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Background and Objective: Thi
of optic st
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imuli emitted by three d

on head skin blood flow

Materials and Methods:

Ne laser (632.8 nm, 10 mW,

InGaAl diode laser (670 nm, 60 mw,
5 112.5

y assessed the effects

ifferent light sources

The irradiation effects of

total energy appr. 9.4

appr. 108 J)

nm, 5 mW, appr. 202.5

1 using laser Doppler technology. The corr sponding
© (energy densities) varied from 0.01 J/cu’ (He
a range of 0.12 - 0.72 J/cm’ (InGaAl) and 0.2 -
The investigation was completed under
(blind, placebo-controlled conditions where  {he
subjects (10 male healthy volunteers) were exposed an wie

placebo (LED)-device against the lase |

the He

chromatic 1light

J), t
and mono-
J) were

ting vasodilation, a 54 per cent
Inooease (p<0.09) in skin blood flow was seen after the
InGaAl irradiation (fluences between 0.12 < 0.36 J/cm?)
whereas the non-coherent monochromatic irradiation (0.68

;36 J/cn?) used in this particular study decreased bloeg
flow by 36 per cent (p<0.05). The He-Ne irradiatio (0.01
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INTRODUCTION

fhe Dbiomodulatory effects of low energy level
lrradiation have been extensively studied sinee the
©of Mester and his group in Bud.

was originally regarded bett
infrared laser radiation
controlled animal studi
coherent light is und

of laser
early findingg
apest (1-4). Although the He-Ne 1aags
er for ulcer and wound treatment, gne
nas been shown to be equally effective jo
e presen

LA the importance of
ler discussion (8-11).

Recently Smith (12) proposed a new model,
photochemical and photophysical events act
isible (infrared) radiation, to expla
tissues to different wavelengths of
xplain the beneficial effects of the so called nair
injured, postoperative, inflamed or infeated
al. (13) and Braverman (personal communicat o
shown that both visible and infrared lLas
growth in skin flaps in rats and rabbite

a combination of
ivated by visible ang
n

model  can

lasers on
5. Rigau et
, Chicago 1993) haye
radiation increases h

air

Male pattern hair loss is
androgenic origin (14). Hair
thickens, subcutaneous fat

ten hereditary and may
follicles are shrunk while the skin
is reduced and muscle and skeletal bulk
is incre Gunn and Lee (15) propose a neuropathio n
through entrapment of supraorbital and sonetin.

pow energy lasers have been used in the treatmons of male pattern
hair loss and Alopecia areata for over a Gecade (16-20). hs
microcirculation is often impaired in these conditions and laser
radiation may improve microcirculation 1) we decided to
investigate the possible effect of visible iager Light
coherent light on skin blood f1

have an

and non-
ow.

Braverman et al. (7) have
(904 nm) 8.25 J/cm?
increase subcutaneou
in another trial
dens

shown that 1.65 J/cm? HeNe and IR
laser radiation given in 11 minutes did not
temperature. They reported similar results
gxtending the exposure time to 50 minutes (power
ty approx. 15 mw/cm?).

he laser Doppler tecl the most reliable method for
skin blood flow measurements ( Although laser radiation (He-
Ne 2 mW) is used to create Doppler effect, total
irradiation dc low (approx. 15 mJ/measuring site) and the
e Jensity approx. 30 mW/cm3. This techniqee retiects the
changes in the perfusion of the outer layers of |

part of visible laser light is absorbed into the
Of skin (the first 0.3-0.5 mm)(26).
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ise healthy male volunteers suffering from male

Ten ofhkt;“’»" articipated in the study. moking or drinking
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study. s ) &«
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The study protocol.

g 30 min rest at an easy chair surement
3 5 erfusion and temperature measu el
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Table 1

Inside hood air temperature after the treatment

Placebo 2 He-ne

Placebo 1 laser

Diode laser

28.7 4

27.7

+ 0.

Fig. 1A. Blood flow measurement with a PeriFlux PF3 monitor and a
PF309 probe before irradiation. The hood equipped with either loser
diodes or LEDs (Placebo) on the left upper corner. The inside hood
air temperature was measured between the scalp and the hood at the
end of irradiation.

Fig. 1B. Laser Doppler equ

pment. used in the study.

F. casurement X
B n "blo08 flon was measured using the laser bopptes
technique. In this technique, a narrow beam of monochromatic e
generated by a low power laser is carried by an optica re probe
to the tissue being studied. The light is diffusely s ttared and
partly absorbed within the illuminated tissue volume. Ligh
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5 11 undergo a slight Doppler shift (change in
tme cells wi g¢ g PP g n
ment soring o8 ignt i ting sratie structures remaing unchanged
- - -. w i and frequency distributi £ the Doppler sh -3 & N, O
e-Ne nitude and Q Y bution o Dp hift are y Y KALLI JLARL P.J., AIRAKSINEN, O.
fe-Ne laser | w;;?:fy related to the number and velocity of cells, but virtually 110 PONTINEN, P, AALTOKALLIO, T., KOLARI, P.J., AIRAI
-2 | aireet¥a o tho aire which they move. The measurement remperature measurement Lote
: * unze e corporates two additional optical fibres which pick up and Skin temperature calcyla
{ P;rry art of the illuminating beam backscattered from the tissue : Skin temperature was measured at sites 1 and 3 g ) jem /e
Eu photodetectors where it is converted into electronic signals immediatoly before and after laser treatment with an electric pwngw
| . Thoppler shifted components are extracted from the laser no hermomater with a thermistor in contact with skin, response time Biver
i frequencies. The background noise i 5 s (Ellab, Denmark).
a cell-motion correlated signal
Salled the flux is defined as: Perfusion or Blood Cell Inside hood air temperature
Slux = Number of blood cells moving Tnside hood air temperature was measured at the end of
Flocity of these cells. Perfusion or flux measured by PeriFlux treatmont with the device described above
Y esonts the bloodcell transport through the microvasculax
| hetwork from the arterial to the venous side. It is integrated over Laser devices
The entire measured volume - in normal skin a hemisphere with a o TumoNeon laser, Boston hairtreatmer laser (Laser
| HSils of about 1 mm. Thus the units used in the measurement are . Frigotagion, AT/HoNo/10, Boston Elettrodomestici SRL, Via Tiziano
| ebitrary and reflect relative changes in the perfusion or flux. 9, 1-20145 Milan, Italy
further details of this method can be found elsewhere (22-23). Optical output: 10 ma divided into 166 fibres with an energy loss
our equipment a PeriFlux PF3 perf t of appr. 481 0.03 mW
ur equipmer a PeriFlux PF3 perfusion monitor 5 :
¢ Output power/fibre tip: appr. 0.03 m
| and a PF309 probe :D AB, Box 564, S§-175 26 Jarfalla, Wavelength: 632.8 nm
| Gweden)(Fig. 1B). Specification of equipment: Total energy in (at tube): appr. 18 J
| Laser classification: Cla: (FDA 21 CFR 1040-10/11) e in 2 at fibre tips): appr. 9.4 J
/ energy in ( i
Laser: 2 mW He-Ne laser of 632.8 nm wavelength. No other radiation energy in 30 (at fibre tip): appr. 0.06 J
present. Caloulated energy density: appr. 0.01 J/cm?/30 min
k Radiation from probe tif H bistance from the fibre tip to the skin: appr. 4 cm
| Measured volume: At normal skin: hemisphere of approx. 1 mm radius. Divergence of the beam: appr. 40 degrees
n | Doppler shift frequency: 20 iz to 30 kitz.
nitor and a Flux time constants 0.2, 3 s biode (InGaAl) laser, Laser Hair Care 3000 (Laser Science AB, Fig. 3
Inside meen | p.0.Box 2200, $-103 15 Stockholm, Sweden)(Fig. 3-4)
inside hood l Blood flow measurement was done at 4 sites on the scalp skin optical output: 15 x 4 nW = 60 mW
0od at the | as shown in Fig. 2 before, immediately after and 30 minutes after Wavelength: 670 nm
i irradiation (see study protocol). Total energy in 30 minutes: 108 J
Fnorgy/diode in 30 minutes: appr. 7.2 J i
Mo Jtheoretical energy density: appr. 1.09 J/cm?/30 min §
Caleulated energy density at the inmer circle in front: 0.72
cn /30min )
e ated energy demsity at the imner circle at rear: 0.
J/cm? /30 min
z L ated bnorgy density at the outer circle in front: 0.24
i .
! | J/cm? /30 min .
J loulated energy density at the outer circle at rear: 0.12
n2/30 min
fotance from the diode to the skin: appr. 4 cm
Divergence of the beam: 40 degrees
bo Laser, Laser Hair Care 3000 provided with 15 x 7.5 m¥
! LEDs (Sharp Electronics Corporation, U.S.
i Optical output: 112.5 mW
. - Wavelength: 635 nm
acic Figne otoleneray in 30 minutes: 202.5 J
ibre probe H Enorgy/diode in 30 minutes: appr. 13.5 J
tteres and Fig. 2. Measuring points on the scalp (sites 1-4). H Max. theoretical emergy demsity: appr. 2.05 J/em?/30.min = 40
pheped and i o gy denbity at the inner circle in front: 1. s
ing | 3/em?/30 min + roar: 0.68 )
o eulated energy density at the inner circle a ar:
J/cm? /30 min .43
e e Tenergy density at the outer circle in fromt: 0 o
J/em? /30 min
g COMPARATIVE EFFECTS OF EXPOSURE TO DIFFERENT LIGHT SOURCES m
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13 | cateulstel, Table 2. .
3 (rig. 5 $P%ar/30 M0 o giode to the skins appr. 4 om e devion
an electriq pistance TE00 ihe beam: appr. 40 degrees < es. 8
response tine D vergence
N He-Ne laser m
VIOTOR FOR ROTATNG: oohe 10 632.8 —
the ena | —~ Diode laser (InGaal) 60 670 a9
of | Placebo Tagor (renl) 60 6707 106 0l12-0.7;
i 5635 202.5 0.22-1.3¢
N | )
p{Laser ! Statistic
“Lano g Statistical analyses we. je by th
1 ener test for paired observations and qroan e dent's two-tai
p<0.05 B erences were considered s ne is
J P<0.05. lered  significant ¢ Tat
' : RESULTS ‘.
E | Temperature
Hood temperature. The
! temperatures were insignificant (roplCe% ©f the inside i
i isignificant (Table 1). hood |
Science . Skin temperature. The !
: e Ab, Fig. 3. Construction of the diode laser (Laser Hair Core 3000) inmediatoly apereture. the average skin temperatures before
Changea oLy after irradiation are shown in Tabla 3. No oigaltiem
| temperatures . in any treatment group ar on
. Lemperatures of these groups at sites 1 and 3 aid not s o bl
| UL ’ £ r20.09). not difter fron
“ L . |
front: 0.72 fable 3.
| . Average skin temperatures. Sites 1 ana 3 |
rear: 0.36 { ° . - - T
. site 1 site 3 o :
ront: 0.24 | Before After Before After
rear: 0.12 Placebo 1 35.24 ; e
2 . . Diode vaser  Sui2r0+d 35.710.4 35.510.9 35.910.5
| . f Placebo s 35.340. 5.940.4  35.610.6  36.040.3
{ . \ Femoebo 2 M43 35.0012 3 7a1l4 35100100 [
| ]H‘U $0.9 34.941.2  34.941.2 35.241.1 Tas:
15 x 7.5 nW i I vv,mﬂ s * blooc
g e .
\ Skin blood flow Table

iin
front: 1.36

rear: 0.68

ront: 0.43

15 DIODES PLACED IN MOVING HOOD (ROTAIING 100 DEGREES

piode placement in Laser Hair Care 3000.

The properties of different lasers used in this study are

shown in Table

This aotery af (,\,m‘ ”v “w)n.!r:w\\‘l‘xnn (t=2.404, P<0.05)(Table 4a).
vl w“l“y test at sites 3 and 4 where the “4\" H‘vll\"(‘ laser
around 0.36 J/cm? (Tables Sa ba) .
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qoble 4 2

Average skin blood flow.

1 - 4 combined (N=40).

Placebo 1 Diode laser

Before 3.21
After 10.58 +
30 min after 8.28

rable 4 b-

Average skin blood flow. Sites 1 - 4 combined (N=40).

Placebo 2 He-Ne laser

Before 3.31 + 3.25
After 2.74 + 3.13
30 min after 3.25 + 4.16

Average skin blood flow. Sites 1 + 2 (N=20).

Diode laser

Before 17.00 + 14. 10.92
After 14.85 + 11.74 12.75
30 min after  10.85 + 10.42 12.25

the second experiment neither LED (Placebo 2) nor He-Ne

laser (0.01 J/cm?) could induce any significant change in skin
* blood flow (Tables 4b, Sb,

Table 5 b.

Average skin blood flow. Sites 1 + 2 (N=20).

Placebo 2 He-Ne laser

Before
After
30 min after

"4 PONTINEN, P.J., AALTOKALLIO, T., KOLARI, P.J., AIRAKSINEN, O

Table 6 a.

kin blood flow.

sites 3 + 4 (N=20),

Placebo 1 Diode

laser

5.80 + 4.98
13.07 + 10.46 *
6.55 + 4.49

Table 6 b.

Average skin blood flow. Sites 3 + 4 (N-20).

Placebo 2 He-Ne laser
Before 2.18 3047
After 1.32 v 2052
30 min after 2.38 1150

DISCUSSION

Although laser Doppler technology is generally regarded a
reliable and valid method to estimate changes in skin blood floy
the maintenance of stable recording was not always easy and the
arbitrary units of the measuring scale made the comparison of
different experiments difficult. In the first series of experiments
the initial values (Placebo 1) were markedly higher than later
during the experiment (e.g. Placebo 1/Diode-laser t-2.206, p<0.05).
As the purpose of this study was to investigate the possible
changes of head skin blood flow using three types of monochromatio
sources, the experiment was constructed eck  the
commercially used He-Ne- and diode-lasers against a placebo device
(non-coherent, ible, monochromatic LED). All three devices
enitted in the same orange-red wavelength band (633670 nm) and the
stance of the sources (d s or fibre tips) to the scalp
skin was about 4 cm. The main differences were in ihe optic power,
irradiance and fluence (radiant exposure).

The optic power was weakest in the He-Ne laser (total 10 mi,
at fibre tips 0.03 mW), six times higher in InGaAl-laser (total 60
mW, each diode 4 mW), and once more doubled in LED (total 112.5 mi,
each diode 7.5 mW). The calculated irradiance (power/unit area)
was in the same order: 0.005 mW/cm?, 0.6 mW/cm? and 1.06 m/cm?.
Total emission during 30 min treatment varied correspondingly from
9.4 J (He-Ne) to 108 J (InGaAl) and 202 J (LED).

The results show that the radiant exposures of 0.01 J/cm? (He-
Ne) did not induce any change in skin temporature or blogd f1ou.
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