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ABSTRACT OF THE DISCLOSURE

A method 1is provided for treating a patient having a
disorder, wherein the method 1includes 1rradiating a tissue
surface of the patient with at least one laser beam,
automatically monitoring the  tissue, and automatically
controlling the at least one laser beam to adjust and/or
terminate the treatment in a therapeutically effective manner.
The method noninvasively determines 1n real-time the irradiance
and/or radiant exposure of a target tissue at a predetermined
depth below the tissue surface by detecting the radial
dependence of 1light remitted from the tissue surface.
Preferably, the method employs a near-infrared light laser beam

and a visible laser light beam in comblination. An apparatus for

performing the method is also provided.
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THERAPEUTIC LASER DEVICE AND METHOD INCLUDING
NONINVASIVE SUBSURFACE MONITORING AND CONTROLLING MEANS

SPECIFICATION

FILKLD OF THE INVENTION

This invention relates to methods and devices for treating
soft tissue disorders, and more ©particularly to 1laser
therapeutic methods and devices.

BACKGROUND OF THE INVENTION

Therapeutic lasers are useful in the treatment of certain
types of tissue disorders. See, e.g., U.S. Patents Nos.
4,215,694 to Isakov et al., 4,640,283 to Sawa et al., 4,671,285
to Walker, 4,724,835 to Liss et al., 4,930,504 to Diamantopoulos
et al., 4,930,505 to Hatje, 4,966,144 to Rochkind et al.,
5,029,581 to Kaga et al., 5,051,823 to Cooper et al., 5,150,704
to Tatebayashi et al., 5,320,619 to Badawili, 5,344,434 to
Talmore, 5,409,482 to Diamantopoulos, 5,445,146 to Bellinger,
5,445,608 to Chen, 5,464,436 to Smith, 5,514,168 to Friedman,
5,616,140 to Prescott, 5,649,924 to Everett et al., 5,755,752 to
Segal.

Laser therapy (i.e., Low Level Laser Therapy or LLLT)
generally requires the injured tissue to be exposed directly to
the laser light for predetermined intervals of time. Exposure
to laser light not only lessens the pain associated with certain
disorders, but actually speeds the healing of the treated
tissues. The wavelength of the laser light, the intensity of
the laser light and the exposure time are important factors when
selecting a specific treatment protocol for a specific disorder.

The wavelength of the laser light affects i1ts ability to
penetrate through overlaying tissues, such as skin, to reach the
tissues and molecules of interest. For example, red light 1is
attenuated by most tissues (1/e* attenuation), and thus the

penetration depth is less than 1 cm into such tissues, whereas

\




10

15

20

25

30

CA 02315521 2000-08-09

2

near-infrared (NIR) light 1s less attenuated by most tissues,
and thus can penetrate more than 1 cm into such tissues.

The wavelength of the laser light also affects it ability
to promote bioclogical pathways for healing injured tissues.
For example, the gquantum energy of near-infrared photons is
small, and thus near-infrared photons have a relatively low
potential to electronically exciting biomolecules. On the other
hand, the quantum energy of red wavelength photons is sufficient
to achieve electronic excitation of biomolecules, potentially
promoting direct photochemical and photobiological effects in
target tissues.

The precise nature of the molecular events caused by narrow
bandwidth red and near-infrared light irradiation is still under
investigation. However, clinical evidence suggests that
biostimulation using red 1light and biostimulation using
near-infrared light each promotes wound healing and/or relieves
the symptoms of rheumatoid arthritis. See, e.g., Mester et al.,
“Wound-Healing,” 1 Laser Therapy 7-15 (1989), and Asada et al.,
“Diode Laser Therapy for Rheumatoid Arthritis: A Clinical
Evaluation of 102 Joints Treated with Low Reactive-Level Laser
Therapy (LLLT) 1 Laser Therapy 147-152 (1989).

The intensity of the laser light used to treat an injury 1is
another factor in its effectiveness. Applying a therapeutically
insufficient intensity of laser 1light to an injury has no
desirable effects, but applying excess intensity can cause
undesirable heating, burning and even vaporization of tissue.

The total exposure time is also an important factor in
laser therapy, as combined with irradiance it determines the
total deposited energy. If an injury 1s not exposed to laser
light for an appropriate interval of time, insufficient healing

may result. Excess exposure to laser light can injure the

target tissues.
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As the target tissue for laser therapy 1s typically
subcutaneous, and the factors controlling the penetrability of
a patient’s skin (e.g., thickness, fat content, color, etc.)
vary from patient to patient, it has been difficult to employ
one ideal protocol for all patients. That is, the target tissue
1s typiéally located at a certain depth “Z," below the surface,
and the energy delivered to depth “Z," has been difficult to
monitor and control. Protocols can be manually adjusted to the
particular patient, but this adds complexity to the treatment,
and more heavily relies on the proper training of medical
personnel.

A variety of laser systems 1n the laser therapy and laser
surgery arts have been proposed that intelligently control laser
beam intensity and duration using target monitoring and feedback
(real-time and otherwise). See, e.g., U.S. Patents Nos.
5,657,760 to Ying, 5,423,801 to Marshall, 5,354,323 to
Whitebook, 5,154,707 to Rink et al., 5,050,597 to Daikuzono,
4,973,848 to Kolobanov et al., and 4,644,948 to Lang et al.

SUMMARY OF THE INVENTION
The invention provides a method for treating a patient
having a disorder, said method comprising:
irradiating a tissue of said patient with a near-infrared
laser light having a first therapeutically effective
intensity and with a visible laser 1light having a
second therapeutically effective intensity;
automatically monitoring said irradiated tissue; and
automatically terminating said 1i1rradiating when said
monitoring indicates that said near-infrared laser
light and said visible laser light have been applied

to said tissue for a duration therapeutically

effective to treat said disorder.



10

15

20

25

30

CA 02315521 2000-08-09

4

Also provided 1s a laser apparatus adapted to perform this
method of the invention, said laser apparatus comprising:
a near-infrared light laser;
a visible light laser;
a power supply 1in electrical communication with said
lasers;
waveguides for guiding beams from said lasers to a common
focal point on a surface of a target tissue;

detectors adapted to detect radiation remitted from said
target surface along a radius originating at said
common focal point; and

control logic electronics adapted to automatically adjust

an output of said lasers based on said remitted
radiation detected by said detectors.

The invention also provides a method for administering a
predetermined dose of radiation to a distal target tissue, said
method comprising:

irradiating a proximal tissue adjacent said distal target

tissue with at least one laser light which penetrates
through said proximal tissue to administer radiation
to said distal target tissue;

automatically monitoring said proximal tissue to determine

whether to terminate said irradiating, said monitoring
comprising detecting a radial dependence of a diffuse
reflectance from a surface of said proximal tissue of
said at least one laser light; and

automatically terminating said irradiating when said

monitoring indicates that said predetermined dose of
laser light has been applied to said distal target

tissue.

A laser apparatus adapted to perform this method of the
invention is also provided. The laser apparatus comprises:

at least one laser;
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a power supply 1in electrical communication with said at
least one laser;

at least one detector adapted to detect radiation remitted
from two points on said target surface along a radius
originating at a focal point of said at least one
laser on said proximal tissue; and

control logic electronics adapted to automatically adjust
an output of said at least one laser based on said
remitted radiation detected by said at least one
detector.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be described 1in conjunction with the
following drawings in which like reference numerals designate

like elements and wherein:

Fig. 1 is a schematic block diagram of an embodiment of the
invention;

Fig. 2 is a flow diagram of a process executed by the
control logic electronics of the embodiment of Fig. 1;

Fig. 3 is a schematic block diagram of another embodiment

of the invention; and

Fig. 4 1s a cross-sectional view through 1line 4-4 of

Fig. 3.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 1 shows a general schematic diagram for a preferred
laser apparatus 10 of the invention. Laser apparatus 10 1is
generally useful for treating, e.g., tissue disorders (as used
herein, the expression "“tissue 'disorders” denotes disorders
associated with the tissues regardless of where such disorders

originate or are manifested), such as tissue 12 shown 1in the
figures. Laser apparatus 10 enables a method for treating

tissue disorders to at least alleviate certain symptoms of the

disorders, such as, e.g., pain.
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The laser apparatus 10 of Fig. 1 comprises one near-
infrared (NIR) light laser 14 and one visible light laser 16.
The lasers 14 and 16 are energized by a power supply 18. The
power output from power supply 18 1s controlled by control logic
electronics 20, either alone or in combination with modulators
22, as shown in the figures. [Laser apparatus 10 1s thereby
adapted to control power density (i.e., irradiance in watts/cm?)
delivered to the target tissue 12, as well as the total
delivered energy dosage (i.e., radiant exposure in joules/cm?)
of radiation.

In embodiments, laser apparatus 10 1s adapted ¢to
selectively produce pulses of laser light at a frequency of
between 0 to 50,000 and preferably 0 to 30,000 pulses per
minute, each pulse preferably having a peak intensity of between
0 and 2000 watts/cm?.

NIR laser 14 is adapted to selectively produce laser light
having a near-infrared wavelength and the frequency and
intensity discussed above. Preferably, NIR laser 14 emits a
beam having a wavelength of about 750 to about 1000 nm, more

preferably about 900 to about 930 nm, most preferably about 905

nm.

Visible light laser 16 is adapted to selectively produce
laser light having a wavelength in the wvisible light range and
the frequency and intensity discussed above. Preferably,
visible light laser 16 emits a beam having a wavelength of about

450 to about 749 nm, more preferably about 620 to about 670 nm,
most preferably about 660 nm. '

Lasers 14 and 16 can be the same or different types of
laser, and in certain embodiments, lasers 14 and 16 can be
merged into a single laser adapted to selectively produce
coherent energy at wavelengths within the wvisible and near-
infrared regions of the electromagnetic spectrum. Suitable

lasers 14 and 16 according to the invention, include, e.g.,
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noble gas lasers (e.g., argon lasers, helium-neon lasers, etc.),
diode lasers and tunable dye lasers.

Each of the beams emitted from lasers 14 and 16 1is
preferably directed at a common focal point 24 on tissue 12,
using a waveguide, such as a converging prism 26 and focusing
lens 28, as shown in Fig. 1. Other suitable waveguides include,
e.g., lenses having different configurations, a hollow metallic
waveguide, a hollow dielectric waveguide, and/or an optical
fiber (as discussed below and shown 1in Fig. 3). Suitable
waveguides are also suggested in U.S. Patent No. 4,963,143 to
Pinnow.

In embodiments, the laser beams converge prior to focal
point 24, to yield coaxial beams comprising coherent radiation
at a visible wavelength and coherent radiation at a near-
infrared wavelength. The coaxial beams are preferable to other
beam conformations, as the beams penetrate to subsurface regions
directly below focal point 24, rather than subsurface regions
that are not centered below focal point 24.

In embodiments wherein both beams are emitted by the same
laser, the near-infrared beam and the visible beam can be
alternately pulsed at focal point 24 to produce a desired
effect.

Although dual wavelength laser irradiation 1s a preferred
embodiment of the invention, irradiation with a single
wavelength or with more than two wavelengths of coherent
radiation also forms a part of this invention, preferably in
conjunction with the automated control system described
immediately below.

In preferred embodiments, the invention 1includes an
automated control system, comprising feedback-controlled
irradiation of target tissues. A preferred laser apparatus
according to the invention non-invasively detects, in real-time,

the radiant exposure and/or irradiance of radiated energy within
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the tissue beneath the laser focal point on the surface of the
target tissue. In particular, the diffuse reflectance of the
visible and/or near-infrared light 1s detected, thus enabling
the determination of the irradiance at a predetermined depth,
and in conjunction with the exposure time, the actual radiant
exposure at the predetermined depth.

Thus, detectors 30 are used to monitor the energy
characteristics of tissue 12. Preferably, detectors 30 are
positioned along a radius originating at focal point 24 to
detect the diffuse radiation emitted from tissue 12. At least
two detectors 30 are positioned at different points along the
radius, and preferably four detectors 30 are so positioned, as
shown in the figures. In embodiments, a single detector can be
moved along a radius to measure the radial dependence of the
diffuse radiation emitted from tissue 12. Detectors 30 suitable
for use in the 1invention 1include, e.g., optical fibers
terminating into fast silicon detectors, gallium arsenide
detectors and indium phosphide detectors.

The signals from detectors 30 are preferably amplified by
amplifiers 32 before being reported to control 1logic
electronics 20.

Control logic electronics 20 1include a processor (not
shown), which executes modules 34-44 (Fig. 2). The processor in
control logic electronics 20 detect (in module 34) when user
activates a trigger, switch or button (not shown) of lasgr
apparatus 10. When the trigger 1s depressed, the processor
executes module 36 and then module 37. Until the trigger is
depressed, the processor continues to execute module 34.

" In module 36, control logic electronics 20 actuate lasers
14 and 16, and in module 37, control 1logic electronics 20
determine the intensity of the radiation at a predetermined
depth, Z,, within tissue 12 below focal point 24, and thus the

radiant exposure and irradiance at Z,, with known exposure time.
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This determination is preferably made using an analysis of the
radial dependence of diffuse remitted radiation detected by
detectors 30 positioned along a radius originating at focal
point 24.

The attenuation of the optical radiation from tissue 12 as
a function of depth Z 1s related to the absorption and
scattering properties of the tissue, resulting in large
variations in the depth distribution of the power/energy. Using
a theoretical model of light propagation in turbid media (e.g.,
tissue 12), such as Diffusion Theory, it can be shown that the
radial dependence of the diffuse remitted radiation is also a
function of the same optical properties. See, e.g., Farrell et
al., "“A diffusion theory model of spatially resolved,
steady-state diffuse reflectance for the non-invasive
determination of tissue optical properties in vivo,” 19(4) Med.
Phys. 879-88 (1992), and Weersink et al., "“Accuracy of non-
invasive in vivo measurements of photosensitizer uptake based on
a diffusion model of reflectance spectroscopy,” 66 (3) Photochem.
Photobiol. 326-35 (1997). Hence, the radial dependence of the
diffuse reflected radiation contains 1information regarding
subsurface radiation.

Control 1logic electronics 20 determine the radial
dependence of the diffuse reflected radiation from the intensity
of the signal relayed to it from each detector 30, and the
radial distance of each detector 30 from focal point 24. The
radial dependence is then used to estimate the depth dependence
of intensity (i.e., the attenuation of intensity as a function
of depth) in the tissue being treated. For example, the radial
dependence can be used to generate a curve or formula for a
curve, which can in turn be used to select a depth dependence
curve or formula from a 1look-up table. In any event, the
intensity (or irradiance) of radiation at target depth Z, 1is

determined from the depth dependence curve or formula, and the
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radiant exposure at target depth Z, is determined by, e.qg.,
integration.

After executing module 37, the processor then executes
module 38. In module 38, the processor compares the wvalue of
the radiant exposure at Z, to a predetermined radiant exposure
value. If the detected radiant exposure 1s greater than or
equal to the predetermined radiant exposure value (which is
preferably a therapeutically optimum value), module 40 1is
executed and lasers 14 and 16 are disabled. Lasers 14 and 16
can be disabled in a variety of ways, including interrupting the
supply of power to them from power supply 18, modulating the
power supply through modulators 22 to the lasers, and/or
modulating the beam exiting lasers 14 and 16 using downstream
laser modulators, such as shutters (not shown).

If the detected radiant exposure at Z, 1s less than the
predetermined radiant exposure, module 42 is executed. In
module 42, the processor compares the value of the irradiance at
Z, with a predetermined irradiance (which 1s preferably a
therapeutically optimum value). If the detected irradiance at
Z, is equal to the predetermined 1irradiance, module 37 1is
executed again. If the detected irradiance 1s not equal to the
predetermined irradiance, module 44 1s executed. Module 44
adjusts the intensity of the appropriate laser(s) in accordance
with the discrepancy between the detected irradiance and the
predetermined irradiance, and then executes module 37 again.‘

Control logic electronics 20 are preferably adapted to
irradiate tissue 12 with radiation having a preselected peak
intensity, average intensity and duration. Preferably, control
logic electronics 20 are further provided with sufficient
computer memory to store a series of treatment protocols for

different ailments and/or patients, eliminating the need to re-

program the device after each treatment.
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Modulators 22 are included to provide the capability of
modulating the output from lasers 14 and 16. Modulation 1is
preferably used for two purposes. First, modulation of laser
output is used to control the radiant exposure and irradiance 1in
tissue 12. Second, NIR laser 14 is preferably modulated at a
different frequency than visible 1light laser 16 to enable
frequency-filtered detection (e.g., using Fourier transform
analysis). The remitted intensity of radiation having a first
wavelength modulated by a first carrier frequency, can be
distinguished from the remitted intensity of radiation having a
second wavelength modulated by a second carrier frequency, by
performing lock-in detection at the two different carry
frequencies. The attenuation of the two respective wavelengths
in the tissue of choice can be quantified by measuring the
demodulation of the AC signal and the phase shift compared to
the source. The intensity of the radiation emitted from tissue
12 can thus be determined at each of the two frequencies using
common detectors.

Of course, other signal filtration systems are also
suitable for use in the invention, including, e.g., optical
filters and time-resolved filtration systems. Alternatively, a
variety of narrow wavelength-specific detectors can be used 1in
the apparatus of the invention to 1independently detect
reflectance of a plurality of wavelengths.

Modulators 20 can be positioned before and/or after lasers
14 and 16. Suitable modulators 20 according to the invention
include, e.g., frequency controlled driver circuits or acousto-
optic modulators. Modulators 20 need not all be of the same
type. For example, the modulators positioned before the lasers
can be electrical devices adapted to control the amplitude
and/or pulse timing of the laser beams emitted by the lasers,

while the modulators after the lasers can be mechanical and/or

optical shutters.

!
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Fig. 3 shows an alternative embodiment of the invention,
wherein focusing lenses 28 and optical fibers 46 act as
waveguides directing the near-infrared laser beam and the
visible laser beam through an applicator 48 and into tissue 12.
This embodiment of the laser apparatus of the invention is
particularly well-suited to treating tissue located in confined
areas of the body, such as inside a body cavity, such as the
mouth. Applicator 48 1s applied to (or brought into close
proximity with) tissue 12. Detectors 30 are preferably housed
in applicator 48 for ease and precision of use.

In embodiments, applicator 48 1is specifically adapted for
its 1intended use. Interchangeable applicators 48 can be
provided to customize the functiocnality of a universally
adaptable (or at least widely adaptable) apparatus 10. Thus,
for example, applicator 48 can be relatively small for
conducting treatment within confined spaces, such as the mouth
and endoscopic surgical fields. Applicator 48 can 1include
“floating” detectors 30 and/or “floating” waveguide ends, which
maintain close contact between applicator 48 and tissue 12
despite surface irregularities of the tissue or tissue contours
(in a manner similar to the spring-loaded laser heads disclosed
in U.S. Patent No. 5,150,704 to Tatebayashi et al.).

Fig. 4 is a cross-sectional view through line 4-4 of Fig.
3, which demonstrates an example of the radial positioning of
detectors 30 preferably used to determine the radial dependence
of the diffuse reflected light.

In addition to targeting treatment to a single depth, the
invention encompasses targeting treatment to a plurality of
different depths within a tissue. The multiple depth treatments
of the invention can be administered simultaneously,
sequentially and/or alternately. For example, a system of the
invention can be adapted to target a first depth, reset to

target a second depth, reset again to target a third depth, and

\
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so forth. In conjunction with the ability of systems of the
invention to adjust irradiance, radiant exposure, and

wavelength, the ability to target multiple depths provides
systems of the invention with superior adaptability to a variety
of disorders of a variety of tissues 1n a variety of patients.

The invention is additionally suitable for monitoring and
controlling thermal laser applications, using feedback from the
tissue to control laser dosage.

The invention will be illustrated 1n more detail with
reference to the following Example, but i1t should be understood
that the present invention is not deemed to be limited thereto.

Example

A forearm of a patient complaining of pain and stiffness
associated with carpel tunnel syndrome 1s treated with laser
beams having wavelengths of 660 nm and 905 nm simultaneously.
A laser treatment apparatus of the 1invention 1s used ¢to
automatically monitor and control the application of the laser
light to apply the irradiance and radiant exposure so that a
predetermined fluence-rate and fluence are achieved at depth Z.
The apparatus is actuated and the diffuse reflectance of the
laser light is detected at several points along a radius
originating at the focal point of the laser light on the tissue
surface.

To correlate the reflectance as a function of radius R(p)
with the fluence-rate as a function of depth ¢(2), a look-up
table is generated using diffusion theory (see Farrell et al.,
supra). For the look-up table, the reflectance, R, at the
position of the detectors (p,; = pPx) and the fluence-rate at
depth (Z, = Z,) are calculated for the full rangé of optical
absorption and scattering at 660 nm and 905 nm wavelengths, as

reported in the literature for human skin.
In the look-up table, the shape of the reflectance vs.

radius ® vs. p,) curve is used to select the corresponding
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fluence-rate vs. depth (¢ vs. 2) curve. The fluence-rate at
depth Z (the parameter of interest) 1s then obtained through
interpolation of the data of ¢ vs. Z.

The irradiance delivered by the apparatus 1s adjusted to
achieve the predetermined ¢(Z2). The adjuétment can be limited
by reference to predetermined safety limits, such as those
published in IEC 825-1, at Table 8 (MPE for skin at 905 nm is
about 500 mW and at 660 nm it 1s about 200 mW).

Wwhile the invention has been described 1in detail and with
reference to specific examples thereof, it will be apparent to
one skilled in the art that various changes and modifications

can be made therein without departing from the spirit and scope

thereof.
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WE CLAIM:

1. A laser apparatus comprising:

at least one laser;

a power supply in electrical communication with said at least one laser;

at least one detector adapted to perform a noninvasive determination of
subsurface intensity of light from said at least one laser, wherein said noninvasive
determination comprises detecting radiation remitted from two points on a target
surface along a radius originating at a focal point of said at least one laser on said
target surface, and analyzing a radial dependence of a diffuse reflectance from said
target surface of light from said at least one laser; and

control logic electronics adapted to automatically adjust an output of said

at least one laser based on said noninvasive determination of subsurface intensity.

2. A laser apparatus comprising:

a near-infrared light laser;

a visible light laser;

a power supply in electrical communication with said lasers;

waveguides for guiding beams from said lasers to a common focal point on
a surface of a target tissue;

detectors adapted to perform a noninvasive determination of subsurface
intensity of near-infrared laser light and/or visible laser light, wherein said
noninvasive determination comprises detecting radiation remitted from said target
surface along a radius originating at said common focal point, and analyzing a radial
dependence of a diffuse reflectance from said target surface of said near-infrared laser
light and/or said visible laser light; and

control logic electronics adapted to automatically adjust an output of said

lasers based on said noninvasive determination of subsurface intensity.

3. The laser apparatus of claim 2, adapted to perform a noninvasive
determination of subsurface intensity of said near-infrared laser light and said visible

laser light.
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4. The laser apparatus of claim 2, adapted to perform a noninvasive
determination of subsurface intensity of at least one of said near-infrared laser light or

said visible laser light.

5. The laser apparatus of claim 2, wherein said diffuse reflectance 1s detected
from at least two detection points on a surface of said tissue, and wherein said two

detection points are at separate positions along said radius.

6. The laser apparatus of claim 2, adapted to treat pain associated with a
disorder.
7. The laser apparatus of claim 2, adapted to speed healing of injuries

assoclated with a disorder.

8. The laser apparatus of claim 2, wherein said tissue comprises a musculo-

skeletal soft-tissue.

9. The laser apparatus of claim 2, wherein said tissue comprises skin.

10. The laser apparatus of claim 2, wherein said near-infrared laser light has a

wavelength of 750 to 1000 nm.

11. The laser apparatus of claim 2, wherein said visible laser light has a

wavelength of 450 to 749 nm.

12. The laser apparatus of claim 11, wherein said near-infrared laser light has

a wavelength of 750 to 1000 nm.

13. The laser apparatus of claim 2, wherein said near-infrared laser light has a

peak intensity of 0 to 2000 watts/cm®.

14. The laser apparatus of claim 2, wherein said visible laser light has a peak

intensity of 0 to 2000 watts/cm?.

15. The laser apparatus of claim 14, wherein said near-infrared laser light has

a peak intensity of 0 to 2000 watts/cm”.
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16. The laser apparatus of claim 15, wherein said near-infrared laser light has
a wavelength of 750 to 1000 nm and said visible laser light has a wavelength of 450
to 749 nm.

17. The laser apparatus of claim 2, wherein said near-infrared laser light and

said visible laser light are pulsed.

18. The laser apparatus of claim 2, wherein said near-infrared laser light is
pulsed at a first frequency and said visible laser light is pulsed at a second frequency
different from said first frequency, and wherein signals of said near-infrared laser

light and said visible laser light are detected by a common sensor and filtered by

trequency.

19. The laser apparatus of claim 2, wherein said control logic electronics are
adapted to terminate irradiating when remitted radiation detected by said detectors
indicates that at least one of said near-infrared laser light and said visible laser light
has penetrated to a sub-surface region of said tissue in an amount therapeutically

effective to treat a disorder.

20. A use of a laser apparatus comprising:

at least one laser;

a power supply in electrical communication with said at least one laser;

at least one detector adapted to perform a noninvasive determination of
subsurtace intensity of light from said at least one laser, wherein said noninvasive
determination comprises detecting radiation remitted from two points on a target
surface along a radius originating at a focal point of said at least one laser on said
target surface, and analyzing a radial dependence of a diffuse reflectance from said
target surface of light from said at least one laser; and

control logic electronics adapted to automatically adjust an output of said
at least one laser based on said noninvasive determination of subsurface intensity to

treat a patient having a disorder.

21. A use of a laser apparatus comprising:
a near-infrared light laser;

a visible light laser;
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a power supply in electrical communication with said lasers;

waveguides for guiding beams from said lasers to a common focal point on
a surface of a target tissue;

detectors adapted to perform a noninvasive determination of subsurface
intensity of near-infrared laser light and/or visible laser light, wherein said
noninvasive determination comprises detecting radiation remitted from said target
surface along a radius originating at said common focal point, and analyzing a radial
dependence of a diffuse reflectance from said target surface of said near-infrared laser
light and/or said visible laser light; and

control logic electronics adapted to automatically adjust an output of said
lasers based on said noninvasive determination of subsurface intensity to treat a

patient having a disorder.

22. The use of claim 21, adapted to perform a noninvasive determination of

subsurface intensity of said near-infrared laser light and said visible laser light.

23. The use of claim 21, adapted to perform a noninvasive determination of

subsurtace intensity of said near-infrared laser light or said visible laser light.

24, The use of claim 21, wherein said diffuse reflectance 1s detected from at
least two detection points on a surface of said tissue, and wherein said two detection

points are at separate positions along said radius.

23. The use of claim 21, adapted to treat pain associated with said disorder.

26. The use of claim 21, adapted to speed healing of injuries associated with

said disorder.

217. The use of claim 21, wherein said tissue comprises a musculoskeletal soft-
tissue.

28. The use of claim 21, wherein said tissue comprises skin.

29. The use of claim 21, wherein said near-infrared laser light has a

wavelength of 750 to 1000 nm.
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30. The use of claim 21, wherein said visible laser light has a wavelength of
450 to 749 nm.

31. The use of claim 30, wherein said near-infrared laser light has a

wavelength of 750 to 1000 nm.

32. The use of claim 21, wherein said near-infrared laser light has a peak

intensity of 0 to 2000 watts/cm”.

33. The use of claim 21, wherein said visible laser light has a peak intensity of
0 to 2000 watts/cm”.

34. The use of claim 33, wherein said near-infrared laser light has a peak

intensity of 0 to 2000 watts/cm”.

35. The use of claim 34, wherein said near-infrared laser light has a

wavelength of 750 to 1000 nm and said visible laser light has a wavelength of 450 to
749 nm.

36. The use of claim 21, wherein said near-infrared laser light and said visible

laser light are pulsed.

37. The use of claim 21, wherein said near-infrared laser light is pulsed at a
first frequency and said visible laser light is pulsed at a second frequency different
from said first frequency, and wherein signals of said near-infrared laser light and said

visible laser light are detected by a common sensor and filtered by frequency.

38. The use of claim 21, wherein said control logic electronics are adapted to
terminate irradiating when remitted radiation detected by said detectors indicates that
at least one of said near-infrared laser light and said visible laser light has penetrated
to a sub-surface region of said tissue in an amount therapeutically effective to treat

pain associated with said disorder.
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