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Graphical Informations on Low Power Laser Tberapy of Pain 
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Summa rγ The paLlentsωrnpla ined of pain duc 凶 the 10c81 ischem ia were 1.reatcd with 
Nd: YAG and dlOde lasers of 10w power. The thcl"mograms during the therapy revealcd 

not only lhe local clrculatory irnprovcment bUL also mild temperature elevatlOn at the 

irradlfltf'd spot. Although the lhermal cffect wa:; lnscparablc from the 18501' therapy. 
there was no heal. sensation at lhe irradlated Sklfl. Whilc mechanically sti m山山ng senｭ

salion was caused by lhe pulsed diodc 18ser. 111 TV camera showed wide expansion of 
Iaser beam scattering in lhe subcutancous tissuc and thc interference fr�ge in the transｭ
tllum 川atcd finger with diode laser. In add itlo n 凶 tho thermal effed. the acoustic 
cffect of laser secms to ralatc to the blOSLttnulation" 1'he s tr udu,"a l wat白 in the �suc 

wassupposed to bc the target of laser biostlmulation. and a preliminary NMR oxperiment 

was performed 
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1. Introduction thcrapeut.ic ef fec t. 6
•

7
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Since lo¥V po¥Ver laser therapy has bccn 

tnltla t.吋 by Mest.er in 1970's. the biostimｭ

ulative effects of lascr came into promiｭ

ncn∞ in the mcdical application5 of laserl) 

The ac田lerat i on of wound healing by laser 

therapy originally achieved by Hc~He laser 

and latcr the S8me therapeutic effect.s wcre 

proved by Ar , diode and CO 2 lasers21" Pain 

relicf by Ile-l¥e laser reporled by Plog3) 

was al50 :3econded by Nd: YAG ~ ) and diode 

lasers5J" The mechanism of the laser bio 

st.imulat.ion IS not c1eared and opinions 

are devided on the dcrinition of low powcr 

laser therapy2). The int.eraction of infra 

red laser in t.he biological t.issue has 国en

particularly in tores t.ed , while it is drawn 

絜to lhe vorlex of controversy , whethcr coｭ

he問n t. and incohcrcnl light lead lo も he same 

ŝide from the discussion on 凶ese probｭ

loms , pain rel福f by laser is getting popu 

18r. because of an eas)' pracl i田 wi th small 

剖zcd apparatuses and an appreciable e[[ecl 

w比houl loading on the pat.ients. Placebo 

crfect is always involved in lhe lasm" therｭ

apy of pain. bul double blind tr�als proved 

significant therapeutic r田u l ls81 . The lher 

rnographic findings during the laser t.herapy 

revealed lhe local circulatory improvcment 

in lhe affected region associated with reｭ

liof of pai n 包 Therefo re lhe lherrnography 

l 尽 qu ito uscful lo check もhc practicc of 

laser Lhcrapy of pa in , buL is useless t.o deｭ

t.ccl lhc beam dislribution in the irradialｭ

ed tissuc. Alt.hough 3 -D dislribut.ion 01' 

laser beam was malhematica ll y 回li culaLed) O)

and ex凹rimentall y exam�nedlll. IR TV cam-
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era reveaJed the profile of Jaser beam 岡田­

ing through the semitransparent materﾎaJ 

The interaction of lascr in t.he biological 

tlssue was examined with NMR apparaLus 

and t.he chemical shift of proton signal 

was recorded in t.he irradiated maLcrﾎals 

These data we同 pr田町1I.cd as inforrnativc 

findings to suppose the mechanism of lascl 

biostimulation 

2. Materials and Methods 

The patients complaincd of pain due to 

the local circulatory disLurbancc wore sclectｭ

ed as good candidates for Lhe laser therapy 

Most 四回s were t rca回1 by Y AG laser stim 

ulator (Fuji Photo-Optical Co.)". It proｭ

vides three optically cahled handpieccs and 

enables the lhcrapisL to sLjmulatc simulta 

neously the mulliple poin回 Generally thc 

laser stimulalion was applied to not only 

lhe lender spols but also lhe d�tanl thera 

peut� points [rom the affected regiotl. Irｭ

radiat�n time and laser dose varied w�h 

case by 曲目， but irradialion of 100 mW  at 

the spot size of ] .5 mm in diameter for 3 

minules was set as mi.nimum s j,j mu lu s condi 

tion. The thermography was done with JTG 

500 M (Japan Electron Optics Laboratory) 

during the laser therapy and recorded in the 

tape. The temperature at tbe selccted points 

on the thermogram was measured by the da ta 

anaJysis system o[ compuLor. In some 四S田，

differcnt types of diodc stimulators were 

used by alonc or in combination with Y AG 

laser stimulator. The CW diode laser is 

830 nm o[ wavelength 剖d 10 mW  of exit pow 

er. The pulsed diode laser is 904 nm of wave 

length , 5 -10 W of peak power. 100-200 ns 

of pulse width and 300-10 K トlz of rcpetiｭ

tive ratc_ Laser beam is focused 1 mm in 

diametcr. The profile of laser b珉m expandｭ

ing in a milk and the hand transilluminaled 

by laser were picturcd with IR l'V camara 

(Hamamalsu Photoni四〕

Chemical shift of proton signal was re 

∞rded wi th 門付MR apparatus (FX 90Q 

Japan Electron Optics Laboratory) , and was 

[igured with XY -rccorder. .r-..1laterials were 

an albumcn and a slug. 'T'hey were pul in the 

sample Lube and irradialed with diode laser 

through lhe glass wall at the int.crval b叫W田n

pre-and post-treated recordings. As proton 

signals of the anirnals were not s t.able , t.hey 

wcre traced every 30 scconds on thc sa me rc 

cording paper shiftlng from t.op lo bott.om 

An albumen was us吋 as static material. The 

laser irradialion was performed outside the 

NMR apparatus and the temperat.urc of the 

probe box was set to koep t.he room t.emperaｭ

lure. lmmedialely after th� irra dialion , 

lhc sample tube was ret.urned to the previous 

position and recording was continuod for 10 

minutes and extended when ne回目ary

3. Results 

3-1. Thermographic f�ndings 

Generally thc laser lherapy o[ pa� result 

cd in the local circulatory increment. The 

dcmonstralivc cas田 were sclected 111 lhis 

paper and it goes without saying lhat the 

definite thermogrph� change did nol always 

appear during the therapy. Trans同 nt lower 

ing of the skin t.emperature was often observed 

arter the laser st imulation , but it should 

be pointcd aut. that lhe local circulatory 

incr璟ent appeared on looking the thermogra 

phy care[ully 

Fig.l is a 四日 of the right frozen shoulｭ

dor treated with Y 1¥G laser. Le[l piclure 

showed smooth lemperalure of the back and 
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Fig.l Thermograms of right frozen sholder treated with YAG laser 

left: pre-treatmenl , right: post-treatmcnt 

Fig.2 Thermograms of left back pain treated with YAG laser 

left : pre-treatmenl. righl: post-treatment 

the shoulder before t.he treatment. l30Lh arms 

were lifled and the elevation 01' the right 

arm was disLurbed due to pain an d 叫 i [[ness 

Right picLure was taken af"tcr the Lherapy 

and showed a faJI of the wholc temperature 

with a little asymmetry on both shouldel.s 

F'rom t.he Lherpeutic results or thc muscle 

relaxation and the lightening 01' pain. it i5 

supposed Lhal asymmetric temperat.ure indi 

cat.es the circu1atory increase to the muscIes 

of the affeclcd shoulder 

More demonstrative t.hermograms were 

shown in Fig. 2. This is a 四se o[ the 1eft 

back pa絜 caused by the muscle strain behind 

the left scapula. YAG laser therapy was ap 

pl ied to the dis tar> t acupunct.ure points and 
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Fig.3 Thermograms of dysesthesia of right fifth toe treated with diode laser 

left : prc- Lrcatmen t , right: post-lreatment 

then la5er irradation was concentrated 1.0 the 

painful region for 15 minuLes. Right picturo 

of the posL-treatmenl revealed remarkable 

口rculatory incrernen t extcnd ing � the w ide 

area surrounding the i rrad 旧 led spots. I-Ieat 

production 8t the irradiated spots disappearｭ

ed 500n after the t hera py , but the circula 

tory mcrement !asted for a while and pain was 

relieved 

Fig. 3 is a case of dysesthesia 011 the 

right riflh 1.oe with low back pain. The cirｭ

culatory disturbance was obvious on thc la 1,­

eral side of the right foo1. in 1.ho 1eft pic 

ture. Pulsed diode laser t.herapy was pcrform 

ed on t.he ¥umbar region and result.ed in inｭ

creased circu¥ation of t.he fee t. , part.icularly 

on thc affcct.ed side. On the next day Y AG 

laser therapy resulted in Lhe similar thcrｭ

mographic findings. Lumbago was relicvcd 

within a few days , but dysesthesia remaincd 

Treatments were repeated over a month and 

dyses山田ia d問appeared three mon ths la ter 

Figs.4 and 5 are a cas� of Raynaud's dis 

ease. Rccordings were done under differcnt 

room 同mpera t ure. At the temp�rat.ure of 

about 18
0
C (Fig.4) the vascular responsc was 

easily evoked by the 18ser therapy. While the 

temperature of about 14
0

C CFig.5) was 50 seｭ

vere for the patient. t.hat the release of the 

peripheral vasoconstrict.ion re1uctanlly appear 

ed by t.he prolonged irradiation. Jn Fig.4 the 

ternperature o[ the fingertip5 was represent 

ed at A to E poiniS. lrradiation of YAG 

laser of 150 mW  for 3 minutes resuJt.ed in the 

temperature elevatjon of about 3 0C , while 

there was a little change of temperature in 

the non-irradiated fingert.ips. The 1oca! t.ernｭ

pera t.ure at もhe irradiated sopt is dopending 

on ihe laser energy dose. but it is hard t.o 

recognize t.he therrna1 effcct as heat scnS8-

tlOn. It. i5 intersting LhaL pulsed diode la 

5er 50metirnes causes a mechanically sLimu 

lating sensation on t.he irradiated point , even 

t.hough t.he 8verage power is le田 than 1 mW  

Morc or 1田5 the 1aesr therapy i ncreas田

the peripheraJ cir cu lat io l1, but the t. h c r叩cu-
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Fig.4 

Fig.5 

Fig.4 & 5 Thermograms of Raynaud's disease treated with Y AG and diode 

lasers at different room temperature 

left : pre-treatmen.t. r�ht: post-t reatmen t 守

も i c eCfect lasts only a fcw hours. Such tem 

porary 8ffect is tho objcct 01' critis罇m. 1n 

this caso 01' Raynaud's discase , the もhera­

peutic effcct was getting enhanced and her 

ch川ed hands exposcd to cold recovered soonｭ

er than former days. Porly trealmonts were 

repeated over three mon山s and 同rminated

川もhe ear!y spring. Of course it shouJd 

l児 considcrod thc influcncc of the climat.ic 

Cl rcumstanc問。 the symptoms were reduced 

in the following wintcr without treatmcnt 

Such delayed もherapeuti c effects were observｭ

ed in many chronic cases 
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3-2. Lascr bcams in the tissue 

Fig. 6 is a profile of diode laser beam 

irradiat.cd to a milk. P�cture was laken wit.h 

111. TV camcra and t.he cnergy dist.rihut.ion 

was co lor-d悶 playcd with Phot.oncount.ing Imｭ

age Acquisit.ion Syst.em (Hamamatsu Phot.on-

1田). CW diodo laser of 1.2 mW  (10ft) and 

pulsed diode laser of 10 W at peak power , 

100 ns of pulse width. 5 I<Hz of repetitive 

raLc (right.) showcd s imil町 paltcrn of enerｭ

gy dist.ribution 

F�.6 Laser energy distr�ution in a milk 

left: CW diode laser of 1.2 mW , 

right: pulsod diode laser of 10 W of pcak 

power. 100 ns of pulse width. 5 /<lIz of re 

petltlVC rato 

The increment of repetit.ive rate of t.he 

pulsed diodo laser showed the similar paLlern 

to the incrcmcnt. of the average power. F'ig.7 

is t.he results of various repetit.ivo raLes of 

2 , 4 , 6 and 8 1('1-lz. while the powcr was kepL 

consLanL 

Fig.8 is th� hands transi11uminaled with 

YAG laser of 100 mW  on the right sidc and 

CW diodc laser of 10 m W on the left side 

The expansion of both penetraling beams was 

w禔e and 町田eded the common expectal.ions 

Fig. 7 Energy distribution of pulsed diode 

laser with various re田titive rates of 
2 , 4 , 6 and 8 KHz. 

Fig. 8 Transilluminated hands with YAG 

laser of 1 ∞ mW (right) and CW diode 

laser of 10 mW  (left)' 

Fig. 9 is the index finger transi llum Îna t凶

wilh C¥V diode laser of 1 mW  Thc laser 

irrad阻 led from the opposﾎ le side passed 

through th� 50ft. tissue and s h o \l刊d t.he inlerｭ

fercncc fringe. 1'he simi1ar piclure ¥Vas I'eｭ

cordcd by pulsed diode laser , bul the interｭ

ference fringe did not appear by LED 

3-3. NMR swdies 

l'ig.1O is NMR record ('H 89 ,6 MHz) of 

a slug irrlldialed w羡h pulsed diodc laser of 
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Fig. 9 I n te rferen目 fr川ge ap田ared in the 

transilluminated index finger with CW 

diode lasry of 1 mW 
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3.5 W aL peak powcr. 1200 H7. 0f repet�ive 

rate. 200 ns of pu!se width , for 3 minutes 

The upper fivc t ra田s were recorded before 

irradiat�n. After irradiation the proton 

signals s hif凶d to left and right a few Hz 

and lhen もhe signals were deformed. The l at~ 

ler change seemed lo indicate the movcment 

of thc animals 

An albumen was used as a static maleri 

al. As shown in the upper recordings of Fig 

1 J , the prolon signals were stable befo問 lr~

radial�n. The signa1s shifted lo 1eft and 

t"ight after lhe irradialion and relurned sta 

ble 30 minut田 later. The resu 1 ts observed 

ﾎn the pre!iminary experimehl suggested a 

possible inf¥ucnce of laser 00 water mole 

cules 

一 "' 
Fig.l1 NMR signals recorded from an albuｭ

men showed chemical shift by laser ir 

radiation 

4. Oiscussion 

Laser vaporization and coagulalion a re 凶e

representatﾎve thermal applications of high 
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power laser. While low powor lascr thcrapy 

is appJ ì吋 fOlもhe biostimulation , which is 

regarded due Lo the non-thermal e[fect of 

laser. [L is not always true. For example , 

diode laser of 10 rnW 回目前田 the sk in temｭ

peraLure up to about O.5
0

C by continuous ir 

radiation [or 3 minut田1'he average power 

of pulsed diode laser is less than a miJl ト

watt. although the peak power is beyond a 

watt. Y AG laser of 200 m W is hard lo be 

accepted as low power laser , however the temｭ

perature elevation at the skin irradiated wilh 

YAG laser of 200 mW  for 3 minutes ﾌs w�hｭ

in several d egrees 白川igrade a nd there is no 

heat 8ensa tion. On the other ha nd , pulsed 

dlode laser sometimes caus田 mechanicaJ ly

stimulating sensation at lhc irradited point 

Clear definition of low power laser thcmpy 

is hard to be established by the classifica 

tion of the exit power2J 

The thermographic studies during the laｭ

ser tharapy offered us a lot of in[omations 

related lo not only the vascular r田ponse but 

also the local thermal effect at the irradi 

ated spot. The undersもandabl e thermographic 

findings are presented in this paper and it 

musi be noted that these demonsirative data 

were record凶 by the chance of the selectcd 

patients and tbe intensivo la5cr therapy 

Additional1y it i5 emphasized that the va5• 

cular r田ponse i5 remakable in the affected 

rigion and not in the norrnal tissue 

Comparalive studies with difforent la5ers 

on the same patient rcvealed intcr'esting facis 

In addition to mechanically stimulatng sen 

sation by pulsed diode laser , tho interfcrence 

fringe in the irradiaied tissue suggests the 

acoustic effect of laser besides the thermal 

effecL Paul絜g suggested the block of the 

ion transportation by the hydrate of the an-

estheticsl21. 8ased upon his hypothesis. NMR 

experiment was desinged to examine the in 

fluence of laser on the structural water in 

the tissue. Rcgretably the NMR experiment 

IS prcliminary and rur~her experiment IS 

pJaning to prove the spcculation that the in 

fluencc of laser on water moJecules may pull 

trigger of the biostimulation 
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痛みの低出力レ ー ザ一 治療に関する画像情報

明治儲灸大学臨床医学教室

神川:'.1代男 旧和宗徳

要旨 局所循環|布苦が閃勺していると 診断 した痛みを訴える 患者 lL Nd : YAG または半導体レ ー

ザ治療を行ない サ←モグラムを検討した サーモグラムはレーザ治療ιよる局所循環の改善を示

すのみならず } レ サ !附射同部の軽微な皮j円温上好を示した しかし岡射FaJiîJr IL執感を当ずる ζ とは

ない ただしパルスレーザ では機械的刺激感覚を生ずる乙とがある A、外線TV カメラで皮下組織で

のレ ザーの広がりを観察すると 予:t!lPJ上 ι拡散随聞が広く 十 しかも F渉結が認められた レーザー

の生体刺故ιは熱作用とともι光子Kよる伝動作用が働くものと忠われる そのタ ケ'ッ 卜は生体の楠

i1!: JKであろうと怨定 L ， N M R 装置で予備実験を試みたと ι ろ I プロトノ信号のゆらぎを記録した


