong-Heun Lee, D.D.S.,, M.S.D., Ph.D*

Seou] National University, College of Dentistry and Dental Research Institute,
Department of Conservative and Department of Oral Physiology*

The aim of this study was to investigate the effect of low-power laser used in the medical field
for various purposes to suppress pain responses evoked by noxious electrical or mechanical stimuli.

After both inferior alveolar nerves and the left anterior digastric muscle of cats under general anesthesia
were exposed, a recording electrode for the jaw opening reflex was inserted into the anterior digastric
muscle. The right inferior alveolar nerve was dissected under a surgical microscope until the response
of the functional single nerve could be evoked by the electrical stimulation of the dental pulp or oral
mucosa.

The electrical stimulus was applied with a rectangular pulse of 10 ms duration for measuring the
threshold intensity of a single nerve fiber in the inferior alveolar nerve which responds to stimulation
of dental pulp and oral mucosa. Then a pulse of 1 ms duration was applied for determination of conduction
velocity. A noxious mechanical stimulus to the oral mucosa was applied by clamping the receptive field
with an arterial clamp.

The Ga-As diodide laser(wave length, 904 nm ; frequency, 1,000 Hz) was irradiated to the prepared
tooth cavity, inferior alveolar nerve and oral mucosa as a pulse wave of 2mW for 6 minutes. This was
followed by a continuous wave of 15mW for 3 minutes. The action potential of the nerve and EMG
of the digastric muscle evoked by the noxious electrical stimulus and nerve response to noxious mechanical
stimulus were compared at intervals of before, immediately after, and at 5, 10, 20, 40, 60 minutes after
laser irradiation.

The results were as follows :

'The conduction velocity of the intrapulpal A3 - nerve fiber recorded from the inferior alveolar nerve
before irradiation had a mean value of 6. 68+ 2.07 m/sec. The laser irradiation did not affect the conduction
velocity of the AS-nerve fiber and did not change the threshold intensity or amplitude of the action
potential either.

The EMG of the digastric muscle evoked by noxious electrical stimulation to the tooth was not changed
by the laser irradiation, whether in latency, threshold intensity or amplitude. The laser irradiated to
the receptive field of the oral mucosa which was subjected to noxious stimuli did not affect the amplitude
of the action potential or the frequency either.
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